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on postoperative sleep quality in patients 
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Abstract 

Background:  Postoperative sleep disorder is common and may cause aggravated postoperative pain, delirium, and 
poor prognosis. We accessed the effect of intraoperative intravenous dexmedetomidine on postoperative sleep qual-
ity in patients with endoscopic sinus surgery. 

Methods:  This single-center, double-blind, placebo-controlled randomized clinical trial enrolled a total of 110 partici-
pants aged 18 years to 65 years who were scheduled to receive endoscopic sinus surgery. Placebo (normal saline) or 
dexmedetomidine infusion (load dose 0.5 μg kg−1 over 10 min, followed by maintenance dose 0.2 ug kg−1 h−1) dur-
ing surgery. The primary outcome was postoperative sleep quality. Secondary outcomes were postoperative Ramsay 
sedation scores, Visual Analog Scale (VAS) scores, serum cortisol, 5-hydroxytryptamine (5-HT) and hypocretin, delirium, 
and postoperative nausea and vomiting (PONV).

Results:  Among enrolled 110 patients, 55 were randomized to administer intraoperative dexmedetomidine and 
placebo. In total, 14 patients (7 in each group) were excluded because of protocol deviations, and 96 patients (48 in 
each group) were included in the per-protocol analysis. The dexmedetomidine group had a significantly higher sleep 
efficiency index(SEI) (66.85[3.00] vs 65.38[3.58]), the ratio of rapid eye movement sleep to total sleep(REM)(13.63[1.45] 
vs 12.38[2.11]) and lower arousal index (AI) (7.20[1.00] vs 8.07[1.29]), higher Ramsay sedation score at post-operation 
1 h, 12 h point, lower VAS scores at post-operation 1 h, 12 h, 24 h point, lower cortisol, higher 5-HT and hypocretin in 
serum than the placebo group.

Conclusion:  In this randomized clinical trial, dexmedetomidine can improve the sleep quality of patients undergoing 
endoscopic sinus surgery. These results suggest that this therapy may be a viable strategy to enhance postoperative 
sleep quality in patients with endoscopic sinus surgery.

Trial registration:  The study was approved by the Bethune International Peace Hospital Ethics Committee (2021-KY-
129) and registered in the Chinese Clinical Trial Registry (ChiCT​R2100​051598, 28/09/2021). 
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Background
As one of the important components of higher life 
activities, sleep is also a pointer to the health state of 
the body [1, 2]. When the body experiences sleep, the 
metabolism of the brain and body decreases. After 
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sleep, the fatigue of the body disappears and the func-
tion is restored, which plays a pivotal role in maintain-
ing normal body functions [3, 4]. Postoperative sleep 
disorders manifest sleep rhythm disorder or sleep 
structure and phase change, which occurred about 42% 
[5]. In particular, for patients who have undergone the 
major stimulation of surgery, adequate sleep plays a 
good role in promoting postoperative rehabilitation [6]. 
However, perioperative patients are affected by a vari-
ety of factors including inflammation, pain, nausea and 
vomiting, and their sleep is disturbed to vary degrees. 
Some patients also show sleep disorders, sleep depriva-
tion, or even immune system disorders, which increase 
the risk of postoperative infection and the probability of 
complications and delay the recovery time of the body. 
It even aggravates the risk of comorbidities in patients’ 
own cardiovascular and endocrine systems and even 
increases the perioperative mortality of patients [7]. It 
has been reported that 5-hydroxytryptamine (5-HT) 
and lateral hypocretin (also known as orexins) play 
important roles in the regulation of sleep and awaken-
ing [8–10].

Endoscopic nasal sinus surgery is a nasal and sinus sur-
gery carried out by endoscopy, especially it can directly 
insight into the deep nasal cavity and sinus, and is suit-
able for cleaning the lesions in deep depressions and 
fissures, to help restore the ventilation and drainage 
function of the nasal and sinus [11]. However, endo-
scopic nasal sinus surgery is often associated with post-
operative pain and postoperative sleep disorder [12], then 
aggravate the severity of postoperative pain and slow the 
recovery of patients [13, 14].

Dexmedetomidine (Dex), as a highly selective α2 adr-
energic receptor agonist, has inhibition on postoperative 
immunosuppression and implementation on a seda-
tive, analgesic, and anti-anxiety effects by acting on the 
peripheral and central nervous system [15]. Dexmedeto-
midine induces deep sedation simulation N3 sleep EEG 
patterns mimicking natural sleep [16] and could increase 
non-REM 2 sleep, decreased REM sleep [17]. In  vivo, 
dexmedetomidine can effectively alleviate postoperative 
hippocampal inflammation, improve cognitive function 
or increase splenic TFF2 expression in sleep depriva-
tion rats [18, 19]. Dexmedetomidine by gastrointestinal 
administration in mice could induce sedative and hyp-
notic effects by exciting the sleep-promoting nucleus and 
inhibiting the wake-promoting areas [20].

