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Abstract: In this article, we conduct a systematic review of the literature to explore the
specific role of dexmedetomidine (DEX) on postoperative sleep and its associated mechan-
isms at present. The electronic database Embase, MEDLINE/PubMed, the Cochrane Library,
Web of Science, and Google Scholar were searched. The restriction terms included “dexme-

9 ¢

detomidine”, “sleep” and “surgery”. The inclusion criteria were as following: 1) patients 18
years old or older; 2) DEX used in the perioperative period not just for critically ill patients
in the intensive care unit (ICU); 3) prospective or retrospective studies. The review articles,
conference abstracts, and animal studies were excluded. Out of the 22 articles which met the
above criteria, 20 of them were randomized controlled studies and 2 of them were retro-
spective cohort studies. Infusion of DEX including during the surgery and after surgery at
a low or high dose was shown to improve subjective and objective sleep quality, although 2
studies showed there is no evidence that the use of DEX improves sleep quality and 1
showed less sleep efficiency and shorter total sleep time in the DEX group. Other post-
operative outcomes evaluated postoperative nausea and vomiting, pain, postoperative delir-
ium bradycardia and hypotension. Outcomes of our systematic review showed that DEX has
advantages in improving patients’ postoperative sleep quality. Combined with the use of
general anesthetic, DEX provides a reliable choice for procedural sedation.
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Introduction

Patients often suffer from severe sleep disturbances after surgery. The manifesta-
tions of polysomnography usually include severe sleep deprivation, sleep fragmen-
tation, reduced duration of slow-wave sleep, and rapid eye movement sleep.
Patients may present with reduced sleep duration, increased awakenings, reduced
sleep quality, and frequent nightmares.' Clinical and experimental studies suggest
that sleep disturbances may exacerbate pain. Surgical stress appears to be the main
cause of sleep disruption. Disturbed sleep and sleep-wake rhythms are serious
problems in postoperative patients and may lead to prolonged postoperative recov-
ery time,? increased incidence of cardiovascular disease, cognitive dysfunction,3
and impaired immune function.” Increased morbidity and mortality are associated
with more pronounced rest-activity rhythms.

Dexmedetomidine (DEX) was first approved by the FDA in 1999 for sedation of
intensive care patients. DEX is a highly selective a-2 adrenergic agonist. DEX can
improve sedation and analgesia, reduces the incidence of postoperative delirium,
and improves sleep quality.5 ‘* However, Tan et al reported that patients undergoing
transurethral resection of the prostate (TURP) had poorer sleep quality at night after
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spinal anesthesia due to the deeper state of sedation pro-
vided by DEX during the daytime.” Therefore, the effects
of intraoperative DEX use at different time periods on
postoperative sleep quality need to be further investigated.

Little is known about the specific role of DEX on
postoperative sleep and its associated mechanisms at pre-
sent. Hence it is important to study the circadian rhythm
changes of perioperative DEX on postoperative body func-
tion and sleep and to understand the postoperative patho-
physiological processes. A better understanding of patients
with postoperative sleep disorders and the search for effec-
tive prevention and treatment may facilitate the develop-
ment of more effective and safer sleep management
programs. This review will focus on the basic science
and clinical evidence to determine its efficacy in improv-
ing postoperative sleep.

Methods

We searched the electronic database Embase, MEDLINE/
PubMed, the Cochrane Library, Web of Science, and
Google Scholar. The search started in September 2020
and was completed in November 2020 without language

limitation. The following search terms were used to form

CEINNTS

the basic search strategy: “dexmedetomidine”, “sleep” and
“surgery”.

The title and abstract of records were screened by 2
reviewers independently. And the included records should
report the sleep quality or sleep pattern in the perioperative
period. Then full-text studies were measured for eligibility
by inclusion criteria as follows: (1) patients 18 years old or
older; (2) DEX used in the perioperative period not just for
critically ill patients in the intensive care unit (ICU); (3)
prospective or retrospective studies. The review articles,
conference abstracts, and animal studies were excluded.
The level of evidence for each study was classified by 2

reviewers according to the published guidelines.

