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S leep disturbances, including sleep deprivation, disrup-
tion, and abnormal architecture, are prevalent in post-

surgical patients, particularly in those who are admitted to 
the intensive care unit (ICU).1,2 previous studies reported 
that poor sleep was one of the most frequent complaints 
among patients who recovered from critical illness.3–8 Stud-
ies using polysomnography showed that the sleep pattern 
of ICU patients was characterized as disorganized circa-
dian rhythm, prolonged sleep latencies, fragmented sleep, 
decreased sleep efficiency, abnormally increased stages 1 and 
2 of non–rapid eye movement (NReM) sleep (also called 
stage N1 and N2 sleep), and decreased or absent stage 3 of 

What We Already Know about This Topic

•	 Dexmedetomidine	sedation	can	improve	sleep	architecture	in	
mechanically	ventilated	patients,	but	its	effectiveness	in	non-
ventilated	patients	is	unknown.

What This Article Tells Us That Is New

•	 In	a	pilot	trial	of	76	adults	(age,	greater	than	65	yr)	admitted	
to	 the	 intensive	 care	 unit	 after	 noncardiac	 surgery,	 patients	
were	 randomized	 to	 receive	 low-dose	 dexmedetomidine	 in-
fusion	versus	placebo	 for	15	h.	Dexmedetomidine	 increased	
stage	N2	 (and	decreased	N1)	 sleep,	 total	 sleep	 time,	 sleep	
efficiency,	and	subjective	sleep	quality.
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ABSTRACT

Background: patients admitted to the intensive care unit (ICU) after surgery often develop sleep disturbances. The authors 
tested the hypothesis that low-dose dexmedetomidine infusion could improve sleep architecture in nonmechanically venti-
lated elderly patients in the ICU after surgery.
Methods: This was a pilot, randomized controlled trial. Seventy-six patients age 65 yr or older who were admitted to the ICU 
after noncardiac surgery and did not require mechanical ventilation were randomized to receive dexmedetomidine (continu-
ous infusion at a rate of 0.1 μg kg−1 h−1; n = 38) or placebo (n = 38) for 15 h, i.e., from 5:00 pM on the day of surgery until 
8:00 aM on the first day after surgery. polysomnogram was monitored during the period of study-drug infusion. The primary 
endpoint was the percentage of stage 2 non–rapid eye movement (stage N2) sleep.
Results: Complete polysomnogram recordings were obtained in 61 patients (30 in the placebo group and 31 in the dexmedeto-
midine group). Dexmedetomidine infusion increased the percentage of stage N2 sleep from median 15.8% (interquartile range, 
1.3 to 62.8) with placebo to 43.5% (16.6 to 80.2) with dexmedetomidine (difference, 14.7%; 95% CI, 0.0 to 31.9; P = 0.048); 
it also prolonged the total sleep time, decreased the percentage of stage N1 sleep, increased the sleep efficiency, and improved the 
subjective sleep quality. Dexmedetomidine increased the incidence of hypotension without significant intervention.
Conclusions: In nonmechanically ventilated elderly patients who were admitted to the ICU after non-
cardiac surgery, the prophylactic low-dose dexmedetomidine infusion may improve overall sleep quality.  
(Anesthesiology 2016; 125:979-91)
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NReM sleep (also called stage N3 sleep or slow-wave sleep) 
and rapid eye movement (ReM) sleep.9–13 The causes of 
sleep disturbances in the ICU are multifactorial, including 
critical illness, surgery, mechanical ventilation, medications, 
and the ICU environment.9–11,14–17 The occurrence of sleep 
disturbances can produce significant adverse consequences 
such as immune system compromise, delayed weaning from 
mechanical ventilation, cardiovascular events, develop-
ment of delirium, and post-ICU physical and mental health 
decline.18–25

Given the importance of good sleep for patients’ recovery 
from critical illness and major surgery, multiple nonphar-
macologic interventions have been implemented to improve 
patients’ sleep quality in the ICU, such as elimination of 
unnecessary noise and light, consolidation of patient care 
interactions, use of earplugs and eye masks, relaxation tech-
niques, and addition of white noise.26–30 However, the effects 
of these strategies are limited, and adjunctive drug therapy 
is often needed in some circumstances.31 Sedatives and anal-
gesics, such as propofol, benzodiazepines, and opioids, are 
frequently used in ICU patients in order to increase their 
comfort and sleep quality. Unfortunately, these drugs may 
produce sleep architecture disruption, which could poten-
tially contribute to other postsurgical complications, includ-
ing delirium.32,33

Dexmedetomidine, an α2 adrenoceptor agonist with 
both sedative and analgesic properties, has increasingly been 
used in ICU patients.34 Unlike other sedative agents, dexme-
detomidine exerts its sedative effects through an endogenous 
sleep-promoting pathway and preserves sleep architecture to 
some degree in the preclinical settings.35,36 In a recent study 
of mechanically ventilated ICU patients, nighttime infusion 
of sedative dose of dexmedetomidine (median, 0.6 μg kg−1 
h−1 [interquartile range {IQR}, 0.4 to 0.7]) that induced a 
sedation level from −1 to −2 on the Richmond agitation 
Sedation Scale (RaSS) helped preserve the day–night cycle 
of sleep and improved the sleep architecture by increasing 
sleep efficiency and stage N2 sleep.37 a similar phenomenon 
was also observed previously.38 We hypothesized that non-
sedative dose of dexmedetomidine might also improve sleep 
architecture in nonmechanically ventilated postoperative 
patients. The purpose of this study was to investigate the 
effect of low-dose dexmedetomidine infusion on the sleep 
architecture of nonmechanically ventilated elderly patients 
who were admitted to the ICU after noncardiac surgery.

Materials and Methods

Study Design
This was a randomized, double-blind, placebo-controlled, 
parallel-arm pilot trial designed to assess the superiority of 
the intervention, i.e., a prophylactic, low-dose dexmedeto-
midine infusion. The study protocol was approved by the 
Clinical Research ethics Committee of peking University 
First Hospital (Beijing, China; 2012-515) and registered on 
Chinese Clinical Trial Registry (ChiCTR-TRC-12002567). 

Written informed consent was obtained from each patient 
or, if the patient could not provide informed consent, from 
the surrogate of the patient. The study was conducted in the 
surgical ICU of peking University First Hospital, Beijing, 
China.

