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Abstract

Study objectives To assess the effect of dexmedetomidine (DEX) on postoperative sleep quality using
polysomnography (PSG) to identify possible interventions for postoperative sleep disturbances.

Methods An electronic search of PubMed/MEDLINE, EMBASE, Cochrane Library and Web of Science was

conducted from database inception to November 20, 2022. Randomized controlled trials (RCTs) on the effect of DEX
administration on postoperative sleep quality using PSG or its derivatives were included. No language restrictions
were applied. The sleep efficiency index (SEI), arousal index (Al), percentages of stage N1, N2 and N3 of non-rapid eye
movement (NREM) sleep, and rapid eye movement (REM) sleep were measured in our meta-analysis.

Results Five studies, involving 381 participants were included. Administration of DEX significantly improved SE|,
lowered Al, decreased the duration of stage N1 sleep and increased the duration of stage N2 sleep compared

to placebo groups. There were no significant differences in the duration of stage N3 sleep and REM sleep. DEX
administration lowered the postoperative Visual Analogue Scale (VAS) score and improved the Ramsay sedation score
with no adverse effect on postoperative delirium (POD). However, high heterogeneity was observed in most of the
primary and secondary outcomes.

Conclusions Our study provides support for the perioperative administration of DEX to improve postoperative sleep
quality. The optimal dosage and overall effect of DEX on postoperative sleep quality require further investigation
using large-scale randomized controlled trials.
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Introduction

Sleep disturbances, including sleep deprivation, disrup-
tion, and abnormal architecture, are prevalent in post-
operative patients [1]. Studies using polysomnography
(PSG) have shown that the sleep pattern of patients is
characterized by a disorganized circadian rhythm, pro-
longed sleep latency, 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), decreased or absent stage 3 of NREM
sleep (also called stage N3 sleep or slow-wave sleep)
and rapid eye movement (REM) sleep [2, 3]. Postopera-
tive sleep disturbances can result in significant adverse
outcomes, including delirium, cardiovascular events,
impaired immune function, prolonged mechanical ven-
tilation, and postoperative physical and mental health
decline [4-6]. Therefore, interventions to improve post-
operative sleep quality are attracting considerable atten-
tion from anesthesiologists.

Dexmedetomidine (DEX), an «-2 adrenergic agonist
with high specificity, has been widely used as a sedative,
anxiolytic, sympatholytic, and analgesic-sparing agent
in clinics [7]. Compared to gamma-aminobutyric acid
(GABA) agonists, DEX more closely resembles natural
NREM sleep [8, 9]. Several studies have reported favor-
able effects of DEX on sleep quality in patients after sur-
gery or in the intensive care unit (ICU), as evaluated by
objective tools, sleep questionnaires, or subjective assess-
ments [10-14]. However, no meta-analysis of random-
ized controlled trials (RCTs) has focused on the effect of
DEX on sleep quality in postoperative patients, and the
optimal dosage and overall effect of DEX remain unclear.

To summarize the available evidence and guide clinical
practice, we conducted this systematic review and meta-
analysis to evaluate the effects of DEX on postoperative
sleep quality using PSG or its derivatives to identify pos-
sible interventions for postoperative sleep disturbance.
We aimed to provide aggregated data and make a more
validated conclusion regarding the administration of
DEX to improve postoperative sleep.

Methods

Standard protocol approval and registration

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline [15]. The
protocol was registered in PROSPERO (registration
number: CRD42022373253).

Search strategy

The search was conducted using PubMed/MEDLINE,
EMBASE, Cochrane Library and Web of Science from
inception to November 20, 2022. The full search strings
for each database are available in Appendix S1. Medical
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Subject Headings (MeSH) terms and corresponding key-
words were combined to find potentially available arti-
cles. For instance, researches about DEX were searched
using “dexmedetomidine” (MeSH term) OR “MPV-1440"
OR “MPV 1440” OR “MPV1440” OR “Precedex” OR
“Dexmedetomidine Hydrochloride” OR “Hydrochloride
Dexmedetomidine” All terms were explored in the “Title/
Abstract” or “Keywords” sections. Moreover, references
from identified studies and relevant published reports
were manually searched to identify possibly eligible trials
in the present topic.

