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INTRODUCTION

Postoperative sleep disturbances (PSDs) are defined as 
alterations in sleep structure and quality experienced 
by patients during the early postoperative phase. The 
main manifestations are sleep deprivation, disruption of 
circadian rhythm and structural abnormalities, which 
occur in 15%–72% of patients after surgery.[1] Multiple 
factors can influence PSD, including postoperative 
pain, anxiety and preoperative comorbidities.[2] 
Numerous studies have shown that PSD negatively 
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ABSTRACT

Background and Aims: Postoperative sleep disturbance (PSD) is a common condition that may 
lead to pain, cognitive impairment, depression, and delayed recovery. This review evaluates the 
efficacy of perioperative intravenous ketamine in alleviating PSD and offers evidence‑based 
recommendations for clinical practice. Methods: A systematic search was performed in PubMed, 
Embase, Cochrane Library, Wanfang Data, VIP Information Resource System, China National 
Knowledge Infrastructure and China Biology Medicine disc (SinoMed) up to 6th November 2024. 
This article included a meta‑analysis of randomised controlled trials (RCTs) along with a Grading 
of Recommendations Assessment, Development and Evaluation analysis. Results: A  total 
of 2355  patients from 21 RCTs were analysed. The pooled results indicated that ketamine 
improved sleep quality compared to placebo on the first postoperative day, as evidenced by a 
reduction in Pittsburgh Sleep Quality Index scores [mean difference (MD): −2.69; 95% confidence 
interval (CI): −3.95, −1.42; P < 0.0001, I² = 96%]. Ketamine also improved sleep quality on the 
second postoperative day (MD: −2.45; 95% CI: −3.99, −0.91; P = 0.002, I² = 96%) and during the 
first three postoperative days (MD: −2.90; 95% CI: −4.79, −1.00; P = 0.003, I² = 97%). In addition, 
ketamine reduced Visual Analogue Scale scores for pain  (MD: −0.38; 95% CI: −0.55, −0.21; 
P < 0.00001, I² = 84%). These results suggest that ketamine reduces PSDs and pain without 
significantly increasing adverse reactions. However, given the high heterogeneity and limited 
quality of evidence in this review, the results should be interpreted with caution. Conclusion: This 
meta‑analysis indicates that administering ketamine during the perioperative period can enhance 
postoperative sleep quality. However, the optimal dose, timing and method of administration remain 
undetermined, emphasising the need for further research to establish standardised guidelines.
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affects patient rehabilitation, potentially delaying 
recovery, increasing complications, reducing quality 
of life and adversely affecting long‑term outcomes.[3]

Evidence suggests ketamine can improve sleep quality 
in patients with severe depression and sleep disorders, 
highlighting its potential for treating sleep disturbances. 
While studies indicate its effectiveness for PSD, further 
clinical research is needed to explore its potential fully.[4] 
Given that postoperative depression and sleep disorders 
often coexist, the antidepressant effects of ketamine 
may play a beneficial role in alleviating PSD.[5] Studies 
have shown that administering intravenous ketamine 
at various dosages (e.g. 0.5 and 1 mg/kg) can effectively 
improve sleep disorders in postoperative patients.[6] The 
mechanism by which ketamine enhances sleep quality is 
likely multifactorial, involving its antidepressant effects, 
anti‑inflammatory properties, analgesic actions and 
regulation of the circadian rhythm system.[7] In addition, 
ketamine’s neuroprotective, cognitive enhancement and 
anxiolytic effects may also be key mechanisms in its 
ability to improve sleep disorders.[8] These effects may 
offer a novel, comprehensive therapeutic strategy for 
improving sleep disorders and promoting postoperative 
recovery.[9] As the number of surgical cases increases 
and the demand for effective rehabilitation rises, 
developing interventions to improve sleep quality 
becomes increasingly important.[10] Existing studies 
offer inconsistent conclusions regarding PSDs, and 
there is still insufficient exploration of ketamine dosage 
and intervention timing. This meta‑analysis aims 
to evaluate the effects of perioperative intravenous 
ketamine on PSDs, providing stronger clinical evidence 
while exploring administration protocols to establish 
standardised intervention strategies. Specifically, this 
study addresses the following questions based on 
the PICOS framework: Participants  (P): adult patients 
undergoing non‑cardiac surgery; Interventions  (I): 
perioperative intravenous administration of ketamine; 
Comparisons  (C): control group receiving placebo or 
standard perioperative management without ketamine; 
Outcomes (O): primary outcomes include the incidence 
and severity of PSDs, assessed through the Pittsburgh 
Sleep Quality Index  (PSQI) and other relevant 
measures and Study design (S): systematic review and 
meta‑analysis of randomised controlled trials (RCTs).

METHODS

This review followed the Cochrane Collaboration 
guidelines[11] and was registered in the PROSPERO 
collaboration network (ID: CRD42023494834).

Search and study selection
A comprehensive literature search was conducted 
in CENTRAL, PubMed, Embase, Wanfang Data, 
VIP Information Resource System, China National 
Knowledge Infrastructure and the China Biology 
Medicine Disc  (SinoMed). The search strategy 
incorporated both medical subject headings and 
free‑text terms,[12] using a combination of keywords 
such as ‘ketamine’ AND ‘sleep disturbances’, which 
were adapted to suit the specific requirements 
of each database [Supplementary Table  1]. There 
were no restrictions on language, publication type 
or publication year to ensure the inclusion of all 
potentially relevant studies. To minimise language 
bias from Chinese studies, this research used a clear 
search strategy with tailored queries for various 
databases, ensuring inclusion of multilingual 
literature. Sensitivity analysis was used to assess the 
impact of language bias, and non‑Chinese literature 
was translated and quality controlled to ensure the 
study’s comprehensiveness and reliability.

Criteria for inclusion
The study included articles that met the following 
criteria: RCTs involving adult patients  (≥18  years) 
undergoing non‑cardiac surgery under general 
anaesthesia, with the experimental group receiving 
intravenous ketamine or esketamine intervention and 
a control group receiving a placebo or other anaesthetic 
and analgesic agents.

This study excluded trials involving patients who (1) 
were allergic to ketamine or had contraindications to 
its use; (2) had severe cardiac, renal or liver disease, 
psychiatric disorders or a history of drug abuse and (3) 
underwent cardiac surgery. Furthermore, we excluded 
non‑RCTs, non‑journal articles, outpatient procedures 
and studies that lacked specific trial outcomes.