Patient Recruitment
potential participants were screened on ICU admission 
by two qualified investigators (X.-H.W. and F.C.). elderly 
patients (age 65 yr or over) who underwent noncardiac sur-
gery during general anesthesia and were admitted to the sur-
gical ICU before 5:00 pM were included in the study. patients 
were excluded if they met any of the following criteria: (1) 
history of schizophrenia, epilepsy, or parkinsonism; (2) his-
tory of sleep disorders (requirement of hypnotics/sedatives 
during the last month); (3) history of obstructive sleep apnea 
syndrome; (4) preoperative sick sinus syndrome, severe sinus 
bradycardia (heart rate less than 50 beats/min), or atrioven-
tricular block of second degree or above without pacemaker; 
(5) preoperative coma; (6) brain injury or neurosurgery; (7) 
serious hepatic dysfunction (Child-pugh class C); (8) serious 
renal dysfunction (undergoing dialysis before surgery); or 
(9) requirement of mechanical ventilation. Detailed infor-
mation, including baseline demographic data, preoperative 
medical history, admission diagnosis, severity of illness, and 
perioperative variables, was obtained after recruitment.

Randomization, Study-drug Administration, and 
Procedures
Simple randomization was performed. Random numbers 
were generated in a 1:1 ratio using the SaS 9.2 software 
(SaS Institute, USa). Study drugs (either 200 μg/2 ml dex-
medetomidine hydrochloride or 2 ml normal saline) were 
provided as clear aqueous solution in the same type of 3-ml 
volume bottles (manufactured by Jiangsu Hengrui Medicine 
Co, ltd, China) and encoded according to the randomiza-
tion results before the study by a pharmacist who did not 
participate in the rest of the study. The results of randomiza-
tion were sealed in sequentially numbered envelopes until 
the end of the study.

During the study period, consecutively enrolled patients 
were randomly assigned to receive either dexmedetomidine 
or placebo by a study coordinator (Z.-T.M.) who distributed 
the study drugs accordingly. The study drugs were diluted 
with normal saline to 50 ml and administered intravenously 
at an infusion rate of 0.025 ml kg−1 h−1 (0.1 μg kg−1 h−1 of 
dexmedetomidine in the dexmedetomidine group) for 15 h, 
i.e., from 5:00 pM on the day of surgery to 8:00 aM on the first 
day after surgery.

all study personnel, healthcare teams, and patients were 
unaware of treatment group assignment. In case of an emer-
gency (e.g., unexpected, rapid deterioration of the patient’s 
clinical condition), attending intensivists who were on duty 
could request unmasking of blinding and/or stopping of the 
study-drug infusion. In such a case, a statement had to be 
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made in the case report form. These patients were included 
in the final sleep architecture analyses.

Routine postoperative analgesia was administered includ-
ing patient-controlled epidural analgesia (established with 
250 ml ropivacaine, 0.12%, plus 0.5 μg/ml sufentanil, pro-
grammed to deliver a 2-ml bolus with a lockout interval of 
20 min and a background infusion of 4 ml/h) or patient-con-
trolled intravenous analgesia (established with 100 ml mor-
phine, 0.5 mg/ml, programmed to deliver a 2-ml bolus with 
a lockout interval of 6 to 10 min and a background infusion 
of 1 ml/h). Supplemental morphine (2 mg injected intrave-
nously with a 10-min interval for up to five times per hour) 
was administered when necessary. For patients without con-
traindication, flurbiprofen axetil (50 mg injected intrave-
nously for up to two times per day) could be administered.

Polysomnographic Monitoring
polysomnography was performed with a Compumedics e 
Series eeG/pSG Recording System (Compumedics pty ltd, 
australia) from 5:00 pM to 8:00 aM, i.e., throughout the dura-
tion of study-drug infusion. Two qualified investigators (X.-
H.W. and F.C.) were responsible for attaching the electrodes 
to the patients. The polysomnogram included four-channel 
electroencephalogram (F3/a2, F4/a1, C3/a2, and C4/a1), 
two-channel electrooculogram (e1/a2 and e2/a1), and 
one-channel chin electromyogram (Chin1–Chin2). These 
data were processed automatically according to the american 
academy of Sleep Medicine manual39 and stored in a com-
puter disc. electrocardiogram, invasive blood pressure, and 
pulse oxygen saturation were also continuously monitored.

Sleep architecture was scored manually (epoch by epoch) 
using standard criteria39 by a qualified sleep physician (C.Z.) 
who was blinded to the study protocol and did not partici-
pate in data collection and patient care. It was divided into 
wakefulness, NReM sleep, and ReM sleep. NReM sleep 
was further divided into three stages, i.e., stage 1 (N1), stage 
2 (N2), and stage 3 (N3). Total sleep time was defined as 
the sum of time spent in any sleep stage during the mon-
itoring period. Sleep efficiency was calculated as the ratio 
between the total sleep time and the total recording time and 
expressed as percentage. The percentages of each sleep stage 
were calculated as the durations of each sleep stage divided 
by the total sleep time. Sleep fragmentation index was calcu-
lated as the average number of arousals and awakenings per 
hour of sleep.

Other Outcome Assessments
Sedation level was assessed using the RaSS at 8:00 aM before 
the end of study-drug infusion.40,41 Subjective pain scores 
at rest and with movement were assessed using the numeric 
rating scale (an 11-point scale, where 0 indicates no pain and 
10 indicates the worst pain) at 3, 6, and 24 h after surgery. 
The subjective score of sleep quality was assessed at 8:00 
aM on the first, second, and third days after surgery using 
the numeric rating scale as well (an 11-point scale, where 0 

indicates the best possible sleep and 10 indicates the worst 
possible sleep).42,43

postoperative delirium was assessed using the confusion 
assessment method44,45 twice daily (at 8:00 aM and 6:00 pM, 
respectively) during the first 7 days after surgery (appendix 
1). adverse events (including hypotension, bradycardia, 
hypertension, tachycardia, desaturation, and respiratory 
depression) were monitored until 24 h after surgery or until 
their disappearance (appendix 2). Intervention for hypoten-
sion included interruption of study-drug infusion, intra-
venous fluid bolus, and/or administration of medication. 
Intervention for bradycardia, hypertension, and tachycardia 
included interruption of study-drug infusion and/or admin-
istration of medication. Intervention for desaturation and 
respiratory depression included interruption of study-drug 
infusion, administration of oxygen, physical therapy, and/or 
noninvasive/invasive ventilation.

postoperative complications were defined as any medical 
condition that required therapeutic intervention. The occur-
rence of postoperative complications was monitored twice 
daily during the first 7 days and then weekly until 30 days 
after surgery. lengths of stay in the ICU and in hospital after 
surgery were documented. all-cause 30-day mortality was 
recorded.