For endoscopic sinus surgery, dexmedetomidine is ben-
eficial in providing good visibility during functional and 
decreasing intra-operative bleeding [21]. In this clinical 
trial, patients undergoing endoscopic nasal sinus surgery 
were enrolled to observe the effects of dexmedetomidine 
on postoperative sleep quality.

Materials and methods
Participants
This single-center randomized, double-blinded, con-
trolled trial was approved by the Bethune International 
Peace Hospital Ethics Committee (Ethics No. 2021-KY-
129) and registered in the Chinese Clinical Trial Regis-
try (ChiCTR2100051598, 28/09/2021), was following the 
CONSORT guidelines. Then related risks were explained 
to patients and their families, consent of patients’ fami-
lies was obtained and informed consent was signed. 
This trial was initiated from November 1, 2021, to Janu-
ary 31, 2022. The inclusion criteria for this clinical trial 
were as follows: patients who underwent endoscopic 
sinus surgery with ASA grade I-II, age 18–65 years, and 
body mass index (BMI) from 20 to 30 kg/m2. Exclusion 
criteria were as follows: Cerebral hemorrhage or stroke; 
Severe dysfunction of important organs such as the heart 
failure, and uremia; A history of depression or sleep dis-
orders requiring sedatives, Antidepressants, or other 
medications; History of mental illness; Second-degree or 
third-degree heart blockage; Obstructive sleep apnea–
hypopnea syndrome, Patients or family members refuse.

Randomization and masking
Eligible participants were randomized in a 1:1 ratio to 
receive dexmedetomidine or saline placebo during sur-
gery. The random sequence is a computer-generated ran-
dom number based on the network security system. A 
nurse who was not involved in the study design loaded 
the study drugs into the same 50  ml syringe according 
to the different groupings, and the grouping information 
was contained in sequentially numbered sealed enve-
lopes. Surgeons and other study participants, as well as 
the patients themselves, were blind to the groupings.

Sample size estimation
The sample size was calculated based on the sleep effi-
ciency index(SEI) and taken as the main evaluation 
index, according to the pilot study, the SEI at the night 
after surgery was 64.8 (2.6) in the control group and 66.4 
(3.0) in dexmedetomidine group. Assuming a two-tailed 
alpha threshold of 0.05 and a power (1-beta) of 90% at a 
significance, 48 participants in each group were required. 
Taking into consideration a 10% withdrawal and loss for 
follow-up, we finally recruited 110 patients for this study.

Anesthesia procedure
Fasting for 8 h before surgery, patients were opened the 
peripheral venous access after entering the operation 
room. Non-invasive blood pressure, electrocardiogram, 
SpO2, HR, and bispectral index (BIS) were monitored. 
For anesthesia preparation, dexmedetomidine (Yang-
zijiang Pharmaceutical Co., LTD.) was diluted into 4 ug 
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ML−1 with 0.9% sodium chloride solution. Patients in 
dexmedetomidine group was given 0.5 ug•kg−1 intrave-
nous pumping at standard weight for 10 min before the 
establishment of peripheral post-intravenous anesthesia 
induction and then adjusted to 0.2ug•kg−1•h−1 intrave-
nous pumping until 30 min before the end of surgery. The 
control group pumps an equal dose of normal saline. The 
induction scheme is as follows: Lidocaine (Tianjin Jinyao 
Pharmaceutical Co., LTD.) 1  mg•kg−1, Cisatracurium 
(Dongying Pharmaceutical Co., LTD.) 0.15  mg•kg−1, 
propofol (Braun, Germany) 1.5–2.5  mg•kg−1, Sufenta-
nil (Renfu Pharmaceutical) 0.3ug•kg−1. After induction, 
mechanical ventilation was performed through endotra-
cellar intubation, and the partial pressure of carbon diox-
ide at the end of respiration (PetCO2) was monitored at 
35–45 mmHg, 4–8 mg•kg−1• h−1 continuous intravenous 
pumping of propofol and 0.1–0.3ug•kg−1•min−1 con-
tinuous pumping of remifentanil to maintain anesthesia. 
Intermittent injection of cisatracurium maintained mus-
cle relaxation and BIS values between 40 and 60. Urapi-
dil and dopamine were used to maintain blood pressure 
at no less or more than 20% of the baseline blood pres-
sure. Patients will drop out of the study when they appear 
severe arrhythmias or hemodynamic disturbances. When 
the operation was completed, all anesthesia drugs were 
stopped and the patient was sent to the anesthesia recov-
ery room (PACU). The patient was fully awake and could 
perform actions such as raising his head and shaking 
hands as instructed by the doctor, and the tracheal tube 
was fully hauled out.