Study selection

Studies were included in our meta-analysis according to
the following criteria: (1) participants: adult patients who
underwent elective surgery; (2) intervention: pre-, peri-,
or postoperative administration of DEX; (3) comparison:
placebo (normal saline), other sedative drugs or analge-
sics; (4) outcome: sleep quality should be objectively eval-
uated through PSG or its derivatives, including at least
one of the following parameters: sleep efficiency index
(SEI) or total sleep time (TST), arousal index (AI), the
percentages of stage N1, N2, and N3 of NREM sleep and
REM sleep; (5) study design: patients should be randomly
allocated to different treatments or different sequences of
treatments; (6) studies should be published or accepted
for publication in a peer-reviewed journal; (7) studies
should be theses or dissertations with full-text access.
We made no restrictions on sample size, treatment dura-
tion, or publication date because of the anticipated small
number of studies that used PSG data. We also made no
geographical or cultural restrictions because we were
interested in a global perspective on postoperative sleep
quality and its treatments.

Duplicate articles were removed, and the titles and
abstracts of potentially eligible articles were indepen-
dently screened by two reviewers (Huizi Liu and Hanwei
Wei). The full-text articles from the remaining studies
were retrieved and reviewed. Only studies that fulfilled
the inclusion criteria were selected for our system-
atic review and meta-analysis. Any discrepancies dur-
ing article selection were reassessed by another author
(Fang Cai) and resolved through discussion to reach a
consensus.

Data extraction and risk of bias assessment

Data for assessing the outcomes were independently
extracted and recorded by two reviewers (Huizi Liu and
Hanwei Wei) from the included studies. Any discrepan-
cies were reassessed by another author (Fang Cai) and
resolved through discussion and consensus. The follow-
ing information of each selected article was collected:
first author; year of publication; study design; geographi-
cal location; sample size; participant characteristics,
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including mean age, gender distribution, American
Society of Anesthesiologists (ASA) classification, type
of surgery; inclusion and exclusion criteria; intervention
strategies (type, dosage, approach, frequency and dura-
tion); primary and secondary outcomes; sleep evaluation
tool; results data and statistical data.

The following outcomes were used to evaluate sleep
quality: (1) SEI or TST: SEI was calculated as the ratio
of TST/total recording time; (2) Al was defined as the
average number of arousals per hour of sleep; and (3)
the percentages of stage N1, N2, and N3 of NREM sleep
and REM sleep. The primary outcome should include at
least one of these parameters. The secondary outcomes
included postoperative Ramsay sedation scores, Visual
Analog Scale (VAS) scores, postoperative delirium
(POD), and postoperative nausea and vomiting (PONV).
We attempted to contact the authors by e-mail if there
were missing data. If a study did not report standard
deviations (SDs), we imputed the SDs of the included
trial comparing the same treatments.

Two reviewers (Huizi Liu and Hanwei Wei) inde-
pendently evaluated the methodological quality of the
included studies using the Cochrane risk-of-bias tool.
The risk of bias for each RCT covered seven domains:
random sequence generation, allocation concealment,
blinding, outcome assessment, incomplete outcome data,
selective reporting and other biases. The risk of bias for
each item was rated as “high,” “low” or “unclear”. Discrep-
ancies were resolved through consensus.