Before the study, investigators (X.-H.W. and F.C.) who 
would perform patient recruitment and follow-up were 
trained to follow the study protocol according to the prin-
ciples of good clinical practice. They were also trained to 
attach electrodes for polysomnographic monitoring by a 
sleep physician and to use the confusion assessment method 
by a psychiatrist.

Statistical Analysis
Sample Size Calculation. previous studies showed that in 
ICU patients requiring mechanical ventilation, sedation 
with benzodiazepines and/or opioids resulted in a percent-
age of stage N2 sleep of 40 ± 23% during the nighttime,11 
whereas sedation with dexmedetomidine increased the per-
centage of stage N2 sleep to about 71%.38 We assumed that 
in postoperative ICU patients without mechanical ventila-
tion, intravenous infusion of low-dose dexmedetomidine 
would increase the percentage of stage N2 sleep by 20% 
compared to placebo, with an SD of 23% in both groups. 
The calculated sample size that would provide 90% power to 
detect this difference based on a two-tailed significance level 
of 0.05 was 29 patients per group. Considering a dropout 
rate of about 25%, we intended to enroll 38 patients in each 
group.
Outcome Analyses. primary endpoint was the percentage 
of stage N2 sleep. Secondary endpoints included total sleep 
time, sleep efficiency, durations, and percentages of stage N1, 
N3, and ReM sleep; sleep fragmentation index; and subjec-
tive sleep quality. additional outcomes included the occur-
rence of postoperative complications, lengths of stay in ICU 
and hospital after surgery, and all-cause 30-day mortality.
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Continuous variables were analyzed with independent 
samples Student’s t test or Mann–Whitney U test. Cat-
egorical variables were analyzed with chi-square analysis, 
continuity correction chi-square test, or Fisher exact test. 
Time-to-event outcomes were analyzed with Kaplan–Meier 
survival analyses, with differences between groups assessed 
by the log-rank test. The difference between two medians 
and 95% CI were estimated using the methodology of 
Hodges–lehmann. In a post hoc adjustment, any baseline or 
perioperative factors that differed between the two groups 
(P < 0.10) together with the intervention factor (the admin-
istration of dexmedetomidine or placebo) were reanalyzed 
with the multivariate linear regression analysis against the 
primary outcome, in order to figure out the potential impact 
of confounding factors (if any) on the N2 sleep outcome. 
Statistical analyses were performed using SpSS 14.0 software 
(SpSS, USa) and SaS 9.2 software (SaS Institute). all tests 
were two sided, and a P value less than 0.05 was considered 
to be statistically significant.

Results

Patient Population
Between November 2012 and June 2013, 193 patients were 
screened for eligibility, 91 patients met the inclusion/exclu-
sion criteria, and 76 patients were recruited into the study. 
During the period of study-drug infusion, polysomnographic 

monitoring failed in 10 patients because of electrode detach-
ment or allergic reaction to the electrode paste (six in the 
placebo group and four in the dexmedetomidine group). 
polysomnographic data were unanalyzable in five patients 
because of signal interference (two in the placebo group and 
three in the dexmedetomidine group). Data of these patients 
were excluded from the sleep architecture analyses (fig. 1). 
No blinding was unmasked during the study period.

The percentages of patients with preoperative hyperten-
sion among all enrolled participants as well as those who were 
included in the sleep architecture analyses were lower in the 
dexmedetomidine group than in the placebo group (P = 0.043 
and 0.024, respectively). Other baseline and perioperative 
variables were comparable between the two groups (tables 1 
and 2). The majority of patients (82.9%) underwent intraab-
dominal surgery with a mean (± SD) duration of 2.9 (± 1.5) h.

Sleep Architecture Analyses
analyses of polysomnograms in the placebo group patients 
showed severe abnormal sleep architectures, i.e., shortened 
total sleep time, lowered sleep efficiency, increased percent-
age of stage N1 sleep, decreased percentages of stage N2 and 
N3 sleep, absent ReM sleep, and high sleep fragmentation 
index (table 3 and fig. 2a).

low-dose dexmedetomidine infusion increased the per-
centage of stage N2 sleep from median 15.8% (IQR, 1.3 to 
62.8) in the placebo group to 43.5% (IQR, 16.6 to 80.2) in 

Fig. 1. Flowchart of the study. AVB = atrioventricular block.
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the dexmedetomidine group (median difference, 14.7%; 95% 
CI, 0.0 to 31.9; P = 0.048). When patients after intraabdomi-
nal surgery were analyzed separately, the percentage of stage 
N2 sleep was increased from 14.6% (1.4 to 60.5; n = 27) in 
the placebo group to 44.2% (17.2 to 78.4; n = 24) in the dex-
medetomidine group (median difference, 16.2%; 95% CI, 3.9 
to 38.1%; P = 0.019). Comparison between the two groups 
also showed that the total sleep time and the duration of stage 
N2 sleep were longer (P = 0.028 and 0.038, respectively) and 
the sleep efficiency was higher (P = 0.033) in the dexmedeto-
midine group than in the placebo group. although the dura-
tion of stage N1 sleep was not significantly different between 
the two groups, the percentage of stage N1 sleep was lower 
in the dexmedetomidine group than in the placebo group 
(P = 0.038). Stage N3 sleep was present in 16.7% (5/30) of 
patients in the placebo group and in 25.8% (8/31) of patients 
in the dexmedetomidine group (P = 0.384). ReM sleep was 
absent in the patients of both groups (table 3 and fig. 2B).

Since the stage N2 sleep percentage data were not nor-
mally distributed, a square root transformation was per-
formed, and the transformed results fit normal distribution. 
after adjustment with the existence of preoperative hyper-
tension and the duration of anesthesia using the multivariate 
linear regression analysis, low-dose dexmedetomidine infu-
sion remained the factor that had a significant association 
with the increased percentage of stage N2 sleep (least-squares 
mean, 2.33; 95% CI, 0.62 to 4.05; P = 0.008).