Results

Identification of Studies

The flow chart of the study is shown in Figure 1. Out of
the 22 studies evaluated, 20 were randomized controlled
trials (RCTs), and 2 of them were retrospective studies. All
studies are about non-cardiac surgery except a study by

Figure | Flow chart of the study.
Abbreviation: ICU, intensive care unit.
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Corbett et al.® Seventeen of them compared DEX to pla-
cebo, one study compared DEX plus sufentanil to sufen-
tanil anesthesia, and one study compared DEX plus post-
fascia iliaca compartment block (FCIB) to FCIB. The
mean age of patients included in the study ranged from
31 to 76. The evaluated articles are described in Table 1.

Sleep Quality

Objective Sleep Evaluation

Nineteen studies used objective tools to evaluate periopera-
tive sleep quality. Different questionnaires were used in the
studies according to the choice of authors. The Numeric
Rating Scales (NRS) for sleep quality was the most used
questionnaire in nine studies,”'’ followed by Pittsburgh
Sleep Quality Index (PSQI) in two studies,”'® Richard
Campbell Sleep Questionnaire (RCSQ) in one study,"
St. Mary Hospital Sleep Questionnaire in one study,” the
insomnia severity index (ISI) in one study,”' Athens insom-
nia scale in one study, the Consensus Sleep Diary in one

study?* and other simple questions in three studies.®****

Subjective Sleep Evaluation

Seven studies evaluated perioperative sleep quality
through subjective tools. Polysomnography (PSG) was
used in three studies.'''*?> And other subjective tools
included bispectral index (BIS) in three studies’*2’

portable sleep monitor in one study.” PSG and portable

and

sleep monitor could analyze multiple factors of sleep
including, sleep efficiency index, arousal index, the per-
centage of REM, stage 1, 2, and 3. BIS could analyze the
sleep efficiency index and total sleep time. The time of
subjective evaluations was most in 1, 2, and 3 days after
surgery. Objective and subjective evaluations of sleep
quality of patients in the perioperative period were
shown in Table 2.

Usage and Dose of DEX

As for the different time point, the DEX was used during

5,7,10,15-18,21,26

the surgery for sedation in nine studies, as

an adjuvant for the regional block in one studies,”* for

8,12-14,19,23-25.2
s ,19, 27 and

9,11,20

postoperative analgesia in nine studies
both in surgery and after surgery in eight studies.
And in 2 retrospective study'>'® and one RCT** compared
the effect of sleep quality of low dose of DEX (<0.2 pg/
kg/h) and high dose (>0.2 pg/kg/h). As for other RCT
studies, nine studies used DEX at a low dose and ten

studies used DEX at a high dose.

Other Outcomes

Postoperative Nausea and Vomiting (PONV)

Shi et al found that DEX reduced the incidence of post-
operative vomiting but not the incidence of nausea.”
Another study by Li et al showed that DEX reduced the
incidence of PONV.'* Five other studies found no signifi-

cant benefit of DEX in reducing PONV,'0-16:18:19.24

Pain

A total of 13 studies have compared the effects of DEX on
postoperative pain. The pain was assessed by numeric
rating scales, visual analog scales (VAS), or the use of
the postoperative pain reliever. Of these studies, 8 studies
found DEX could relieve postoperative
pain,'2 141718212225 Boyr studies concluded DEX does
not effectively relieve pain after surgery.”'>'¢?% A study
by Corbett et al reported that ICU patients sedated with
DEX exhibited more severe pain compared with propofol.®

Postoperative Delirium

Su et al conducted a study on patients over 65 years
admitted to the ICU after non-cardiac surgery and found
that prophylactic low-dose DEX significantly reduced the
incidence of delirium within 7 days after surgery."
However, 3 other studies suggested that perioperative
infusion of DEX did not reduce the incidence of post-
operative delirium after surgery.'*'*2?® A study by Shi
showed that compared with the placebo group, continuous
infusion of DEX (0.5 g/kg/h) in patients undergoing thor-
acoscopic lobectomy reduced the incidence of postopera-
tive cognitive dysfunction at 7 days postoperatively, but
did not reduce the incidence of postoperative delirium."’
Cardiovascular Events

