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Abstract

Background and Aims: Postoperative sleep disturbances are associated with delayed recovery and increased incidences of
complications. This systematic review aims to determine the impact of perioperative pharmacological therapies on postoperative
sleep quality in the hospital.

Material and Methods: We searched MEDLINE, MEDLINE ePubs and In-Process Citations (Daily), Embase Classic + Embase,
Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, and PubMed for randomized controlled
trials (RCTs) from inception to May 2022, with continued literature surveillance until August 2023. Studies included consisted of
noncardiac surgical patients aged =18 years with postoperative sleep in the hospital. The primary outcome was improvement in
postoperative sleep outcomes such as sleep quality, duration, efficiency, architecture, and insomnia ratings after pharmacological
treatment. Additional outcomes included postoperative pain scores and opioid consumption.

Results: The search strategy yielded 21 studies (n = 3276), and 18 reported improved sleep outcomes using eight validated
sleep measurement tools. Eight of 10 studies using dexmedetomidine via patient-controlled analgesia or intravenous infusion
reported better sleep quality versus controls. Opioids (nalbuphine, tramadol plus sufentanil), nonopioids (zolpidem, midazolam,
pregabalin), propofol total intravenous anesthesia (TIVA), S-ketamine, and ropivacaine nerve blocks were superior to controls
in enhancing postoperative sleep quality. Eleven studies (52%) which included the combination of dexmedetomidine with
opioids reported concurrent improvements in postoperative pain and sleep. Dexmedetomidine also decreased postoperative
opioid analgesia consumption.

Conclusions: Evidence for the effects of perioperative pharmacological approaches on postoperative sleep are limited. High-quality
RCTs of adequate power and methodology on the effects of pharmacology interventions on postoperative sleep are warranted.
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Introduction

Sleep i1s essential for memory, cardiovascular health, and
metabolism.!"! Poor sleep, characterized by decreased sleep
efficiency, increased sleep disturbances, longer time to fall
asleep, wake after sleep onset, and decreased sleep duration, !
is prevalent among hospitalized patients due to noise, light
levels, and nurse interventions.” Many continue to experience
sleep disturbances 6 months after hospitalization.

Understanding the perioperative factors affecting sleep
is important, as poor postoperative sleep can prolong
hospitalizations, delay recovery, increase pain, and elevate
the risk of delirtum and cardiac complications.”! Sleep
quality is often worse in hospitals than at home,!® and
medications like dexmedetomidine and zolpidem have been
used to address perioperative sleep disturbances.”-% Opioid
overuse after low-risk surgeries is concerning due to its
negative impact on sleep, increasing postoperative nausea and
vomiting (PONV) and adverse reactions.’®'%'"! In addition,

the choice of anesthesia and method of administration impacts

postoperative sleep quality.!'?

Addressing sleep disturbances in surgical settings can help
optimize perioperative outcomes.!'? While pharmacological
anesthesia and analgesia are widely used, their impact on
postoperative sleep quality using validated sleep measurement
tools is not well characterized. This systematic review aims
to summarize the impact of different pharmacological
interventions on sleep quality and examines differences in other
outcomes such as pain and opioid consumption compared to
controls.

Material and Methods

Study design and registration
The protocol of this systematic review was registered in the
International Prospective Register of Systematic Reviews

(Prospero #CRD42022354073) (https://www.crd.york.
ac.uk/prospero/display_record.php?RecordID=354073).
Preferred reporting items for systematic reviews and
meta-analyses (PRISMA) was used as a reporting guide.!'!

Study selection criteria

The inclusion criteria were studies which 1) investigated
patients 18 years or older undergoing noncardiac surgery and
staying in the hospital for at least one night, 2) had patients
that received pharmacological interventions, 3) provided
either a standard pharmacological intervention as a control or

placebo, 4) were randomized controlled trials (RCTs), and 5)

evaluated outcomes of postoperative sleep disturbance using

a validated subjective or objective sleep assessment tool. The
exclusion criteria were 1) studies which were case studies,
retrospective or prospective cohorts, 2) studies which had
patients in the intensive care unit (ICU), and 3) non-English
articles.l'*13

Search strategy

An information specialist conducted the literature search.
The following databases were searched from inception
to May 19, 2022 via the Ovid platform: MEDLINE,
MEDLINE ePubs and In-Process Citations (daily), Embase
Classic + Embase, Cochrane Central Register of Controlled
Trals, and the Cochrane Database of Systematic Reviews.
Continued literature surveillance was done via PubMed till

August 2023.

We followed the Cochrane Handbook!'®! and the Cochrane
Methodological Expectations of Cochrane Intervention
Reviews (MECIR)" for conducting the search, PRISMA
2020081 for reporting, and the Peer Review of Press
Strategies (PRESS) guideline for peer-reviewing the
search strategies!'” while drawing upon the PRESS 2015
Guideline Evidence-Based Checklist to avoid potential
search errors. Preliminary searches were conducted, and
full-text literature was mined for potential keywords and
appropriately controlled vocabulary terms (such as Medical
Subject Headings for MEDLINE and Emtree descriptors
for Embase). The Yale MeSH Analyzer®” facilitated the
medical subject headings (MeSH) and text word analysis.
The search strategy concept blocks were built on the topics
of (Sleep Disturbance) AND (Postoperative OR Surgery)
AND (Pharmacological Therapy) using both controlled
vocabularies and text word searching for each component.
Searches were limited to the English language, humans,
and adults.