Outcome measures
When patients were safely returned to the ward, the 
Philips polysomnography monitor (Alice PDx, Nether-
lands) was used to monitor their sleep of patients. The 
sleep efficiency index (SEI), arousal index (AI), and the 
ratio of rapid eye movement sleep to total sleep (REM) 
of the patients were recorded 1 day night before surgery 
(T1) and the night after surgery (T2). At the same time, 
Ramsay’s sedation score was performed 1, 12, and 24  h 
after surgery, with the following criteria: 1 point: anxiety, 
agitation; 2 points: accurate orientation, quiet to cooper-
ate with the operation; 3. Responds only to commands. 4 
points: quick response to strong sound stimulation and 
tapping eyebrow; 5 points: insensitive to strong sound 
stimulation and tapping eyebrow; 6 points: no response 
to strong sound stimulation and tapping eyebrow. VAS 
scores were evaluated at 1, 12, 24, and 48  h postopera-
tively, with the following criteria: mark at one point on a 
single 10-cm line–- “no pain” on the left end (0 cm) of the 
scale and the “worst pain” on the right end of the scale 
(10  cm). 5  ml of venous blood was extracted from the 
patients at 22:00 the night before surgery (T1) and 12 h 

after surgery (T2), and injected into sodium citrate anti-
coagulant vacuum collection vessels. Centrifugation was 
performed at 1500 RPM for 10 min, and the supernatant 
was removed to a new EP tube in a -80  °C refrigerator 
(Qingdao Haier, China) for later use. Cortisol, 5-HT, and 
hypocretin were detected by enzyme-linked immuno-
sorbent assay (Elisa) using a spectrophotometer (BioTek, 
USA) to measure absorbance at 450 nm.

Statistical analysis
SPSS software (Version 23.0. Chicago, IL, USA) was used 
for statistical analysis. The Kolmogorov–Smirnov test 
was used to evaluate the distribution of variables. Quan-
titative data were expressed as mean ± SD or median 
and interquartile range, classified data is expressed in 
percentage (%). To compare patient characteristics and 
operative data between the groups, independent Z Tests 
for continuous variables, and Fisher exact tests or χ2 
tests for categorical variables were performed. The VAS 
scores and Ramsay Sedation Scores were evaluated by the 
Mann–Whitney test and χ2 test for categorical variables. 
The difference was statistically significant (P < 0.05).

Results
Study population
A total of 110 eligible patients were excluded and rand-
omized, 55 to dexmedetomidine and placebo (Fig.  1). 7 
dexmedetomidine patients (3 surgical plans changed, 
4 withdrew after surgery) and 7 patients in the control 
group (4 surgical plans changed, 3 withdrew after sur-
gery). The remaining 96 patients (48 in each group) were 
included in the regimen-specific analysis. Baseline char-
acteristics of the dexmedetomidine and control groups 
were similar age (mean, years, 41.52 [12.00] vs 44.83 
[12.28]), American Society of Anesthesiologists status 
(eg, 31 patients [64.6%] vs 27 patients [56.3%] had class 2 
status [indicating mild systemic disease]) (Table 1).

Primary outcome
The sleep efficiency index (SEI), arousal index (AI), and 
the ratio of rapid eye movement sleep to total sleep 
(REM) in T1 point were no significant differences 
between the two groups (P > 0.05). However, in the T2 
point, there were statistically significant differences 
between the two groups in SEI, AI, and REM (P < 0.05, 
Fig. 2).

Secondary outcomes
Ramsay sedation scores of the two groups at 1, 12, and 
24  h after surgery were compared, and there was a sta-
tistical difference at 1 and 12  h after surgery (P < 0.05, 
Fig. 3A), while there was no statistical difference at 24 h 
after surgery (P > 0.05). VAS scores showed statistical 
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difference at 1, 12, 24  h after surgery (P < 0.05, Fig.  3B). 
There were no statistically significant differences in 
serum cortisol, 5-HT, and hypocretin at the T1 point 
(P > 0.05). However, at the T2 point, the serum cortisol 
of the patients in the Dexmedetomidine group was sig-
nificantly lower than that of the Control group (P < 0.05), 
while the serum 5-HT and hypocretin of patients in the 
dexmedetomidine group were significantly higher than 
that of the Control group (P < 0.05), see Fig.  4, then the 
delirium and postoperative nausea and vomiting (PONV) 
at 24, 48 h were not significantly different but the PONV 
at 12 h was significantly lower (Table 2).

Discussion
Anesthesia is one of the factors affecting postoperative 
sleep-disordered [22, 23]. The incidence of postopera-
tive sleep disorder in patients with general anesthesia and 
opioids is significantly higher than that in patients with 
regional anesthesia [24]. Postoperative pain is also one 

of the important factors leading to postoperative sleep 
disorders. Good perioperative analgesia can significantly 
improve postoperative sleep quality [25, 26]. Postop-
erative sleep disorders can lead to postoperative fatigue 
syndrome, paroxysmal hypoxemia, postoperative car-
diovascular accidents, and mental state changes [27, 28]. 
Therefore, improving sleep quality has a profound impact 
on the recovery of patients undergoing surgery. Post-
operative sleep disorders in patients undergoing nasal 
endoscopy can be induced by psychological changes, 
changes in breathing patterns, environment, postopera-
tive pain, and throat irritation due to tracheal intubation. 
Regardless of the procedure’s complexity, most patients 
have varying degrees of postoperative sleep disorders 
[29]. Obesity patient and preoperative comorbid sleep 
apnea hypoventilation syndrome were positively associ-
ated with postoperative sleep disturbances [30, 31], and 
were excluded from our study in order to eliminate this 
influence.

