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Abstract 

Background Postoperative delirium is a common neurological complication, especially in older patients undergo-
ing surgery, which is closely related to the poor prognosis of patients. The objective was to investigate the effects 
of esketamine on postoperative delirium in patients with general anesthesia.

Methods The databases of PubMed, Embase, Cochrane Library and the Chinese National Knowledge Infrastructure 
were searched for all available randomised controlled trials on the effects of esketamine induction on postoperative 
delirium in patients undergoing elective general anesthesia from inception until April 21, 2024. We used RevMan5.4 
software for data analysis. Dichotomous data was analyzed by risk ratios(RR) with a 95% confidence interval(CI), 
and continuous data by mean differences(MD). We also evaluated the risk of literature bias using the Cochrane Bias 
Risk Assessment tool.

Results We included a total of 17 randomized controlled trials, including 1286 patients undergoing elective general 
anesthesia. In 17 studies, esketamine significantly reduced the incidence of postoperative delirium (RR: 0.43; 95%CI: 
0.33 ~ 0.57; p < 0.001). Five studies examined the incidence of postoperative adverse events (nausea, vomiting, dizzi-
ness and resporatory depression) and showed no statistically significant difference between the esketamine group 
and the control group (normal saline or dexmedetomidine) (RR: 0.82; 95%CI: 0.65 ~ 1.03; p = 0.08). In addition, this 
study found that the esketamine group had a lower incidence of hypotension (RR: 0.24; 95%CI: 0.12 ~ 0.48; p < 0.001) 
and a lower score on the visual analogue scale 24 h after surgery (MD: -0.44; 95%CI: -0.54 ~ -0.33; p < 0.001).

Conclusion According to our meta-analysis, the use of esketamine during anesthesia induction significantly reduced 
the incidence of postoperative delirium in patients undergoing elective general anesthesia without increasing 
the incidence of postoperative adverse reactions.
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Introduction
Delirium is a cognitive disturbance characterised by 
acute and fluctuating impairment in attention and 
awareness. Postoperative delirium (POD) usually arises 
between postoperative days 2–5 [1]. POD is more fre-
quent with increasing age, occurring in up to 65% of 
older patients [2]. In addition, POD is considered a 
strong predictor of delayed neurocognitive recovery 
[3]. Postoperative delirium and delayed neurocognitive 
recovery have been associated with higher odds of mor-
tality, postoperative complications, unplanned inten-
sive care unit admissions, length of hospital stay, and 
increased healthcare resource expenditure [4, 5]. There 
are several factors that contribute to POD, including 
patient characteristics, anesthetic and operation fac-
tors, and postoperative factors. Advanced age, preop-
erative cognitive dysfunction, long-term use of multiple 
drugs, multiple co-existing diseases, long duration of 
anesthesia, postoperative infection, and respiratory 
problems are all considered as risk factors for POD [6].

Ketamine is an intravenous anesthetic with both sed-
ative and analgesic effects. The nonanesthetic action 
of ketamine represents an innovative approach for its 
clinical application, but its use for POD prophylaxis 
remains disputed. Studies have demonstrated that 
the administration of sub-anesthetic dose of keta-
mine (0.2–0.5 mg/kg) during anesthesia induction can 
reduce the occurrence of neurocognitive disorders to 
some extent, although the preventative effect on POD 
is unknown [7]. Two recent systematic reviews have 
shown that intraoperative ketamine does not reduce 
the incidence of POD or neurocognitive disorders [8, 
9]. As can be observed, the usefulness of intraoperative 
ketamine usage for avoiding POD or neurocognitive 
disorders requires more research.

Esketamine is an optically active isomers of keta-
mine [10]. Its action site is similar to ketamine, mainly 
N-methyl-D aspartic acid receptor, but it has an 
enhanced affinity than ketamine, a stronger analgesic 
effect, a higher clearance rate in  vivo, and a lower inci-
dence of side effects [11]. However, at present, the rel-
evant clinical evidence of esketamine is limited, and 
the effect of esketamine on POD unclear. Therefore, we 
conducted this study to investigate the effects of esketa-
mine on postoperative delirium in patients with general 
anesthesia.