Study selection and data extraction

Duplicates were removed, and screening was completed using
Rayyan systematic review application.”?"! Using the inclusion
criteria, two reviewers screened for titles and abstracts.
Full-text studies were assessed for inclusion by two reviewers.
Disagreements on the inclusion of studies were resolved by
the senior author. Three reviewers independently extracted
data from the included studies. The extracted data included
demographics, study design and setting, surgery type, sleep
measurement(s), intervention(s), mean preoperative and
postoperative sleep scores, and prevalence of preoperative
and postoperative sleep disturbances.

Quality assessment of studies
Two reviewers assessed each study’s quality. For RCTs,
the Cochrane Collaboration tool was used to assess
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study quality based on six domains: selection bias,
performance bias, detection bias, attrition bias, reporting
bias, and other bias.??!

Measures of sleep disturbances — subjective and
objective sleep assessment tools

The standard subjective sleep assessment tools include
the Pittsburgh Sleep Quality Index (PSQI) and the
Richards—Campbell Sleep Questionnaire (RCSQ). PSQI
1s a 19-item, self-rated questionnaire that assesses sleep in
the past month.??’» RCSQ is a self-rated questionnaire to
assess sleep quality in the past night.?¥ Other subjective
assessment tools include Consensus Sleep Diary, Athens
Insomnia Scale, St. Mary Hospital Sleep Questionnaire,
and Insomnia Severity Index.?>?8 Objective sleep
assessment tools such as polysomnography and bispectral
index-Vista (BIS-Vista) provided quantitative sleep
parameters.2%3%

Results

Search strategy, study characteristics, and
quality assessment

The literature search resulted in 15,076 articles [Figure 1].
After removing 975 duplicates and screening titles and
abstracts, 183 articles were eligible for full-text review.

Additional literature search yielded three RCTs. Altogether,

[31-51]

21 articles met the inclusion criteria.

The characteristics of the included articles are listed in

Tables 1 and 2. They were from five different countries:
China (17),B22943-4648511 [JSA (2),14'47 Australia (1),14%

Egypt (1),B" and South Korea (1).™% There were

3276 patients (dexmedetomidine: 1885; opioids: 486;
nonopioids and hypnotic: 230; general anesthetics [GA]:
517; regional anesthetics [RA]: 158). Eight (36%) studies
consisted of orthopedic surgeriesP!354041:4445501 and three
had noncardiac mixed surgeries.?3*4! Fourteen (67%)
studies had mainly male participants,3'-3436:3839.42-4446-491 {5,

[33,34,47 48]

studies with all females, and one study not reporting

gender.”® Ten (48%) studies comprised participants with
a mean age over 6(,323638-4044-4649501 Eoyr (19%) studies
excluded participants with a history of sleep disorders or
disturbances,?73%#47! one (5%) excluded participants with
sleep apnea,® and six (29%) excluded both.B%3%#1:45.48.49]
Six (29%) studies that did not have these exclusions reported
nonsignificant differences in baseline sleep quality between the

control and intervention groups??2+36:4630511 and four (18%)
did not. 13384044

Ten RCTs used dexmedetomidine infusion,[3234-3%48-501
three used opioids,”>**4 and three used nonopioids and
hypnotics.B'"*!* Two trials used GAM"! and three used
RAM4347 [Tables 1 and 2].

Fourteen studies used subjective sleep measurements:
PSQI (n = 5), 414444650 RCSQ (n = 3),38511 St. Mary
Hospital Sleep Questionnaire (n = 2),2*?! Consensus Sleep
Diary (n = 2),B'% Athens Insomnia Scale (n = 1),2%
and Insomnia Severity Index (n = 1)B4 [Table 3 and
Supplementary Table 1]. Seven studies used objective sleep
measurement tools like BIS or BIS-Vista (n = 2)B739 and

polysomnography (n = 5).B%#:47-49

Quality assessments are presented in Supplementary
Figure la and b. Four studies had an unclear risk of bias

[ of studies via and

] [ Identification of studies via other methods J

)

Records identified from:

Databases (n =15,076) Records removed before

Medline = 2788 screening:

Medline gPubs = 153
Embase = 12,123
CCTR=6

CDSR=6

[ Identification

Duplicate records removed
=975)

Records identified from:
Citation searching (n = 20)

l

)

Screening

Records screened

Records excluded

(n =14,101) (n =13,920)
Reports sought for retrieval Reports not retrieved
(n=183) (n=13)

Reports not refrieved
(n=0)

Reports sought for retrieval
(n=20)

!

Reports assessed for eligibility
(n=170)

Reports :

Did not fit inclusion criteria (n
44,

Insufficient sleep data (n = 3)
Duplicates (n = 2)
Retracted (n = 3)

Reports assessed for eligibility
(n=20)

Reports excluded:
Did not fit inclusion criteria (n
=17)

[ Included ] [

Studies included in review
(n=21)

Figure 1: PRISMA flow diagram
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Table 1: Demographic data and study characteristics for dexmedetomidine approaches

