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Purpose: Postoperative sleep disturbances are common and deleteriously affect patient recovery, yet effective pharmacologic
interventions remain limited. Esketamine has demonstrated analgesic and antidepressant properties, but its effect on postoperative
sleep quality is unclear. To assess the impact of perioperative esketamine on subjective sleep quality in adult surgical patients.
Patients and Methods: Randomized controlled trials (RCTs) comparing esketamine with placebo, standard care, or other sedatives
were retrieved from PubMed, Embase, and the Cochrane Library up to September 1, 2025. The primary outcome was postoperative
subjective sleep quality, measured by validated scales. Secondary outcomes included incidence of sleep disturbance, pain scores,
anxiety, depression, and quality of recovery (QoR-15). Subgroup analyses were prespecified by dose, timing, and dexmedetomidine
co-administration. Among 21 included RCTs, 15 studies with 6880 participants reported postoperative subjective sleep quality.
Results: The baseline sleep scores were comparable between esketamine and control groups. On postoperative day 1, esketamine
significantly improved sleep quality (SMD = —0.40, 95% CI [—0.59, —0.20], I* = 72%, p < 0.0001). Subgroup analyses indicated that
higher doses (> 0.25 mg/kg) and intraoperative administration yielded larger effects. Esketamine also significantly decreased the
incidence of postoperative sleep disturbance, reduced pain scores, and improved QoR-15. No significant effects were found for anxiety
or depression outcomes.

Conclusion: Perioperative esketamine significantly enhances subjective sleep quality, reduces sleep disturbance incidence, and also
confers analgesic and recovery benefits.

Systematic Review Registration: www.crd.york.ac.uk/PROSPEROY/, identifier, CRD420251138011.

Keywords: esketamine, postoperative sleep quality, sleep disturbance, systematic review, meta-analysis

Introduction
Postoperative sleep disturbance (PSD) is a common but often underestimated complication following surgery.
Epidemiological studies have shown that up to 60—80% of surgical patients experience varying degrees of sleep
disruption during the first few postoperative nights, characterized by difficulty falling asleep, frequent awakenings,
and reduced sleep efficiency.'” These disturbances have been linked to increased pain perception, heightened sympa-
thetic activity, immune suppression, delayed wound healing, and a higher risk of postoperative neurocognitive disorders
(PND).>” Sleep deprivation during the perioperative period also interferes with circadian regulation and hormonal
secretion, particularly melatonin and cortisol rhythm.® As perioperative medicine increasingly emphasizes enhanced
recovery and holistic outcomes, the maintenance and restoration of sleep quality have become critical but under-
appreciated components of postoperative care.

Various pharmacologic and nonpharmacologic interventions have been investigated to mitigate PSD, including
dexmedetomidine, melatonin, and cognitive-behavioral strategies.” ° Among these, dexmedetomidine has shown sleep-

promoting properties by mimicking non-rapid eye movement (NREM) sleep; however, its clinical application is limited
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by bradycardia, hypotension, and dose-dependent sedation.'® Melatonin and its agonists exhibit variable efficacy across
surgical types and patient populations.'! Moreover, pharmacologic sleep aids often fail to address the multifactorial
causes of perioperative sleep loss, including pain, inflammation, and psychological stress. Given these limitations, there
is growing recognition that certain anesthetic and analgesic agents themselves may have therapeutic potential in
regulating perioperative sleep. Anesthetic drugs that modulate NMDA or GABA receptors may influence sleep—wake
homeostasis beyond their sedative properties, providing an innovative direction for improving sleep quality and
enhancing postoperative recovery.

Esketamine, the S-enantiomer of racemic ketamine, is a potent N-methyl-D-aspartate (NMDA) receptor antagonist
with approximately twice the affinity of ketamine for the NMDA receptor and a more favorable pharmacokinetic
profile.'*!? Clinically, esketamine has demonstrated rapid-acting antidepressant, anxiolytic, and analgesic effects,
making it an attractive candidate for improving postoperative recovery beyond anesthesia and pain control.'*'> Over
the past few years, multiple trials have examined its perioperative use, particularly in cesarean section and general
surgical populations, suggesting potential benefits in mood stabilization and pain reduction. However, the evidence
concerning its effect on sleep remains inconsistent and inconclusive.

Given the growing clinical and scientific interest in the relationship between anesthetic agents and perioperative sleep
regulation, it remains unclear whether esketamine exerts a consistent and clinically meaningful effect on postoperative
sleep quality. Although individual trials have explored perioperative esketamine use, postoperative sleep quality has often
been reported as a secondary outcome, and no prior meta-analysis has specifically synthesized its effects on postoperative
subjective sleep quality with consideration of dose and timing strategies. Therefore, this study aimed to systematically
evaluate the impact of perioperative esketamine administration on postoperative sleep quality in adult surgical patients. In
addition, secondary outcomes—including the incidence of sleep disturbance, postoperative pain, anxiety, depression, and
the 15-item Quality of Recovery (QoR-15) score—were analyzed to provide a multidimensional understanding of
postoperative recovery.

Methods and Materials

This systematic review and meta-analysis adhered to the 2020 Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement guidelines'® (Supplementary Material: Table S1). The study protocol was prospec-

tively registered in the International Prospective Register of Systematic Reviews (PROSPERO) with the registration
number CRD420251138011, dated September 1, 2025.

Inclusion and Exclusion Criteria

Studies were deemed eligible for inclusion when they fulfilled the following conditions as defined by the PICOS criteria:
(1) population: adult individuals aged 18 years or older who underwent elective surgical procedures under any form of
anesthesia; (2) intervention: administration of esketamine during the perioperative period, regardless of the route of
administration, dosage, or dosing regimen; (3) comparison: placebo (normal saline), standard care, or other sedative
agents administered as control interventions; (4) outcomes: postoperative subjective sleep quality, evaluated using
validated and standardized scales (eg., PSQI, AIS, or other sleep quality assessment tools); (5) study design: only
randomized controlled trials (RCTs) were included.

Studies were excluded if they satisfied any of the following conditions: (1) non-randomized or retrospective designs,
including case reports, conference abstracts, reviews, animal experiments, or protocols without available data; (2) studies
involving pediatric, obstetric, or non-surgical populations; (3) studies in which anesthetic techniques or anesthetic agents
differed substantially between groups, potentially confounding postoperative sleep outcomes; (4) articles retracted after
publication; (5) duplicate publications or studies with incomplete or unavailable outcome data even after contacting the
authors. No language restriction was applied.

Search Strategy
A comprehensive literature search was conducted in PubMed, the Cochrane Library, and Embase to identify eligible
studies published before March 1, 2026. To ensure a comprehensive and sensitive search, both Medical Subject Headings
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(MeSH) terminology and free-text keywords were applied. The core search terms included “esketamine”, “sleep”, and
“randomized controlled trial”. The search strategy was tailored to each database and combined using Boolean operators
(“AND” and “OR”) as appropriate. Detailed search strategies for each database are outlined in Supplementary Material:

Table S2. Both reviewers (JCZ and YNY) worked independently, and disagreements were resolved by consensus or
a third reviewer (XHW).