Data synthesis and analysis

Data synthesis and statistical analyses were performed
using the Review Manager (RevMan, version 5.4) soft-
ware (Cochrane Library, Oxford, UK). The data extracted
from the literature in the present review were continu-
ous variables; therefore, we calculated the mean differ-
ences (MDs) and 95% confidence intervals (CIs). If the
primary outcomes were reported as median (interquar-
tile range, IQR), the methodology of Wan et al. [16] and
Luo et al. [17] was used to convert the median (IQR) to
meantSD. Statistical differences were not considered
significant if the 95% CI included zero for the MD. Forest
plots were used to present the pooled results and corre-
sponding 95% Cls. Cochrane Q test (p<0.10 for a statis-
tical significance) and I* test were conducted to evaluate
the heterogeneity among included research. As described
in the Cochrane review guidelines, I > 50% indicated a
significantly high heterogeneity, and the correspond-
ing outcome was analyzed with a random effects model,
whereas the fixed effects model was applied. In addition,
an egger test and begg test were performed to explore
possible publication bias. A trial sequential analysis of
PSG parameter was performed to determine whether the
sample size was adequate and the results were stable.
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Subgroup analysis was performed according to the
severity of illness, administration regimen of DEX, type
of surgery, ward environment, etc. Heterogeneity was
resolved by subgroup analysis when two or more studies
were included in each subgroup. Additionally, based on
the results of the quality evaluation, a sensitivity analysis
was performed by excluding articles with a significantly
high risk of bias.

Results

Study selection and characteristics

A total of 202 potentially relevant articles were identi-
fied initially from the electronic databases and 116 arti-
cles remained after removing duplicates. 64 articles were
excluded after reading titles and abstracts because they
did not meet the inclusion criteria. After reviewing the
full text of the remaining 52 potentially eligible articles,
21 were excluded because they were study protocols, one
was a review, 15 had no PSG data, seven were not for sur-
gical patients, one was not an adult study, one was not an
RCT, and one had no control group. Five eligible studies
were identified [13, 14, 18-20]. The selection process is
illustrated in Fig. 1.

The relevant baseline characteristics of each study,
including descriptions of the DEX administration
regimens, are summarized in Table 1. After exclud-
ing the number of dropouts reported in each study, the
meta-analysis covered a sample size of 381 patients and
included five RCTs. Two studies used DEX postopera-
tively, two used it as an adjuvant in patient controlled
analgesia (PCA), and one study used DEX intraopera-
tively. All the PSG parameters were collected on the first
night after surgery. The VAS score and Ramsay sedation
score were assessed at 6 h after surgery. For PSG param-
eters, five studies reported SEI, Al and the percentage
of REM sleep; four studies reported the percentages of
stage N1, N2, and N3 of NREM sleep, and two studies
reported TST. Postoperative analgesia was provided with
a patient-controlled intravenous or epidural analgesia
pump to maintain the VAS<4 at rest or behavior pain
score<6, except for patients in one study undergoing
endoscopic sinus surgery. Supplemental analgesics were
administered for patients when necessary.

Meta-analysis results

Five studies reported the effect of DEX on SEI and Al
compared to placebo groups, and the forest plots are pre-
sented in Fig. 2a, b. Administration of DEX significantly
improved SEI (11.25%, 95%CI=1.91-20.59, p=0.02) and
lowered Al (-2.21, 95%CI = -3.61- -0.81, p=0.002). Four
studies reported the effect of DEX on the percentages
of stage N1, N2, and N3 of NREM sleep compared to
placebo groups. The comparison showed that the dura-
tion of stage N1 sleep was shortened (-11.96%, 95%CI =
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Fig. 1 The flow diagram of identifying studies through systemic search in multiple databases

-22.54- -1.38, p=0.03) and the duration of stage N2 sleep
was longer (14.86%, 95%CI=9.07-20.66, p < 0.00001) in
the DEX group than in the placebo group (Fig. 2c, d).
There were no significant differences in the duration of
stage N3 sleep (-2.09%, 95%CI = -7.51-3.33, p=0.45)
and REM sleep (-0.20%, 95%CI = -1.17-0.77, p=0.69), as
shown in Fig. 2e, f. Two studies reporting TST showed
that the administration of DEX significantly prolonged
TST (74.55 min, 95%CI=29.90-119.21, p=0.001)
(Fig. 2g). The trial sequential analysis was performed on
the SEI and AI (Fig. 3). The cumulative Z-curve crossed
both the conventional meta-analysis boundary and the
trial sequential monitoring boundary before the accumu-
lated information reached the required information size,

which demonstrated that our results were considered to
be stable.