Author, year Patients Surgery

Preop/intraop/ Intervention

Male Age

country (n) postop % (mean=SD)
Dexmedetomidine
Niu, 2023¢hina 49 Orthopedic Preop DEX IV preop + ropivacaine intraop 45 71x7
50 Preop DEX intranasal preop + ropivacaine intraop 50 70+6
49 Intraop DEX intratracheal + ropivacaine 47 71+7
Zhang, 2022China 44 Noncardiac mix Postop DEX + morphine PCA x24-72 h 50 69+5*
41 Placebo (saline) + morphine PCA X24-72 h 68 69+4*
Wang, 2021¢hina 23 Orthopedic Postop DEX + Sufentanil IV PCA NR 50+6
25 DEX + Sufentanil SC PCA 48+8
25 Sufentanil IV PCA 49+7
24 Sufentanil SC PCA 50+6
Mao, 2020¢hina 29 Lateral Preop, intraop, DEX IV infusion preop, intraop, postop X5 d 79 65+7
29 thoracotomy postop Placebo (saline) 83 63+8
Sun, 2019¢hina 276 Noncardiac mix Postop DEX + sufentanil PCA X48 h 57 69+5*
281 Sufentanil PCA x48 h 56 697
Yu, 2019¢hina 281 Cesarean Postop DEX + sufentanil PCIA 0 32+4
276  section Sufentanil PCIA 0 315
Jiang, 2018¢hina 32 Laparoscopic Postop DEX"" (2.4 ug/kg, low-dose DEX) + oxycodone 63 64+7
abdominal PCA
33 DEX"eh (4.8 ug/kg, high-dose DEX) + oxycodone 61 645
PCA
32 Oxycodone PCA 53 65+6
Chen, 2017¢hina 30 Abdominal Postop DEX + sufentanil PCA 0 43+7
29 (hysterectomy) Sufentanil PCA 0 45+8
Tan, 2016achina 22 TURP Intraop DEX IV infusion 100 71x7
22 Midazolam IV infusion 100 73*9
22 Placebo (saline) 100 71+7
Tan, 2016bchina 53 Thoracic Preop + postop  DEX IV infusion, GA, sufentanil PCA 31 56+7
55 Ropivacaine TEA, GA, ropivacaine + fentanyl PCEA 24 53+7
53 GA, sufentanil PCA 27 56+8

DEX=Dexmedetomidine, GA=General anesthesia, intraop =Intraoperative, IQR=Interquartile range, IV=Intravenous, NR=Not reported, PCA=Patient-controlled
analgesia, PCIA=Patient-controlled intravenous analgesia, PCEA=Patient-controlled epidural analgesia, preop=Preoperative, postop=Postoperative, SC=Subcutaneous,
SD=Standard deviation, TEA=Thoracic epidural anesthesia, TURP=Transurethral resection of the prostate. Noncardiac mix: Gastrointestinal, pulmonary, hepatobiliary,
renal, prostatic, vesical, cancer, spinal, orthopedic, urologic, thoracic, general, abdominal, superficial, plastic, neurosurgical, ear, nose, and throat, vascular, and others.

*Estimated from mean (IQR)

for random sequence generation (n = 193),[141434447] fiye
had unclear allocation concealment (n = 353),[143:4446-48]
two had unclear blinding of participants and personnel and
blinding of outcome assessment (n = 210),*49 and one
had unclear risk for incomplete outcome data (n = 80),4
with a total of three studies having an overall unclear risk of
bias (n = 285)#4449 and two having an overall low risk of
bias (n = 88).1"*8] One study also had high risk of bias in
blinding of participants and personnel, other bias, and overall
bias (n = 9).™7 Fifteen studies had low risk of bias across
all components (n = 2894),B'-4042:45:49-511 and none had bias

for selective reporting.

Changes in sleep quality after pharmacological
intervention in postoperative patients
Eighteen of 21 studies reported favorable sleep outcomes

when comparing pharmacological intervention to controls
or placebos [Tables 3 and 4].B'-4043-4648-511 The timing of

study interventions varied among perioperative,336:37:47.50]

B1.40.43511 intraoperative,?>#% and

[32,34,35,38,41,42,44,45,48,49] MOSt studies

performed sleep assessments on postoperative nights one
to three. [31-35.37-40,43.44,47-51]
’

preoperative,
postoperative.

with some assessing up to
[36,46]

postoperative night seven.
Dexmedetomidine

Postoperative patient controlled analgesia (PCA) with
dexmedetomidine as an adjuvant to sufentanil,>+3>38:48]
oxycodone,?? or morphine™ resulted in better sleep
outcomes in orthopedic,?” mixed,B8*! cesarean
section,?*! or abdominal®** surgical patients compared to
controls [Table 3]. Dexmedetomidine combined with opioids

decreased the insomnia scores,>**! increased the percentage

of nonrapid eye movement (NREM) stage II (N2) sleep

but caused no differences in N3 sleep,?>*®*! and improved

subjective sleep quality.¥
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Table 2: Demographic data and study characteristics for opioid/opiate, nonopioids/hypnotic, anesthetic approaches

Author, Patients Surgery Preop/intraop/ Intervention Male Age
yearcountry (n) postop % (mean=SD)
Opioid/opiates
Fu, 2022 China 100 Abdominal Intraop + postop Tramadol + sufentanil IV bolus and PCA 0 42+10
100 Sufentanil IV bolus and PCA 0 43=11
Gong, 2017 China 40 Orthopedic Postop Nalbuphine PCA x48 h 63 80+2
40 Sufentanil PCA x48 h 53 76%3
Lee, 2012 Auwtralia 102 Noncardiac Postop Alfentanil + morphine PCA x48 h 59 57+13*
104 mix Fentanyl PCA x48 h 51 60+13*
Nonopioid/opiates
and hypnotics
Omara, 2019 et 30 Orthopedic Preop Pregabalin PO 83 38+5
30 Placebo 77 40+6
Eloy, 2017 USA 17 Orthopedic Postop Gabapentin PO X2 N 41 55 (SD NR)
12 Placebo 50 53 (SD NR)
Gong, 2015 China 70 Orthopedic Postop Zolpidem PO x14 d 13 65+5
71 Placebo 17 66+6
General anesthetics
Zhou, 2023¢hina 195 Thoracic Preop S-ketamine bolus before induction 37 52+9
192 Placebo (saline) 43 51+9
Ding, 2021 ¢hina 65 Abdominal Intraop Propofol TIVA 54 756
65 Sevoflurane inhalation 52 75+6
Regional anesthetics
Lee, 2021 SouthKorea 37 Orthopedic Preop Naloxone + ropivacaine femoral nerve block 38 63+6
37 Ropivacaine femoral nerve block 35 65+10
Kang, 2020 ¢hina 34 Thoracoscopic Preop Ropivacaine TPVB bolus, GA 62 52+11
41 lobectomy GA 39 56+10
Cronin, 2001 UsA 4 Gynecologic Intraop + postop  Bupivacaine epidural infusions x24 h 0 41 (range 29-42)
5 Fentanyl epidural infusions x24 h 0 36 (range 32-49)