Fig. 1  CONSORT 2010 flow diagram 
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The sleep efficiency index is the percentage of sleep 
time to bedtime, and the normal sleep efficiency is above 
80%. If the sleep efficiency is less than 80%, it indicates 
that the patient has difficulty in maintaining sleep, and 
when it is less than 60% then suffering from serious sleep 
difficulty [32–34]. Increased rapid eye movement sleep 
improves sleep quality, with infants spending 50% of their 
sleep time in rapid eye movement sleep and adults nearly 
20% [44]. The arousal index is the number of awaken-
ings during sleep. The arousal index is usually less than 
5 during normal sleep. An increase in this index indi-
cates poorer sleep continuity and poorer sleep quality. 
The results of this study showed that the patients who 
experienced nasal endoscopy either sleep efficiency index 
decreased or arousal index increased obviously. Whereas 
dexmedetomidine could improve such sleep efficiency 
index or arousal index significantly, suggesting dexme-
detomidine could improve patients’ sleep quality.

Natural sleep can be divided into two types, namely 
rapid eye movement (REM) sleep and non-rapid eye 
movement (NREM) sleep [35]. In REM sleep, the vital 
signs and metabolic rate of the body are similar to 

Table 1  Patient characteristics and intraoperative data 

NA Not applicable, SD Standard Deviation, IQR Interquartile Range, Y Yes, N No, BMI Body mass index, ASA American Society of Anesthesiologists
a Values were rounded to the nearest 5 mL
b Values were rounded to the nearest 50 mL
c χ2 value

Characteristic No. (%) z Score or χ2 
value

P value

Control group Dexmedetomidine group

Total patients, No 48 48 NA NA

Age, mean (SD), y 41.52(12.00) 44.83(12.28) -1.228 0.219

BMI, mean (SD) 25.33(2.46) 24.82(2.46) -1.016 0.310

Sex 1.053c 0.206

  Female 19(39.6) 24(50.0)

  Male 29(60.4) 24(50.0)

ASA classification 0.697c 0.266

  I 17(35.4) 21(43.8)

  II 31(64.6) 27(56.2)

Time, mean (SD), min
  Surgical 94.52(10.95) 93.54(10.36) -0.224 0.823

  Anesthetic 105.10(11.86) 104.38(10.96) -0.088 0.930

  Smoking history(Y/N) 20/28 23/25 0.379c 0.341

  Drinking history(Y/N) 12/36 10/38 0.236c 0.404

  Sufentanil, mean (SD), μg 29.90(5.00) 30.00(3.86) -0.101 0.919

  Remifentanil, mean (SD), μg 1112.83(143.85) 1074.10(175.28) -1.327 0.185

  Propofol, mean (SD), mg 686.48(77.46) 664.85(69.82) -1.187 0.235

  Use of vasoactive drugs (%) 8(16.7) 9(18.8) 0.071c 0.500

  Bleeding, median (IQR), mla 180(157.5–193.75) 180(155–190) -0.132 0.895

  Transfusion volume, median (IQR), mLb 950(862.5–1050) 1000(850–1050) -0.445 0.656

  Urine output, median (IQR), mLb 350(300–387.5) 342.86(300–400) -0.396 0.692

Fig. 2  The primary outcomes at the two-point. At the T1 point 
without significant differences, T2 point, there were statistically 
significant differences in SEI, AI, and REM. Abbreviations: SEI Sleep 
efficiency index, AI arousal index, REM The ratio of rapid eye 
movement sleep to total sleep. *, p < 0.05, **, p < 0.01
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those in the awake stage, and lack of REM sleep can 
lead to decreased learning ability and even cogni-
tive dysfunction [36]. REM sleep can represent a deep 
sleep state to a certain extent. Dexmedetomidine is a 
α2 receptor agonist that stimulates the α2 receptor in 
the locus coeruleus at the bottom of the fourth ventri-
cle and the anterior dorsal pons to promote sleep [37]. 
Continuous infusion of dexmedetomidine can improve 
postoperative sleep quality by promoting patients to 
return to the normal circadian sleep cycle, improv-
ing sleep efficiency and structure [38–40]. In this 
clinical trial, the sleep quality of patient with dexme-
detomidine during surgery was significantly improved 

with the SEI and proportion of REM elevated and AI 
descended 12  h after the surgery. Dexmedetomidine-
induced sleep showed no significant difference from 
natural sleep in terms of sleep efficiency [41, 42]. The 
results of this study showed that when nasal endoscopy 
patients received dexmedetomidine intervention, the 
proportion of REM sleep was higher than that of the 
control group, suggesting that dexmedetomidine can 
increase the proportion of REM sleep in nasal endos-
copy patients to improve postoperative sleep.