Other Outcome Analyses
The subjective scores of sleep quality on the first postopera-
tive morning of both all enrolled patients and those who were 
included in the sleep architecture analyses were lower in the 
dexmedetomidine group than in the placebo group (P = 0.004 
and 0.005, respectively). But no significant differences were 
found between the two groups with regard to the subjective 
scores of sleep quality on the second and third postoperative 

Table 1. Baseline Demographics and Characteristics

All Enrolled Patients
Patients Included in Sleep Architecture 

Analyses

Placebo  
Group  
(n = 38)

Dexmedetomidine  
Group (n = 38) P

Placebo  
Group  
(n = 30)

Dexmedetomidine  
Group  
(n = 31) P

Age, mean ± SD, yr 76 ± 6 74 ± 5 0.170 75 ± 5 73 ± 5 0.174
Men, n (%) 20 (52.6) 24 (63.2) 0.353 14 (46.7) 20 (64.5) 0.161
Body mass index, mean ± SD, kg/m2 24.8 ± 3.1 24.9 ± 3.3 0.902 25.2 ± 3.3 24.7 ± 3.5 0.589
Education, mean ± SD, yr 7 ± 6 8 ± 6 0.520 8 ± 6 9 ± 5 0.821
Preoperative comorbidity, n (%)
    Hypertension 31 (81.6) 23 (60.5) 0.043 26 (86.7) 19 (61.3) 0.024
     β-blocker 7 (18.4) 7 (18.4) 1.000 7 (23.3) 6 (19.4) 0.704
     ACEI/ARB 13 (34.2) 10 (26.3) 0.454 11 (36.7) 9 (29.0) 0.525
     Calcium channel blocker 21 (55.3) 14 (36.8) 0.107 16 (53.3) 13 (41.9) 0.373
    Coronary heart disease 16 (42.1) 18 (47.4) 0.645 13 (43.3) 15 (48.4) 0.692
    Diabetes mellitus 13 (34.2) 13 (34.2) 1.000 11 (36.7) 11 (35.5) 0.923
     Subcutaneous insulin 2 (5.3) 5 (13.2) 0.428 2 (6.7) 3 (9.7) > 0.999
    History of stroke 13 (34.2) 7 (18.4) 0.118 10 (33.3) 7 (22.6) 0.349
    Arrhythmia* 9 (23.7) 11 (28.9) 0.602 7 (23.3) 10 (32.3) 0.437
    Chronic obstructive pulmonary disease 3 (7.9) 4 (10.5) > 0.999 3 (10.0) 4 (12.9) > 0.999
    Renal dysfunction† 2 (5.3) 1 (2.6) > 0.999 1 (3.3) 1 (3.2) > 0.999
    Liver dysfunction‡ 0 (0.0) 1 (2.6) > 0.999 0 (0.0) 0 (0.0) —
    Chronic smoking§ 7 (18.4) 3 (7.9) 0.175 5 (16.7) 3 (9.7) 0.668
    Alcoholism║ 2 (5.3) 0 (0.0) 0.474 1 (3.3) 0 (0.0) 0.987
History of surgery, n (%) 28 (73.7) 24 (63.2) 0.324 22 (73.3) 21 (67.7) 0.632
Preoperative NYHA classification, n (%)
    I 16 (42.1) 15 (39.5) 0.522 12 (40.0) 13 (41.9) 0.550
    II 19 (50.0) 22 (57.9) 15 (50.0) 17 (54.8)
    III 3 (7.9) 1 (2.6) 3 (10.0) 1 (3.2)
Preoperative ASA classification, n (%)
    II 19 (50.0) 20 (52.6) 0.818 15 (50.0) 17 (54.8) 0.705
    III 19 (50.0) 18 (47.4) 15 (50.0) 14 (45.2)

*Indicates those who required medical treatment. †Serum creatinine higher than 177 µmol/L. ‡Alanine transaminase and/or aspartate transaminase higher 
than five times the upper limit of normal. §Smoking half a pack of cigarettes per day for at least 2 yr. ║Two drinks or more daily or weekly consumption of 
the equivalent of 150 ml of alcohol.
ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; ASA = American Society of Anesthesiologists; NYHA = New York 
Heart Association.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/125/5/979/273772/20161100_0-00030.pdf by guest on 20 M
arch 2024



Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2016; 125:979-91 984 Wu et al.

Dexmedetomidine and Postoperative Sleep Architecture

mornings and the subjective pain scores both at rest and with 
movement at 3, 6, and 24 h after surgery (table 4).

The incidences of delirium and other complications 
after surgery were not statistically different between the 
two groups. The length of stay in the ICU after surgery of 
all enrolled patients was shorter in the dexmedetomidine 

group than in the placebo group (P = 0.038), whereas the 
lengths of stay in hospital after surgery of both all enrolled 
patients and those who were included in sleep architecture 
analyses were longer in the dexmedetomidine group than 
in the placebo group (P = 0.028 and 0.034, respectively; 
table 4).

Table 2. Perioperative Variables

All Enrolled Patients
Patients Included in Sleep Architecture 

Analyses

Placebo Group 
(n = 38)

Dexmedetomidine 
Group (n = 38) P

Placebo Group 
(n = 30)

Dexmedetomidine 
Group (n = 31) P

Duration of anesthesia, mean ± SD, h 4.16 ± 1.72 4.78 ± 1.99 0.156 4.17 ± 1.54 4.92 ± 1.90 0.098
Type of anesthesia, n (%)
    General 33 (86.8) 31 (81.6) 0.529 27 (90.0) 27 (87.1) > 0.999
    Combined epidural general 5 (13.2) 7 (18.4) 3 (10.0) 4 (12.9)
Medication during anesthesia
    Use of midazolam, n (%) 20 (52.6) 15 (39.5) 0.250 16 (53.3) 12 (38.7) 0.252
    Dose of midazolam, median (IQR), mg 1.0 (0.0–2.0) 0.0 (0.0–1.0) 0.203 1.0 (0.0–2.0) 0.0 (0.0–1.0) 0.178
    Use of propofol, n (%) 34 (89.5) 33 (86.8) > 0.999 27 (90.0) 26 (83.9) 0.742
    Dose of propofol, median (IQR), mg 138 (78–450) 345 (48–970) 0.272 165 (85–475) 350 (40–1,000) 0.423
    Use of remifentanil, n (%) 30 (78.9) 29 (76.3) 0.783 24 (80.0) 24 (77.4) 0.806
    Dose of remifentanil, median (IQR), μg 725  

