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Background: Dexmedetomidine nasal sprays is effective for perioperative sedation, analgesia, and anxiolysis. Nevertheless, its
impact on postoperative sleep quality along with the optimal dosage and overall efficacy remains unclear in patients undergoing
laparoscopic gynecological surgery.

Methods: A total of 150 adult patients undergoing laparoscopic gynecological surgery were enrolled, with 144 included in the final
analysis. Patients in the dexmedetomidine (Dex) group received 50 pg of intranasal dexmedetomidine 30 minutes before sleep on the
first postoperative night, while the control group received an equivalent volume of saline. Primary outcomes included objective sleep
parameters (sleep duration, deep sleep duration, REM sleep duration and light sleep duration) measured via a portable sleep monitor,
as well as subjective sleep parameters assessed by Athens Insomnia Scale (AIS) and Numerical Rating Scale (NRS) scores one night
before and on the first night after surgery. Secondary outcomes comprised postoperative pain measured by VAS, nausea and vomiting,
and average heart rate.

Results: The sleep duration, deep sleep duration and REM sleep duration of patients in the control group decreased after laparoscopic
gynaecological surgery (vs preoperative control group, P=0.021, P<0.001, P=0.005, respectively), whereas the fragmented sleep
duration and NRS score increased (vs preoperative control group, P=0.017, P=0.032, respectively) . In contrast, those treated with
dexmedetomidine (Dex group) exhibited significantly improved sleep quality postoperatively, with greater sleep duration, deep sleep
duration, and REM sleep durations (vs control group, P<0.001, P<0.001, P<0.001, respectively). There were no significant differences
in postoperative pain or nausea and vomiting between the two groups.

Conclusion: Dexmedetomidine nasal sprays improved postoperative sleep quality in patients who underwent laparoscopic gynaeco-
logical surgery.

Trial Registration: Chinese Clinical Trial Registry (clinical trial number: ChiCTR2400080181).
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Introduction

Sleep disorders are common during the perioperative period, with an incidence rate of approximately 8.8-79.1%.'
Postoperative sleep disorders (PSD) refer to changes in a patient’s early postoperative sleep quality and structure and are
characterized by reduced REM sleep, an abnormal circadian rhythm and fragmented sleep.”® Previous studies have
shown that the incidence of sleep disorders within one week after gynecological laparoscopic surgery is approximately
40-60%, which may be due to the fact that it covers high-risk factors for PSD, such as female sex, older age,
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postoperative nausea and vomiting, postoperative pain and anxiety.”* PSD may contribute to postoperative cognitive
dysfunction and cardiovascular complications and affect postoperative recovery.g’10 Therefore, improving postoperative
sleep quality may be beneficial for the recovery of surgical patients.

Dexmedetomidine has been effectively used for perioperative anaesthesia in patients because of its sedative,
analgesic, and anxiolytic effects.'’ Dexmedetomidine can induce deep sedation by increasing the deep sleep duration
(N3 sleep) shown on electroencephalography (EEG)'? and nonrapid eye movement (NREM) sleep.'*'* Some studies
have reported that dexmedetomidine can promote sleep in postoperative or intensive care unit (ICU) patients.'>'®
Previous studies have indicated that dexmedetomidine is generally administered through intraoperative intravenous
infusion or intranasal administration via a syringe.'”'® Compared with intravenous infusion, the administration of
a dexmedetomidine nasal sprays is convenient, has a quick onset and is highly bioavailable.'® Intranasal administration
via a syringe often fails to ensure precise dosing and optimal bioavailability, but dexmedetomidine nasal sprays can
ensure bioavailability and a precise dosage. There is evidence that the dexmedetomidine nasal sprays is an effective
method for treating PSD, it has been applied in paediatric examinations and has been shown to improve postoperative
sleep quality in patients undergoing nasal endoscopic surgery.'® ! Therefore, in this study, the bioavailability and safety
of dexmedetomidine administered via nasal spray were confirmed.

However, the effects of dexmedetomidine nasal sprays on postoperative sleep quality in patients undergoing
laparoscopic gynecological surgery and the optimal dosage and overall effect remain unclear. This double-blind,
randomized controlled study aimed to investigate the effects of dexmedetomidine nasal sprays on postoperative sleep
quality the first night after surgery in patients who underwent laparoscopic gynaecological surgery.