GA=general anesthesia, intraop=intraoperative, IQR=interquartile range, IV=intravenous, N=night(s), NR=not reported, PCA=patient-controlled analgesia, PO=per
oral, preop=preoperative, postop=postoperative, SD=standard deviation, TIVA=total intravenous anesthesia, TPVB=thoracic paravertebral nerve block. Noncardiac
mix: gastrointestinal, pulmonary, hepatobiliary, renal, prostatic, vesical, cancer, spinal, orthopedic, urologic, thoracic, general, abdominal, superficial, plastic,
neurosurgical, ear, nose, and throat, vascular, and others. *Estimated from mean (IQR)

Four small-scale studies found mixed results on
postoperative sleep quality after dexmedetomidine
intravenous (IV) infusion.%373%501 Perioperative IV infusion
of dexmedetomidine in lateral thoracotomy patients improved
subjective sleep quality and increased clear-headedness versus
placebo.P® However, intraoperative dexmedetomidine
infusion in patients undergoing transurethral resection of the
prostate resulted in lower objective sleep quality, efficiency,
and duration versus midazolam or placebo.?*! Preoperative
and postoperative dexmedetomidine infusion with sufentanil
PCA in thoracic surgical patients did not yield differences
in objective sleep outcomes compared to GA plus sufentanil

PCA.57

Two trials investigated different methods of dexmedetomidine
administration. Subjective sleep quality after orthopedic
surgery was better using [V infusion compared to intranasal
and intratracheal administration,” but insomnia ratings
remained similar versus subcutaneous administration.”” No
differences were found in subjective sleep quality, efficiency,

40

or time spent in sleep stages on using a higher (4.8 ug/kg) or

lower dose (2.4 ug/kg) of dexmedetomidine with oxycodone
in PCA.B2

Opioids, nonopioids, and hypnotics

Three articles used opioids, but results are difficult to compare
because of heterogeneity in drug types [Table 4]. PCA
nalbuphine significantly improved subjective sleep quality
in orthopedic patients than PCA sufentanil.**! Similarly,
combining tramadol and sufentanil for intraoperative infusion
and PCA in abdominal surgical patients improved subjective
sleep quality than sufentanil alone. In contrast, alfentanil
plus morphine PCA after noncardiac surgery did not enhance
subjective sleep quality versus fentanyl PCA.#%

Results on nonopioids and hypnotics are less robust due
to small cohorts restricted to orthopedic patients. While
patients receiving preoperative oral pregabalin had better
subjective sleep quality versus placebo,?'! patients given oral
gabapentin postoperatively rated no differences.*'" However,
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Table 3: Objective and subjective sleep quality assessments of surgical patients after dexmedetomidine approaches

Author, year

Assessment Preop/intraop/ Treatment versus control

Major findings

tool postop
Dexmedetomidine
Niu, 2023 PSQI Preop + intraop  DEX IV versus intranasal and 1 sleep quality N2
intratracheal
DEX intranasal versus n.s. sleep quality
intratracheal or IV
Zhang, 2022 PSG Postop DEX + morphine versus placebo + 1 sleep quality, % NREM stage 2, sleep efficiency
morphine and duration, | sleep fragmentation, %NREM
stage 1, n.s. %NREM stage 3, %REM N1
Wang, 2021 AIS Postop DEX + sufentanil versus sufentanil 1 sleep quality (| insomnia score) on N1-2
IV versus SC n.s. sleep quality
Mao, 2020 SMH Preop + intraop  DEX versus placebo 1 sleep quality N2, 5, 1 clear-headedness N5, n.s.
+ postop sleep satisfaction
Sun, 2019 RCSQ Postop DEX + sufentanil versus sufentanil 1 sleep quality N1-3
Yu, 2019 ISI Postop DEX + sufentanil versus sufentanil 1 sleep quality (| insomnia score) N2
Jiang, 2018 PSG Postop DEX"" + oxycodone and DEX"e" + 1 sleep quality, sleep efficiency, %NREM stage 1,
oxycodone versus oxycodone 2, | arousal N1-2, n.s. %REM, %NREM stage 3
DEX"" + oxycodone versus DEX"" n.s. sleep outcomes
+ oxycodone
Chen, 2017 PSG Postop DEX + sufentanil versus sufentanil 1 sleep efficiency, %NREM stage 2 N1-2, |
arousal, %NREM stage 1 N1-2, n.s. %REM,
%NREM stage 3 N1-2
Tan, 2016a BIS-Vista Intraop DEX versus placebo | sleep efficiency, sleep duration N1
DEX versus midazolam | sleep efficiency, sleep quality, sleep duration N1
Midazolam versus placebo 1 sleep efficiency, sleep duration N1
Tan, 2016b BIS-Vista Preop + postop Ropivacaine TEA versus DEX + GA 1 sleep quality, sleep efficiency N1