Outcome measures
Primary outcome: The incidence of PSDs was assessed 
using PSQI (where higher scores indicate worse sleep 
quality, with a score of ≥6 suggesting the presence of 
PSD).[13]

Secondary outcomes: Numeric Rating Scale (NRS) for 
subjective sleep quality, Visual Analogue Scale (VAS) 
scores, Athens Insomnia Scale scores, Insomnia 
Severity Index, Epworth Sleepiness Scale, General 
Sleep Disturbance Scale, Hospital Anxiety and 
Depression Scale scores and rate of analgesic remedies 
were assessed. The NRS score effectively assesses 

Page no. 19



Yang, et al.: Perioperative ketamine and postoperative sleep disturbance

436 Indian Journal of Anaesthesia | Volume 69 | Issue 5 | May 2025

postoperative sleep improvement following ketamine 
administration. Since sleep and pain often influence 
each other, monitoring pain can indirectly reflect sleep 
quality. In addition, psychological factors like anxiety 
and depression also impact sleep. Therefore, assessing 
the psychological status can further aid in evaluating 
postoperative sleep.

For the same outcome measures at different time 
points, we prioritised the first postoperative day. When 
the first day after surgery was not available as a time 
point, we used the earliest postoperative time point 
as the time point of the outcome measure. For studies 
that included multiple ketamine doses, we selected the 
commonly used dose of 0.5 mg/kg for analysis. Research 
indicates that intravenous ketamine at 0.5  mg/kg 
efficiently alleviates depressive manifestations and 
improves sleep quality in individuals suffering from 
depression.[6]

Data collection and analysis
Two researchers independently assessed the titles 
and abstracts to select relevant articles. After using 
EndNote to automatically remove duplicate references, 
they manually checked and excluded duplicates 
and irrelevant studies. Full‑text articles were then 
retrieved to confirm studies meeting the inclusion 
criteria. The entire search and selection process was 
carefully documented to facilitate the creation of the 
Preferred Reporting Items for Systematic Reviews and 
Meta‑Analyses (PRISMA) flowchart [Figure 1].

Data were independently extracted by two researchers 
using a standardised template and entered into Review 
Manager 5.3 software  (The Cochrane Collaboration, 
Oxford, UK) for statistical analysis. The main 
contents of data extraction included study design, age, 
American Society of Anesthesiologists classification, 
number of participants, number of dropouts, gender, 
inclusion/exclusion criteria, type of intervention (dose, 
concentration, duration, route), timing of intervention, 
outcome measures, the reported time points for these 
outcomes and information needed for assessing the 
risk of bias.

Risk of bias assessment
Two researchers independently assessed study quality 
using the Cochrane Risk of Bias tool,[11] covering 
domains such as random sequence generation, 
allocation concealment, blinding, data integrity 
and selective reporting. All studies included in this 
research were evaluated and classified as having a 

‘low risk of bias’, ‘unclear risk of bias’ or ‘high risk of 
bias’. To assess inter‑rater agreement, Cohen’s kappa 
statistic was applied. The interpretation of κ values is 
as follows: κ ≤ 0 indicates no agreement, 0.01–0.20 
represents minimal agreement, 0.21–0.40 indicates fair 
agreement, 0.41–0.60 represents moderate agreement, 
0.61–0.80 indicates substantial agreement and 
0.81–1.00 denotes almost perfect agreement.[14] The 
assessment results display a κ value of 0.84, indicating 
a good level of agreement between the assessors. Any 
discrepancies were addressed through discussion, and 
when necessary, a third reviewer was consulted to 
achieve consensus. A risk of bias graph [Figure 2] was 
created to show the results for each quality domain.

Subgroup analysis
Heterogeneity was evaluated using the I² statistic, 
where I² > 50% indicated substantial heterogeneity. 
If significant heterogeneity was present (P < 0.05 or 
I² > 50%), a random‑effects model was employed; 
otherwise, a fixed‑effects model was applied. In the 
presence of significant heterogeneity, we sequentially 
omitted one study at a time to identify potential 
sources. Subgroup analyses of the primary sleep 
disturbance outcomes were performed to further 
explore the stability of ketamine’s effects and 
identify potential sources of heterogeneity, analysing 
ketamine administration timing  (intraoperative 
vs. postoperative), dosage levels  (≥0.5  vs. 
<0.5  mg/kg)[6] and administration methods  (single 
injection vs. continuous infusion: intraoperative vs. 
postoperative analgesia).

Statistical analysis
In this study, dichotomous data were analysed using 
the risk ratio (RR) with a 95% confidence interval (CI), 
while continuous data  (sleep quality scores) were 
analysed using the mean difference  (MD) with a 
95% CI. For secondary outcomes with different 
metrics  (e.g.  VAS, NRS), we standardised them to 
a 0–10 scale. If continuous data were not reported 
as mean [standard deviation (SD)], we followed 
Cochrane Handbook guidelines for conversions. When 
results were reported as medians and interquartile 
ranges  (IQRs) instead of mean (SD), we adopted a 
commonly used method to estimate the mean and 
SD for inclusion in the meta‑analysis. This method 
assumes a symmetric data distribution, allowing the 
median to approximate the mean and enabling the 
estimation of SD from IQR using established formulas. 
Previous studies have shown that this method is 
reliable when the data are symmetric; but for clearly 

Page no. 20



Yang, et al.: Perioperative ketamine and postoperative sleep disturbance

437Indian Journal of Anaesthesia | Volume 69 | Issue 5 | May 2025

asymmetric data, we excluded it to avoid bias.[15] To 
evaluate the potential influence of this assumption on 
the study results, sensitivity analyses were performed.

Certainty of evidence
The Grading of Recommendations Assessment, 
Development and Evaluation  (GRADE) approach 
was employed to evaluate the quality of evidence 
for primary outcomes. Randomised trials start as 
high‑quality evidence, but can be downgraded due to 
five limitations: risk of bias, inconsistency of results, 
indirectness of evidence, imprecision and publication 
bias. Each category can lead to a downgrade of 1–2 
levels. Conversely, if a substantial treatment effect 
is observed, the rating can be upgraded accordingly. 
For example, an I² value  >50% indicates moderate 
heterogeneity and >75% indicates high heterogeneity, 
leading to a downgrade of one or two levels, 
respectively.[16] These factors determine the certainty 
of evidence and classify it as high, moderate, low or 

very low. GRADEpro version 3.6 software was used to 
grade the certainty levels.