Data Extraction

Two reviewers (JCZ and YNY) independently extracted data using a predesigned and standardized form. The following
baseline characteristics were collected from each included study: first author, year of publication, country, type of
surgery, sample size, mean age, and sex distribution of the study population. Information regarding sleep quality
assessment included the measurement tools (eg., PSQI, AIS, VAS, or other validated scales) and the specific time points
of evaluation. In addition, data were extracted for secondary outcomes, if reported, including: (1) incidence of sleep
disturbance; (2) pain score; (3) anxiety score; (4) depression score; and (5) 15-item Quality of Recovery (QoR-15) scale
score. Detailed intervention characteristics were also recorded, including the type of anesthesia, route, timing, dosage,
and frequency of esketamine administration, as well as any co-administered agents (eg., dexmedetomidine). For control
groups, the type of comparator (placebo, standard care, or other sedative) was documented. Any disagreements between
the two reviewers were settled through discussion or, if necessary, by consultation with a third investigator (XHW).

Risk of Bias Assessment and Quality Assessment

Two independent reviewers (JCZ and YNY) evaluated the methodological quality of the included randomized controlled
trials using the Cochrane Collaboration’s Risk of Bias assessment tool.'” The following seven domains were evaluated:
random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and other potential sources of bias. Each domain was judged
as having a low, high, or unclear risk of bias. Discrepancies in assessments were resolved through discussion or, if
necessary, by consultation with a third reviewer (XHW). A summary of the risk of bias evaluation was presented in both
tabular and graphical formats. The certainty of evidence was assessed using the GRADE approach.

Statistical Analysis

All statistical analyses were performed using Review Manager (RevMan) version 5.3 and Stata version 17.0. For
continuous outcomes, results were expressed as standardized mean differences (SMDs) with 95% confidence intervals
(CIs), in order to account for potential variations in measurement units across studies. For dichotomous outcomes, risk
ratios (RRs) with corresponding 95% Cls were calculated. When continuous data were presented as median with
interquartile range (IQR) or range, the values were converted to mean + standard deviation (SD) using established
methods proposed by Luo et al'® and Wan et al'® Between-study heterogeneity was assessed using the Cochrane Q test
and I? statistic. An I value > 50% or a p-value < 0.10 for the Q test was considered indicative of substantial
heterogeneity, in which case a random-effects model was applied; otherwise, a fixed-effects model was used.
Sensitivity analyses were conducted by sequentially omitting each study to assess the robustness of pooled results.
Publication bias was evaluated through funnel plot inspection and Egger’s regression test when at least 10 studies were
included in the analysis. A two-tailed p-value < 0.05 was considered statistically significant.

Subgroup Analysis
Prespecified subgroup analyses were conducted to explore potential sources of between-study heterogeneity in the
primary outcome (postoperative subjective sleep quality on postoperative day 1).

Subgroups were defined based on clinically relevant and methodological variables, including esketamine dosage (<
0.25 mg/kg vs > 0.25 mg/kg), timing of administration (intraoperative only, postoperative only, or both), co-
administration with dexmedetomidine (yes vs no), age (< 60 years vs > 60 years), sex distribution (female-dominant
vs mixed population), type of surgery (abdominal surgery, orthopedic surgery, or other), anesthesia modality (general
anesthesia vs non-general anesthesia), and sleep assessment tool (AIS, PSQI, or other scales such as NRS, RCSQ, and
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RCQS). The dose cut-point of 0.25 mg/kg was selected based on commonly used dosing regimens in the included studies

and clinical practice.
Subgroup analyses were conducted only when sufficient data (at least two studies) were available for comparison.

Results

Study Selection

An initial search of the databases yielded 607 records in total, including 73 from PubMed, 335 from the Cochrane
Library, and 199 from Embase. After the removal of duplicates, 345 studies remained for title and abstract screening.
Subsequently, a total of 68 full-text articles were evaluated for eligibility, with 47 excluded for failing to meet the
inclusion criteria, primarily because they were not randomized controlled trials (n = 5), involved racemic ketamine rather
than esketamine (n = 22), included non-surgical patients (n = 11), did not report sleep-related outcomes (n = 5), had
inaccessible data (n = 2), or had been retracted (n = 2). Ultimately, 21 randomized controlled trials satisfied the inclusion
criteria and were incorporated into both the qualitative and quantitative analyses (Figure 1).

Characteristics of the Included Studies

21 randomized controlled trials,”** all conducted in China, were included (Table 1). Per-arm sample sizes ranged
from 23 to 195, and the overall age spanned approximately the third to eighth decades; sex distribution varied by
procedure, with several female-only cohorts (eg., gynecologic and breast surgeries) and others including a majority of
men. Sleep quality were evaluated using diverse scoring scales: AIS in 7 trials, PSQI in 6, NRS in 6, RCQS in 3,
RCSQ in 1, and a 4-point sleep scale in 1 trial. Assessment time points most commonly included baseline and

N
J

Records identified through
database searching (n=607)

Records excluded after review of
titles and abstracts (n=277)
Reviews (n=27)
Not English (n=8)
Records after duplicates Not related (n=73)

removed (n=345) Ongoing trials (n=52)
Others (n=117)

[ Screening J [ Identification

Full-text articles assessed Full-text articles excluded (n=47)

for eligibility (n=68) E::aif; ((1:1::52)2)

> Not surgical patients (n=11)
% Without the listed outcome (n=5)
) Unable to access data (n=2)
w Studies included in Retracted (n=2)
— qualitative synthesis (n=21)
2
= Studies included in
= quantitative synthesis
B (meta-analysis) (n=21)

Figure | Flow diagram of the study selection.
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Table | Characteristics of the Included Trials

First Author, Country | Type of Surgery Sample Size Age (E/IC) Male (E/C)(%) | Evaluation Evaluation Other

Year (E/C) Scale Time Outcomes

Chen H* 2024 | China Liposuction 78177 33.3/33.1 25.6/22.1 AlS AB e®

Chen Y% 2025 China Modified radical mastectomy 72/73 48.30/49.60 0/0 RCQS ABC @

Geng X,24 2025 | China Radical mastectomy 25/25 50.44/50.80 0/0 AlS BD ©@

He Q,*2 2024 China Debridement or skin graft 28/27 40.5/40.1 71.4/66.7 PSQI E @®

Lin X,>* 2024 China Laparoscopic resection of gastric carcinoma 62/62 64.30/66.81 72.58/69.35 RCQS ABDE @

Ma C3° 2024 China Total hip or knee arthroplasty 130/130 69.0/68.6 29/25 AIS, NRS ABCD @

Qiu D*° 2022 China Gynecological laparoscopy 92/91 43/45 0/0 AlS ABD ORE®

Shang Y,2' 2025 China Cesarean delivery 62/62 31.00/31.83 0/0 PSQI ADE @®

Song Z,2° 2025 China Surgical abortion 102/102 30.5/32 0/0 AlS ABCDE OEE®®

Wang P¥7 2023 China Thyroidectomy 30/30 45.1/42.4 13.3/16.7 4-point scale AB @

Wang H,%¢ 2025 | China Laparoscopic abdominal surgery 100/100 72.65 /73.02 67/56 NRS BD ORE®

Wang W,2* 2025 | China Laparoscopic major abdominal surgery 80/77 55/55 61.3/70.1 PSQI AE @

Wei Q.2 2024 China Total hip replacement 38/34 54/51 71.1/70.1 PSQI ABC ®

Wu Y, 22 2025 China Laparoscopic cholecystectomy 43/43 47.9/149.7 53.5/48.8 PSQILAIS ABCD ©@

Yuan J,° 2022 China Thoracic surgery 29/23 56/53 21/30 NRS BC @

Zhang T,° 2023 China Gynecological abdominal surgery 33/31 53.6/54.3 0/0 RCQS ABC @

Zhang Y,*® 2023 China Scoliosis correction surgery 99/100 35/35 62.6/70 NRS ABCDE @

Zhao Y, 2025 | China Total hip or knee arthroplasty 57/55 70/70 31.6/27.2 AlS ABCDE 0BO06)