Methods

Study Design

This was a randomized, double-blinded controlled trial conducted at the Guangzhou Women and Children’s Medical
Center. The study protocol was approved by the Research Ethics Committee of Guangzhou Women and Children’s
Medical Center on November 10, 2023 and was registered in the Chinese Clinical Trial Register (ChiCTR2400080181,
http://www.chictr.org.cn). All participants signed informed consent forms before inclusion. A total of 150 patients who

underwent laparoscopic gynaecological surgery and entered the operating room by 8:00 am at Guangzhou Women and
Children’s Medical Center between January 2024 and October 2024 were enrolled.

Participants

The inclusion criteria were as follows: (1) patients aged 18—60 years; (2) patients who had an American Society of
Anaesthesiologists (ASA) classification of I or II; (3) patients who were scheduled to undergo laparoscopic gynaecolo-
gical surgery; and (4) patients who entered the operating room by 8:00 am. The exclusion criteria were as follows: (1)
patients who had poor preoperative sleep quality (a Pittsburgh Sleep Quality Index (PSQI) score > 7 points or an
Insomnia Severity Index (ISI) score > 8 points),* (2) patients who had obstructive sleep apnoea hypopnea syndrome; (3)
patients who were taking sedatives or antidepressants or had drug or alcohol dependence; (4) patients taking any other
regular medications (such as central nervous system stimulants, antipsychotic drug, antiepileptics) that affect sleep (5)
patients who could not cooperate for any reason; (6) patients who had a history of mental illness, cardiovascular disease,
nasopharyngeal carcinoma, nosebleeds, or other nasal diseases; and (7) patients who refused to participate in the study.

Randomization and Blinding
For this study, we included 150 participants who underwent laparoscopic gynaecological surgery and entered the
operating room by 8:00 am. A computer-generated random number table (http://www.randomization.com) was used

for group randomization. The participants were assigned to two groups at a ratio of 1:1, namely, the control group (n=75)
and the 50ug dexmedetomidine (Dex) group (n=75). Independent researchers who did not participate in the experimental
process were responsible for the preoperative evaluation and postoperative follow-up. Additionally, the patients were
blinded to the groupings.
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Interventions and Intraoperative Management

The following data were collected by the investigators before surgery: baseline patient data, including age, body weight,
body mass index (BMI), ASA classification, and PSQI score;** data on objective sleep quality, including sleep duration,
deep sleep duration, REM sleep duration, and light sleep duration, measured via a portable sleep monitor (WSM-LN-01,
Guangzhou Zhongke Xinzhi Technology Co., Ltd).; and data on subjective sleep quality, measured via the Athens
Insomnia Scale (AIS) and numerical rating scale (NRS) scores.'®**

After entering the operating room, the patients underwent standard perioperative monitoring, including oxygen
saturation (SpO2), noninvasive blood pressure (NIBP), and electrocardiogram monitoring. Tracheal intubation was
performed with the following drugs: propofol (2mg.kg "), sufentanil (0.3-0.5ug.kg "), and cisatracurium (2mg.kg ).
The maintenance medications used included 2% sevoflurane and remifentanil (0.2ug.kg ' min'). Patient blood pressure
was maintained at 20% of the baseline level throughout the entire surgical period. After surgery, the tracheal tube was
removed by an anaesthesiologist in the operating room when the patients were awake. Postoperative pain was controlled
through patient-controlled intravenous analgesia (PCIA) with sufentanil (100ug), a total volume of 120 mL of physiological
saline, at an infusion rate of 2mL. h ™!, a push infusion of 0.5 mL, and a locking time of 15 minutes. Patients in the control
group received an equivalent volume of saline, and patients in the Dex group received a dexmedetomidine nasal sprays
(50png) (H20230006, Shanghai Hengrui Pharmaceutical Co., Ltd). 30 minutes before going to sleep on the first post-
operative night. The administration method was as follows: before the first use, it was necessary to pre-spray 7 times to
activate the nasal spray pump. The administration of the dexmedetomidine nasal sprays was performed by medical
personnel as follows: the patients were asked to sit with their head tilted forwards, and the delivery device was kept
upright and sprayed into the nasal cavity, for a total of 2 sprays (1 spray in each nostril; totalling 50 pg).