RESULTS

Study selection and characteristics
The initial online search identified 1855 potentially 
relevant articles. After removing duplicates, 1515 
articles remained for screening. Of these, 1478 articles 
were excluded based on title and abstract screening. The 
remaining 37 studies were subjected to full‑text review 
by two independent researchers, resulting in 16 articles 
being excluded. Twelve studies were excluded for not 
having sleep‑related outcome measures, three studies 
were excluded for not involving general anaesthesia 
procedures and one study was excluded for lacking 
specific outcomes in the protocol. Finally, 21 articles 
were included in the meta‑analysis [Figure 1].[1,17–36] A 
total of 2355 adult patients undergoing non‑cardiac 
surgery were included in the 21 articles. Of these, 

Identification of studies via databases

Records identified from:
Databases (n = 1855)
PubMed (n = 675)
Cochrane library (n = 252)
Embase (n = 431)
CNKL (n = 143)
WanFang (n = 169)
VIP (n = 26)
SinoMed (n = 169)

Records screened
(n = 1515)

Reports sought for retrieval
(n = 37)

Reports assessed for eligibility
(n = 37)

Studies included in review
(n = 21)

Reports of included studies
(n = 21)

Records removed before screenin
Duplicate records removed (n = 340)

Records excluded (n = 1478):
Meta-analysis and review (n = 192)
Animal experiment (n = 201)
Guidelines, case reports, meetings,
letters, trial registry record (n = 262)
Irrelevant to the subject (n = 823)

Reports not retrieved
(n = 0)

Reports excluded (n = 16):
Primary outcomes not measured (n = 11)
Study protocol (n = 1)
Retrospective study (n = 1)
Non-general anaesthesia (n = 3)
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Figure 1: PRISMA flowchart. CNKL = China National Knowledge Infrastructure, PRISMA = Preferred Reporting Items for Systematic Reviews 
and Meta‑Analyses
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of esketamine and dexmedetomidine,[17,20] 18 articles 
used only esketamine[1,18,19,21–35] and one study used 
esketamine for anaesthesia induction, maintenance 
and postoperative patient‑controlled analgesia.[36] The 
control group included only one comparison with 
sufentanil; all other comparisons were with a 
placebo (i.e. saline). Furthermore, six articles involved 
the continuous infusion of esketamine during 
surgery,[1,20–22,26,30]10 articles used esketamine for 
postoperative analgesia[17,23–25,28,29,32,34–36] and five articles 
involved intravenous bolus of esketamine.[18,19,27,31,33] 
The detailed characteristics of the included studies are 
presented in Table 1.

Quality assessment
The risk of bias for each primary outcome was assessed 
[Figure 2]. Generally, no studies were found to have an 
overall low risk of bias. All included RCTs mentioned 
the use of randomisation techniques, but the authors 
of 15 articles did not provide specific information 
regarding the randomisation process  (allocation 
sequence or concealment). Fifteen articles included 
in the analysis did not describe the blinding of 
participants and assessors, and two articles failed to 
mention the methods used for handling missing data.

Primary outcome
The preliminary segment of the study assessed the 
potential therapeutic effects of ketamine on PSDs, 
measured using PSQI. In this study, the PSQI scores 
in some articles were asymmetrically distributed and 
presented as medians and IQRs. As a result, these data 
were not converted to means and SDs. Sleep quality was 
assessed during the first 3 days post‑surgery, and the 
findings revealed that intravenous ketamine infusion 
on the first postoperative day significantly improved 
sleep disturbances compared to placebo (MD: −2.69; 
95% CI: −3.95, −1.42; P  <  0.0001, I² = 96%). In 
addition, esketamine significantly improved sleep 
disturbances on the second  (MD: −2.45; 95% CI: 
−3.99, −0.91; P  =  0.002, I² =96%) and third  (MD: 
−2.90; 95% CI: −4.79, −1.00; P = 0.003, I² = 97%) 
postoperative days. The corresponding forest plot is 
shown in Figure 3.1.

Variations in assessment time points and ketamine 
dosages across studies may have contributed to the 
variability in the results. Furthermore, the study results 
showed considerable heterogeneity, which may be 
attributed to differences in surgical types, the timing 
of ketamine administration, dosage, administration 
methods, the timing of postoperative sleep quality 

three studies were international[1,17,18] and published 
in English, while 18 studies were from China and 
published in Chinese.[19–36] Among the interventions 
of the 21 studies, two studies involved a combination 

Figure 2: Literature quality was assessed using tools recommended by 
the Cochrane Collaboration (green: low risk of bias, yellow: uncertain 
risk of bias, red: high risk of bias). (a) Risk of bias summary. (b) Risk 
of bias for individual studies

b

a
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Table 1: Study characteristics
Reference Year Type of operation Groups (number of patients) Ketamine 

administration time 
and duration

Postoperative 
analgesia

Adverse events

Ying 
Zhang 
et al.[17]

2023 Scoliosis correction 
surgery

(1) Esketamine: PCIA 
with esketamine 50 mg, 
dexmedetomidine 200 mg and 
sufentanil 4 mg/kg/h (up to 
250 mg) for 72 h (n=99); (2) 
control: PCIA with sufentanil 4 
mg/kg/h (up to 250 mg) for 72 
h (n=100)

(1) After extubation 
or while intubating 
after leaving the 
operating room for 
ICU and (2) last 72 h

PCIA Nausea, vomiting, 
dizziness, 
constipation, 
itching, psychiatric 
symptoms and 
other symptoms

Di Qiu 
et al.[1]

2022 Gynaecological 
laparoscopic surgery

(1) Esketamine: esketamine 
infusion 0.3 mg/kg/h (n=92); 
(2) control: normal saline 
equivalent infusion (n=91)

Intraoperative 
continuous infusion

(1) PCIA includes 
hydromorphone (0.2 
mg/kg) for 48 h; (2) 
rescue analgesia: 
flurbiprofen axidate 
50 mg

Vomiting and 
nausea, dizziness, 
itching, nightmares

Rong Zhou 
et al.[18]

2023 Elective two‑port 
VATS for unilateral 
pulmonary lesions 
(including lung 
wedge resection, 
segmentectomy, 
lobectomy and radical 
lung cancer resection)

(1) Esketamine: intravenous 
injection of S‑ketamine 0.5 
mg/kg (n=195); (2) control : 
intravenous injection of normal 
saline (n=192)

Intravenous injection 
of 0.5 mg/kg 
before anaesthesia 
induction

(1) PCIA includes 
sufentanil 0.15 mg/
kg, used before 
leaving PACU; (2) 
rescue analgesia: 
intravenous 
flurbiprofen 50 mg

Nausea, vomiting 
and dizziness

Liang 
et al.[19]

2023 Laparoscopic total 
hysterectomy

(1) Esketamine: intravenous 
injection of 0.3 mg/kg 
esketamine (n=53); (2) control: 
equal amount of normal saline 
(n=53)

Intravenous injection 
before incision was 
0.3 mg/kg

PCIA includes 
sufentanil 100 μg and 
ondansetron 12 mg

Laryngeal spasm, 
postoperative 
nausea, vomiting, 
headache, delirium

Dai 
et al.[22]

2023 Laparoscopic 
colorectal cancer 
surgery

(1) Esketamine: continued 
infusion of esketamine 0.2 mg/
kg/h until the end of surgery 
(n=39); (2) control: infusion of 
equal volume of 0.9% sodium 
chloride solution (n=38)

(1) Continuous 
infusion of 
esketamine 0.2 
mg/kg/h after 
endotracheal 
intubation (2) 
continued until the 
end of surgery

Postoperative PCIA 
with sufentanil at 2 
μg/kg

Respiratory 
depression, 
nausea, vomiting, 
headache

Mao 
et al.[24]