Zhou R, 2023 China Video-assisted thoracoscopic surgical lung lesion 195/192 52.08/50.74 36.9/43.2 PSQI, RCSQ ABD @G
resection

Zhou Y2 2025 China Gynecological laparoscopy 49/49 31/31 0/0 NRS ABDE 00©)

Zhu M, 2022 China Modified radical mastectomy 33/33 54.1/51.6 0/0 NRS B @G

Notes: A: baseline; B: on postoperative day |; C: on postoperative day 2; D: on postoperative day 3; E: within one month after surgery. @: incidence of sleep disturbance; @: pain score; ®: anxiety score; ®: depression score; ®: |5-item

quality of recovery (QoR-15) scale score. 4-point scale: |, slept well; 2, disturbed sleep; 3, sleep with much dream; 4, sleepless.
Abbreviations: E, esketamine group; C, control group; NR, not reported; AlS, Athens insomnia scale; PSQI, Pittsburgh sleep quality index; NRS, numerical rating scale; RCQS, Richards-Campbell Sleep Questionnaire.
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postoperative days 1-3, with several studies additionally assessing within one month after surgery. Besides subjective
sleep quality, many trials also reported incidence of sleep disturbance, pain, anxiety, depression, and QoR-15
outcomes.

Characteristics of Intervention

Intervention characteristics were depicted in Table 2. Across the included trials, esketamine was administered
intravenously under a variety of anesthetic techniques, most commonly general anesthesia. Timing of administration
covered induction, maintenance, and postoperative PCIA, with many trials dosing during maintenance alone, and
others using combinations schedules. Bolus doses at induction or PCIA ranged from 0.2-0.5 mg/kg, with fixed-dose
PCIA regimens such as 50 mg or 100 mg, and a weight-based PCIA dose of 0.72 mg/kg in one trial. Maintenance
infusions most often ranged from 0.1-0.5 mg/kg/h, though higher rates (eg., 1 mg/kg/h) were reported in individual
studies. 3 trials co-administered dexmedetomidine with esketamine, while 2 specified that dexmedetomidine was
provided to both groups. Control conditions were predominantly placebo (normal saline), with several studies using
standard-of-care comparators.

Risk of Bias and GRADE Quality Assessment

A total of 21 randomized controlled trials were included in the risk of bias assessment. As shown in Figures 2 and 3, 3
studies®'**** did not report the method of allocation concealment, and one study® had incomplete outcome data that

could not be fully accounted for. Moreover, 3 studies®'=***

explicitly acknowledged potential design-related biases in
their limitation sections, which were therefore judged as high risk. These included potential confounding bias, lack of
detailed stratification by surgical characteristics (eg., variation in liposuction sites without subgroup differentiation),
restriction of participants without preoperative depressive history, and baseline imbalances between groups. Overall, only
a few studies exhibited high-risk judgments, and the methodological quality of the included trials was considered

acceptable According to the GRADE assessment (Supplementary Material: Table S3), the certainty of evidence ranged

from low to moderate across outcomes.

Publication Bias Assessment
Potential publication bias for the analysis of subjective sleep quality scores on the first postoperative day was assessed
using both funnel plot inspection (Supplementary Material: Figure S1) and Egger’s linear regression test. The funnel plot

appeared generally symmetrical, and Egger’s test (p = 0.825) showed no statistically significant evidence of publication
bias. For postoperative pain scores at rest on postoperative day 1, publication bias was also evaluated because more than
10 studies were included in this analysis. Visual inspection of the funnel plot suggested a degree of asymmetry
(Supplementary Material: Figure S2). Egger’s regression test indicated potential publication bias (p = 0.022).

Therefore, the pooled estimate for this outcome should be interpreted with caution.

Primary Outcome Assessment

Subjective Sleep Quality Score

A total of 15 studies involving 6880 patients (3450 in the esketamine group and 3425 in the control group) reported
subjective sleep quality scores. At the preoperative baseline, there was no significant difference between groups
(SMD = —0.01, 95% CI [-0.10, 0.08], I> = 0%, p = 0.88), indicating comparable sleep quality before intervention.
On postoperative day 1, esketamine significantly improved subjective sleep quality (SMD = —0.40, 95% CI [-0.59,
-0.20], I? = 72%, p < 0.0001). The corresponding prediction interval ranged from —1.02 to 0.22. The effect persisted
on day 2 (SMD = —0.47, 95% CI [-0.85, —0.10], I> = 87%, p = 0.01), though heterogeneity remained high. By day
3, the difference narrowed and did not reach statistical significance (SMD = —0.24, 95% CI [—0.50, 0.01], I? = 81%,
p = 0.06). Within one month after surgery, sleep quality remained significantly better in the esketamine group
compared with control (SMD = —-0.31, 95% CI [-0.57, —0.06], I? = 76%, p = 0.01) (Figure 4). Because lower scores
on the included sleep scales indicate better sleep quality, negative SMD values favor the esketamine group.
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Table 2 Characteristics of the Interventions in the Included Studies

First Author, Year

Type of Anesthesia

Time of Administration

Dosage

Combined Medication

Control Group

Chen H,*® 2024
Chen Y,% 2025
Geng X,2* 2025
He Q,*2 2024
Lin X,3* 2024
Ma C,*° 2024
Qiu D,*° 2022
Shang Y,2' 2025
Song Z,2° 2025
Wang P37 2023
Wang H,% 2025
Wang W,2> 2025
Wei Q' 2024
Wu Y, 22 2025
Yuan J,% 2022
Zhang T2 2023
Zhang Y,*® 2023
Zhao Y,28 2025
Zhou R3¢ 2023
Zhou Y, 2025
Zhu M,*8 2022

TLA+IVA
TIVA

GA

GA

GA

GA

GA

CSEA

GA

GA

GA

GA
GA+NBA
GA+LIA
TIVA

GA

GA
GA+NBA
GA+NBA
GA

GA

AB
B
B
AC
AC

0.3 mg/kg/h (A)+0.15 mg/kg/h (B)

0.2 mg/kg loading dose, followed by 0.1 mg/kg/h infusion (B)
0.3 mg/kg/h (B)

0.5 mg/kg (A)+1.5 mg/kg (C)

0.5 mg/kg (A)+1 mg/kg (C)

0.20 mg/kg (A)+0.125 mg/kg/h (B)+0.5 mg/kg (C)
0.3 mg/kg/h (B)

0.25 mg/kg (B)+1.5 pg/kg (C)

0.2 mg/kg (B)

0.5 mg/kg loading dose, followed by 0.24 mg/kg/h infusion (B)
0.3 mg/kg/h (B)

0.2-0.5 mg/kg/h (B)

100 mg (C)

0.5 mg/kg/h (B)

0.25 mg/kg/h (B)

0.2 mg/kg/h (B)+50mg (C)

50 mg (C)

0.72 mg/kg (C)

0.5 mg/kg (A)

| mg/kg/h (B)

0.5mg/kg loading, followed by 4 ug/kg/h infusion (B)

None*

None
Dexmedetomidine
None

None

None

None

None

None

None

None
Dexmedetomidine
None*

None

None

None
Dexmedetomidine
None

None

None

None

Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Standard-of-care
Standard-of-care
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)
Placebo (saline)

Notes: A: Induction of anaesthesia; B: Maintenance of anesthesia; C: PCIA. *: Both the experimental and control groups received dexmedetomidine.
Abbreviations: TLA, tumescent local anesthesia; IVA, intravenous anesthesia; TIVA, total intravenous anesthesia; GA, general anesthesia; CSEA, combined spinal-epidural anesthesia; NBA, nerve block anesthesia; LIA, local infiltration

anesthesia.
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Figure 2 Risk of bias graph.