(275–1,000)
900  

(225–1,275)
0.423 775  

(375–1,000)
1,000  

(300–1,500)
0.177

    Use of sufentanil, n (%) 30 (78.9) 31 (81.6) 0.773 25 (83.3) 26 (83.9) > 0.999
    Dose of sufentanil, median (IQR), μg 20 (5–25) 25 (14–36) 0.089 20 (5–29) 25 (15–35) 0.149
    Sevoflurane inhalation 26 (68.4) 28 (73.7) 0.613 20 (66.7) 23 (74.2) 0.519
Duration of surgery, mean ± SD, h 2.75 ± 1.52 3.27 ± 1.79 0.178 2.75 ± 1.32 3.34 ± 1.71 0.137
Type of surgery, n (%)
    Intraabdominal 34 (89.5) 29 (76.3) 0.391 27 (90.0) 24 (77.4) 0.522
    Intrathoracic 1 (2.6) 4 (10.5) 1 (3.3) 3 (9.7)
    Spinal and extremital 1 (2.6) 1 (2.6) 1 (3.3) 1 (3.2)
    Superficial 2 (5.3) 4 (10.5) 1 (3.3) 3 (9.7)
Surgery for malignant tumor, n (%) 33 (86.8) 29 (76.3) 0.237 25 (83.3) 24 (77.4) 0.561
Total intraoperative infusion,  

median (IQR), ml
1,775  

(1,275–2,700)
2,100  

(1,600–2,863)
0.335 1,725  

(1,450–2,625)
2,100  

(1,600–2,800)
0.265

Estimated intraoperative bleeding,  
median (IQR), ml

50 (0–163) 100 (0–200) 0.451 50 (0–163) 100 (0–200) 0.347

Blood transfusion during surgery, n (%) 3 (7.9) 4 (10.5) > 0.999 3 (10.0) 3 (9.7) > 0.999
APACHE II score on ICU admission,  

mean ± SD, score
10 ± 3 10 ± 3 0.909 9 ± 3 10 ± 3 0.519

Type of postoperative analgesia, n (%)
    PCIA 27 (71.1) 27 (71.1) 0.673 22 (73.3) 24 (77.4) 0.873
    PCEA 6 (15.8) 8 (21.1) 5 (16.7) 5 (16.1)
    None 5 (13.2) 3 (7.9) 3 (10.0) 2 (6.5)
Dose of postoperative analgesia*
    PCIA, mean ± SD, ml 16.0 ± 6.1 16.1 ± 9.0 0.957 15.4 ± 5.4 16.7 ± 9.0 0.569
    PCEA, median (IQR), ml 16.5 (15.0–24.0) 25.9 (19.3–58.5) 0.142 15.0 (15.0–21.0) 29.7 (16.9–55.0) 0.222
Supplemental sedatives/analgesics†
    Use of propofol,‡ n (%) 13 (34.2) 11 (28.9) 0.622 9 (30.0) 10 (32.3) 0.849
    Dose of propofol,‡ median (IQR), mg 0 (0–73) 0 (0–65) 0.757 0 (0–48) 0 (0–120) 0.738
    Use of morphine, n (%) 10 (26.3) 8 (21.1) 0.589 9 (30.0) 7 (22.6) 0.510
    Dose of morphine, median (IQR), mg 0.0 (0.0–2.0) 0.0 (0.0–0.0) 0.882 0.0 (0.0–2.0) 0.0 (0.0–0.0) 0.568
    Use of flurbiprofen axetil, n (%) 8 (21.1) 10 (26.3) 0.589 6 (20.0) 7 (22.6) 0.806
    Dose of flurbiprofen axetil, median 

(IQR), mg
0 (0–0) 0 (0–50) 0.321 0 (0–0) 0 (0–0) 0.635

*Indicates those that were used during the day of surgery, until 8:00 AM on the first postoperative morning. †Indicates those that were used during the day 
of surgery, until 8:00 AM on the first postoperative morning. ‡Only used for patients with endotracheal intubation, before the start of study-drug infusion.
APACHE II = Acute Physiology and Chronic Health Evaluation II; ICU = intensive care unit; IQR = interquartile range; PCEA = patient-controlled epidural 
analgesia; PCIA = patient-controlled intravenous analgesia.
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Treatment Safety
The RaSS score before the end of study-drug infusion did 
not differ between the two groups. The incidence of hypo-
tension of all enrolled patients was higher in the dexme-
detomidine group than in the placebo group (P = 0.009), 
whereas the incidences of hypertension of both all enrolled 
patients and those who were included in sleep architecture 
analyses were lower in the dexmedetomidine group than in 
the placebo group (P = 0.002 and 0.026, respectively). There 
were no significant differences between the two groups with 
regard to the incidences of other adverse events (bradycardia, 
tachycardia, and desaturation), the percentages of patients 
requiring intervention for any adverse events, and the rate 
of study-drug interruption because of adverse events. No 
respiratory depression occurred in either group during the 
first 24 h after surgery. No patient died within 30 days after 
surgery (table 5).

Discussion
Our results showed that, in elderly patients who were admit-
ted to the ICU after noncardiac surgery and did not require 
mechanical ventilation, prophylactic low-dose dexmedetomi-
dine infusion increased the percentage of stage N2 sleep. It also 
prolonged the duration of total sleep time, increased the sleep 
efficiency, decreased the percentage of stage N1 sleep, and ulti-
mately improved patients’ subjective sleep quality. However, 
the incidence of hypotension was increased by the treatment.

In the current study, our data further demonstrated that 
severe sleep disturbances developed in this group of patients 
during the first night after surgery, which were manifested 

as shortened total sleep time, increased percentage of stage 
N1 sleep, decreased percentage of stage N2 sleep, decreased 
or absent stage N3 and ReM sleep, and severe sleep frag-
mentation (for structure of normal sleep, see appendix 
3).46 These results were consistent with the polysomno-
graphic data reported in the ICU medical11–13,47 and surgical 
patients.9,10,48,49 However, it seems that the degree of sleep 
disturbances was more severe in our patients than in those 
previously reported who were not admitted to the ICU after 
surgery.50–53 This was manifested by the facts that in our 
patients, total sleep time was shortened more significantly, 
stage N3 sleep was absent in the majority of patients (78.7%), 
and ReM sleep was absent in all patients. This could be 
explained as follows. First, the severity of sleep disturbances 
is closely related to the surgery type (minor or major). In 
fact, previous studies found that, during the first postopera-
tive night, stage N3 sleep and ReM sleep were severely or 
completely suppressed in patients after major intraabdomi-
nal surgery,9,54 whereas stage N3 sleep was decreased and 
ReM sleep was not changed in patients after laparoscopic 
cholecystectomy.55 The majority of our patients underwent 
major intraabdominal surgery and thus developed more 
severe sleep disturbance. Second, age and comorbidity likely 
contribute to the development of postoperative sleep distur-
bances. ageing is associated with sleep pattern changes, and 
indeed, it is more difficult for the elderly to adjust their sleep 
to environmental changes.48,56 In addition, comorbid illness 
and medications are more common in the elderly, which may 
also contribute to the degree of sleep disruption.56–58 Our 
patients were of advanced age (mean age, 75.0 ± 5.5 yr), and 