Trauma and surgical stress are the key factors affect-
ing the quality of postoperative sleep, which has a direct 
effect on the central nervous system and changes the 

Fig. 3  A The Ramsay sedation scores of the two groups with a statistical difference at 1 and 12 h after surgery, while with no statistical difference at 
24 h. B The VAS scores showed statistical difference at 1, 12, 24 h after surgery, while no statistical difference at 48 h. *, p < 0.05, **, p < 0.01

Fig. 4  The cortisol, 5-HT, and hypocretin are at the two-point. There were no statistically significant differences at the T1 point. T2 point, the serum 
cortisol (ng/mL) of the dexmedetomidine group was lower, while the serum 5-HT (ng/mL) and hypocretin (pg/mL) were higher. Abbreviations: 
5-HT, 5-hydroxytryptamine. *, p < 0.05, **, p < 0.01, ***, p < 0.001
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sleep architecture [43].Cortisol, widely known as the 
“stress hormone” [44]. 5-HT is an important neurotrans-
mitter in the brain, widely distributed in the synapses and 
cerebral cortex, and can cause rapid eye movement sleep 
[45, 46]. When patients experience surgical stress with 
5-HT decrease, the cerebral cortex activates and expe-
riences sleep disturbances [47]. Hypocretin is a widely 
distributed in the hypothalamus area of neuropeptides, 
participates in the regulation of rapid eye movement 
sleep and the awakening of the body [48], increased the 
secretion can activate cortical cells of the body into the 
rapid eye movement sleep and plays a key role in promot-
ing and maintaining wakefulness in mammals [49, 50]. 
The lack of hypocretin (orexin) may lead to narcolepsy 
in human beings. The results of this study suggested dex-
medetomidine could reduce the level of cortisol, increase 
the secretion level of 5-HT and hypocretin to improve 
their postoperative sleep.

Conclusion
Dexmedetomidine could improve the sleep efficiency 
index and increase the percentage of REM sleep time, 
reducing the postoperative arousal index, and this effect 
may be related to the decrease of serum corticosteroid 
levels and the increase of serum 5-HT and hypocretin 
in patients undergoing endoscopic sinus surgery. These 
results suggest that this therapy may be a viable strategy 
to enhance postoperative sleep quality while undergoing 
endoscopic sinus surgery.

Limitations
There are still limitations in this study: (1) Postopera-
tive sleep disturbance is closely related to the post-
operative environment of patients, especially the 
surrounding sound and light stimulation, and these 
factors are not excluded in this study; (2) There are 
various factors that could lead to postoperative sleep 

quality, and we did not look for other related factors 
nor did we probe the mechanism of postoperative 
sleep quality. (3) We didn’t investigate the relationship 
between doses of dexmedetomidine and the improve-
ment of postoperative sleep quality.

Abbreviations
VAS: Visual Analog Scale; BMI: Body mass index; ASA: American Society of 
Anesthesiologists; SEI: Sleep efficiency index; AI: Arousal index; REM: The ratio 
of rapid eye movement sleep to total sleep; PONV: Postoperative nausea, and 
vomiting; 5-HT: 5-Hydroxytryptamine; HR: Heart rate; PACU​: Post-anesthesia 
recovery room; NREM: Non-rapid eye movement.

Acknowledgements
We thank Dr. Zhe Zhu from Naval Medical University, for the advice concern-
ing the statistical analyses.

Authors’ contributions
Yu Wu and Xiaojian Wan conceived and designed this study. The data were 
collected and analyzed by Xuzhen Chen and Yuhua Miao. Yu Wu performed 
experiments and drafted the manuscript. Xiaojian.Wan edited and revised 
the manuscript. All authors reviewed the manuscript. All authors read and 
approved the final manuscript. 

Funding
This work was supported by the Incubator Program for Startups of the 980th 
Hospital of the Joint Logistic Support Force (FYJHMS-04).

Availability of data and materials
The datasets used and analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This single-center randomized, double-blinded, controlled trial was approved 
by the Bethune International Peace Hospital Ethics Committee (Ethics No. 
2021-KY-129). Then related risks were explained to patients and their families, 
consent of patients’ families was obtained and informed consent was signed. 
All methods were carried out with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
All authors declare that there is no conflict of interest.

Author details
1 Department of Anesthesiology, Bethune International Peace Hospital, 
Shijiazhuang 050082, China. 2 Department of Otorhinolaryngology, Bethune 
International Peace Hospital, Shijiazhuang 050082, China. 3 Department 
of Anesthesiology and Critical Care Medicine, Changhai Hospital, Naval Medi-
cal University, Shanghai 200433, China. 