Subgroup Analysis

To explore potential sources of heterogeneity, prespecified subgroup analyses were performed for sleep quality on the
first postoperative day based on dosage, timing of administration, co-administration with dexmedetomidine, age, sex
distribution, surgical type, anesthesia modality, and sleep assessment tools (Table 3).

Studies using < 0.25 mg/kg of esketamine showed a modest improvement in subjective sleep quality (SMD = —0.20,
95% CI [-0.39, —0.02], I* = 30%, p = 0.03), whereas those using > 0.25 mg/kg demonstrated a larger and more
significant benefit (SMD = —0.56, 95% CI [—0.72, —0.40], I = 0%, p < 0.00001) (Supplementary Material: Figure S3).

Esketamine administered only intraoperatively significantly improved postoperative sleep quality (SMD = —0.44,
95% CI [-0.57, —0.30], I*> = 0%, p < 0.00001). However, when administered only postoperatively, no significant
difference was found (SMD = —0.38, 95% CI [-1.09, 0.32], I = 91%, p = 0.29). Similarly, combined intraoperative
and postoperative administration did not result in a statistically significant improvement (SMD = —0.20, 95% CI [-0.64,
0.23], I* = 76%, p = 0.36) (Supplementary Material: Figure S4).

In the co-administration subgroup analysis, both regimens were associated with improved postoperative sleep quality

and the heterogeneity did not decrease. This finding suggests that the observed improvement was primarily attributable to
esketamine itself rather than a synergistic interaction with dexmedetomidine (Supplementary Material: Figure S5).

For age, a significant effect was observed in patients aged < 60 years (SMD = —0.42, 95% CI [-0.65, —0.19], I* =
70%), whereas the effect was not statistically significant in patients aged > 60 years (SMD = —0.34, 95% CI [-0.75,
0.06], I> = 79%).

In the sex subgroup, both female-dominant populations (SMD = —0.42, 95% CI [-0.62, —0.22], I* = 21%) and mixed
populations (SMD = —0.39, 95% CI [—0.67, —0.10], I? = 80%) showed improvements, although heterogeneity was higher
in mixed populations.

For surgical type, a significant effect was observed in abdominal surgery (SMD = —0.56, 95% CI [-0.75, —0.38], I> =
0%) and other procedures (SMD = —0.31, 95% CI [-0.49, —0.12], I*> = 0%), whereas no significant effect was found in
orthopedic surgery (SMD = —0.29, 95% CI [—0.83, 0.26], I* = 91%).

In terms of anesthesia modality, a significant effect was observed in studies using general anesthesia (SMD = —0.42,
95% CI [-0.65, —0.20], I> = 71%), while no significant difference was found in non-general anesthesia (SMD = —0.34,
95% CI [-0.79, 0.11], I> = 80%).

Finally, in the sleep assessment tool subgroup, studies using the AIS demonstrated a consistent improvement with low
heterogeneity (SMD = —0.47, 95% CI [-0.63, —0.30], I = 24%). Studies using other scales also showed a significant
effect but with higher heterogeneity (SMD = —0.44, 95% CI [-0.79, —0.09], I” = 81%). The PSQI subgroup included only
one study and did not show a statistically significant difference.

The p values for subgroup interaction were as follows: dosage (p = 0.0007), timing of administration (p = 0.60), co-
administration (p = 0.26), age (p = 0.74), sex (p = 0.85), surgical type (p = 0.12), anesthesia type (p = 0.72), and
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Experimental Control Std. Mean Difference Std. Mean Difference

r r Mean D Total Mean D Total Weigh 1V, Random. 95% CI 1V. Random. 95% CI
1.1.1 Baseline
Chen H 2024 435 227 78 435 3.38 77 2.2% 0.00 [-0.31, 0.31] -
Lin X 2024 17.65 11.57 62 19.43 12.26 62 2.1% -0.15[-0.50, 0.20] D
Ma C 2024 4.28 24 130 435 225 130 2.4% -0.03 [-0.27, 0.21] /1
Qiu D 2022 3.7 3.01 92 3.7 3.01 91 2.3% 0.00 [-0.29, 0.29] R
Shang Y 2025 6.08 2.87 62 597 264 62 2.1% 0.04 [-0.31, 0.39] -1
Song Z 2025 815 451 102 765 3.76 102 2.3% 0.12[-0.15, 0.39] -1
Wang P 2023 236 234 30 136 0.78 30 1.6% 0.57 [0.05, 1.08]
Wang W 2025 6.62 4.34 80 7.06 5.29 77 2.2% -0.09 [-0.40, 0.22] - 1
Wei Q 2024 6.64 3.85 38 6.36 3.87 34 1.8% 0.07 [-0.39, 0.53] ]
Wu'Y 2025 5 153 43 465 23 43 1.9% 0.18 [-0.25, 0.60] ]
Zhang Y 2023 3.7 3 99 43 3 100 2.3% -0.20 [-0.48, 0.08] - I
Zhao Y 2025 282 1.14 57 3 152 55 2.1% -0.13 [-0.50, 0.24] I
Zhou Y 2025 3 153 49 3 153 49 2.0% 0.00 [-0.40, 0.40] - I
Subtotal (95% Cl) 922 912  27.4% -0.01[-0.10, 0.08] L 4

Heterogeneity: Tau? = 0.00; Chi? = 9.66, df = 12 (P = 0.65); 1> = 0%
Test for overall effect: Z=0.15 (P = 0.88)

1.1.2 On postoperative day 1

Chen H 2024 365 378 78 535 520 77 22%  -0.37[-0.69, -0.05] —_—
Geng X 2025 693 393 25 828 393 25 15%  -0.34[-0.90,0.22] e
Lin X 2024 2584 1202 62 3162 137 62 21%  -0.45[-0.80, -0.09]

Ma C 2024 5 15 130 5 15 130 24% 0.00 [-0.24, 0.24] B
Qiu D 2022 235 075 92 37 301 91 23%  -061[091,-032

Song Z 2025 606 226 102 659 244 102 23%  -0.22[0.50,0.05] —
Wang P 2023 164 078 30 264 334 30 17%  -0.41[-0.92 0.10] E—
Wei Q 2024 993 539 38 764 542 34 18% 0.42 [-0.05, 0.89] T
Wu Y 2025 9.06 844 43 1465 69 43 19%  -0.72[-1.16,-0.28]

Zhang Y 2023 565 376 99 835 226 100 2.3%  -0.87[-1.16, -0.58] I

Zhao Y 2025 471 304 57 694 381 55 20%  -0.64[-1.02,-0.26] —_—

Zhou Y 2025 365 229 49 5 306 49 20%  -0.50[0.90,-0.09] —_—
Subtotal (95% CI) 805 798  24.4%  -0.40 [0.59, -0.20] -

Heterogeneity: Tau? = 0.08; Chi? = 39.63, df = 11 (P < 0.0001); I* = 72%
Test for overall effect: Z = 4.00 (P < 0.0001)

1.1.3 On postoperative day 2

Ma C 2024 365 225 130 4 15 130 24% -0.18 [-0.43, 0.06] -/ T
Song Z 2025 544 244 102 7 3 102 23% -0.57 [-0.85, -0.29] -

Wei Q 2024 8.64 539 38 7 3 34 1.8% 0.37 [-0.10, 0.83] T
Wu'Y 2025 165 23 43 7.06 537 43 1.8% -1.30[-1.76,-0.83] ¢