Table 3. Sleep Architecture Analyses

Placebo Group  
(n = 30)

Dexmedetomidine  
Group  
(n = 31)

Median Difference  
or OR (95% CI) P

Primary endpoint
    Percentage of stage N2 sleep, median (IQR), % 15.8 (1.3 to 62.8) 43.5 (16.6 to 80.2) 14.7 (0.0 to 31.9) 0.048
Secondary endpoints
    Total sleep time,* median (IQR), min 130 (72 to 220) 213 (124 to 324) 69 (7 to 132) 0.028
    Sleep efficiency,† median (IQR), % 15.0 (7.9 to 26.3) 22.4 (14.2 to 37.1) 7.8 (0.8 to 14.6) 0.033
    Duration of stage N1 sleep, median (IQR), min 77 (35 to 103) 92 (9 to 169) 10 (−28 to 60) 0.462
    Percentage of stage N1 sleep, median (IQR), % 84.2 (28.2 to 98.7) 56.4 (13.3 to 83.4) −15.0 (−34.2 to −0.3) 0.038
    Duration of stage N2 sleep, median (IQR), min 17 (0 to 131) 89 (37 to 142) 41 (3 to 83) 0.019
    Duration of stage N3 sleep, median (IQR), min 0 (0 to 0) 0 (0 to 3) 0 (0 to 0) 0.314
    Percentage of stage N3 sleep, median (IQR), % 0.0 (0.0 to 0.0) 0.0 (0.0 to 0.8) 0.0 (0.0 to 0.0) 0.300
    Duration of REM sleep, median (IQR), min 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 1.000
    Sleep fragmentation index,‡ median (IQR), times/h 22.3 (6.8 to 35.4) 23.9 (2.0 to 48.9) 1.6 (−9.0 to 17.9) 0.609
Exploratory analyses
    Percentage of stage N2 sleep in patients after  

intraabdominal surgery, median (IQR), %
14.6 (1.4 to 60.5), 

n = 27
44.2 (17.2 to 78.4), 

n = 24
16.2 (3.9 to 38.1) 0.019

    Total recording time, median (IQR), min 883 (779 to 937) 872 (827 to 905) 2 (−40 to 48) 0.908
    Presence of stage N3 sleep, n (%) 5 (16.7) 8 (25.8) 1.74§ (0.50 to 6.09) 0.387
    Presence of REM sleep, n (%) 0 (0.0) 0 (0.0) — —

*The sum of time spent in any sleep stage during the monitoring period, i.e., from 5:00 PM on the day of surgery to 8:00 AM on the first day after surgery. 
†The ratio between the total sleep time and the total recording time and expressed as percentage. ‡The average number of arousals and awakenings per 
hour of sleep. §OR.
IQR = interquartile range; OR = odds ratio; REM = rapid eye movement.
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most of them had preoperative comorbidity. Thus, they were 
more prone to develop sleep disturbance. Third, the medical 
environment, medications (especially sedatives and analge-
sics), and nursing activities in the ICU were also contributors 
to the sleep disturbance development in our patients.15–17,59 
last, previous studies performed polysomnogram monitor-
ing during nighttime,50–53 whereas our sleep monitoring 
began from daytime in the afternoon (5:00 pM). Considering 
the low sleep quality during daytime, prolonged monitoring 
time (used as a denominator in calculating sleep efficiency) 
and possibly the resulting prolonged total sleep time (used as 

a denominator in calculating percentages of each sleep stage) 
might have resulted in worse sleep parameters.

Dexmedetomidine has been demonstrated to improve 
sleep quality in mechanically ventilated ICU patients.37,38 
However, the administration of sedative dose of dexmedeto-
midine is associated with the occurrence of side effects (e.g., 
hypotension and/or bradycardia),34 and the effect of dexme-
detomidine on human hemodynamic changes is dose-depen-
dent.60 Keeping this drawback in mind and to eliminate 
the potential effects of sedation on the sleep architecture, 
a “nonsedative dose” of dexmedetomidine (0.1 μg kg−1 h−1) 

Fig. 2. Representative sleep architecture during the period of study-drug infusion and polysomnographic traces at the time point 
indicated by the cursor (red line) of patients in the placebo (A) and dexmedetomidine (B) groups. Note the severe sleep fragmen-
tation, sleep architecture disorganization, and lack of stage N3 sleep (N3) and rapid eye movement sleep (R) in both patients. 
Compared with the patient who received the placebo (A), the patient who received dexmedetomidine infusion (B) has a prolonged 
total sleep time and an increased duration of stage N2 sleep. N1 = stage N1 sleep; N2 = stage N2 sleep; N3 = stage N3 sleep; 
W = wakefulness.
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Table 4. Efficacy Outcome Analyses

All Enrolled Patients
Patients Included in Sleep Architecture 

Analyses

Placebo Group 
(n = 38)

Dexmedetomidine 
Group (n = 38) P

Placebo Group 
(n = 30)

Dexmedetomidine 
Group (n = 31) P

Secondary endpoints
    Subjective score of sleep quality after 

surgery,* median (IQR), score
     1st morning 4 (2–8) 2 (1–4) 0.004 3 (2–7) 1 (0–3) 0.005
     2nd morning 4 (1–6) 3 (2–8) 0.544 4 (1–5) 4 (2–8) 0.236
     3rd morning 4 (2–6) 3 (2–6) 0.785 4 (1–5) 3 (2–6) 0.942
Prespecified analyses
    Subjective pain score at rest after 

surgery,† median (IQR), score, h
     3 1 (0–1) 0 (0–1) 0.172 1 (0–1) 0 (0–1) 0.457
     6 1 (0–1) 0 (0–1) 0.166 1 (0–2) 0 (0–1) 0.312
     24 0 (0–1) 0 (0–0) 0.597 0 (0–1) 0 (0–1) 0.460
    Subjective pain score with  

movement after surgery,† median 
(IQR), score, h

     3 2 (1–3) 2 (1–2) 0.199 2 (1–3) 2 (1–2) 0.579
     6 2 (1–2) 1 (1–2) 0.823 2 (1–3) 1 (1–3) 0.952
     24 1 (1–2) 1 (1–2) 0.763 1 (1–3) 1 (1–2) 0.933
    Occurrence of delirium during the first 