2022 Traumatic amputation (1) Esketamine: PCIA with 
fentanyl 8 µg/kg + esketamine 
50 mg+0.9% 100 ml saline for 
50 h (n=42); (2) control: PCIA 
with fentanyl 8 µg/kg + 0.9% 
100 ml saline for 50 h (n=42)

Last 50 h PCIA /

Li Ju 
et al.[25]

2022 Radical mastectomy (1) Esketamine: PCIA 
with sufentanil 2 µg/kg + 
esketamine 0.5 mg/kg + 
azasketone 20 mg, continued 
infusion for 48 h (n=45); (2) 
control: PCIA with sufentanil 2 
µg/kg + azasetron 20 mg for 
48 h (n=45)

Last 48 h PCIA Restlessness, 
nausea, vomiting, 
dizziness, 
respiratory 
suppression, 
remedial analgesia, 
blurred vision

Zhou 
et al.[26]

2024 Radical mastectomy (1) Esketamine: continued 
infusion of 0.3 mg/(kg·h) 
esketamine (n=40); (2) control: 
continued infusion of the same 
amount of normal saline during 
the operation (n=40)

(1) Continued 
infusion of 
esketamine 0.3 
mg/(kg·h) during 
the operation; (2) 
continued until the 
end of the operation

PCIA Nausea, vomiting, 
dizziness

Li Min 
et al.[27]

2023 Modified radical 
mastectomy

(1) Esketamine: intravenous 
injection of esketamine 0.2 mg/
kg for 1 min (n=40) and (2) 
control: intravenous injection 
of the same amount of normal 
saline for 1 min (n=40)

(1) Esketamine 0.2 
mg/kg was injected 
intravenously 30 min 
before the end of 
the operation and (2) 
last 1 min

PCIA Nausea, vomiting, 
nightmares, 
hallucinations

Contd...
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Table 1: Contd...
Reference Year Type of operation Groups (number of patients) Ketamine 

administration time 
and duration

Postoperative 
analgesia

Adverse events

Meng 
et al.[28]

2023 Laparoscopic 
myomectomy

(1) Ketamine: PCIA with 
10 mg butorphanol + 20 
mg domperidone + 1 mg/
kg ketamine.(n=55) and 
(2) control: PCIA with 10 
mg butorphanol+20 mg 
domperidone (n=55)

(1) After extubation 
at the end of surgery 
and (2) last 24–48 h

PCIA Nausea and 
vomiting, 
somnolence, 
dizziness and 
headache, 
hallucinations

Sun 
et al.[20]

2024 Modified radical 
mastectomy

(1) Esketamine: infusion 
of propofol 3–5 mg/(kg·h), 
esketamine 0.2 mg/(kg·h), 
dexmedetomidine 0.5 μg/(kg·h) 
(n=44) and (2) control: infusion 
of propofol 4–6 mg/kg/h, 
remifentanil 0.1–0.3 μg/(kg·min) 
(n=43)

Intraoperative 
continuous infusion

PCIA: sufentanil 
0.02 μg/(kg·h) + 
ondansetron 10 mg

Postoperative 
agitation, 
dizziness, nausea 
and vomiting, 
hypotension, 
pruritus, nightmares

Gao 
et al.[21]

2023 VATS lobectomy (1) Esketamine: intravenous 
infusion of esketamine 
hydrochloride injection 0.5 
mg/kg (n=40) and (2) control: 
intravenous infusion of an 
equivalent volume of normal 
saline (n=40)

(1) After the catheter 
is inserted into 
the chest and (2) 
continuous infusion 
until 30 min before 
surgery

PCIA: sufentanil 
citrate 100 
μg+dezocine 10 
mg+tropisetron 10 
mg

Respiratory 
depression, pruritus 
or itching, nausea 
and vomiting, 
blood pressure 
fluctuations, 
palpitations, 
somnolence or 
drowsiness

Xie et al.[23] 2023 Laparoscopic radical 
colectomy

(1) Esketamine: PCIA with 
esketamine 1 mg/kg + 
sufentanil 1.5 μg/kg (n=52) and 
(2) control: PCIA with sufentanil 
2 μg/kg (n=52)

Last 36 h PCIA Hypotension, 
nausea and 
vomiting, 
bradycardia, vertigo

Lu et al.[29] 2024 Laparoscopic total 
hysterectomy

(1) Ketamine: PCIA with 
esketamine 0.5 mg/
kg + oxycodone 40 
mg+dexmedetomidine 100 
μg + tropisetron 5 mg+0.9% 
sodium chloride injection up 
to 100 ml (n=39) and (2) 
control: PCIA: with oxycodone 
40 mg+dexmedetomidine 100 
μg+tropisetron 5 mg+0.9% 
sodium chloride injection up to 
100 ml (n=39)

Immediately after 
surgery

PCIA Nausea and 
vomiting, dizziness, 
hallucinations, 
blurred vision

Li et al.[30] 2024 Open reduction and 
internal fixation of 
traumatic long bone 
fractures of the 
extremities

(1) S‑ketamine: intravenous 
infusion of 0.5 mg/kg/h 
S‑ketamine until the end of the 
surgery (n=42) and (2) control: 
intravenous infusion of an 
equal volume of normal saline 
during the surgery (n=42)

Intraoperative 
continuous infusion

PCIA Nausea, vomiting, 
hallucinations, 
nightmares

Sun 
et al.[31]

2023 Laparoscopic radical 
nephrectomy for renal 
cancer

(1) Ketamine: intravenous 
injection of 0.3 mg/kg 
esketamine before surgery 
(n=48) and (2) control: 
intravenous injection of an 
equal volume of normal saline 
before surgery (n=48)

Intravenous injection 
before surgery

PCIA Postoperative 
agitation, nausea 
and vomiting

Ye et al.[32] 2024 Thoracoscopic radical 
lung cancer surgery

(1) Esketamine: 
PCIA with sufentanil 
1.5 μg/kg, esketamine 
1.0 mg/kg, azasetron 10 mg, 
diluted to 100 ml with 0.9% 
sodium chloride solution (n=43) 

(1) Connect the 
analgesia pump 
for PCIA 10 min 
before the end of the 
surgery; (2) last 48 h

Rescue analgesia: 
intravenous injection 
of tramadol 100 mg

Nausea and 
vomiting, 
respiratory 
depression, 
dizziness, skin 
itching, delirium

Contd...
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Table 1: Contd...
Reference Year Type of operation Groups (number of patients) Ketamine 

administration time 
and duration

Postoperative 
analgesia

Adverse events

and (2) control: azasetron 10 
mg and sufentanil 2.5 μg/kg, 
diluted to 100 ml with 0.9% 
sodium chloride solution (n=43)

Ding 
et al.[33]

2024 Laparoscopic total 
hysterectomy

(1) Ketamine: administer 
intravenous esketamine 0.3 
mg/kg before skin incision 
(n=55); (2) control: administer 
an equivalent dose of normal 
saline before skin incision 
(n=55)