Surgical Ward Conditions

All patients stayed in a 3-bedroom ward with a room temperature ranging from 18-22°C and a humidity ranging from
50-60%. Each hospital bed had independent bed curtains and independent light control switches to reduce the impact of
noise and light on sleep. In general, the postoperative ward remained quiet, and the lights were turned off at night.

Surgical Classification
The following surgeries were considered simple surgeries: laparoscopic oophorocystectomy, laparoscopic salpingo-
oophorectomy and laparoscopic myomectomy. Complex surgery was defined as laparoscopic hysterectomy.

Outcome Measurements

The primary outcomes were as follows: objective sleep quality, including sleep duration, deep sleep duration, light sleep
duration, and REM sleep duration, measured via a portable sleep monitor; and subjective sleep quality, measured via the
AIS and NRS one night before surgery and on the first postoperative night. The NRS score and AIS score (>6 points) are
used to determine whether a patient’s sleep quality is poor.'®?* The secondary outcomes included the ; surgical
classification; postoperative pain, which was measured via the VAS (total possible score of 0—10 points; 0 points = no
pain; 1-3 points = mild pain; 4-6 points = moderate pain; and 7-10 points = severe pain); postoperative nausea and
vomiting (PONV), which was measured by PONV Severity Score (0= None; 1=Mild; 2= moderate 3= severe) and the
average heart rate.”

Sample Size Calculation and Statistical Analysis

Previous studies have shown that postoperative sleep quality can be estimated by the NRS, with an NRS score of 6 points
or higher considered to indicate poor sleep quality;'®**2 therefore, we evaluated postoperative sleep quality via the NRS
score on the first night after surgery in. An NRS score >6 points was considered to indicate poor sleep quality. According
to the results of the pilot study, 25% of patients in the control group had NRS > 6, while, 7% of patients in the Dex group
had NRS > 6. We recruited 60 patients in the pilot study, 2 patients were excluded due to not meeting inclusion criteria.

Finally, patients in control group (n=30) received an equivalent volume of saline and patients in dexmedetomidine (Dex)
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group (n=28) received dexmedetomidine nasal sprays (50ug) 30 minutes before sleep on the first postoperative night.
According to the results of the pilot study, 25% of patients in the control group had NRS > 6, while, 7% of patients in the
Dex group had NRS > 6. This study included 150 patients on the basis of the assumption of a bilateral alpha threshold of
0.05, a power (1 beta) of 80%, and a dropout and follow-up loss rate of 10%. Statistical analysis was conducted using
IBM SPSS Statistics for Windows software (version 26.0; IBM Corp., Armonk, NY, USA). The distribution of
continuous data was analysed via the Kolmogorov—Smirnov test. The independent sample ¢-test was used to compare
differences between groups for data that conformed to a normal distribution. The Mann—Whitney test was used to
compare differences between groups for data that did not conform to a normal distribution. A paired #-test was used to
compare differences between preoperative and postoperative data that conformed to a normal distribution within groups.
The Wilcoxon signed rank test was used to compare differences between preoperative and postoperative data that did not

conform to a normal distribution within groups.

Results

Study Population

A total of 150 patients were enrolled in the study; 2 patients were excluded because they did not meet the inclusion
criteria, 2 patients were excluded because they refused to participate, and 2 patients were excluded because they were
transferred to the ICU after surgery. Ultimately, 144 participants were included in the statistical analysis (Figure 1). The
basic clinical data of all patients are shown in Table 1. There were no significant differences between the control group

Assessed for eligibility(n=150)

Excluded(n=6)

*Not meeting incusion criteria(n=2)
« Declined to partiapate(n=2)

» Other reasions(n=2)

Randomised(n=144)

{ Allocation
Allocated to intervention(n=72) Allocated to control(n=72)
« Received allocated intervention(n=72) » Received allocated intervention(n=72)

| Follow-Up

Lost to follow-up(n=0) JLost to follow-up(n=0)
Discontinued intervention(withdrew Discontinued intervention(withdrew
consent) (n=0) consent) (n=0)

| Analysis
Analysed(n=72) Analysed(n=72)
« Excluded from analsis(n=0) - Excluded from analsis(n=0)

Figure | Consolidated standards of reporting trials flowchart of the study.
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Table | Clinical Characteristic of Patients in Control Group and Dex Group