7 d after surgery
3 (7.9) 2 (5.3) > 0.999 2 (6.7) 2 (6.5) > 0.999

    Occurrence of nondelirium  
complications after surgery,‡ n (%)

6 (15.8) 10 (26.3) 0.260 5 (16.7) 8 (25.8) 0.384

    Length of stay in the ICU,  
median (95% CI), h

22 (21–23) 20 (20–21) 0.038 22 (20–23) 21 (20–22) 0.141

    Length of stay in hospital after  
surgery, median (95% CI), d

8 (7–10) 9 (7–11) 0.028 8 (7–9) 10 (8–12) 0.034

*A 11-point scale where 0 indicates the best possible sleep and 10 indicates the worst possible sleep. †A 11-point scale where 0 indicates no pain and 10 
indicates the worst pain. ‡Indicates newly occurred conditions that required medical intervention within 30 days after surgery.
ICU = intensive care unit; IQR = interquartile range.

Table 5. Treatment Safety

All Enrolled Patients
Patients Included in Sleep Architecture 

Analyses

Placebo Group 
(n = 38)

Dexmedetomidine 
Group (n = 38) P

Placebo Group 
(n = 30)

Dexmedetomidine 
Group (n = 31) P

RASS score before the end of study-drug 
infusion, median (full range), scale

0 (−1 to 0) 0 (−1 to 0) 0.694 0 (−1 to 0) 0 (1 to 0) 0.973

Occurrence of adverse events, n (%)
    Hypotension 5 (13.2) 15 (39.5) 0.009 4 (13.3) 10 (32.3) 0.079
    Intervention for hypotension 3 (7.9) 4 (10.5) > 0.999 3 (10.0) 2 (6.5) 0.969
    Bradycardia 6 (15.8) 12 (31.6) 0.105 6 (20.0) 8 (25.8) 0.590
    Intervention for bradycardia 0 (0.0) 1 (2.6) > 0.999 0 (0.0) 1 (3.2) > 0.999
    Hypertension 11 (28.9) 1 (2.6) 0.002 8 (26.7) 1 (3.2) 0.026
    Intervention for hypertension 9 (23.7) 3 (7.9) 0.059 6 (20.0) 3 (9.7) 0.438
    Tachycardia 2 (5.3) 0 (0.0) 0.474 1 (3.3) 0 (0.0) 0.492
    Intervention for tachycardia 2 (5.3) 1 (2.6) > 0.999 2 (6.7) 1 (3.2) 0.977
    Desaturation 4 (10.5) 3 (7.9) > 0.999 4 (13.3) 1 (3.2) 0.331
    Intervention for desaturation 0 (0.0) 0 (0.0) — 0 (0.0) 0 (0.0) —
    Respiratory depression 0 (0.0) 0 (0.0) — 0 (0.0) 0 (0.0) —
Study-drug interruption,* n (%) 1 (2.6) 4 (10.5) 0.355 1 (3.3) 2 (6.5) > 0.999
Readmission to the ICU,† n (%) 0 (0.0) 1 (2.6) > 0.999 0 (0.0) 1 (3.2) > 0.999

*Study-drug infusion was interrupted before the scheduled end. †The patient was readmitted to the ICU on the eighth day after surgery because of gastro-
intestinal bleeding and respiratory failure and was judged to be irrelevant to the experimental therapy.
ICU = intensive care unit; RASS = Richmond Agitation Sedation Scale.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/125/5/979/273772/20161100_0-00030.pdf by guest on 20 M
arch 2024



Copyright © 2016, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2016; 125:979-91 988 Wu et al.

Dexmedetomidine and Postoperative Sleep Architecture

was, therefore, administered to our patients who did not 
require mechanical ventilation. Our results demonstrated 
that this low-dose dexmedetomidine infusion prolonged 
the total sleep time and ameliorated the sleep architecture 
by decreasing the percentage of stage N1 sleep and increas-
ing the percentage of stage N2 sleep. This treatment did not 
restore normal sleep architecture because stage N3 sleep 
was decreased and ReM sleep was absent in both groups of 
our patients. Our current results were in line with those in 
mechanically ventilated patients undergoing dexmedetomi-
dine sedation.37,38 These effects are likely associated with its 
pharmacologic activation of the endogenous sleep-promot-
ing pathway to produce a state resembling physiologic stage 
N2 sleep.35,36,61 It is worth noting that the treatment effect 
in the current study (median, 14.7% increase of stage N2 
sleep) was less than we expected in calculating the sample 
size (20% increase in stage N2 sleep), which made our study 
less powerful to detect the difference between groups, and 
in contrast to a previous study,37 our low-dose dexmedeto-
midine infusion did not decrease sleep fragmentation index. 
One possible reason is that the dose of dexmedetomidine 
was too low to produce sedation (median RaSS score, 0) 
in our study, whereas light sedation (RaSS score, −1 to −2) 
was achieved with dexmedetomidine in the previous study.37 
We also note that although the median values of many sleep 
parameters are statistically different between the two groups, 
the IQRs are very large. This is perhaps because we used a 
fixed dose of dexmedetomidine and did not consider the 
individual variability. an individualized dose–response trial 
is needed to explore the optimal dosing regimen in simi-
lar patient populations. On the other hand, considering the 
importance and significance of stage N3 sleep (restorative 
sleep) and ReM sleep,62,63 the lack of change in these two 
stages of sleep implies that the beneficial effects of dexme-
detomidine infusion may be minimal.

In addition to polysomnography, a subjective evaluation of 
the sleep quality42,43 was used to monitor sleep quality during 
the previous night. In accordance with the polysomnographic 
data, our study also found that the subjective sleep quality 
during the first postoperative night was improved by the low-
dose dexmedetomidine infusion. However, no differences were 
found between the two groups with regard to the subjective 
pain scores, whereas other studies reported that the use of dex-
medetomidine improved the effect of analgesia and decreased 
the requirement of opioids.64,65 This discrepancy is very likely 
due to the dose of dexmedetomidine (low vs. relatively high) 
and the use of patient-controlled analgesia (yes vs. no).