and GA only

DEX + GA versus GA only

n.s. sleep quality

ASI=Athens Insomnia Scale, BIS-Vista=Dbispectral index-Vista, DEX=dexmedetomidine, GA=general anesthesia, intraop=intraoperative, ISI=insomnia severity index,
IV=intravenous, N1=night 1, NREM=non-rapid eye movement, n.s. = not significant, PCA=patient-controlled analgesia, postop=postoperative, preop=preoperative,
PSG=polysomnography, PSQI=Pittsburgh Sleep Quality Index, RCSQ=Richards—Campbell Sleep Questionnaire, REM=rapid eye movement, SC=subcutaneous,
SEI=sleep efficiency index, SMH=St. Mary’s Hospital Sleep Questionnaire, SWS=slow wave sleep, TEA=thoracic epidural anesthesia

postoperative oral zolpidem resulted in better sleep quality and
[45]

efficacy than placebo.
Anesthetic techniques

Participants given propofol total IV anesthesia (TITVA) for
abdominal surgery experienced better objective sleep quality than
those given inhalational anesthesia [ Table 4].1%! A S-ketamine
bolus before GA induction for thoracoscopic lobectomy surgery
resulted in better sleep quality versus placebo.?"

Studies on postoperative sleep quality after RA were limited
by small samples. Using ropivacaine thoracic paravertebral

nerve block (TPVB) with GA for thoracoscopic lobectomy
resulted in better objective sleep quality than GA alone.[*!
Naloxone as an adjuvant to ropivacaine in femoral nerve block
for total knee arthroplasty also improved subjective sleep quality
versus ropivacaine alone.*” In contrast, intraoperative and
postoperative epidural bupivacaine infusions for gynecologic
patients were largely inferior in enhancing postoperative
sleep architecture, such as the proportion of rapid eye

movement (REM), NREM sleep, and sleep duration,

versus fentanyl alone.™*”)

Other outcomes

In 17 (81%) RCTs evaluating postoperative
pain [Table 5],B!3234-38:40-4547-49.511 12 demonstrated
reduced pain ratings with experimental treatment. Five
studies using dexmedetomidine reported lower postoperative
pain, 32:3435.38.48] §.[36,37.49]

Studies using pregabalin,
[42]

while three found no difference

[31] [44]

nalbuphine,* alfentanil plus

morphine,? zolpidem,*” and ropivacaine with naloxone or
alone also showed improved pain outcomes.**! However,
patients receiving bupivacaine experienced more pain than
those receiving fentanyl.*”! Eleven studies that had reported
improved pain outcomes had enhanced sleep: five using
dexmedetomidineP?34353848] and the remaining studies using
nalbuphine, pregabalin, zolpidem, ropivacaine, or naloxone

adjuvant,337:40.43-45)

Four studies reported the rates of postoperative
complications.BZ2408344 A higher dose of dexmedetomidine
caused more severe hypotension.??! Fewer adverse
reactions were reported when comparing nalbuphine
to sufentanil.'*"! Seven studies assessed PONV after

surgery, 35:36.40:42,45.50.511 ith one showing reduced
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Table 4: Objective and subjective sleep quality assessments of surgical patients after opioid/opiate, nonopioid/hypnotic,

and anesthetic approaches

Author, year Assessment Preop/intraop/ Treatment versus control Major findings
tool postop
Opioid/opiates
Fu, 2022 RCSQ Intraop + postop  Tramadol + sufentanil versus 1 sleep quality N1, 2, 3
sufentanil
Gong, 2017 PSQI Postop Nalbuphine versus sufentanil 1 sleep quality N1-2
Lee, 2012 SMH Postop Alfentanil + morphine versus n.s. sleep quality, pain-related
fentanyl awakenings
Nonopioid/opiates and hypnotics
Omara, 2019 CSD Preop Pregabalin versus placebo 1 sleep quality N1
Eloy, 2017 PSQI Postop Gabapentin versus placebo n.s. sleep quality
Gong, 2015 PSG Postop Zolpidem versus placebo 1 sleep quality, efficacy
General anesthetics
Zhou, 2023 RCSQ Preop S-ketamine versus placebo 1 sleep quality N1, n.s. N3
Ding, 2021 PSQI Intraop Propofol TIVA versus sevoflurane 1 sleep quality N1, 3, 7
Regional anesthetics
Lee, 2021 CSD Preop Naloxone + ropivacaine versus 1 sleep quality N1
ropivacaine
Kang, 2020 PSQI Preop Ropivacaine TPVB + GA versus 1 sleep quality N1, 2, 3
GA
Cronin, 2001 PSG Intraop + postop  Bupivacaine epidural versus 1 %SWS N1-2, | %SWS N3, n.s.