We selected postoperative bradycardia and hypotension as
primary adverse events with DEX. Twelve studies compared
perioperative blood pressure changes between the treatment
group and the control group. And 6 of these studies showed
that perioperative use of DEX increased the incidence of
hypotension or significantly lowered blood pressure com-
pared to the controls group.'''3152%25 The other 6 studies
did not find associations between the use of DEX and
14:17.19.23.26.27 Nine studies compared the effect

of perioperative DEX versus the control group on postopera-

hypotension.

tive bradycardia. Five studies demonstrated that the use of
DEX increased the incidence of postoperative bradycardia or

significantly reduced heart rate compared to the control
12,15,17,24,27

group,
tive bradycardia is associated with DE

and 4 studies did not show that postopera-
x 14.19.25.26
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Table | Studies Included in This Systematic Review

Type of Sample | Age Surgery Interventions Control Level of
Study Size (Con/ Evidence
Dex)

Mao et al, RCT 56 63/65 | Lateral 10 mins befor induction: DEX 0.5 Placebo |
2020%° thoracotomy ng/kg/h; During surgery: DEX

0.2-0.4 pg/kg/h; For 5 days after

surgery: DEX 0.06 pg/kg/h
Liu et al, RCT 119 70/70/ | Total hip During surgery: DEX 0.6 pg/kg; Placebo; FCIB 1]
2020'8 70 arthroplasty After surgery: FCIB
Shi et al, RCT 106 69/69 | Thoracoscopic | During surgery: DEX 0.5 ng/kg/h Placebo |
2020'7 lobectomy
Duan et al, | Retrospective | 7418 54/53 | Non-cardiac During surgery: DEX 0.2-0.7ug/kg/h | Placebo 1l
2020' cohort study surgery
Cai et al, Retrospective | 4379 72/71] | Non-cardiac During surgery low dose: DEX Placebo 1
2020"° cohort study 71 surgery 0.1-0.2 ng/kg/h; During surgery high

dose: DEX >0.2 pg/kg/h
Song etal, | RCT 75 42/43 | Laproscopic During surgery in day group and None I
2019° abdominal night group

surgery

Sun et al, RCT 557 68/69 | Non-cardiac PCIA: DEX 0.1 pg/kg/h with PCIA: 2 ug/kg |
2019'° surgery sufentanil 2 pg/kg and tropisetron sufentanil and émg

6 mg tropisetron
Yu et al, RCT 557 31/31 Cesarean During surgery after delivery: DEX | Placebo after |
2019%' surgery 0.5 ng/kg for 20 mins; PCIA: DEX delivery;

150 pg and sufentanil 150 pg PCIA: sufentanil

150 ug
Li et al, RCT pilot 58 67/69 | Open PCIA: DEX 2 pg/mL and 0.5 mg/mL | PCIA: 0.5 mg/mL I
2018'" study abdominal morphine morphine
surgery
Author Type of study | Sample Age Surgery Interventions Control Level of
size (Con/ evidence
Dex)

Su et al, RCT 700 —_— Non-cardiac After surgery: 0.1ug/kg/h to the Placebo |
2017" surgery 0800h on postoperative day |
Chen etal, | RCT 60 45/43 | Abdominal PCIA: DEX 0.05 pg/kg/h with PCIA: sufentanil |
2017"2 hysterectomy | sufentanil 0.02 pg/kg/h 0.02 pg/kglh
Qin et al, RCT 60 58/59 Partial PCIA: DEX 4 pg/mL with sufentanil | PCIA: sufentanil | 1}
2017%* laryngectomy I ug/mL pg/mL
Lu et al, Cohort study | 20 52/45 | Abdominal After surgery: 0.2-0.7 ng/kg/h Placebo I
2017% surgery during first night after surgery

(20:00-8:00)
Shi et al, RCT 46 48/49 | Radical 15 mins before surgery: | pg/kg; Placebo I
20172 mastectomy During surgery: 0.4 pg/kg/h