Zhang Y 2023 435 226 99 6 15 100 2.3% -0.86 [-1.15, -0.57]

Zhao Y 2025 4 152 57 47 3.05 55  2.0% -0.29 [-0.66, 0.08] — |
Subtotal (95% CI) 469 464  12.6% -0.47 [-0.85, -0.10] —~—
Heterogeneity: Tau? = 0.19; Chi? = 37.96, df = 5 (P < 0.00001); I = 87%

Test for overall effect: Z = 2.47 (P = 0.01)

1.1.4 On postoperative day 3

Geng X 2025 536 2.36 25 7.28 3.93 25  1.5% -0.58 [-1.15, -0.02] -

Lin X 2024 19.21 10.12 62 24.22 13.07 62  21% -0.43 [-0.78,-0.07] -

Ma C 2024 335 075 130 3 15 130 24% 0.29 [0.05, 0.54] -
Qiu D 2022 235 075 92 37 3.01 91 2.3% -0.61[-0.91,-0.32] -

Shang Y 2025 561 271 62 498 22 62  21% 0.25[-0.10, 0.61] T

Song Z 2025 6.06 376 102 641 3.01 102 23% -0.10[-0.38, 0.17] -1
Wu'Y 2025 0 0 43 342 3.07 43 Not estimable

Zhang Y 2023 3.65 2.56 99 5 15 100 2.3% -0.64 [-0.93, -0.36] -

Zhao Y 2025 3 152 57 335 228 55  2.0% -0.18 [-0.55, 0.19] -
Zhou Y 2025 2 153 49 235 0.76 49 2.0% -0.29 [-0.69, 0.11] -
Subtotal (95% CI) 721 719  19.1% -0.24 [-0.50, 0.01] .
Heterogeneity: Tau? = 0.12; Chi? = 42.73, df = 8 (P < 0.00001); I = 81%

Test for overall effect: Z = 1.86 (P = 0.06)

1.1.5 Within the first month postoperatively

He Q 2024 8.46 1.95 28 105 235 27 1.5% -0.93[-1.49,-0377 —

Lin X 2024 1563 7.3 62 19.82 10.32 62 21% -0.47 [-0.82,-0.11] -

Shang Y 2025 435 1.66 62 431 1.61 62 21% 0.02 [-0.33, 0.38] I
Song Z 2025 535 256 101 6.06 3.76 100 2.3% -0.22 [-0.50, 0.06] - T
Wang W 2025 8.37 3.89 80 827 3.9 77 22% 0.03 [-0.29, 0.34] -1
Zhang Y 2023 3 1.5 99 4 15 100 2.3% -0.66 [-0.95, -0.38] -

Zhao Y 2025 2 152 57 171 152 55  2.0% 0.19[-0.18, 0.56] ]

Zhou Y 2025 1 153 49 2 153 49 1.9% -0.65 [-1.06, -0.24]

Subtotal (95% CI) 538 532  16.6% -0.31 [-0.57, -0.06] .
Heterogeneity: Tau? = 0.10; Chi? = 29.21, df = 7 (P = 0.0001); I = 76%

Test for overall effect: Z = 2.43 (P = 0.01)

Total (95% CI) 3455 3425 100.0% -0.25 [-0.35, -0.15] L 4
Heterogeneity: Tau? = 0.10; Chi? = 205.02, df = 47 (P < 0.00001); I*=77% t t

Test for overall effect: Z = 4.78 (P < 0.00001)

-1 -0.5 0 0.5 1
Test for subgroup differences: Chi? = 20.17, df = 4 (P = 0.0005), I> = 80.2% I

Favours [esketamine] Favours [control

Figure 4 The effect of esketamine on the subjective sleep quality scores at preoperative baseline, postoperative day |, 2, 3, and within one month after surgery.
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Table 3 Effect Sizes of the Overall and Subgroup Analysis of the Effects of Esketamine on Sleep Quality on the First Postoperative Day

Title Number | Number of Statistical Method Effect Overall Heterogeneity
of Trials Participants Size Effect, 1% Value
p Value
I. Overall effect 12 1603 Std. Mean Difference (IV, | —0.40 p < 0.0001 72%
Random, 95% ClI) [-0.59,
—0.20]
2. Subgroup analysis by dosage 10 Test for subgroup differences: p = 0.0007
2.1 = 0.25 mg/kg 4 679 Std. Mean Difference (I, | —0.20 p =0.02 30%
Fixed, 95% CI) [-0.39,
—0.02]
2.2 > 0.25 mglkg 6 653 Std. Mean Difference (IV, | —0.56 p < 0.00001 0%
Fixed, 95% CI) [-0.72,
—0.40]
3. Subgroup analysis by timing of | 12 Test for subgroup differences: p = 0.60
administration
3.1 Only intraoperative 7 836 Std. Mean Difference (IV, | —0.44 p < 0.00001 0%
administration Random, 95% ClI) [-0.57,
—0.30]
3.2 Only postoperative 3 383 Std. Mean Difference (IV, | —0.38 p =029 91%
administration Random, 95% ClI) [-1.09,
0.32]
3.3 Both intraoperative and 2 384 Std. Mean Difference (IV, | —0.20 p=0.36 76%
postoperative administration Random, 95% ClI) [-0.64,
0.23]
4. Subgroup analysis by co- 12 Test for subgroup differences: p = 0.26
administration
4.1 Esketamine combined with 2 249 Std. Mean Difference (IV, | —0.66 p = 0.0l 63%
dexmedetomidine Random, 95% ClI) [-1.17,
—0.15]
4.2 Esketamine 10 1354 Std. Mean Difference (IV, | —0.35 p = 0.0005 68%
Random, 95% ClI) [-0.54,
—0.15]
5. Subgroup analysis by age 12 Test for subgroup differences: p = 0.74
5.1 < 60 years 9 1107 Std. Mean Difference (IV, | —0.42 p = 0.0003 70%
Random, 95% ClI) [-0.65,
—0.19]
5.2 2 60 years 3 496 Std. Mean Difference (IV, | —0.34 p=0.10 79%
Random, 95% ClI) [-0.75,
0.06]
6. Subgroup analysis by sex 12 Test for subgroup differences: p = 0.85
6.1 Female-dominant 4 535 Std. Mean Difference (IV, | —0.42 p < 0.0001 21%
Random, 95% ClI) [-0.62,
-0.22]
6.1 Mixed population 8 1068 Std. Mean Difference (IV, | —0.39 p = 0.008 80%
Random, 95% ClI) [-0.67,
—0.10]
(Continued)
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Table 3 (Continued).

Title Number | Number of Statistical Method Effect Overall Heterogeneity
of Trials Participants Size Effect, 1? Value
p Value
7. Subgroup analysis by surgical 12 Test for subgroup differences: p = 0.12
type
7.1 Abdominal surgery 4 491 Std. Mean Difference (IV, | —0.56 p < 0.00001 0%
Random, 95% CI) [-0.75,
—0.38]
7.2 Orthopedic surgery 4 643 Std. Mean Difference (IV, | —0.29 p =030 91%
Random, 95% CI) [-0.83,
0.26]
7.3 Others 4 469 Std. Mean Difference (IV, | —0.31 p =0.0010 0%
Random, 95% CI) [-0.49,
—0.12]
8. Subgroup based on anesthesia | 12 Test for subgroup differences: p = 0.75
type
8.1 General anesthesia 8 1178 Std. Mean Difference (IV, | —0.42 p = 0.0002 71%
Random, 95% ClI) [-0.65,
—0.20]
8.2 Non-general anesthesia 4 425 Std. Mean Difference (IV, | —0.34 p=0.14 80%
Random, 95% ClI) [-0.79,
0.11]
9. Subgroup based on evaluation 12 Test for subgroup differences: p = 0.002
scale
9.1 AIS 6 790 Std. Mean Difference (IV, | —0.47 p < 0.00001 24%
Random, 95% ClI) [-0.63,
—0.30]
9.2 PSQI | 72 Std. Mean Difference (IV, | 0.42 p = 0.08 NA
Random, 95% ClI) [-0.05,
0.89]
9.3 Other scales 5 741 Std. Mean Difference (IV, | —0.44 p = 0.0l 81%
Random, 95% ClI) [-0.79,
—0.09]

Abbreviation: NA: not applicable.

evaluation scale (p = 0.002). Overall, these subgroup analyses suggest that differences in dosage and evaluation scale
may contribute to the observed heterogeneity, although these findings should be interpreted with caution.