fentanyl

%REM, %NREM, sleep duration,

subjective sleep quality N1-3

CSD=Consensus Sleep Diary, GA=general anesthesia, intraop =intraoperative, [V=intravenous, N1=night 1, NREM=non-rapid eye movement, n.s. = not significant,
postop=postoperative, preop =preoperative, PSG=polysomnography, PSQI=Pittsburgh Sleep Quality Index, RCSQ=Richards—-Campbell Sleep Questionnaire, REM=rapid
eye movement, SMH=St. Mary’s Hospital Sleep Questionnaire, SWS=slow wave sleep, TIVA=total intravenous anesthesia, TPVB=thoracic paravertebral nerve block

incidences using a combination of dexmedetomidine
and sufentanil versus sufentanil alone, one using IV
dexmedetomidine versus intranasal and intratracheal
administration, one using a combination of alfentanil and

morphine versus fentanyl, and one using zolpidem versus
placebo. 354245501

Postoperative opioid and nonopioid analgesia consumption
was reported in seven studies.?23%3843.45.4849) Combining
dexmedetomidine and sufentanil in PCA decreased
overall sufentanil consumption.?>*8 In contrast, opioid
consumption did not differ between patients receiving
PCA dexmedetomidine and those receiving placebo with
morphine.™*’ Dexmedetomidine infusion combined with
sufentanil®® or oxycodoneP?! decreased the requirement for
nonopioid analgesia. Opioid consumption also decreased
when postoperative oral zolpidem or ropivacaine thoracic
paravertebral block was provided. >

Two studies investigated postoperative serum inflammatory
biomarkers. Ropivacaine thoracic epidural anesthesia (TEA)
resulted in lower postoperative interleukin-6 (IL-6) plasma
levels but no changes in tumor necrosis factor-alpha (TINF-or)
levels versus dexmedetomidine plus GA and GA alone.?”
Likewise, propofol TIVA not only decreased cortisol, IL-6,
and S-100 levels, but also lowered melatonin levels.!

Discussion

In our systematic review of 21 RCTs on pharmacological
therapies, 18 reported enhanced postoperative sleep
outcomes, particularly with dexmedetomidine. These
outcomes included objective measurements of sleep efficiency,
duration, architecture, subjective sleep quality, and insomnia
ratings. However, the diverse sleep assessment tools made
study comparisons challenging. Polysomnography, PSQI,
and RCSQ are widely used and reliable for measuring
sleep quality,'?>%43% but BIS index is predominantly used
for monitoring sedation during surgery and less frequently
for sleep assessment,®! given its lower reliability to
identify REM sleep.?>%* Nevertheless, its simplicity and
accessibility have made it ideal for measuring sleep in ICU
compared to polysomnography and is gaining popularity in
other settings.??

Due to additional heterogeneity in intervention types,
surgeries, and outcomes, we were unable to synthesize
consistent metrics to perform a meta-analysis. Heterogeneity
arose from limiting our inclusion only for studies using a
validated sleep measurement tool. Most excluded RCTs used
nonvalidated tools such as a 0—100 scale for subjective sleep
rating, with little standardization on the outcomes measured
within this subjective rating. Our focus on in-hospital sleep
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Table 5: Other outcomes

Author, year

Treatment versus control

Secondary outcomes

Dexmedetomidine
Niu, 2023

Zhang, 2022

Wang, 2021

Mao, 2020
Sun, 2019

Yu, 2019

Jiang, 2018

Chen, 2017

Tan, 2016a
Tan, 2016b

Opioid/opiates
Fu, 2022
Gong, 2017
Lee, 2012
Nonopioid/opiates and hypnotics
Omara, 2019
Eloy, 2017
Gong, 2015

General anesthetics
Zhou, 2023

Ding, 2021

Regional anesthetics
Lee, 2021

Kang, 2020

Cronin, 2001

DEX IV versus intranasal
DEX IV versus intratracheal
DEX IV versus intranasal and intratracheal

DEX + morphine versus placebo +
morphine
DEX + sufentanil versus sufentanil

DEX + sufentanil IV versus SC
DEX versus placebo
DEX + sufentanil versus sufentanil

DEX + sufentanil versus sufentanil
DEX"e" and DEX" versus oxycodone
DEX"e" versus DEX" and oxycodone
DEX + sufentanil versus sufentanil
DEX and midazolam versus placebo

Ropivacaine TEA versus DEX + GA and
GA

DEX + GA versus GA

Tramadol + sufentanil versus sufentanil
Nalbuphine versus sufentanil
Alfentanil + morphine versus fentanyl

Pregabalin versus placebo
Gabapentin versus placebo
Zolpidem versus placebo

S-ketamine versus placebo
Propofol TIVA versus sevoflurane
Naloxone + ropivacaine versus
ropivacaine

Ropivacaine TPVB + GA versus GA

Bupivacaine epidural versus fentanyl

| delirium POD1-3
n.s. delirium
| PONV, 1 bradycardia

n.s. pain, morphine consumption, opioid and sedative use,
delirium, LOS, adverse events

| pain, sufentanil consumption 24 and 48 h postop, PONV,
n.s. pruritus

n.s. pain, sufentanil consumption 24 and 48 h postop, PONV
n.s. pain, PONV, recovery rate

| pain at rest and movement, | nonopioid pain rescue
requirement, n.s. delirium

| pain at 24, 48 h postpartum, n.s. antenatal depressive
symptoms, sedation score, adverse events

| pain at 4, 6, 12 h postop, | rates of nonopioid rescue
analgesia

1 incidence of hypotension, n.s. incidence of bradycardia,
respiratory depression

| pain, sufentanil consumption 6, 24, 48 h postop; 1 sedation
levels

1 intraop sedation

| pain D1, intraop blood pressure, plasma IL-6 conc., n.s.
plasma TNFa conc.

n.s. pain, plasma IL-6 and TNF-a conc.

| depression scores on D1-3, n.s. anxiety symptoms
| pain, PCIA use, adverse reactions, and sedation scores
| pain and PONV; 1 pruritis D1, n.s. sedation levels

| pain at 4, 6, 12 h postop, n.s. postop Cx
n.s. pain

| pain N3 and 5, opioid analgesic consumption, and PONV,
sleep efficacy associated with ROM D5 and 7

n.s. pain at rest and coughing, postop analgesic use, anxiety
and depression scores, PONV, delirium, dizziness POD1-3