Control Dex P
Group (n=72) Group (n=72)
Age (y) 33.4+0.7 33.8+0.8 0.711
Body weight (kg) 55.66x1.02 54.53+0.94 0416
BMI (kg/m?) 21.45+0.38 21.02+0.38 0.428
ASA class (case, %) 0.215
| 60 (83.3) 62 (86.1)
I 12 (16.7) 10 (13.9)
PSQI 3.3£0.2 3.25%0.2 0.555
Intraoperative data
Duration of surgery (min) 85.1%£3.0 80+3.3 0.685
Duration of anesthesia (min) 117.3+3.1 117.1+4.0 0.05
Surgical complexity (case, %) 0.512
Simple surgery 66 (91.7) 68 (93.1)
Complex surgery 6 (8.3) 4 (5.6)

Notes: Variables were presented as mean * SD or number of patients (n). P < 0.05 indicates
statistically significant difference. The independent sample t-test was used to compare age, body
weight, PAQI and BMI, and the 2 test was used to compare ASA class and surgical complexity.
Abbreviations: ASA, American Society of Anesthesiology; BMI, body mass index; PSQI, Pittsburgh
Sleep Quality Index.

and the Dex group in terms of age, body weight, BMI, ASA classification, PSQI score, surgical complexity, surgical
duration or anaesthesia duration.

Primary Outcomes

As shown in Figure 2A, the postoperative sleep duration was shorter than the preoperative sleep duration in the control
group (P = 0.021), whereas there was no significant difference in the Dex group. Compared with that in the control
group, the postoperative sleep duration in the Dex group was longer (P < 0.001). As shown in Figure 2B, the
postoperative deep sleep duration was shorter than the preoperative deep sleep duration in the control group
(P < 0.001), whereas there was no significant difference in the Dex group. Compared with that in the control group,
the postoperative deep sleep duration in the Dex group was longer (P < 0.001). As shown in Figure 2C, there were no
significant differences between the preoperative light sleep duration and postoperative light sleep duration in the control
and Dex groups (P > 0.05). There were also no significant differences in postoperative light sleep duration between the
Dex group and the control group (P > 0.05). As shown in Figure 2D, the postoperative awakening duration was longer
than the preoperative awakening duration in the control group (P = 0.017), whereas there was no significant difference in
the Dex group. Compared with that in the control group, the postoperative awakening duration in the Dex group was
shorter (P < 0.001). As shown in Figure 2E, the postoperative REM sleep duration was shorter than the preoperative
REM sleep duration in the control group (P = 0.005), whereas there was no significant difference in the Dex group.
Compared with that in the control group, the postoperative REM sleep duration in the Dex group was longer (P < 0.001).
As shown in Figure 2F, there were no significant differences between the preoperative sleep cycle and postoperative sleep
cycle in the control and Dex groups (P > 0.05). There were also no significant differences between the control and Dex
groups in the postoperative sleep cycle (P > 0.05). As shown in Figure 2G, there were no significant differences between
the preoperative sleep efficiency and postoperative sleep efficiency in the control and Dex groups (P > 0.05). Compared
with that in the control group, the postoperative sleep efficiency in the Dex group was greater (P = 0.01). As shown in
Figure 3A, the postoperative NRS score was higher than the preoperative NRS score in the control group (P = 0.032),
whereas the postoperative NRS score was lower than the preoperative NRS score in the Dex group (P = 0.019).
Compared with that in the control group, the postoperative NRS score in the Dex group was lower (P < 0.001). As shown
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Figure 2 Dexmedetomidine nasal sprays improved postoperative sleep quality measured by the Portable sleep Monitor in patients undergoing gynecological laparoscopic
operation. (A) Comparison of sleep duration between control and Dex group. (n=72, P = 0.021, vs preoperative group, paired t-test, P < 0.001 vs control group, Mann—
Whitney Test). (B) Comparison of deep sleep duration between control and Dex group. (n=72, P < 0.001, vs preoperative group, paired t-test, P < 0.00| vs control group,
Mann-Whitney Test). (C) Comparison of light sleep duration between control and Dex group. (D) Comparison of awakening duration between control and Dex group.
(n=72, P =0.017, vs preoperative group, paired t-test, P < 0.001 vs control group, Mann—Whitney Test). (E) Comparison of REM between control and Dex group. (n=72, P =
0.005, vs preoperative group, paired t-test, P < 0.001 vs control group, Mann—Whitney Test). (F) Comparison of sleep cycle between control and Dex group. (n=72, ns: no
significance, P > 0.05 vs preoperative group, paired t-test, ns: no significance, P > 0.05 vs control group, Mann—Whitney Test). (G) Comparison of sleep efficiency between
control and Dex group (n=72, P = 0.0l vs control group, Mann—Whitney Test).