For secondary outcomes, four studies collected postop-
erative VAS scores, two reported Ramsay sedation scores
and the incidence of POD, and one mentioned the inci-
dence of PONV. Our meta-analysis demonstrated that
DEX administration lowered the postoperative VAS score
(-1.05, 95%CI = -1.81- -0.29, p = 0.007) and improved
the Ramsay sedation score (0.40, 95%CI = 0.35-0.45, p
< 0.00001) with no adverse effect on POD (odds ratio =
0.88, 95%CI = 0.32-2.40, p = 0.80), as shown in Fig. 4. The
meta-analysis for PONV was not conducted because of
insufficient data. However, considering the high hetero-
geneity of most PSG parameters to evaluate sleep quality
and secondary outcomes, we indicated that one or more
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Fig. 2 Forest plots for effects of DEX compared with placebo on sleep quality. (a) SEI, sleep efficiency index; (b) Al, arousal index; (c) N1, stage 1 of non-
rapid eye movement sleep; (d) N2, stage 2 of non-rapid eye movement sleep; (e) N3, stage 3 of non-rapid eye movement sleep; (f) REM, rapid eye move-
ment sleep; (g) TST, total sleep time; Cl, confidence interval

Discussion perioperative administration of DEX may be adequate to
To the best of our knowledge, this is the first meta- improve postoperative sleep quality within a short period
analysis to evaluate the effects of DEX on postoperative by increasing the percentage of stage N2 sleep and sleep
sleep quality based on PSG data. The results of our sys- efficiency, prolonging the duration of TST, and decreas-
tematic review and meta-analysis of RCTs showed that ing the percentage of stage N1 sleep and sleep arousals.
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Fig. 4 Forest plots for effects of DEX compared with placebo on secondary outcomes. a. VAS score, Visual Analog Scale score; c. POD, postoperative

delirium, Cl, confidence interval

Table 2 Subgroup analysis stratified by severity of illness

Subgroup Sample size Weight (%) MD with [95%Cl] 4 12(%) P value
DEX Control

SEI ICU 64 65 355 9.98 [3.48, 16.47] 3.01 0 0.003
Non-ICU 143 109 64.5 11.64 [-0.39, 23.66] 1.90 98 0.06

Al ICU 64 65 219 -1.27[-2.73,0.18] 1.72 0 0.09
Non-ICU 143 109 781 -2.511[-4.17,-0.86] 2.98 96 0.003

N1 ICU 64 65 376 -8.09 [-14.93,-1.26] 232 0 0.02
Non-ICU 95 61 624 -12.88 [-26.83, 1.08] 1.81 99 0.07

N2 ICU 64 65 244 7.21[-7.88,22.30] 0.94 39 0.35
Non-ICU 95 61 75.6 17.82[13.53,22.12] 0.13 79 <0.00001

N3 ICU 64 65 0 NE NA NA NA
Non-ICU 95 61 100 -2.09[-7.51,3.33] 0.76 92 045

REM ICU 33 35 306 0[-0.04,0.04] 0 NA 1
Non-ICU 143 109 694 -0.34[-2.32,1.64] 0.33 92 0.74

SEl, sleep efficiency index; Al, arousal index; N1, stage 1 of non-rapid eye movement sleep; N2, stage 2 of non-rapid eye movement sleep; N3, stage 3 of non-rapid
eye movement sleep; REM, rapid eye movement sleep; MD, mean difference; Cl, confidence interval; NE, not estimable; NA, not applicable

Additionally, the administration of DEX could provide
effective postoperative analgesia by reducing the VAS
score.

Many variables can be used to measure sleep qual-
ity. PSG can assess sleep architecture objectively and
accurately reflect the percentage of each sleep stage,

which is more helpful for our subsequent meta-analy-
sis. In addition to PSG, objective tools include portable
sleep monitor and the bispectral index (BIS). A portable
sleep monitor can evaluate sleep efficiency, percentage
of REM sleep, and unstable and stable sleep, whereas
the BIS measures the level of sedation, sleep depth, SEI,
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and TST. Subjective tools are mostly questionnaires
and scales, including the Pittsburgh Sleep Quality Index
(PSQI), Richards Campbell Sleep Questionnaire (RCSQ),
St. Mary Hospital Sleep Questionnaire (SMH), numeric
rating scale (NRS), insomnia severity index (ISI), Ath-
ens insomnia scale (AIS), consensus sleep diary (CSD),
and other simple questions. Apart from our results using
PSG, other questionnaires of the above-mentioned tools
also showed positive effects of DEX on postoperative
sleep quality [21-28].