Intravenous injection 
before skin incision

(1) PCIA 
(2) Rescue analgesia: 
intravenous injection 
of tramadol 50 mg

Nausea, vomiting, 
headache, 
dizziness

Wang 
et al.[36]

2024 Radical mastectomy (1) Ketamine: induction: 
0.1 mg/kg esketamine; 
maintenance: 0.1 mg/kg/h 
esketamine; PCIA: 1 mg/kg 
esketamine (n=33) and (2) 
control: equivalent volume of 
normal saline (n=33)

Induction: 0.1 mg/
kg esketamine; 
maintenance: 0.1 
mg/kg/h esketamine; 
PCIA: 1 mg/kg 
esketamine

PCIA /

Jia et al.[34] 2024 Thoracoscopic lung 
resection surgery

(1) Ketamine: PCIA 
with sufentanil 1.5 μg/
kg+esketamine 1 mg/
kg+ondansetron 4 mg 
(n=48) and (2) control: PCIA 
with sufentanil 2 μg/kg + 
ondansetron 4 mg (n=48)

PCIA (1) PCIA (2) 
Rescue analgesia: 
intravenous injection 
of flurbiprofen axetil 
50 mg

Hypotension, 
bradycardia, 
dizziness, 
nausea, vomiting, 
drowsiness, skin 
itching, respiratory 
depression

Wang 
et al.[35]

2022 Abdominal surgery (1) Ketamine: PCIA with 0.6 
mg/kg esketamine combined 
with 0.3 mg/kg dezocine 
(n=38); (2) control: PCIA with 
sufentanil 2 μg/mg combined 
with 0.3 mg/kg dezocine (n=38)

PCIA PCIA Nausea and 
vomiting, 
drowsiness, 
fatigue, dizziness 
and arrhythmia

ICU=intensive care unit, PACU=post‑anaesthesia care unit, PCIA=patient‑controlled intravenous analgesia, VATS=video‑assisted thoracoscopic surgery

assessments and the baseline characteristics of 
patients, such as age and gender.

Secondary outcome
Furthermore, we also compared the differences in 
VAS scores between patients who received ketamine 
and saline interventions on the first day after surgery. 
The results demonstrated that ketamine caused a 
statistically significant improvement in VAS scores on 
the first postoperative day, compared to placebo (MD: 
−0.38; 95% CI: −0.55, −0.21; P  <  0.00001, 
I² = 84%), indicating that ketamine effectively reduces 
postoperative pain on the first day after surgery. The 
corresponding forest plot is shown in Figure  3.2. 
Overall, ketamine shows limited effectiveness in 
postoperative pain relief and does not support its 
routine use for postoperative analgesia. Therefore, its 
widespread use as a standard analgesic is not currently 
recommended.

Lastly, the analysis of analgesic rescue rates between 
the two groups showed that the ketamine group 

experienced a significantly lower rate of rescue 
compared to the placebo group  (RR: 0.48; 95% CI: 
0.33, 0.70; P = 0.0001, I² = 53%), further confirming 
the effectiveness of ketamine in postoperative pain 
management  [Figure 3.3]. However, due to the small 
overall effect size indicated in the forest plot, the study 
shows that ketamine has limited efficacy in alleviating 
postoperative pain. While ketamine possesses some 
analgesic properties, its effect on postoperative pain 
may be insufficient to support its widespread use in 
clinical practice.

Adverse effects
In analysing postoperative adverse effects, we 
synthesised the reported reactions, including nausea, 
vomiting, dizziness, headache, constipation, itching 
and psychiatric symptoms such as delirium and 
nightmares. Our evaluation found no statistically 
significant differences in postoperative adverse 
reactions when comparing the ketamine group 
with the control group. This result suggests that 
the risk of postoperative adverse reactions does not 
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Figure 3.1: Forest plots of the incidence of postoperative sleep disturbance measured by PSQI on POD1, POD2 and POD3 (I² = heterogeneity). 
CI = confidence interval, df = degrees of freedom, IV = inverse variance, POD = postoperative day, PSQI = Pittsburgh Sleep Quality Index, 
SD = standard deviation

Figure 3.2: Forest plots of postoperative pain intensity (measured by VAS) on POD1 (I² = heterogeneity)). CI = confidence interval, df = degrees 
of freedom, IV = inverse variance, POD = postoperative day, SD = standard deviation, VAS = Visual Analogue Scale
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increase significantly with perioperative intravenous 
administration of ketamine [Supplementary Figure 1]. 
However, the follow‑up periods related to ketamine’s 
adverse reactions are generally short, and there is a 
lack of comprehensive data from extended follow‑up 
studies. This makes the prolonged safety profile of 
ketamine uncertain, especially in the context of its use 
in sustained or high‑dose applications, where potential 
risks and side effects have not been fully evaluated.

Sensitivity analysis
Given the high heterogeneity of the results, sensitivity 
analysis was employed to evaluate the stability 
of the primary outcome. This approach involved 
progressively removing each study to assess its effect 
on the overall effect size, thus assessing the robustness 
of the results.[37] The current analysis indicates that the 
MDs in each study are negative, and the 95% CIs do 
not include zero, suggesting a statistically significant 
difference between the ketamine group and the control 
group, regardless of which study was excluded. 
Although heterogeneity values are high, they remain 
relatively stable after excluding any individual study, 
suggesting that the variability in effect size estimates 
across studies exists but is not influenced by any single 
study. This confirms the stability and reliability of our 
main result  –  the efficacy of ketamine in improving 
postoperative sleep quality  –  suggesting that the 
overall assessment of PSD remains stable [Table 2].

Subgroup analysis
Due to the high heterogeneity and variability 
in surgical types within the study, subgroup 
analyses were performed on the timing, dosage and 
administration methods of ketamine to explore the 
factors contributing to the heterogeneity. This article 
subdivided the timing of ketamine administration into 
two subgroups, intraoperative and postoperative, to 

evaluate its impact on postoperative sleep quality. The 
results showed that, regardless of whether ketamine 
was administered intraoperatively or postoperatively, 
there was a significant reduction in PSQI scores 
assessing postoperative sleep quality  (intraoperative: 
MD: −2.17; 95% CI: −3.27, −1.08; P  <  0.0001, 
I² = 85%; postoperative: MD: −2.84; 95% CI: −5.38, 
−0.30; P  =  0.03, I² = 97%)  [Figure  4]. Regarding 
the dosage of ketamine, the study divided it into 
dose ≥0.5 mg/kg and dose <0.5 mg/kg groups.[6] The 
study results demonstrated that intravenous injection 
of ketamine at both dosages positively improved 
PSDs (≥0.5 mg/kg group: MD: −2.72; 95% CI: −4.78, 
−0.65; P  =  0.01, I² = 96%; <0.5  mg/kg group: 
MD: −2.16; 95% CI: −3.41, −0.92; P  =  0.0007, 
I² = 87%) [Figure 5]. In addition, this study analysed 
the methods of ketamine administration, including 
single intravenous injection and continuous 
infusion. The results indicated that both continuous 
intravenous infusion and single intravenous injection 
of ketamine significantly improved the therapeutic 
effect compared to the control group  (intravenous 
injection: MD: −1.12; 95% CI: −2.02, −0.23; P = 0.01, 
I² = 71%; continuous infusion: MD: −3.06; 95% CI: 
−4.61, −1.50; P = 0.0001, I² =94%) [Figure 6].