Received: 7 March 2022   Accepted: 25 May 2022

References
	1.	 Kostin A, Alam MA, McGinty D, Alam MN. Adult hypothalamic neurogen-

esis and sleep-wake dysfunction in aging. Sleep. 2021;44(2):zsaa173.
	2.	 Liu D, Dan Y. A Motor Theory of Sleep-Wake Control: Arousal-Action 

Circuit. Annu Rev Neurosci. 2019;42:27–46.
	3.	 Hasegawa H, Selway R, Gnoni V, Beniczky S, Williams SCR, Kryger M, Ferini-

Strambi L, Goadsby P, Leschziner GD, Ashkan K, et al. The subcortical belly 

Table 2  The delirium and postoperative nausea and vomiting

NA Not applicable, PONV Postoperative nausea and vomiting

Outcome Control group Dexmedetomidine 
group

χ2 value P value

Total patients, No 48 48 NA NA

Delirium, No. (%)

  12 h 4(8.3) 2(4.2) 0.711 0.339

  24 h 3(6.3) 2(4.2) 0.211 0.500

  48 h 0 0 NA NA

PONV, No. (%)

  12 h 10(20.8) 3(6.25) 4.360 0.035

  24 h 6(12.5) 2(4.2) 2.182 0.134

  48 h 3(6.3) 1(2.1) 1.043 0.308



Page 8 of 9Wu et al. BMC Anesthesiology          (2022) 22:172 

of sleep: New possibilities in neuromodulation of basal ganglia? Sleep 
Med Rev. 2020;52:101317.

	4.	 Ben Simon E, Vallat R, Barnes CM, Walker MP. Sleep Loss and the Socio-
Emotional Brain. Trends Cogn Sci. 2020;24(6):435–50.

	5.	 Kim SH, Kim N, Min KT, Kim EH, Oh H, Choi SH. Sleep disturbance 
and delirium in patients with acromegaly in the early postoperative 
period after transsphenoidal pituitary surgery. Medicine (Baltimore). 
2020;99(45):e23157.

	6.	 Szeto B, Vertosick EA, Ruiz K, Tokita H, Vickers A, Assel M, Simon BA, 
Twersky RS. Outcomes and Safety Among Patients With Obstructive 
Sleep Apnea Undergoing Cancer Surgery Procedures in a Freestanding 
Ambulatory Surgical Facility. Anesth Analg. 2019;129(2):360–8.

	7.	 Howell MD, Stevens JP. ICUs after surgery, mortality, and the Will Rogers 
effect. Intensive Care Med. 2015;41(11):1990–2.

	8.	 Li SB, de Lecea L. The hypocretin (orexin) system: from a neural circuitry 
perspective. Neuropharmacology. 2020;167:107993.

	9.	 Kritikou I, Basta M, Vgontzas AN, Pejovic S, Fernandez-Mendoza J, Liao D, 
Bixler EO, Gaines J, Chrousos GP. Sleep apnoea and the hypothalamic-
pituitary-adrenal axis in men and women: effects of continuous positive 
airway pressure. Eur Respir J. 2016;47(2):531–40.

	10	 Morgan E, Schumm LP, McClintock M, Waite L, Lauderdale DS. Sleep 
Characteristics and Daytime Cortisol Levels in Older Adults. Sleep. 
2017;40(5):zsx043.

	11.	 Bleier BS, Paz-Lansberg M. Acute and Chronic Sinusitis. Med Clin North 
Am. 2021;105(5):859–70.

	12.	 Wang Y, Shuai Y, Qiu F, He J, Zhuang S. Dexmedetomidine-soaked nasal 
packing can reduce pain and improve sleep quality after nasal endo-
scopic surgery: a double-blind, randomized, controlled clinical trial. Sleep 
Breath. 2021;25(4):2045–52.

	13.	 Choy EH. The role of sleep in pain and fibromyalgia. Nat Rev Rheumatol. 
2015;11(9):513–20.

	14.	 Li Q, Zhu ZY, Lu J, Chao YC, Zhou XX, Huang Y, Chen XM, Su DS, Yu WF, Gu 
XY. Sleep deprivation of rats increases postsurgical expression and activity 
of L-type calcium channel in the dorsal root ganglion and slows recovery 
from postsurgical pain. Acta Neuropathol Commun. 2019;7(1):217.

	15.	 Hughes CG, Mailloux PT, Devlin JW, Swan JT, Sanders RD, Anzueto A, Jack-
son JC, Hoskins AS, Pun BT, Orun OM, et al. Dexmedetomidine or Propofol 
for Sedation in Mechanically Ventilated Adults with Sepsis. N Engl J Med. 
2021;384(15):1424–36.

	16	 Ramaswamy SM, Weerink MAS, Struys M, Nagaraj SB. Dexmedetomidine-
induced deep sedation mimics non-rapid eye movement stage 3 sleep: 
large-scale validation using machine learning. Sleep. 2021;44(2):zsaa167.

	17.	 Chamadia S, Hobbs L, Marota S, Ibala R, Hahm E, Gitlin J, Mekonnen J, 
Ethridge B, Colon KM, Sheppard KS, et al. Oral Dexmedetomidine Pro-
motes Non-rapid Eye Movement Stage 2 Sleep in Humans. Anesthesiol-
ogy. 2020;133(6):1234–43.