in Figure 3B, there were no significant differences between the preoperative and postoperative AIS scores in the control
group (P > 0.05), whereas the postoperative AIS score was lower than the preoperative AIS score in the Dex group
(P < 0.001). Compared with that in the control group, the postoperative AIS score in the Dex group was lower
(P < 0.001). In summary, these results suggest that the dexmedetomidine nasal sprays improved postoperative sleep
quality in patients who underwent laparoscopic gynaecological surgery.
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Figure 3 Dexmedetomidine nasal sprays improved postoperative sleep quality measured by Athens insomnia scale (AIS) and numerical rating scale (NRS) in patients
undergoing gynecological laparoscopic operation. (A) Comparison of NRS between control and Dex group. (n=72, P = 0.032, vs preoperative group, Wilcoxon Signed Ranks
Test, P = 0.019, vs preoperative group, Wilcoxon Signed Ranks Test, P < 0.001 vs control group, Mann—Whitney Test). (B) Comparison of AlS between control and DEX
group. (n=72, P < 0.001, vs preoperative group, Wilcoxon Signed Ranks Test, P< 0.001 vs. control group, Mann-Whitney Test). (C) Comparison of average heart rate
between control and DEX group. (n=72, P = 0.02, vs preoperative group, Wilcoxon Signed Ranks Test, P <0.001, vs preoperative group, Wilcoxon Signed Ranks Test).

Secondary Outcomes

We measured the average heart rate of the patients to evaluate the impact of the dexmedetomidine nasal sprays on the
heart rate. As shown in Figure 3C, there were no significant differences in the preoperative average heart rate between the
control and Dex groups (P > 0.05). Compared with the preoperative heart rate, the postoperative average heart rate was
greater in both the control and Dex groups (P = 0.02, P < 0.001). In addition, we recorded the occurrence of
postoperative pain and postoperative nausea and vomiting. As shown in Table 2, there were no significant differences
between the control group and the Dex group in terms of postoperative pain (P = 0.108) or postoperative nausea and
vomiting (P = 0.065).

Discussion

In this study, we evaluated the effects of dexmedetomidine nasal sprays on sleep quality in patients undergoing
laparoscopic gynaecological surgery. The main results of this study were as follows. First, we found that, compared
with those before surgery, the postoperative sleep duration, deep sleep duration and REM sleep duration were decreased,

Table 2 The Occurrence of Postoperative Pain and Postoperative Nausea and
Vomiting in Control Group and Dex Group

Control Dex P
Group (n=72) | Group (n=72)
Postoperative pain: VSA score: (case, %) 0.108
0 0 0
I-3 5(6.9) 10 (13.8)
4-6 60 (83.3) 60 (83.3)
7-10 7(9.7) 2(2.8)
Postoperative nausea and vomiting (case, %) 0.065
0 35 (25.2) 46 (63.8)
| 12 (16.7) 18 (25)
2 18 (25) 8 (I.1)
7(9.7) 0

Notes: Variables were presented as mean + SD.VAS score: 0 points = no pain; |-3 points = mild pain; 4-6
points = moderate pain; and 7-10 points = severe pain. PONV Severity Score: 0= None; 1=Mild; 2= moderate
3= severe. P < 0.05 indicates statistically significant difference. The y2 test was used to compare postoperative
pain and postoperative nausea and vomiting.
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but the postoperative awakening duration and NRS score were increased in the control group, which means that
postoperative sleep quality was decreased in the control patients who underwent laparoscopic gynaecological surgery.
Second, compared with those in the control group, the postoperative sleep duration, deep sleep duration and REM sleep
duration were longer in the Dex group, but the awakening duration, AIS score and NRS score were reduced. These
findings indicate that the dexmedetomidine nasal sprays improved postoperative sleep quality in patients who underwent
laparoscopic gynaecological surgery. In addition, we recorded the changes in the average heart rate before and after
surgery. We found that the postoperative use of 50 pug of dexmedetomidine nasal sprays did not affect the average heart
rate, which means that the dose used in this study is relatively safe for postoperative patients.