Grading the certainty of evidence
Table  3 presents the results of the evidence quality 
evaluation based on the GRADE system. For studies 
evaluating sleep quality on postoperative day 1 (POD1) 
using PSQI, evidence quality was rated low due to 
substantial heterogeneity, despite no major concerns 
about bias, indirectness or imprecision. These 
findings indicate that, although ketamine could have 
some potential to improve the sleep quality on POD1, 
the evidence is insufficient and should be interpreted 
with caution. Similar findings were observed for PSQI 
scores on postoperative days 2 (POD2) and 3 (POD3), 

Figure 3.3: Forest plots of analgesic rescue rate within 1 week postoperatively (I² = heterogeneity). CI = confidence interval, df = degrees of 
freedom, MH = Mantel–Haenszel
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Figure 4: Forest plot of PSQI score on POD1 by subgroup – timing of ketamine administration (intraoperative and postoperative) (I² = heterogeneity). 
CI = confidence interval, df = degrees of freedom, IV = inverse variance, POD = postoperative day, PSQI = Pittsburgh Sleep Quality Index, 
SD = standard deviation

where high heterogeneity led to a low‑quality rating. 
Although there are indications that ketamine may 
improve postoperative sleep quality, the evidence 
remains of low quality and requires careful 
consideration.

The evidence quality for postoperative pain, evaluated 
using the VAS score, was found to be very low. This 
was mainly due to severe imprecision, as the 95% CIs 

covered both increases and decreases in pain scores, 
combined with high heterogeneity. This suggests that, 
while some evidence points to ketamine potentially 
providing postoperative pain relief, the estimates of 
effect are highly uncertain.

Overall, this study demonstrates that ketamine has 
some effect in improving postoperative sleep quality 
and alleviating pain. However, the existing evidence is 

Figure 5: Dose of ketamine administration (dose ≥0.5 mg/kg, dose < 0.5 mg/kg) (I² = heterogeneity). CI = confidence interval, df = degrees of 
freedom, IV = inverse variance, SD = standard deviation
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generally of low quality, with limited sample sizes and 
numerous limitations in study design. Therefore, more 
high‑quality, large‑scale studies are urgently needed 
to confirm the actual role of ketamine in managing 
postoperative pain and sleep.

Publication bias
We used R software (version 4.3.3 ‘Angel Food Cake’, 
R Core Team, 2024) to conduct Begg’s rank correlation 
test and Egger’s linear regression test, with the aim of 
evaluating the publication bias of PSQI on the first 
day after surgery. Begg’s test  (P = 0.751) and Egger’s 
test  (P  =  0.129) indicated no significant publication 
bias. In addition, we created funnel plots for visual 
inspection. Observation of the funnel plot revealed 
that the data points were symmetric, suggesting no 

publication bias. However, due to the limited number 
of studies included, this finding should be interpreted 
cautiously, as the observed symmetry may be a random 
result arising from the small sample size [Figure 7].

DISCUSSION

The meta‑analysis included 21 eligible studies and 
found that ketamine improved PSDs, providing 
evidence to support its clinical use in managing 
postoperative sleep. Furthermore, ketamine also 
reduced the occurrence of postoperative pain and 
decreased the rate of rescue analgesia, indicating its 
benefits in improving pain management. Considering 
the high heterogeneity and the limited quality of 
evidence in this study, caution is needed when 
interpreting the results.

PSDs are widespread in clinical practice,[38] and are 
influenced by factors including age, the severity 
of surgery, postoperative pain and environmental 
stressors.[3] Despite its significant impact, PSD is 
often overlooked in clinical care and research. Most 
strategies focus on physiological recovery rather 
than sleep quality. Given PSD’s multifactorial 
nature, integrated multimodal approaches are 
recommended.[39] These approaches include 
reducing preoperative anxiety, minimally invasive 
surgery, effective non‑opioid pain management, 
pharmacological treatments  (e.g.  dexmedetomidine, 
zolpidem, melatonin) and non‑pharmacological 

Table 2: Sensitivity analysis of sleep quality (measured by 
PSQI) on POD1

Outcome Exclusion of 
one by one

MD 95% CI I2

PSQI on 
POD1

Dai 2023 −2.52 (−3.85, −1.20) 96%
Gao 2023 −2.73 (−4.09, −1.36) 96%
Liang 2023 −2.67 (−4.02, −1.32) 96%
Lin Min 2023 −2.93 (−4.16, −1.70) 94%
Meng 2023 −2.9 (−4.24, −1.55) 96%
Sun 2024 −2.62 (−3.99, −1.26) 96%
Lu 2024 −2.39 (−3.49, −1.28) 93%
Sun 2023 −2.9 (−4.25, −1.56) 96%
Wang 2022 −2.7 (−4.12, −1.29) 96%
Wang 2024 −2.49 (−3.84, −1.13) 96%

CI=confidence interval, MD=mean difference, POD1=postoperative day 1, 
PSQI=Pittsburgh Sleep Quality Index. I2=heterogeneity

Figure 6: Mode of ketamine administration (single injection, continuous infusion) (I² = heterogeneity). CI = confidence interval, df = degrees of 
freedom, IV = inverse variance, SD = standard deviation
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methods like Enhanced Recovery After Surgery 
protocols. Currently, pharmacological interventions 
remain the most commonly used approach to improve 
postoperative sleep.[40]

Ketamine, as an N‑methyl‑d‑aspartate  (NMDA) 
receptor antagonist, is widely used in clinical 
practice.[41] It may regulate sleep cycles, alleviate pain 
and reduce postoperative stress responses by affecting 
multiple pathways in the central nervous system.[9,42,43] 
Early studies suggest that the perioperative use of 
ketamine can improve patients’ sleep quality. The 
improvement in sleep quality is thought to result from 
ketamine’s antidepressant effects, anti‑inflammatory 
properties, analgesic action, interactions with the 
circadian system and neurocognitive and anxiolytic 
impacts.[44] Furthermore, current research is focused 
on determining the optimal ketamine dosage, the 
timing of its administration and its combination 
with other anaesthetic drugs. While existing studies 
support the idea that perioperative ketamine use can 
improve postoperative sleep quality, the evidence 
remains insufficient, and further research is needed to 
validate these findings.