Sensitivity Analyses

A sensitivity analysis excluding studies assessed as having a high risk of bias was conducted. After exclusion, the
pooled effect on postoperative day 1 subjective sleep quality remained significant (SMD = —0.40, 95% CI [—0.62,
—0.18], I* = 75%, p = 0.0003). For postoperative day 3, the pooled effect became statistically significant after
exclusion of Shang et.al’ study (SMD = —0.30, 95% CI [-0.57, —0.04], I* = 80%, p = 0.02), whereas the primary
analysis showed no significant difference. At 1 month postoperatively, the results remained significant (SMD = —0.30,
95% CI [—0.57, —0.02], I> = 76%, p = 0.04).
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Leave-one-out sensitivity analyses were also conducted for subjective sleep quality at postoperative day 1, day 2, day
3, and 1 month. Sequential exclusion of each study did not alter the pooled effect estimate (Supplementary Material:

Figure S6).

Secondary Outcome Assessment
Incidence of Sleep Disturbance
A total of 7 studies®*** >426-28-3

reported the incidence of postoperative sleep disturbance. The pooled analysis demonstrated that esketamine significantly

involving 1662 patients (834 in the esketamine group and 828 in the control group)

reduced the incidence of postoperative sleep disturbance compared with control treatments. On the first
postoperative day, patients receiving esketamine had a markedly lower risk of sleep disturbance (RR = 0.63, 95% CI
[0.55, 0.73], I? = 23%, p < 0.00001). This beneficial effect remained evident on the third postoperative day (RR = 0.44,
95% CI [0.31, 0.61], I* = 0%, p < 0.00001) (Figure 5).

Pain Score

A total of 15 studies reported postoperative day 1 pain scores, of which 10 studies assessed pain at rest, 9 studies
evaluated pain on movement, and 5 studies reported pain scores without distinguishing between rest and movement
(Figure 6). Esketamine demonstrated significant analgesic benefits both at rest (SMD = —0.46, 95% CI [-0.83, —0.09],
I =92%, p=0.01) and during movement (SMD = —0.39, 95% CI [-0.63, —0.16], 12 = 78%, p = 0.001). The reduction
in pain scores without distinguishing between rest and movement was also statistically significant (SMD =—0.37, 95%
CI [-0.67, —0.08], I* = 59%, p = 0.01).

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 On postoperative day 1
Geng X 2025 17 25 18 25 5.2% 0.94 [0.66, 1.36] D
Qiu D 2022 21 92 40 91 11.5% 0.52[0.33, 0.81] -
Song Z 2025 48 102 73 102 20.9% 0.66 [0.52, 0.84] -
Wang H 2025 30 100 45 100 12.9% 0.67 [0.46, 0.96] -
Wu'Y 2025 25 43 35 43  10.0% 0.71[0.53, 0.96] -
ZhaoY 2025 16 57 31 55 9.0% 0.50[0.31, 0.80] _'_
Zhou Y 2025 8 49 17 49 4.9% 0.47[0.22, 0.99] ]
Subtotal (95% CI) 468 465 74.4% 0.63 [0.55, 0.73] ¢
Total events 165 259

Heterogeneity: Chi2 = 7.83, df = 6 (P = 0.25); I> = 23%
Test for overall effect: Z = 6.34 (P < 0.00001)

2.1.2 On postoperative day 3

Geng X 2025 6 25 14 25 4.0% 0.43[0.20, 0.93]

Qiu D 2022 7 92 18 91 5.2% 0.38[0.17, 0.88] -
Wang H 2025 20 100 35 100 10.0% 0.57[0.36, 0.92] -
Wu'Y 2025 1 43 8 43 2.3% 0.13[0.02, 0.96]

Zhao 'Y 2025 4 57 12 55  3.5% 0.32[0.11, 0.94] -
Zhou Y 2025 1 49 2 49  0.6% 0.50 [0.05, 5.34]

Subtotal (95% CI) 366 363 25.6%  0.44[0.31, 0.61] <&
Total events 39 89

Heterogeneity: Chi2 = 3.12, df =5 (P = 0.68); 1= 0%

Test for overall effect: Z = 4.84 (P < 0.00001)

Total (95% Cl) 834 828 100.0% 0.58 [0.51, 0.67] ¢
Total events 204 348

Heterogeneity: Chi? = 16.11, df = 12 (P = 0.19); I = 26% ’0_01 0f1 ] 1’0 100’

Test for overall effect: Z =7.99 (P < 0.00001)

Favours [esketamine] Favours [control
Test for subgroup differences: Chi? = 4.06, df =1 (P = 0.04), 1> =75.4% [ ] [ ]

Figure 5 The effect of esketamine on the incidence of sleep disturbance on postoperative day | and 3.
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Experimental Control Std. Mean Difference Std. Mean Difference

Heterogeneity: Tau? = 0.17; Chi? = 153.15, df = 21 (P < 0.00001); I* = 86%
Test for overall effect: Z = 4.34 (P < 0.0001)
Test for subgroup differences: Chi? = 0.13, df =2 (P = 0.94), I? = 0%

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% CI
3.1.1 Pain score at rest

Geng X 2025 254 1.18 25 3.18 1.18 25 3.7% -0.53[-1.10, 0.03]

He Q 2024 15 0.78 28 25 0.78 27  3.6% -1.26[-1.85,-068] — -~

Ma C 2024 3 15 130 2 15 130 5.0% 0.66 [0.41, 0.91] -
Qiu D 2022 2 151 92 265 0.75 91 4.9% -0.54 [-0.84, -0.25] -

Song Z 2025 3 15 102 391 169 102 4.9% -0.57 [-0.85, -0.29] -

Wei Q 2024 1 1.54 38 2 1.55 34  41% -0.64 [-1.12, -0.17] -

Wu'Y 2025 1.35 0.77 43 235 0.77 43 41% -1.29 [-1.75, -0.82] -

Zhang Y 2023 2 15 99 2 15 100 4.9% 0.00 [-0.28, 0.28] -1
Zhou R 2023 131 157 195 123 149 192 5.2% 0.05 [-0.15, 0.25] T
Zhou Y 2025 0.71 1.53 49 1.65 0.76 49  4.4% -0.77 [-1.18, -0.36] -
Subtotal (95% CI) 801 793  44.9% -0.46 [-0.83, -0.09] e
Heterogeneity: Tau? = 0.32; Chi* = 111.69, df = 9 (P < 0.00001); I> = 92%

Test for overall effect: Z = 2.44 (P = 0.01)

3.1.2 Pain score on movement

Geng X 2025 518 1.97 25 5.82 1.97 25  3.7% -0.32[-0.88, 0.24] - 7 1
He Q 2024 3 0 28 4 157 27 Not estimable