Our data showed that low-dose dexmedetomidine infu-
sion did not produce significant sedation. It increased the 
occurrence of hypotension and, although not statistically 
significant, slightly increased the occurrence of bradycardia. 
However, considering the facts that the occurrence of these 
adverse events was transient and the interventions required 
for these adverse events were low and similar between groups, 
the use of low-dose dexmedetomidine in clinical practice 

may be acceptable, but further study is required to clarify 
the benefit–risk ratio.

In a recent study of healthy volunteers, it was found that 
sedative dose of dexmedetomidine (a bolus of 0.59 ± 0.25 μg/
kg for 10 min followed by an infusion of 0.45 ± 0.06 μg kg−1 h−1)  
depressed the hypoxic and the hypercarbic ventilatory 
responses.66 Our results showed that, although desatura-
tion developed in 9.2% (7/76) of all enrolled patients, there 
were no significant differences between the two groups and 
none of them required therapeutic intervention. None of 
our patients developed respiratory depression (hypercap-
nia or bradypnea). Therefore, the dosing regimen used in 
this pilot study was safe for respiration. However, this war-
rants further study since hypoxic or hypercarbic ventila-
tory responses were not assessed and the sample size was 
relatively small in our study.

Despite ameliorated sleep quality, clinical outcome, e.g., 
the incidence of postoperative delirium, was not improved 
by the treatment in our patients. This is likely because the 
sample size of the current study was small and hence not large 
enough to detect the difference between the two groups. This 
indeed is the case; our recent large sample randomized trial 
found that low-dose dexmedetomidine did reduce delirium 
incidence in elderly ICU patients after noncardiac surgery.67

There were several limitations to our study. First, all our 
participants were screened and enrolled after ICU admission; 
no baseline sleep study was performed. Therefore, we cannot 
preclude the potential bias produced by the imbalance of 
baseline sleep status; strict randomization may have helped 
to balance this factor between groups. Second, the sample 
size was relatively small, and 19.7% (15/76) of our patients 
were excluded from sleep architecture analyses because of 
failed polysomnographic monitoring or unanalyzable data 
due to artificial interference. This may result in data bias. 
Third, the polysomnographic monitoring was only per-
formed on the first night after surgery. Therefore, we could 
not preclude the residual effects of anesthetics and the effects 
of postoperative analgesics/sedatives on sleep architecture. 
For example, benzodiazepines and opiates all decrease the 
percentages of stage N3 and ReM sleep.32,33 However, this 
should not represent a bias since patients of both groups were 
randomly recruited and hence they had equal opportunity to 
receive such interventions. In addition, we could not provide 
objective evidence for comparison between the groups on 
the night after the infusion, although we collected subjective 
reports on sleep quality for subsequent days. Fourth, we did 
not include a group receiving a commonly used sedative, for 
example, a γ-aminobutyric acid mimetic. It could be possi-
ble that what our study found was due to an “extra” sedative, 
which provided better sleep per se. However, previous studies 
reported that γ-aminobutyric acid–mediated sedatives dete-
riorate, rather than ameliorate, the architecture of sleep.32,33 
γ-aminobutyric acid–mediated sedatives, especially benzodi-
azepines, have not been suggested for use in ICU patients.
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In conclusion, our pilot study showed that in nonme-
chanically ventilated elderly patients who were admitted to 
the ICU after noncardiac surgery, prophylactic low-dose dex-
medetomidine infusion modestly ameliorated the sleep archi-
tecture and improved the subjective sleep quality. It increased 
the occurrence of hypotension, but not the requirement of 
intervention. Future studies with large sampling size are 
required to verify the benefit–risk ratio and long-term out-
comes of low-dose dexmedetomidine infusion.
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Appendix 1: Diagnostic Criteria of Adverse 
Events
Hypotension was defined as systolic blood pressure less than 
90 mmHg or a decrease of more than 20% from baseline (if the base-
line value [before study-drug infusion] is lower than 113 mmHg) or 
diastolic blood pressure less than 50 mmHg.

Bradycardia was defined as heart rate less than 50 beats/min or 
a decrease of more than 20% from baseline (if the baseline value is 
lower than 63 beats/min).

Hypertension was defined as systolic blood pressure more than 
160 mmHg or an increase of more than 20% from baseline (if the 
baseline value is higher than 133 mmHg) or diastolic blood pres-
sure more than 100 mmHg.

Tachycardia was defined as heart rate more than 100 beats/min 
or an increase of more than 20% from baseline (if the baseline value 
is higher than 83 beats/min).

Desaturation was defined as pulse oxygen saturation less than 
90% or a decrease of more than 5% (absolute value) from baseline 
(if the baseline value is lower than 95%).

Respiratory depression was defined as arterial blood carbon diox-
ide partial pressure more than 50 mmHg or respiratory rate less 
than 10 breaths/min.

Appendix 2: The Confusion Assessment 
Method
The confusion assessment method is a delirium assessment tool 
published in 1990. It detects four features of delirium including 
(1) acute onset of mental status changes or a fluctuating course, 
(2) inattention, (3) disorganized thinking, and (4) altered level of 
consciousness. To diagnose delirium, a patient must display the first 
two aforementioned features plus either the third or fourth afore-
mentioned feature.44,45

Appendix 3: Structure of Normal Sleep
Normal sleep has a significant circadian rhythm with a certain 
period of duration and cycles of the non–rapid eye movement sleep 
and rapid eye movement (ReM) sleep (normally in the order of 
N1 → N2 → N3 → N2 → ReM). Stage N1 sleep is usually called 
light sleep and makes up 5 to 10% of total sleep in adults. Stage 
N2 sleep occupies 45 to 55% of total sleep in adults. Once sleep 
becomes deeper, stage N2 will progress to stage N3. Stage N3 sleep 
accounts for 15 to 25% of total sleep in adults and is also called 
slow-wave sleep or deep sleep. ReM sleep usually occupies 20 to 
25% of total sleep in adults. During ReM sleep, most muscles are 
paralyzed, and heart rate, breathing, and body temperature become 
unregulated, and the sleeper may experience vivid dreams. appro-
priate sleep structure and time are important to keep health status. 
For healthy older adults of 75 yr, normal sleep usually requires a 
total sleep time of about 6 h; of which, 11%, 57%, 12%, and 20% 
are the stage N1, N2, N3, and ReM sleep, respectively.46,68,69
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