This meta‑analysis demonstrates that intravenous 
ketamine alleviates PSDs. The statistical analysis 
further supports its positive effect, emphasising 
ketamine’s potential value in postoperative 
management, particularly in controlling pain and 
mitigating sleep disorders. However, the mechanisms 
underlying these effects require further exploration. In 
addition, the results exhibit considerable heterogeneity, 

Figure 7: A  funnel plot of PSQI scores on POD1  (O indicates the 
included studies). MD = mean difference, POD = postoperative day, 
PSQI = Pittsburgh Sleep Quality Index, SE = standard error
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likely due to variations in surgical types, timing, 
dosage and administration methods of ketamine, as 
well as patient baseline characteristics such as age 
and gender. The inclusion of diverse surgeries, such as 
breast, thoracoscopic, laparoscopic and limb fracture 
surgeries,  limited the ability to assess the impact of 
surgical type on sleep improvement. Variations in 
ketamine administration timing, dosage and methods, 
along with differences in gender and age among 
participants, contributed to this heterogeneity. The 
small number of studies also restricted the ability to 
perform subgroup analyses considering these factors, 
which, in turn, heightened the heterogeneity. Future 
research should focus on specific patient populations 
tailored to different surgical types, while standardising 
the administration method, dosage and timing of 
ketamine. This would help reduce heterogeneity and 
improve result reliability.

Furthermore, this article primarily compared ketamine 
with saline and found it effective in improving PSDs. 
However, it did not compare ketamine with other 
common interventions, such as dexmedetomidine or 
sufentanil, limiting a comprehensive assessment of 
ketamine’s relative advantages and safety. In addition, 
we extensively explored the impact of ketamine 
administration timing, method and dosage on PSDs. 
Based on the subgroup analysis conducted, the 
results indicate that continuous infusion of ketamine 
demonstrates more significant and stable clinical 
effects compared to a single intravenous injection 
regimen. This finding suggests that continuous infusion 
may be a more effective strategy for postoperative 
recovery than single‑dose administration. Continuous 
infusion maintains stable ketamine plasma levels, 
prolongs therapeutic effects and reduces fluctuations 
that could affect sleep quality. In contrast, single‑dose 
administration may have limited efficacy due to rapid 
metabolism. Further large‑scale trials are needed to 
determine the optimal dosing, infusion duration and 
safety across different surgeries to refine clinical practice 
and guidelines. Ketamine doses  ≥0.5  mg/kg were 
more effective than lower doses, and administration 
during surgery was superior to postoperative pain 
management. Given these findings, continuous 
ketamine infusion at  ≥0.5  mg/kg during surgery is 
recommended to alleviate PSDs. Although caution 
is required in interpreting the results because of the 
high heterogeneity and low quality of evidence, this 
study offers valuable insights into ketamine’s role in 
enhancing postoperative sleep. Nevertheless, further 
research is needed to determine optimal ketamine 

dosages for effectively mitigating PSDs. Many studies 
in this field come from China, and their specific 
design, sample size and population characteristics 
could affect the broader applicability of the findings. 
Although funnel plot showed no clear bias, the 
overrepresentation of regional studies could influence 
the applicability and reliability in interpreting the 
results. Future research should involve diverse regions 
and patient populations to strengthen the evidence.

Although this analysis provides some supportive 
evidence for the positive effects of ketamine in 
improving PSDs, several key limitations should be 
acknowledged. First, only 10 of the 21 studies used 
PSQI to assess sleep, and many had small sample 
sizes, limiting generalisability. Second, significant 
variability existed across the included studies, 
particularly regarding ketamine administration 
methods, dosages and timing, potentially influencing 
stability and credibility in analysis results. Third, most 
studies focused on the short‑term improvement effects 
of ketamine on PSDs, with inadequate discussion of 
its long‑term impacts and potential long‑term side 
effects. Fourth, the results of this study exhibited high 
heterogeneity and low quality of evidence; therefore, 
caution is needed when interpreting the findings. 
Given the aforementioned limitations, future research 
should involve high‑quality, large‑scale trials to 
address variations in surgery types, administration 
protocols and the effects of ketamine in different 
patient populations. In addition, studies should 
explore ketamine’s potential synergistic effects 
with other drugs, such as dexmedetomidine, and 
extend follow‑up periods to assess long‑term sleep 
improvements and safety.

CONCLUSION

The results suggest that ketamine improves 
postoperative sleep quality, supporting its use in 
perioperative management. This finding underscores 
the clinical importance of PSDs and encourages further 
exploration of improvement strategies. Nevertheless, 
given high heterogeneity and limited evidence 
quality, the results require further validation. Future 
research should focus on reducing heterogeneity and 
bias through larger, more rigorous trials, as well as 
long‑term follow‑up studies on ketamine’s efficacy 
and safety. In addition, exploring its mechanisms, 
efficacy and safety across different surgeries and 
patient groups will help optimise sleep management 
and recovery.
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SUPPLEMENTARY TABLE 1: SEARCH STRATEGY

1.	 Various database search methods:
Cochrane library

#1	 ketamine
#2	 Ketamine OR CI‑581 OR CI 581 OR CI581 OR Ketalar OR Ketaset OR Ketanest OR Calipsol OR 

Kalipsol OR Calypsol OR Ketamine Hydrochloride
#3	 #1 OR #2
#4	 Sleep Wake Disorders
#5	 Sleep Wake Disorders OR Disorder, Sleep Wake OR Disorders, Sleep Wake OR Sleep Wake 

Disorder OR Wake Disorder, Sleep OR Wake Disorders, Sleep OR Subwakefullness Syndrome OR 
Subwakefullness Syndromes OR Syndrome, Subwakefullness OR Syndromes, Subwakefullness 
OR Sleep Disorders OR Disorder, Sleep OR Disorders, Sleep OR Sleep Disorder OR Sleep‑Related 
Neurogenic Tachypnea OR Neurogenic Tachypnea, Sleep‑Related OR Neurogenic Tachypneas, 
Sleep‑Related OR Sleep Related Neurogenic Tachypnea OR Sleep‑Related Neurogenic Tachypneas 
OR Tachypnea, Sleep‑Related Neurogenic OR Tachypneas, Sleep‑Related Neurogenic OR Long 
Sleeper Syndrome OR Long Sleeper Syndromes OR Sleeper Syndrome, Long OR Sleeper Syndromes, 
Long OR Syndrome, Long Sleeper OR Syndromes, Long Sleeper OR Short Sleeper Syndrome OR 
Short Sleeper Syndromes OR Sleeper Syndrome, Short OR Sleeper Syndromes, Short OR Syndrome, 
Short Sleeper OR Syndromes, Short Sleeper OR Short Sleep Phenotype OR Phenotype, Short Sleep 
OR Phenotypes, Short Sleep OR Short Sleep Phenotypes OR Sleep Phenotypes, Short OR sleep 
disturbance