A normal sleep pattern and cycle are crucial to main-
tain normal physiological and mental functions. Stage
N1 is regarded as light sleep (drowsiness) and stages N2
and N3 represent deeper sleep. Slow-wave sleep (SWS)
is considered to be the deepest sleep stage. Dream-
ing usually occurs in REM sleep [29]. Previous stud-
ies have reported that patients experienced severe sleep
disturbances with a pronounced decrease in REM sleep
immediately after surgery and a tendency for a rebound
phenomenon within the first week after surgery [30],
even in some fast-track surgeries involving regional anes-
thesia, opioid-sparing multimodal analgesia, mobiliza-
tion on the day of surgery, and a planned length of stay
of 1-3 days [31]. At the same time, stage N1 sleep was
significantly longer [1, 13]. Electroencephalogram (EEG)
patterns associated with DEX-induced sleep include
spindle and slow-delta oscillations, which are similar to
physiological stage N2 sleep [32]. DEX binds to recep-
tors in the locus coeruleus and inhibits norepinephrine
release, which causes GABA output from the ventrolat-
eral preoptic nucleus, resulting in NREM sleep patterns
[10]. Norepinephrine plays a permissive role during REM
sleep [33]; therefore, inhibition of its release by DEX
may make REM sleep difficult to achieve. These results
are consistent with our meta-analysis findings that DEX
provides a slightly deeper and more physiological sleep
pattern and improves postoperative sleep architecture by
shortening stage N1 sleep and prolonging stage N2 sleep
with no significant effect on REM sleep. Additionally,
increased stage N2 sleep and decreased REM sleep were
found in healthy volunteers using an oral dosage formu-
lation of DEX [34]. Stage N3 sleep is promoted by DEX
in a dose-dependent manner [35, 36], which may be ben-
eficial for cognitive function and synaptic plasticity [37].

The dosage and timing of administration were related
to the effects of DEX on postoperative sleep quality. A
real-world cohort study covering 7418 patients under-
going non-cardiac major surgery demonstrated that the
incidence of severe sleep disturbance in the low-dose
(0.2-0.4 pg/kg/h) DEX group was significantly lower than
that in the medium- (0.4-0.6 pg/kg/h) and high-dose
(0.6—-0.8 ug/kg/h) DEX groups [26]. Jiang et al. [18] com-
pared the effects of oxycodone in combination with dif-
ferent doses of DEX on postoperative sleep quality, and
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the results indicated that larger doses of DEX did not fur-
ther improve sleep but increased the risk of hypotension.
From these results, it can be concluded that low-dose
DEX may be the optimal treatment for postoperative
sleep disturbance. Song et al. [28] found that intraopera-
tive use of DEX during the daytime (8:00—12:00) opera-
tion could improve sleep efficiency and subjective sleep
quality and promote the analgesic property of sufentanil-
based PCA than that during the nighttime (18:00—22:00)
operation under general anesthesia, which might be
explained by the pharmacologic sensitivity influenced
by chronobiology and time-dependent variations in pain
[38]. However, Tan et al. [39] reported worse sleep on
the night of surgery using DEX under spinal anesthesia
than with midazolam. A possible explanation is that the
natural sleep cycle of patients is disturbed during the
daytime with the deeper sedative state provided by DEX.
Similar results were obtained in the ICU [10]. Given the
above, further studies should focus on the optimal dosage
of DEX and the timing of administration to better treat
postoperative sleep disturbances.

Postoperative sleep disturbances can lead to hyperalge-
sia [40]. Therefore, effective postoperative analgesia may
positively affect sleep quality. As widely used analgesics,
opioids have been reported to negatively impact sleep
architecture by decreasing REM and stable sleep, result-
ing in deteriorated sleep quality in post-surgical patients
[1]. The result of our meta-analysis on postoperative
analgesia is also consistent with previous studies [28, 41,
42]. DEX, used as an adjuvant for pain management, can
contribute to the recovery-promoting effect and treat
postoperative sleep disturbances induced by pain.