(Continued)
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Table | (Continued).
Type of Sample | Age Surgery Interventions Control Level of
Study Size (Con/ Evidence
Dex)
Wu et al, RCT pilot 76 76/74 | Non-cardiac DEX 0.1 pg/kg/h from 5:00 PM on Placebo |
2016" study surgery the day of surgery to 8:00 AM on
the Ist day after surgery
Jiang et al, RCT 99 65/64/ | Abdominal PCIA DI: DEX 2.4 pg/kg with PCIA: oxycodone Il
2018% 64 surgery oxycodone 0.6 mg/kg; PCIA D2: 0.6 mg/kg
DEX 4.8ug/kg with oxycodone
0.6 mg/kg
Tan et al, RCT 66 71/70/ | TURP During surgery: DEX 1.2 pg/kg/h Placebo or |
20167 73 midazolam
0.225 mg/kg/h
Tan et al, RCT 161 56/53/ | Thoracic During surgery: DEX I pug/kg/h Placebo Il
2016 56 surgery
Chen etal, | RCT 60 60/57 | Laparoscopic 10 mins before surgery: DEX | ng/ | Placebo |
2016'° colorectal kg; During surgery: DEX 0.3 ng/kg/h
resection
Author Type of study | Sample Age Surgery Interventions Control Level of
size (Con/ evidence
Dex)
Ghali etal, | RCT 60 62/61 Vitreoretinal Regional anesthesia: DEX 20ug with | Regional anesthesia: | |
201522 surgery 0.75% levobupivacaine 4mL and 15 | 0.75%
IU hyaluronidase levobupivacaine
4mL and |5 IU
hyaluronidase
Yang et al, RCT 79 51/50 | Microvascular During surgery: DEX 0.5 ng/kg/h; Placebo |
2015° free flap After surgery: DEX 0.2-0.7 pg/kg/h
surgery to the 6:00 AM next morning
Corbett RCT 89 62/64 | CABG After surgery: DEX 0.4 pg/kg/h After surgery: Il
et al, 2005° propofol 0.2-0.7
ng/kg/h

Abbreviations: RCT, randomized controlled trials; DEX, dexmedetomidine; FCIB, post-fascia iliaca compartment block; PCIA, patient-controlled intravenous analgesia;
TURP, transurethral resection of the prostate; CABG, coronary artery bypass grafting.

Others

Sun et al concluded that continuous postoperative infusion of
DEX reduced the incidence of postoperative pneumonia in
elderly patients undergoing general surgery.'” Qin et al
reported that the combination of DEX/sufentanil in patients
undergoing partial laryngectomy significantly reduced the
dosage of sufentanil and the frequency of postoperative cough-
ing episodes.”* Shi et al suggested that DEX could reduce
postoperative anxiety,'” and another study by Shi et al also
found that postoperative fatigue severity scores were signifi-
cantly lower in the DEX group than in the control group.”®

Whereas Corbett et al did not find the effectiveness of DEX in
relieving postoperative anxiety.® Other perioperative outcomes

of the use of DEX in the perioperative period were shown in
Table 3.

Discussion

In this review, our findings suggest that intraoperative or
postoperative infusion of DEX may be adequate to
improve sleep quality within a short time period after
surgery. Although there were many variables that measure
the quality of sleep, we find the preventive effect of DEX

Drug Design, Development and Therapy 2021:15
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Table 2 Objective and Subjective Evaluations of Sleep Quality of Patients in Perioperative Period

Evaluation | Evaluation Content Result Supporting
Studies
Subjective tools
SMH Subjective sleep quality, clear-headed after getting up in the morning, | DEX: improved sleep quality on POD2 and PODS5; more clear- | During and
sleep satisfaction headed after getting up on POD5; no differences in sleep after surgery
satisfaction
PSQI Subjective sleep quality, sleep latency, sleep duration, habitual sleep DEX: lower PSQI scores, improved subjective sleep quality During
efficiency, sleep disturbances, use of sleeping medication, and surgery
daytime dysfunction
NRS Subjective sleep quality, a scale of 0-10 DEX: improved subjective sleep quality; better sleep quality in | During
low dose group; lower incidence of sleep disturbance surgery
After surgery
DEX: During and
after surgery
RCSQ Wake after sleep onset, sleep depth, sleep quality, the severity of DEX: higher subjective quality on POD |, 2 and 3 After surgery
sleep-onset, the severity of going back to sleep if awakened
IS The severity of sleep-onset, sleep maintenance difficulties, DEX: lower sleep score on POD2 not in POD7 or POD42 During
satisfaction with current sleep pattern, interference with daily surgery
functioning, noticeability impairment and degree of distress or
concern caused by sleep disorder
AlS Sleep latency, awakenings during the night, final awakening earlier DEX: improved subjective sleep quality on POD2 and 3 noton | During and
than desired, sleep duration, sleep quality, sense of well-being PODI in day group after surgery
functioning (physical and mental) and sleepiness during the day
CsD The quality of sleep (very poor, poor, fair, good, very good) DEX: higher rates of good sleep quality on PODI During
surgery
Other Total sleep time; the quality of sleep DEX: longer total sleep time on PODI During
simple surgery
questions
Evaluation Evaluation content Result Supporting
studies