Ma C 2024 465 0.75 130 5 15 130 51% -0.29 [-0.54, -0.05] -

Qiu D 2022 3.35 0.75 92 4 1.51 91 4.9% -0.54 [-0.84, -0.25] -

Song Z 2025 465 0.75 102 5 15 102 4.9% -0.29 [-0.57, -0.02] -

Wei Q 2024 2.36 2.31 38 4 155 34  41% -0.82 [-1.30, -0.33]

Wu'Y 2025 2 153 43 3 1.53 43 4.3% -0.65 [-1.08, -0.21]

Zhang Y 2023 3.35 2.26 99 465 226 100 4.9% -0.57 [-0.86, -0.29] -

Zhou R 2023 263 175 195 239 1.62 192 5.2% 0.14 [-0.06, 0.34] T
Subtotal (95% CI) 752 744  371% -0.39 [-0.63, -0.16] -
Heterogeneity: Tau? = 0.08; Chi? = 31.86, df =7 (P < 0.0001); I* = 78%

Test for overall effect: Z = 3.26 (P = 0.001)

3.1.3 Pain score

Lin X 2024 6.55 2.66 62 7.64 2.16 62  4.6% -0.45[-0.80, -0.09] -
Shang Y 2025 2.61 0.12 62 2.67 0.09 62  4.6% -0.56 [-0.92, -0.20] -

Wang W 2025 2.65 0.76 80 265 0.76 77  4.8% 0.00 [-0.31, 0.31] -1
Zhang T 2023 3 1.55 33 3.82 1.17 31 4.0% -0.59 [-1.09, -0.09]

Zhu M 2022 2 0 33 264 0.78 33 Not estimable

Subtotal (95% Cl) 270 265 18.0% -0.37 [-0.67, -0.08] -
Heterogeneity: Tau? = 0.05; Chi? = 7.29, df = 3 (P = 0.06); I = 59%

Test for overall effect: Z =2.52 (P = 0.01)

Total (95% CI) 1823 1802 100.0% -0.42 [-0.60, -0.23] >

-2

-1

Favours [esketamine]

0 1
Favours [control]

Figure 6 The effect of esketamine on postoperative day | pain scores at rest, during movement, and without differentiation between rest or movement.

Std. Mean Difference

udy o 1bg a a ean a eig 1 0 andom, 95% CI
Chen H 2024 135 266 78 271 453 77 164%  -0.36[-0.68,-0.05] —
Qiu D 2022 5 151 92 5151 91 17.3% 0.00 [-0.29, 0.29] —t
Song Z 2025 9 301 102 95 256 102 17.8% -0.18 [-0.45, 0.10] —
Zhao Y 2025 6.89 989 57 465 228 55 14.6% 0.31[-0.07, 0.68] T
Zhou R 2023 215 356 195 263 442 192 205% -0.12[-0.32, 0.08] -
Zhou Y 2025 2835 535 49 34 917 49 134%  -0.75[-1.16, -0.34] B —
Total (95% CI) 573 566 100.0% -0.17 [0.40, 0.05] P
Heterogeneity: Tau? = 0.05; Chi? = 16.84, df = 5 (P = 0.005); I? = 70% ‘_2 1 5 1

Test for overall effect: Z=1.50 (P =0.13)

Favours [experimental]

Favours [control]

Figure 7 The effect of esketamine on the postoperative anxiety scores.

Anxiety Score

A total of 6 studies®®->*-%3336-3
reported postoperative anxiety scores (Figure 7). The meta-analysis revealed no significant difference between the
esketamine and control groups (SMD = —0.17, 95% CI [-0.40, 0.05], I = 70%, p = 0.13).

involving 1,139 patients (573 in the esketamine group and 566 in the control group)
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Experimental Control Std. Mean Difference Std. Mean Difference

udy or Subgrou ean a ean a eig Random, 95% andom,95%¢Cl
Chen H 2024 1.7 3.02 78 135 227 77 18.0% 0.13[-0.18, 0.45] 1
He Q 2024 49.8 10.47 28 53.14 9.16 27 11.0% -0.33 [-0.87, 0.20] 1
Qiu D 2022 235 0.75 92 235 0.75 91 19.1% 0.00 [-0.29, 0.29] -1
Shang Y 2025 3.37 2.375 62 4.86 2.631 62 16.4% -0.59 [-0.95, -0.23] -
Song Z 2025 265 075 102 265 0.75 102 19.7% 0.00 [-0.27, 0.27] -1
Zhao Y 2025 3 152 57 4 3.05 55 15.8% -0.41[-0.79, -0.04] -
Total (95% CI) 419 414 100.0% -0.18 [-0.40, 0.05] -

Heterogeneity: Tau? = 0.05; Chi? = 13.32, df =5 (P = 0.02); I> = 62% '_2 _'1 0 1 2

Test for overall effect: Z = 1.50 (P = 0.13) Favours [esketamine] Favours [control]

Figure 8 The effect of esketamine on the postoperative depression scores.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% CI IV, Random. 95% CI
Song Z 2025 119.94 1128 102 116.59 15.04 102 35.2% 0.25[-0.02, 0.53] =
Zhao Y 2025 109.64 16.35 57 101.29 16.75 55 34.0% 0.50[0.12, 0.88] -
Zhu M 2022 121.36  6.97 33 107.64 6.97 33 30.8% 1.95[1.35, 2.54] e
Total (95% CI) 192 190 100.0% 0.86 [0.04, 1.68] N

ity- 2 = - i2 = = S 2= 0 T T
Heterogeneity: Tau? = 0.48; Chi? = 25.94, df = 2 (P < 0.00001); I = 92% M 5 0 2 4
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Figure 9 The effect of esketamine on the postoperative QoR-15 scores.

Depression Score

A total of 6 studies?®:?!2%32:33.39 including 833 patients (419 in the esketamine group and 414 in the control group)
reported postoperative depression scores (Figure 8). The pooled results showed no statistically significant difference in
postoperative depression between the two groups (SMD = —0.18, 95% CI [-0.40, 0.05], I? = 62%, p = 0.13).

QoR-15 Scale Score

A total of 3 studies?>**® including 382 patients (192 in the esketamine group and 190 in the control group) reported
postoperative 15-item Quality of Recovery (QoR-15) scores (Figure 9). The pooled analysis showed that patients who
received esketamine had higher QoR-15 scores compared with those in the control group (SMD = 0.86, 95% CI [0.04,
1.68], I = 92%, p = 0.04). However, given the substantial heterogeneity and the limited number of included studies, this
finding should be interpreted with caution.

Adverse Events

Pooled analyses showed that perioperative esketamine was associated with a higher risk of dizziness (RR = 1.24, 95% CI
[1.05, 1.46], I* = 33%, p = 0.009), but a lower risk of tachycardia (RR = 0.55, 95% CI [0.32, 0.93], I? = 51%, p = 0.03).
No significant differences were found for nausea, vomiting, postoperative nausea and vomiting, headache, delirium,

nightmare, hallucination, hypertension, or respiratory depression (Supplementary Material: Figure S7).

Discussion

Principal Findings

The present systematic review and meta-analysis synthesized evidence from 21 randomized controlled trials evaluating
the effects of esketamine on postoperative sleep quality. Overall, the results showed that perioperative use of esketamine
led to a marked improvement in subjective sleep quality, especially on the first postoperative day, and reduced the
incidence of sleep disturbance compared with control treatments. Improvements in pain scores and QoR-15 recovery
scores further supported the beneficial role of esketamine in enhancing analgesia and recovery quality. However, no
significant differences were observed in postoperative anxiety or depression scores. Overall, esketamine did not
significantly affect most reported adverse events, suggesting a favorable safety profile. Collectively, these results indicate
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that esketamine exerts a measurable and clinically relevant improvement in postoperative sleep quality and overall
recovery, particularly during the early postoperative period.