Critically ill patients exhibit disorganized and poor
sleep quality, as evidenced by the lack of sequential
progression through sleep stages and low percentages
of SWS and REM sleep [5, 6, 43]. Even after discharge,
patients report sleep disturbances and continue to
experience poor sleep quality [44]. Oto et al. [10] first
performed PSG to assess sleep with DEX sedation in
mechanically ventilated patients and concluded that
night-time infusion of DEX preserved the day-night cycle
of sleep but induced severely disturbed sleep architecture
without evidence of SWS and REM sleep. However, the
absence of a control group and poor control of sedation
depth complicates the interpretation of these results.
Subsequently, a pilot study [45] demonstrated that night-
time DEX administration to achieve the recommended
light sedation in critically ill patients increased sleep effi-
ciency and improved sleep quality by reducing sleep frag-
mentation and shifting sleep from stage N1 to stage N2.
DEX modified the 24-h sleep pattern by shifting sleep
mainly to the night, partly restoring the normal circadian
rhythm. In addition, this study found that DEX sedation
did not increase most restorative sleep stages (SWS and
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REM), which is in line with our meta-analysis. As shown
in Fig. 2, two studies involving ICU patients reported
longer TST but very low percentages or even the absence
of stage N3 and REM sleep. A possible explanation is
that the sleep quality of critically ill patients remains low
even during sedation with this agent. This result suggests
that although the TST may be normal or even increased,
critically ill patients are considered to have qualitatively
disrupted sleep. Recent studies have reported positive
effects of DEX on sleep quality in critically ill patients
with or without surgical procedures [12, 46]. Future stud-
ies should focus on the duration or frequency of DEX
administration to improve the sleep quality in these
patients.

The side effects of the perioperative administration of
DEX remain controversial. Some studies have suggested
that DEX could cause hypotension or bradycardia [13,
18, 20, 47], while others have reported similar respiratory
and hemodynamic safety of DEX compared to placebo or
other sedatives [23, 39, 42]. Of the included studies in our
meta-analysis, two studies reported that the use of DEX
slightly increased the occurrence of hypotension and bra-
dycardia without the requirement of intervention [13,
18], while the other studies showed no significant differ-
ences with regard to those side effects or the percentage
of drug interruption because of the above side effects.
Although we did not conclude that DEX had significant
side effects or unsafe outcomes, dosage and infusion rate
should be considered, since hypotension and bradycardia
caused by DEX are common in clinical settings, espe-
cially in aged population.

Limitations

The present meta-analysis had several limitations. First,
considering the unified evaluation of sleep quality, only
studies using PSG were included, which led to the small
sample size of our meta-analysis. The limited number of
studies for the majority of outcomes precluded effective
comparisons, exploration of heterogeneity, and assess-
ment of small-study effects. Second, DEX regimens and
timing of administration, patient population, the sever-
ity of illness, type of surgery, and follow-up varied widely
across the included trials, which explains the high hetero-
geneity of most parameters in our results. Furthermore,
in our assessment of the risk of bias, some trials had high
risk in at least one domain. Due to the lack of detailed
reporting, the risk of bias was rated as unclear in several
domains. Last but not least, the inclusion and exclusion
criteria were strictly observed by all our reviewers, how-
ever, the final included studies were all from China. We
have done the egger test and begg test, which showed no
publication bias.
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Conclusion

In conclusion, our systematic review and meta-analysis
provided support for the perioperative administration of
DEX in improving postoperative sleep quality by increas-
ing the percentage of stage N2 sleep and sleep efficiency,
prolonging the duration of TST, and decreasing the per-
centage of stage N1 sleep and sleep arousals. In addition,
DEX, used as an adjuvant for pain management, pro-
vided effective postoperative analgesia. Based on these
results, future studies are needed to determine the opti-
mal dosage and regimen, timing of administration, over-
all efficacy, and safety of DEX in a broad range of patient
populations.
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