1 cognitive function, | plasma melatonin, cortisol, IL-6,
S-100p conc. on D1, 3, 7

| pain at rest, 12 h, 18 h postop and during activity 12 h
postop, n.s. PONV, ROM, Cx

| pain and oxycodone consumption on D1, n.s. analgesia
deficiency, pulmonary Cx, LOS

1 pain on D2

conc. = Concentration (pg/ml), Cx=complications, D1=day 1, DEX=dexmedetomidine, GA=general anesthesia, IL-6=interleukin-6, intraop =intraoperative,
IV=intravenous, LOS=length of hospital stay, N3=night 3, n.s. = not significant, PCA=patient-controlled analgesia, PCEA=patient-controlled epidural analgesia,
POD=postoperative day, PONV=postoperative nausea and vomiting, postop=postoperative, ROM=range of motion, SC=subcutaneous, TEA=thoracic epidural
anesthesia, TNF-a=tumor necrosis factor-alpha, TPVB=thoracic paravertebral nerve block

measurements further restricted the inclusion of studies using
PSQI and RCSQ, which are commonly used to perform

meta-analyses.

Postoperative sleep disturbances are influenced by factors such
as pain, anxiety, excessive light, noise, and nursing activities
during nighttime,™%54%! leading to disruptions in sleep
architecture, increased sleep latency, and shifts from REM

and N3 “deep” sleep to N1 and N2 “light” sleep, negatively
impacting illness severity.**¥ Dexmedetomidine, a central
0l-2 adrenergic receptor agonist, promotes sleep by inhibiting
noradrenaline release in the locus coeruleus.?**® While it
can promote biomimetic sleep by increasing the proportion of
N3 sleep to better approximate natural sleep,”! our findings
instead reported increases in N 1 and N2 sleep but not REM
or N3 sleep proportion.%#:4
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Low-dose dexmedetomidine infusion in two large retrospective
surgical studies (n = 11,797) decreased the incidences of
postoperative sleep disturbances compared to placebo,?>%
confirming that low-dose dexmedetomidine can improve sleep
without risking hypotension.?2#¢% Findings are consistent with
debates surrounding the optimal dosage of dexmedetomidine

and its potential to cause adverse sympatholytic effects at
higher doses."]

Hypnotics and benzodiazepines are commonly used for
postoperative sleep improvement,” but we found limited
studies using our inclusion criteria. Zolpidem acts on
gamma-aminobutyric acid type A (GABA ) receptors in
the cerebellum to induce sedative effects to enhance sleep,*>-6?
but incorrect dosage can cause complex sleep behaviors and
delirium.?>%! Midazolam infusion has shown mixed results,
with a Cochrane review reporting outcomes of drowsiness,
pain, and anxiety after midazolam use during medical

procedures. %64

Propofol GA increases sleep duration, but disrupts circadian
rhythms and melatonin production by interacting with
hypothalamic GABAergic neurons to produce a state of
unconsciousness.”>%%! While propofol TIVA improved
sleep and cognitive outcomes versus sevoflurane, it also
decreased postoperative plasma melatonin levels,*® which
may contribute to sleep disruption.®”%! Comparisons between
propofol TIVA and volatile anesthesia on postoperative
sleep are limited, with no differences found in incidences of
postoperative cognitive dysfunction.®”

Combining RA with GA offers benefits for postoperative
pain, recovery, and delirilum.”’” Ropivacaine may improve
sleep through better pain control,?”** but further research
is needed to understand the underlying mechanisms.®7"
Bupivacaine is less preferred than ropivacaine due to toxicity
concerns’? and lacks evidence in promoting postoperative
sleep and pain control due to a small sample size.[*”! Further
RCTTs are needed to better understand the impact of RA on
postoperative sleep quality and recovery.

High doses of short-acting opioids disrupt sleep by binding to
U-opioid receptors involved in sleep regulation,®”! resulting
in postoperative ileus, urinary retention, PONYV, longer
hospital stays, and increased pain, which may exacerbate
sleep disruptions.®’> However, tramadol with sufentanil
improved sleep quality,® possibly due to its opioid-sparing
effects and inhibition of serotonin and norepinephrine
reuptake.”¥ Nonopioid analgesics with opioid-sparing
effects, such as dexmedetomidine-opioid combinations,?>8!
are more desirable for postoperative sleep,?>473751 |ikely
due to a dditive and synergistic analgesic effects.”’®! In

particular, IV dexmedetomidine allows for direct action on
0l-2 receptors to prolong analgesia, compared to other routes

of administration.?%7¢!

While zolpidem reduced the need for opioid rescue analgesia,*’
hypnotics are not considered opioid-sparing medications.””!
Instead, local anesthetics like ropivacaine provide pain relief
by inhibiting sodium influx and blocking impulse conduction

in nerve fibers, potentially reducing opioid consumption.”®

While ropivacaine TPVB combined with GA decreased
postoperative oxycodone consumption,®*! more studies with
larger sample size are required to confirm this finding.

Multimodal approaches that combine different analgesics can
optimize pain management by targeting nociceptive, neuropathic,
psychogenic, and idiopathic surgical pain simultaneously.””
This minimizes adverse effects, promotes opioid sparing, and
accommodates personal tolerance to medications,!>7! which
was consistent with the combination of dexmedetomidine
with sufentanil, oxycodone, and morphine.B*35384849.61]
Combining naloxone with ropivacaine enhanced sleep and
pain outcomes, ! possibly by acting in the nucleus accumbens
and amygdala to decrease spontaneous pain behavior, but
supporting evidence is limited.®” Although combining RA
and GA showed improvements in sleep and pain, more studies

and larger samples are required to validate these findings.?7#!