Previous studies have shown that most patients experience PSD characterized by a significant reduction in REM sleep
duration, sleep duration and N3 sleep duration after major surgery.**’~® A total of 15% to 72% of patients experience
PSD after major surgery, which is related to many factors, such as female sex, anxiety, age, postoperative pain,
postoperative nausea and vomiting and the ward environment.?”**>° Previous studies have shown that surgery and
anaesthesia have adverse effects on sleep quality by altering sleep patterns. Patients who undergo surgery have
significantly reduced REM and N3 sleep durations.*'*? Similarly, in our study, we observed a decrease in postoperative
sleep quality among patients in the control group who underwent laparoscopic gynaecological surgery. This was
evidenced by a significant reduction in REM sleep duration, sleep duration, and deep sleep duration, coupled with an
increase in fragmented sleep duration. These results were consistent with those of previous studies.

Previous studies have shown that some drugs can treat PSD. Zolpidem can improve the proportion of REM and SWS
sleep. However, there is an evidence that zolpidem prescription was associated with an increased risk of suicide
attempts.® Melatonin, synthesized, and secreted by the pineal gland, is an endogenous hormone that can regulate the
circadian rhythm. The melatonin application in the perioperative period can improve sleep quality without apparent side
effects.® Also, Previous studies also have shown that intraoperative infusion of ketamine can improve postoperative sleep
quality.”**? Dexmedetomidine, a highly selective 02-adrenergic receptor (a2-AR) agonist, reduces the activity of locus
coeruleus-noradrenergic system (LC-NE) neurons through the activation of 02-ARs on the central presynaptic mem-
brane. This process results in disinhibition of the ventral lateral preoptic area of the hypothalamus, subsequently inducing
sedative and hypnotic effects.***> Unlike these drugs, dexmedetomidine induces a sleep state that more closely resembles
natural NREM sleep.”>~® Several studies have reported that dexmedetomidine can alleviate PSD symptoms by promoting
the restoration of normal circadian sleep cycles, increasing sleep efficiency and optimizing sleep architecture in
patients,'>73?

Ye et al reported that postoperative sleep quality in patients who underwent maxillofacial surgery improved by
intranasal administration of dexmedetomidine through a syringe (1.0 pg.kg ' and 1.5 pg.kg ").*® Research suggests that
administering a low dose of dexmedetomidine intraoperatively, ranging from 1.0 to 2.0 ug.kg ".h™", improves the quality
of sleep in elderly patients on the first night after surgery.'® Considering that intranasal administration via a syringe often
fails to ensure precise dosing and optimal bioavailability, so, dexmedetomidine nasal sprays was used to ensure
bioavailability and a precise dosage. Besides, the patients included in this study had normal preoperative sleep, so, low-
dose dexmedetomidine nasal sprays (50 pug) was chosen to explore its impact on postoperative sleep quality. Nelson et al
reported that during sleep induced by dexmedetomidine, the expression of the c-Fos protein in the brain is highly similar
to that in the NREM phase, which suggested that dexmedetomidine could activate the NREM sleep pathway and induce
sleep.®> Oluwaseun et al reported that dexmedetomidine could induce approximate natural sleep neurophysiology and
promote NREM sleep.'* Similarly, in our study, we also found that dexmedetomidine improved postoperative sleep
quality by prolonging sleep duration and N3 sleep duration, reducing the time to awakening and fragmented sleep
duration. In addition, we also found that the average heart rate increased after surgery in the control and Dex groups,
which may be due to postoperative pain and postoperative monitoring.

Polysomnography (PSG) has been the gold standard for evaluating sleep quality and diagnosing sleep-related diseases
in the clinic. Physiological signal acquisition during sleep is usually conducted in the hospital since the acquisition
process of vital signs is cumbersome. To obtain physiological signals, including electroencephalography (EEG),
electrooculography (EOGQG), electromyography (EMGQG), electrocardiography (ECG), and respiratory rate data,*! many
sensors are attached directly to patients’ skin,*> which is complex and can be uncomfortable for long-term monitoring.
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Therefore, a noncontact portable sleep monitor, which is a novel unperturbed sleep monitoring scheme based on a hidden
Markov model in which the device is placed under the pillow, was used in our study. The noncontact vital sign
monitoring system used in this study consists of a piezoelectric sensor, a circuit, and processing modules. The piezo-
electric sensor module is placed under the pillow to perceive the vibration induced by the heartbeat, respiratory rate, and
body movements. The effectiveness and accuracy of this module have been confirmed.*****