DEX: more sleeping difficulty; less sleeping disturbance

After surgery

Objective tools

Portable Sleep efficiency, the percentage of REM sleep, unstable and stable DEX: higher sleep efficiency, longer unstable sleep in day During and
sleep sleep group; lower REM sleep and stable sleep in night group after surgery
monitor
PSG The sleep efficiency index, arousal index and percentage of REM, and | DEX: improved sleep efficiency index, lower arousal index, After surgery
stage |, 2, and 3 sleep higher N2 sleep, lower NI sleep and no differences in REM
and N3 sleep on POD | and 2
BIS The level of sedation, sleep depth, sleep efficiency index and total DEX: higher sleep efficiency and longer total sleep time; After surgery
sleep time
DEX: less sleep efficiency and shorter total sleep time; no During
differences in sleep efficiency on POD | and 2 surgery

Abbreviations: SMH, St. Mary Hospital Sleep Questionnaire; PSQI, Pittsburgh Sleep Quality Index; NRS, Numeric Rating Scales; RCSQ, Richards Campbell Sleep
Questionnaire; ISI, insomnia severity index; AlS, Athens Insomnia Scale; CSD, the consensus sleep diary; PSG, polysomnography; BIS, bispectral index.
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Table 3 Other
Dexmedetomidine in Perioperative Period

Perioperative Outcomes of Use of

Other Perioperative Outcomes

Postoperative nausea and vomiting

Pain

Perioperative delirium

Adverse events

Bradycardia

Hypotension

to reduce sleep disturbance caused by surgery and anesthe-
sia. Additionally, infusion of DEX in the perioperative
period could release postoperative pain, reduce the inci-
dence of postoperative delirium, prevent PONV and so on.

In a real-world cohort study of 7418 patients, infusion
of DEX reduced the incidence of postoperative sleep
disturbance.'® One of the potential mechanisms of improv-
ing the sleep quality on the first or second night after
surgery is the changing sleep structure by DEX. The
sleep cycle could be divided into non-rapid eye movement
sleep (NREM) and rapid eye movement sleep (REM). And
NREM could be further divided into stages N1, N2 and
N3.%®

In animal experiments, it was found that transoral
administration of DEX decreased c-Fos expression in
the cerebral cortex and subcortical arousal system and
increased c-Fos expression in ventral lateral preoptic
nucleus neurons in mice. DEX may promote NREM
sleep in mice by promoting excitation in the sleep
nucleus and inhibiting the arousal nucleus.”” Nelson
et al suggested that endogenous sleep pathways
involved in DEX induced sedation which inhibited
and disinhibited the locus ceruleus, disinhibited the
ventral lateral preoptic nucleus firing. This increased
the release of y-aminobutyric acid receptor type
A (GABA) from the terminal ventral lateral preoptic
nucleus and inhibited tuberomammillary nucleus
firing.’® The effect of a-2 agonist DEX on NREM
sleep may be mediated through postsynaptic a-2
adrenoceptors.”’ Some common changes in high-
frequency oscillations could be detected in the thala-
mus and neocortex during DEX anesthesia.’”

Surgery and anesthesia had a negative effect on sleep
quality by changing the sleep pattern. REM and N3 sleep
were significantly reduced in patients undergoing surgery.