#6	 #4 OR #5
#7	 #3 AND #6

Embase
#1.	 ‘ketamine’/exp OR ketamine (using both Mesh and free-text terms in title/abstract)
#2.	 ’2‑(2‑chlorophenyl)‑2‑(methylamino) cyclohexanone’:ab, ti OR ‘ci‑581’:ab, ti OR ‘ci 581’:ab, ti 

OR ‘ci581’:ab, ti OR ‘ketalar’:ab, ti OR ‘ketaset’:ab, ti OR ‘ketanest’:ab, ti OR ‘calipsol’:ab, ti OR 
‘kalipsol’:ab, ti OR ‘calypsol’:ab, ti OR ‘ketamine hydrochloride’:ab, ti OR ‘ketamine’:ab, ti

#3.	 #1 OR #2
#4.	 (‘sleep’/exp OR sleep) AND wake AND (‘disorders’/exp OR disorders)
#5.	 ‘disorder, sleep wake’:ab, ti OR ‘disorders, sleep wake’:ab, ti OR ‘sleep wake disorder’:ab, ti OR 

‘wake disorder, sleep’:ab, ti OR ‘wake disorders, sleep’:ab, ti OR ‘subwakefullness syndrome’:ab, 
ti OR ‘subwakefullness syndromes’:ab, ti OR ‘syndrome, subwakefullness’:ab, ti OR ‘syndromes, 
subwakefullness’:ab, ti OR ‘sleep disorders’:ab, ti OR ‘disorder, sleep’:ab, ti OR ‘disorders, sleep’:ab, 
ti OR ‘sleep disorder’:ab, ti OR ‘sleep‑related neurogenic tachypnea’:ab, ti OR ‘neurogenic tachypnea, 
sleep‑related’:ab, ti OR ‘neurogenic tachypneas, sleep‑related’:ab, ti OR ‘sleep related neurogenic 
tachypnea’:ab, ti OR ‘sleep‑related neurogenic tachypneas’:ab, ti OR ‘tachypnea, sleep‑related 
neurogenic’:ab, ti OR ‘tachypneas, sleep‑related neurogenic’:ab, ti OR ‘long sleeper syndrome’:ab, 
ti OR ‘long sleeper syndromes’:ab, ti OR ‘sleeper syndrome, long’:ab, ti OR ‘sleeper syndromes, 
long’:ab, ti OR ‘syndrome, long sleeper’:ab, ti OR ‘syndromes, long sleeper’:ab, ti OR ‘short sleeper 
syndrome’:ab, ti OR ‘short sleeper syndromes’:ab, ti OR ‘sleeper syndrome, short’:ab, ti OR ‘sleeper 
syndromes, short’:ab, ti OR ‘syndrome, short sleeper’:ab, ti OR ‘syndromes, short sleeper’:ab, ti OR 
‘short sleep phenotype’:ab, ti OR ‘phenotype, short sleep’:ab, ti OR ‘phenotypes, short sleep’:ab, ti 
OR ‘short sleep phenotypes’:ab, ti OR ‘sleep phenotypes, short’:ab, ti OR ‘sleep disturbance’:ab, ti

#6.	 #4 OR #5
#7.	 #3 AND #6



PubMed
#1	 “Ketamine”[Mesh]
#2	 (((((((((((ketamine[Title/Abstract]) OR  (2‑(2‑Chlorophenyl)‑2‑(methylamino) cyclohexanone[Title/

Abstract])) OR  (CI‑581[Title/Abstract])) OR  (CI 581[Title/Abstract])) OR  (CI581[Title/Abstract])) 
OR  (Ketalar[Title/Abstract])) OR  (Ketaset[Title/Abstract])) OR  (Ketanest[Title/Abstract])) 
OR  (Calipsol[Title/Abstract])) OR  (Kalipsol[Title/Abstract])) OR  (Calypsol[Title/Abstract])) 
OR (Ketamine Hydrochloride[Title/Abstract])

#3	 #1 OR #2
#4	 ”Sleep Wake Disorders”[Mesh]
#5	 ((((((((((((((((((((((((((((((((((((Sleep Wake Disorders[Title/Abstract]) OR  (Sleep Wake Disorders[Title/

Abstract])) OR  (Sleep Wake Disorder[Title/Abstract])) OR  (Wake Disorder, Sleep[Title/Abstract])) 
OR  (Wake Disorders, Sleep[Title/Abstract])) OR  (Subwakefullness Syndrome[Title/Abstract])) 
OR  (Subwakefullness Syndromes[Title/Abstract])) OR  (Syndrome, Subwakefullness[Title/
Abstract])) OR  (Syndromes, Subwakefullness[Title/Abstract])) OR  (Sleep Disorders[Title/Abstract])) 
OR  (Disorder, Sleep[Title/Abstract])) OR  (Disorders, Sleep[Title/Abstract])) OR  (Sleep Disorder[Title/
Abstract])) OR  (Sleep Disturbance[Title/Abstract])) OR  (Sleep‑Related Neurogenic Tachypnea[Title/
Abstract])) OR  (Neurogenic Tachypnea, Sleep‑Related[Title/Abstract])) OR (Neurogenic Tachypneas, 
Sleep‑Related[Title/Abstract])) OR  (Sleep Related Neurogenic Tachypnea[Title/Abstract])) 
OR  (Sleep‑Related Neurogenic Tachypneas[Title/Abstract])) OR  (Tachypnea, Sleep‑Related 
Neurogenic[Title/Abstract])) OR  (Tachypneas, Sleep‑Related Neurogenic[Title/Abstract])) OR  (Long 
Sleeper Syndrome[Title/Abstract])) OR  (Long Sleeper Syndromes[Title/Abstract])) OR  (Sleeper 
Syndrome, Long[Title/Abstract])) OR  (Sleeper Syndromes, Long[Title/Abstract])) OR  (Syndrome, 
Long Sleeper[Title/Abstract])) OR  (Syndromes, Long Sleeper[Title/Abstract])) OR (Short Sleeper 
Syndrome[Title/Abstract])) OR  (Short Sleeper Syndromes[Title/Abstract])) OR  (Sleeper Syndrome, 
Short[Title/Abstract])) OR  (Sleeper Syndromes, Short[Title/Abstract])) OR  (Syndrome, Short 
Sleeper[Title/Abstract])) OR  (Syndromes, Short Sleeper[Title/Abstract])) OR  (Short Sleep 
Phenotype[Title/Abstract])) OR  (Phenotype, Short Sleep[Title/Abstract])) OR  (Phenotypes, Short 
Sleep[Title/Abstract])) OR  (Short Sleep Phenotypes[Title/Abstract])) OR  (Sleep Phenotypes, 
Short[Title/Abstract])

#6	 #4 OR #5
#7	 #3 AND #6



Supplementary Figure 1: Adverse events within 1 week postoperatively (adverse events include nausea, vomiting, dizziness, constipation, 
itching, psychiatric symptoms and other symptoms) (I² = heterogeneity). CI = confidence interval, df = degrees of freedom, MH = Mantel–Haenszel