The NRS and AIS have been commonly used to assess subjective sleep disorders in previous studies, indicating that
their validity and reliability have been established. Previous studies have indicated that postoperative patients have
elevated NRS and AIS scores, along with diminished sleep quality.'®*****>"*" In our study, we found that the AIS score
and NRS score increased in the control group; however, they decreased after the administration of dexmedetomidine
nasal sprays. These results were consistent with those of previous studies. PSD can increase the risk of postoperative
infections and complications, even resulting in significant adverse outcomes, including adverse effects on the immune
system and cardiovascular system and decreased physical and mental health.**>° Consequently, treating PSD has
significant benefits in accelerating the perioperative recovery of patients.

Previous studies have shown that a decreased heart rate is one of the common adverse effects of dexmedetomidine.”'
In our study, we found that the postoperative use of 50 pug of dexmedetomidine not only did not affect the average heart
rate of the patients but also improved the postoperative sleep quality of patients who underwent laparoscopic gynaeco-
logical surgery. Of course, we will further explore the effects of different doses of dexmedetomidine nasal sprays (100ug
150ug) on perioperative sleep quality in patients. Moreover, the convenience and safety of dexmedetomidine nasal sprays
(50ug) may provide potential advantages for its use in treating insomnia at home, which is worth further research.

Many studies found that intravenous dexmedetomidine can lower the incidence of PONV compared to placebo.’*>* Previous
studies have shown that intraoperative use of different doses of dexmedetomidine (0.2-0.5ug/kg, 0.2-0.7ugkg 'h™") can
effectively prevent PONV.>* However, dexmedetomidine nasal spray did not reduce the incidence of PONV in our study,
which may be due to the fact that we used it 30 minutes before sleep on the first postoperative night and the dose was relatively
small at 50ug. Another possible reason is that the incidence of PONV in the control group was not high in this study. So, although
the DEX group reduced the incidence of PONV, there was no statistical difference. The effect of different doses of dexmede-
tomidine nasal spray (100ug,150ug) and medication time points on PONV is worth exploring in the future. Many previous
studies have explored the relationship between postoperative pain and postoperative sleep disorders, and most research results
indicate that postoperative pain is one of the risk factors for postoperative sleep disorders. Postoperative pain may lead to sleep
disorders.® Previous studies have confirmed that intraoperative use of dexmedetomidine can alleviate postoperative pain.>>~°
But, dexmedetomidine nasal spray used 30 minutes before sleep on the first postoperative night did not reduce the postoperative
pain in our study, which may be due to the fact that postoperative pain was controlled well in both group through patient-
controlled intravenous analgesia (PCIA) with sufentanil (100ug) in our study. Besides, another reason maybe is that the low-dose
(50ug) dexmedetomidine nasal spray was used in our study, which did not significantly improve postoperative pain, so there was
no statistically significant difference in postoperative pain scores between the two groups. Of course, PONV and postoperative
pain are important interfering factors that lead to fragmented sleep and changes in sleep structure,*’ which need further
exploration in future research.

Importantly, several limitations are present in this study. First, we only observed parameters of sleep structures during
the first nights before and after surgery, and the long-term effect of dexmedetomidine nasal sprays on PSD needs further
study. Second, the effects of different doses of dexmedetomidine nasal sprays on PSD have not been explored, and dose
ranges within a safe clinical scope should be considered in more comprehensive studies on the prevention of post-
operative sleep disturbances in patients who receive general anaesthesia. Third, Study data was only obtained through the
female gender population due to enrolling patients who underwent gynecological laparoscopic surgery. We have no data
in male gender population. Finally, we did not explore the effects of dexmedetomidine nasal sprays on postoperative
recovery in patients, such as the incidence of postoperative delirium, the quality of postoperative recovery, and the length
of hospital stay after surgery.
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Conclusion

In conclusion, this clinical study reaffirmed the safety and efficacy of the dexmedetomidine nasal sprays in enhancing
postoperative sleep quality, which not only provides clinical evidence for the use of dexmedetomidine nasal sprays in
patients with sleep disorders but also ensures the safety of the use of the nasal spray in the treatment of insomnia at
home.
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