	18.	 Guo B, Chen C, Yang L, Zhu R. Effects of dexmedetomidine on postopera-
tive cognitive function of sleep deprivation rats based on changes in 
inflammatory response. Bioengineered. 2021;12(1):7920–8.

	19.	 Wang G, Wu X, Zhu G, Han S, Zhang J. Dexmedetomidine alleviates sleep-
restriction-mediated exaggeration of postoperative immunosuppression 
via splenic TFF2 in aged mice. Aging (Albany NY). 2020;12(6):5318–35.

	20.	 Feng ZX, Dong H, Qu WM, Zhang W. Oral Delivered Dexmedetomidine 
Promotes and Consolidates Non-rapid Eye Movement Sleep via Sleep-
Wake Regulation Systems in Mice. Front Pharmacol. 2018;9:1196.

	21.	 Snidvongs K, Tingthanathikul W, Aeumjaturapat S, Chusakul S. Dex-
medetomidine improves the quality of the operative field for func-
tional endoscopic sinus surgery: systematic review. J Laryngol Otol. 
2015;129(Suppl 3):S8-13.

	22.	 Selvadurai S, Maynes JT, McDonnell C, Cushing SL, Propst EJ, Lorenzo A, 
Lim A, Meltzer LJ, Lu Z, Horner RL, et al. Evaluating the effects of general 
anesthesia on sleep in children undergoing elective surgery: an observa-
tional case-control study. Sleep. 2018;41(8):1093–4.

	23.	 Luo M, Song B, Zhu J. Sleep Disturbances After General Anesthesia: Cur-
rent Perspectives. Front Neurol. 2020;11:629.

	24.	 Lei M, Zhang P, Liu Y, Fu F, Ye L, Zhu T. Propofol and sufentanil may affect 
the patients’ sleep quality independently of the surgical stress response: a 
prospective nonrandomized controlled trial in 1033 patients’ under-
gone diagnostic upper gastrointestinal endoscopy. BMC Anesthesiol. 
2017;17(1):53.

	25.	 Jin F, Li Z, Tan WF, Ma H, Li XQ, Lu HW. Preoperative versus postopera-
tive ultrasound-guided rectus sheath block for improving pain, sleep 
quality and cytokine levels in patients with open midline incisions 
undergoing transabdominal gynecological surgery: a randomized-
controlled trial. BMC Anesthesiol. 2018;18(1):19.

	26.	 Jin F, Li XQ, Tan WF, Ma H, Lu HW. Preoperative versus postoperative 
ultrasound-guided rectus sheath block for improving pain, sleep 
quality and cytokine levels of patients with open midline incisions 
undergoing transabdominal gynaecological operation: study protocol 
for a randomised controlled trial. Trials. 2015;16:568.

	27.	 Westerlund A, Bellocco R, Sundstrom J, Adami HO, Akerstedt T, Trol-
leLagerros Y. Sleep characteristics and cardiovascular events in a large 
Swedish cohort. Eur J Epidemiol. 2013;28(6):463–73.

	28.	 Fernandes NM, Nield LE, Popel N, Cantor WJ, Plante S, Goldman L, 
Prabhakar M, Manlhiot C, McCrindle BW, Miner SE. Symptoms of dis-
turbed sleep predict major adverse cardiac events after percutaneous 
coronary intervention. Can J Cardiol. 2014;30(1):118–24.

	29.	 Lim DC, Mazzotti DR, Sutherland K, Mindel JW, Kim J, Cistulli PA, 
Magalang UJ, Pack AI, de Chazal P, Penzel T, et al. Reinventing 
polysomnography in the age of precision medicine. Sleep Med Rev. 
2020;52:101313.

	30.	 Chung F, Liao P, Yegneswaran B, Shapiro CM, Kang W. Postop-
erative changes in sleep-disordered breathing and sleep archi-
tecture in patients with obstructive sleep apnea. Anesthesiology. 
2014;120(2):287–98.

	31.	 Bohorquez D, Mahmoud AF, Yu JL, Thaler ER. Upper airway stimulation 
therapy and sleep architecture in patients with obstructive sleep apnea. 
Laryngoscope. 2020;130(4):1085–9.

	32.	 Chan ED, Chan MM, Chan MM. Pulse oximetry: understanding its 
basic principles facilitates appreciation of its limitations. Respir Med. 
2013;107(6):789–99.

	33.	 Schneider L. Anatomy and physiology of normal sleep. In: Sleep and 
Neurologic Disease. Academic Press; 2017. p. 1–28, chap. 1. https://​doi.​
org/​10.​1016/​B978-0-​12-​804074-​4.​00001-7.

	34.	 Dimanico MM, Klaassen AL, Wang J, Kaeser M, Harvey M, Rasch B, Rainer 
G. Aspects of tree shrew consolidated sleep structure resemble human 
sleep. Commun Biol. 2021;4(1):722.

	35.	 Park DY, Kim T, Lee JJ, Ha JH, Kim HJ. Validity analysis of respiratory events 
of polysomnography using a plethysmography chest and abdominal 
belt. Sleep Breath. 2020;24(1):127–34.