At the same time, the N1 stage was longer for patients in
the surgery group.'> Some studies indicated that continu-
ous infusion of DEX could produce spindle and slow-delta
oscillations, which represents the characteristic EEG fea-
tures of stage 2 sleep.>> > In healthy volunteers, oral DEX
could improve stage 2 sleep and have a negative impact on
REM sleep.’® This study provided evidence that DEX
could modulate NREM sleep circuitry. Infusion DEX
could also increase the N3 sleep in a dose-dependent
manner, which is associated with improved cognition and
synaptic plasticity.®’*® This suggested biomimetic N3
sleep may beneficial to cognition improvement.

Regarding intervention to mimic natural sleep and
improve postoperative sleep quality, there is strong evi-
dence that the use of DEX during and after surgery could
improve the sleep quality assessed by objective and sub-
jective measurements. Chen et al'? found infusion DEX
improved the percentage of N2 sleep, reduced N1 sleep
and reduced the arousal index. However, some researchers
reported no differences or less sleep efficiency and shorter
sleep time measured by BIS in DEX group.”*

Timing of administration is associated with the effect
of DEX on postoperative sleep quality. Song et al’ per-
formed a prospective RCT to compare the effect of DEX
in the daytime (8:00-12:00) and nighttime (18:00-22:00)
surgery on sleep quality. They found that patients in the
night group had shorter REM sleep and Stable sleep than
those in the day group. This result indicated that infusion
DEX in the daytime might have better improvement in
sleep quality. Besides, the dose of DEX also had
a different effect on postoperative sleep quality. Jiang et -
al*® examined the effect of the low and high dose of DEX
combined with oxycodone on postoperative sleep quality.
And Duan et al'® found that low dose DEX may be an
optimal treatment of postoperative sleep disturbance.

DEX and other postoperative patient outcomes are
controversial at present. A systematic review study con-
cluded that DEX resulted in a reduction in pain compared
with midazolam sedation and that both had similar respira-
tory and hemodynamic safety.”” Some studies suggest that
DEX can cause hypotension or bradycardia, however,
there is controversy in this field. The different modes of
administration and doses of DEX may be also subject to
safety issues, and patients with perioperative use of DEX
should be closely monitored. A meta-analysis by
Constantin et al*® found that DEX reduced the length of
ICU stay and duration of mechanical ventilation and
decreased the incidence of delirium, but also increased

Drug Design, Development and Therapy 2021:15
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the incidence of bradycardia and hypotension. Although in
our retrospective study we did not conclude that DEX
reduced postoperative delirium or had significantly unsafe
outcomes.

The recent study also has the following limitations.
The included studies varied widely in the dosing regimen,
the timing of administration, patient population, outcome,
and follow-up. Moreover, not all studies reported on these
outcome measures have sufficient detail. This stopped us
from doing more formal meta-analyses. The studies we
included ranged from low to high quality. And we
included patients on DEX in the ICU, which increases
the heterogeneity of the article. We note that most of the
studies we included were in non-cardiac surgery. There is
no definite conclusion about the effect of perioperative
DEX on postoperative sleep and its safety in patients
undergoing cardiac surgery at present. Our studies
included were all perioperative DEX assisted sedation for
general anesthesia surgery, while the effectiveness of DEX
use in intravertebral anesthesia is unknown. Zhang et al
concluded that DEX was generally safe and well-tolerated
an additional agent to epidural surgery and improved seda-
tion and analgesia.*' Studies of DEX-assisted nerve blocks
have shown that 0.5-2 g/kg DEX combined with 0.3%
ropivacaine applied with TAP block is a safe and effective
analgesic treatment in gynecological surgery.*?

Conclusion

Outcomes of our systematic review showed that DEX has
advantages in improving patients’ postoperative sleep
quality. Combined with the use of general anesthetic,
DEX provides a reliable choice for procedural sedation.

Abbreviations

DEX, dexmedetomidine; TURP, transurethral resection of
the prostate; ICU, intensive care unit; RCTs, randomized
controlled trials; FCIB, post-fascia iliaca compartment
block; NRS, Numeric Rating Scales; PSQI, Pittsburgh
Sleep Quality Index; ISI, insomnia severity index; PSG,
BIS, PONV,
Postoperative nausea and vomiting; VAS, visual analog

Polysomnography; bispectral  index;
scales; NREM, non-rapid eye movement sleep; REM,
rapid eye movement sleep; GABA, y-aminobutyric acid

receptor type A.
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