The pain—sleep relationship is bidirectional, with pain
disrupting sleep architecture and poor sleep altering pain
perception.’¥ Dexmedetomidine use improved both pain
and sleep,?234353848 [ikely through the suppression of
substance P and glutamate, neurotransmitters that mediate
pain perception.”8" Although pregabalin improved sleep and
pain after orthopedic surgery,?"" anticonvulsants primarily
relieve neuropathic pain,® and nerve injuries are rare after
total knee or hip arthroplasty.®-8

REM disruption is usually more pronounced after major
surgeries.”! Tissue trauma from invasive surgeries and
sympathetic activation from sleep deprivation can lead to the
release of proinflammatory cytokines and reduce melatonin
secretion, which are associated with major cardiac events.>
We found ropivacaine TEA and propofol TIVA helped to
lower IL-6 while improving postoperative sleep,®”*! but
research is needed to characterize the relationship between
surgical trauma and postoperative sleep.

There are several limitations to this systematic review.
First, studies varied in sample size, patient characteristics,
interventions, surgeries, timing of intervention, and sleep
assessment tools, which hindered direct comparisons of
sleep outcomes. This heterogeneity was unavoidable even
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with the strict selection criteria. Trends in sleep outcomes
were also difficult to compare, given that sleep is a highly
subjective experience, and most studies used a subjective
method to measure sleep quality. Second, studies measuring
objective sleep may have intentionally limited overnight
interventions to decrease sleep disturbance and artifacts
in sleep architecture, leading to inaccurate assessment of
hospital sleep quality. Third, many of the studies we have
included measured sleep as a secondary outcome and
may not be powered to accurately measure sleep quality.
Nevertheless, this systematic review gave a summary of the
best evidence that we have on the pharmacological therapy
on postoperative sleep quality.

A recent systematic review and meta-analysis found that
the pooled prevalence of sleep disturbances at preoperative
assessment was 60% and the risk factors for postoperative
sleep disturbances were pre-existing disturbed sleep and
anxiety.% Also, patients with postoperative delirium had a
higher prevalence of sleep disturbances, and sleep disturbances
in surgical patients negatively impacts postoperative outcomes
and well-being. This emphasizes the need for future studies
that investigate the effects of pharmacological therapies on
sleep as a primary outcome.

In conclusion, pharmacological treatments found in our
systematic review were favorable for enhancing postoperative
sleep. Improved postoperative sleep was associated with
better pain scores and decreased opioid consumption.
However, evidence for the effects of perioperative
pharmacological approaches on postoperative sleep
quality are limited, especially those using validated sleep
measurement tools. High-quality RCTs of adequate power
and methodology are warranted.
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Supplementary Table 1: Sleep assessment tools

Author, year

Assessment tool

Evaluation criteria

Dexmedetomidine
Niu, 2023
Zhang, 2022
Wang, 2021
Mao, 2020
Sun, 2019
Yu, 2019
Jiang, 2018
Chen, 2017
Tan, 2016a
Tan, 2016b

Opioid/opiates
Fu, 2022
Gong, 2017
Lee, 2012

Nonopioid/opiates and hypnotics
Omara, 2019
Eloy, 2017
Gong, 2015
General anesthetics
Zhou, 2023
Ding, 2021

Regional anesthetics
Lee, 2021
Kang, 2020
Cronin, 2001

PSQI

PSG

AIS

SMH

RCSQ

ISI

PSG

PSG

BIS-Vista monitor
BIS-Vista monitor

RCSQ
PSQI
SMH

CSD
PSQI
PSG

RCSQ
PSQI

CSD
PSQI
PSG

Sleep quality (0-21 score)

Sleep architecture, duration, efficiency, sleep fragmentation index

NR

Subjective sleep quality, being clear-headed after waking, sleep satisfaction
VAS

Insomnia score

Sleep efficiency index, arousal index, REM, sleep stages 1-3 (N1-3)

Sleep efficiency index, arousal index, % REM, stage 1, 2, and 3 sleep

Sleep duration, sleep efficiency index, objective sleep quality (BIS-AUC)
Sleep efficiency index, objective sleep quality (BIS-AUC)

Six measures of sleep quality
NR

Overall sleep quality, frequency of awakenings, satisfaction. reason for
awakening, awakening due to pain, ability to sleep subsequently

Sleep quality (scale 0-4)
Sleep quality
Sleep efficacy

Sleep quality

Sleep quality: sleep duration, sleep disturbance, sleep latency, daytime
dysfunction, sleep efficiency, sleep quality, and use of sleep medication

Sleep quality (scale 0-4)
NR
% wakefulness, NREM, SWS, REM sleep, subjective sleep quality, sleep duration

AIS=Athens Insomnia Scale, AUC=area under the curve, BIS=bispectral index, CSD=Consensus Sleep Diary, ESS=Epworth Sleepiness Scale, ISI=Insomnia Severity
Index, NR=not reported, NREM=non-REM, PSD=Pittsburgh Sleep Diary, PSG=polysomnography, PSQI=Pittsburgh Sleep Quality Index, RCSQ=Richard-Campbell Sleep
Questionnaire, REM =rapid eye movement, SEI=sleep efficiency index, SMH=St. Mary Hospital Sleep Questionnaire, SWS=slow wave sleep, VAS=visual analog scale
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Supplementary Figure 1: Risk of bias traffic light plot (a) and risk of bias summary plot (b)