	36.	 Ng MC. Orexin and Epilepsy: Potential Role of REM Sleep. 
Sleep. 2017;40(3):zsw061.

	37.	 Fontaine GV, Der Nigoghossian C, Hamilton LA. Melatonin, Ramelteon, 
Suvorexant, and Dexmedetomidine to Promote Sleep and Prevent 
Delirium in Critically Ill Patients: A Narrative Review With Practical Applica-
tions. Crit Care Nurs Q. 2020;43(2):232–50.

	38.	 Brito RA. do Nascimento Reboucas Viana SM, Beltrao BA, de Araujo 
Magalhaes CB, de Bruin VMS, de Bruin PFC: Pharmacological and non-
pharmacological interventions to promote sleep in intensive care units: a 
critical review. Sleep Breath. 2020;24(1):25–35.

	39.	 Oto J, Yamamoto K, Koike S, Onodera M, Imanaka H, Nishimura M. Sleep 
quality of mechanically ventilated patients sedated with dexmedetomi-
dine. Intensive Care Med. 2012;38(12):1982–9.

	40.	 Wu XH, Cui F, Zhang C, Meng ZT, Wang DX, Ma J, Wang GF, Zhu SN, Ma D. 
Low-dose Dexmedetomidine Improves Sleep Quality Pattern in Elderly 
Patients after Noncardiac Surgery in the Intensive Care Unit: A Pilot Rand-
omized Controlled Trial. Anesthesiology. 2016;125(5):979–91.

	41.	 Zhao LL, Liu H, Zhang YY, Wei JQ, Han Y, Han L, Yang JP. A Comparative 
Study on Efficacy and Safety of Propofol versus Dexmedetomidine in 
Sleep Apnea Patients undergoing Drug-Induced Sleep Endoscopy: A 
CONSORT-Prospective, Randomized. Controlled Clinical Trial Biomed Res 
Int. 2018;2018:8696510.

	42	 Ma Y, Miracca G, Yu X, Harding EC, Miao A, Yustos R, Vyssotski AL, Franks 
NP, Wisden W. Galanin Neurons Unite Sleep Homeostasis and alpha2-
Adrenergic Sedation. Curr Biol. 2019;29(19):3315-3322 e3313.

	43.	 Skvarc DR, Berk M, Byrne LK, Dean OM, Dodd S, Lewis M, Marriott A, 
Moore EM, Morris G, Page RS, et al. Post-Operative Cognitive Dysfunc-
tion: An exploration of the inflammatory hypothesis and novel therapies. 
Neurosci Biobehav Rev. 2018;84:116–33.

https://doi.org/10.1016/B978-0-12-804074-4.00001-7
https://doi.org/10.1016/B978-0-12-804074-4.00001-7


Page 9 of 9Wu et al. BMC Anesthesiology          (2022) 22:172 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	44.	 Breen DP, Vuono R, Nawarathna U, Fisher K, Shneerson JM, Reddy AB, 
Barker RA. Sleep and circadian rhythm regulation in early Parkinson 
disease. JAMA Neurol. 2014;71(5):589–95.

	45.	 Peters KZ, Cheer JF, Tonini R. Modulating the Neuromodulators: Dopa-
mine, Serotonin, and the Endocannabinoid System. Trends Neurosci. 
2021;44(6):464–77.

	46.	 Hopkins SC, Dedic N, Koblan KS. Effect of TAAR1/5-HT1A agonist SEP-
363856 on REM sleep in humans. Transl Psychiatry. 2021;11(1):228.

	47.	 Moon EJ, Ko IG, Kim SE, Jin JJ, Hwang L, Kim CJ, An H, Lee BJ, Yi JW. 
Dexmedetomidine Ameliorates Sleep Deprivation-Induced Depressive 
Behaviors in Mice. Int Neurourol J. 2018;22(Suppl 3):S139-146.

	48.	 Tsuneki H, Wada T, Sasaoka T. Chronopathophysiological implications of 
orexin in sleep disturbances and lifestyle-related disorders. Pharmacol 
Ther. 2018;186:25–44.

	49.	 Prober DA. Discovery of Hypocretin/Orexin Ushers in a New Era of Sleep 
Research. Trends Neurosci. 2018;41(2):70–2.

	50.	 Adamantidis AR, Zhang F, Aravanis AM, Deisseroth K, de Lecea L. Neural 
substrates of awakening probed with optogenetic control of hypocretin 
neurons. Nature. 2007;450(7168):420–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	A randomized placebo-controlled double-blind study of dexmedetomidine on postoperative sleep quality in patients with endoscopic sinus surgery
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 
	Trial registration: 

	Background
	Materials and methods
	Participants
	Randomization and masking
	Sample size estimation
	Anesthesia procedure
	Outcome measures
	Statistical analysis

	Results
	Study population
	Primary outcome
	Secondary outcomes

	Discussion
	Conclusion
	Limitations
	Acknowledgements
	References