Comparison with Previous Research

Recent meta-analyses have explored the effects of esketamine in perioperative and postpartum populations, but the
evidence regarding its influence on sleep has been largely inconclusive. Two studies focusing on the prophylactic use of
esketamine to prevent postpartum depression after cesarean section found no significant differences in the incidence of
nightmares between the esketamine and control groups.*'"** Similarly, a meta-analysis evaluating esketamine for the
prevention of postoperative depression reported that, although some trials suggested improved sleep quality, the pooled
results did not demonstrate a statistically significant benefit, with considerable heterogeneity among studies.*> These
findings indicate that the previously reported sleep-related outcomes of esketamine were inconsistent and often secondary
to its antidepressant or analgesic effects. In contrast, the present meta-analysis is, to our knowledge, the first to
systematically and quantitatively assess postoperative sleep quality as a primary outcome, providing more focused and
reliable evidence of esketamine’s potential to improve perioperative sleep and recovery.

Mechanisms

The beneficial effects of esketamine on postoperative sleep quality may be explained by its unique pharmacological
profile and neurophysiological mechanisms. Esketamine may influence sleep-related pathways through modulation of
glutamatergic neurotransmission.'”> By decreasing excessive excitatory neurotransmission and enhancing y-aminobutyric
acid (GABA)-mediated inhibition, esketamine can stabilize neuronal activity within cortical and thalamic circuits,
thereby improving sleep architecture and promoting deeper non—rapid eye movement (NREM) sleep.***> In addition,
esketamine has been shown to affect mood-related pathways, which may indirectly influence sleep perception.'**®
Furthermore, by providing effective analgesia through NMDA blockade and descending pain pathway modulation,
esketamine reduces postoperative pain—a key factor in sleep disturbance and fragmented sleep recovery.’ Taken
together, these neurochemical and physiological actions suggest that esketamine may promote postoperative sleep
restoration through an integrated mechanism involving pain control, neuroprotection, and normalization of sleep—wake
regulation.

Our findings are consistent with and extend prior evidence regarding the role of NMDA receptor antagonists and o,-
adrenergic agonists in modulating postoperative sleep. Previous narrative and systematic reviews have highlighted that
racemic ketamine can alleviate perioperative sleep disturbances by reducing pain, neuroinflammation, and depressive
symptoms, while promoting rapid restoration of normal sleep architecture.*®* However, compared with ketamine,
esketamine—the S-enantiomer—has approximately twofold higher NMDA receptor affinity, leading to more potent
analgesic and antidepressant effects with fewer psychotomimetic adverse reactions. Similarly, recent meta-analyses have
reported that dexmedetomidine improves postoperative sleep quality through sedation resembling natural NREM sleep
and by attenuating sympathetic activation.”* Nevertheless, dexmedetomidine’s hemodynamic side effects (eg., brady-
cardia and hypotension) and its limited antidepressant potential constrain its broader clinical use. In contrast, esketamine
not only enhances sleep quality but also provides effective analgesia and rapid mood stabilization, offering a multifaceted
approach to improving postoperative recovery. Taken together, these findings suggest that esketamine represents
a promising adjunctive agent that may complement or even surpass traditional sedative strategies in restoring post-
operative sleep integrity.

Clinical Implications

Postoperative sleep disturbance is a common yet underrecognized complication that affects up to 60—80% of surgical
patients, particularly within the first few nights after major surgery.>>° Disrupted sleep is closely linked to heightened
pain sensitivity, impaired immune recovery, delayed wound healing, and an increased risk of postoperative neurocog-
nitive disorders (PND).® Given these profound clinical consequences, there is growing interest in exploring the
therapeutic potential of anesthetic and sedative agents for the prevention and management of perioperative sleep
disorders.”’ Recent studies have suggested that anesthesiology may play a pivotal role in perioperative sleep medicine,
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with agents such as dexmedetomidine, propofol, and ketamine analogs exerting direct effects on sleep—wake regulation
beyond anesthesia itself.>®> The present findings add to this evolving paradigm by demonstrating that esketamine—
traditionally used as an anesthetic and antidepressant—can also improve postoperative sleep quality and enhance
multidimensional recovery. From a broader perspective, these results highlight a potential new direction for perioperative
sleep clinics and multidisciplinary recovery programs. Integrating sleep-focused pharmacologic strategies such as
esketamine into perioperative care could mitigate postoperative sleep disruption, shorten recovery time, and possibly
prevent chronic insomnia or neurocognitive decline. Future studies integrating objective sleep monitoring (eg., poly-

somnography or actigraphy) and long-term outcomes will be essential to translate these findings into clinical protocols.

Sources of Heterogeneity

The use of different sleep assessment tools (eg., AIS, PSQI, and ICU-based scales such as RCSQ) represents an
important source of heterogeneity. These instruments differ in their underlying constructs (eg., insomnia severity vs
perceived sleep quality), recall periods, and clinical contexts, which may limit direct comparability. Although most
studies used validated Chinese-language versions of these scales, their performance in postoperative settings may vary.
This variability should be considered when interpreting pooled estimates. Subgroup findings should be interpreted
cautiously, as these analyses are exploratory and may be influenced by limited study numbers and residual heterogeneity.
A formal dose—response relationship could not be established.

Limitations
Several limitations should be recognized. First, there was notable methodological heterogeneity among the studies,
particularly in sleep assessment tools. Various instruments—including the AIS, PSQI, and NRS—were used to evaluate
subjective sleep quality at different time points after surgery, which might have contributed to the variability in pooled
estimates. Second, moderate to high heterogeneity (I* values up to 87%) was observed in several pooled analyses,
possibly reflecting differences in dosing regimens, administration timing, surgical types, and baseline sleep status. Third,
objective sleep measures such as polysomnography or actigraphy were not used in any included trials; thus, the results
rely solely on patient-reported outcomes, which may be influenced by subjective perception and recall bias. Fourth, the
follow-up duration was short, typically limited to within one postoperative month, precluding evaluation of the long-term
effects of esketamine on sustained sleep recovery or chronic insomnia prevention. In addition, potential publication bias
was detected in the analysis of postoperative pain scores at rest, which may partly influence the pooled effect estimate.
Another important limitation is that all included studies were conducted in China. This geographic concentration may
reflect differences in regulatory approval timelines, clinical adoption patterns, and research priorities across regions. In
recent years, esketamine has been more widely adopted and investigated in China, whereas in other countries, racemic
ketamine has traditionally been more commonly used in perioperative settings. Future high-quality, multicenter, and
multiethnic randomized trials incorporating both objective sleep parameters and longitudinal follow-up are warranted to
validate and extend these findings.

Conclusions

This meta-analysis showed that perioperative administration of esketamine significantly improved postoperative sub-
jective sleep quality during the early postoperative period (postoperative days 1-2) and reduced the incidence of sleep
disturbance. Esketamine also reduced postoperative pain and enhanced the overall quality of recovery. These findings
suggested that esketamine might have therapeutic potential for managing perioperative sleep disorders. However, this
conclusion was based on low to moderate-certainty evidence and should be interpreted with caution. The generalizability
of these findings is limited by the geographic concentration of the included studies. Further multicenter randomized trials
using objective sleep assessments and extended follow-up are warranted to determine optimal dosing and timing
strategies.
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