Methods
The article was finished in accordance with the Preferred 
Reporting Items for Systematic reviews and Meta-Anal-
ysis Statement guidelines. The study protocol was regis-
tered in PROSPERO (CRD42024549036).

Search strategy
We systematically searched the databases of PubMed, 
Embase, Cochrane Central Registry of Controlled Tri-
als and the Chinese National Knowledge Infrastruc-
ture for all relevant studies from inception to March 17, 
2024. The search strategy in PubMed was as follows: 
(("delirium"[MeSH Terms] OR "delirium"[All Fields] OR 
("Postoperative Cognitive Complications"[MeSH Terms] 
OR "Postoperative Cognitive Complications"[All Fields])) 
AND ("esketamine"[MeSH Terms] OR "esketamine"[All 
Fields])). The search strategy was limited to randomized 
controlled trials (RCTs) and participants were restricted 
to adults.

Study selection
The inclusion criteria were: (1) studies examining the 
association between esketamine vs. control and delirium 
under general anesthesia; (2) studies must be a rand-
omized controlled trial. (3) articles are journal articles. 
(4) articles were available in English and Chinese only. 
The exclusion criteria were: (1) the participants were chil-
dren; (2) studies were spinal anesthesia; (3) the full text 
was not available. (4) dissertations were not included.

Study endpoints
The primary outcome was the incidence of POD, and 
the secondary outcomes were incidence of adverse reac-
tions, blood pressure after induction, and visual analogue 
scale scores(VAS) 24  h after surgery. Adverse reactions 
included nausea, vomiting, dizziness, and respiratory 
depression.

Data extraction and quality assessment
Data extraction was done by two people. One evalua-
tor completed the data extraction, while the other vali-
dated it independently. The main information of included 
studies was extracted, such as first author, year of pub-
lication, interventions, type of operation, sample size, 
age range, Grade of ASA, the administration of esketa-
mine, outcome measures and the assessment meth-
ods for POD. The extracted literature information was 
shown in Table  1. We assessed the risk of bias using 
tools recommended in the Cochrane Manual, including 
randomization, assignment concealment, blind imple-
mentation, outcome data, selective reporting results, and 
other sources of bias. The risk deviation diagram of the 
included literature is shown in Fig. 2. Finally, publication 
bias was assessed by examining funnel plots (Fig. 9) and a 
sensitivity analysis was performed to evaluate the stabil-
ity of the results (Fig. 10).
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Statistical analysis
For processing and analysis, RevMan5.4 statistical soft-
ware was utilized. Relative hazard ratio (RR) and 95% 
confidence interval (CI) were used to calculate dichoto-
mous variables. For the purpose of expressing continuous 
variables, the means difference (MD) and its 95% confi-
dence interval (CI) are utilized. To ascertain the hetero-
geneity among the analyzed studies, the  I2 statistic and 
Q tests were implemented. Heterogeneity was graded 
according to Cochrane guidelines:  I2 < 25% was low het-
erogeneity, 25–50% was moderate heterogeneity, 50–75% 
was substantial heterogeneity, and > 75% was consider-
able heterogeneity. This determined whether we used a 
fixed effect model or a random effect model to analyze 
the data. When P > 0.1 or  I2 ≤ 50%, it was considered that 
no significant heterogeneity existed in each study, and 
fixed effect model was selected for analysis. Otherwise, 
when P ≤ 0.1 and  I2 > 50%, it was considered that there 
was significant heterogeneity among the studies, and we 
used the random effect model to conduct the analysis.

Results
Search results
The process of searching and including literature in the 
databases was illustrated in Fig. 1. We found 146 articles 
after searching various databases, and no articles found 
by other sources, and 100 of them were obtained after 
deleting duplicate entries. Following the abstract and title 
screens, 74 records were excluded. A total of 26 articles 
underwent a thorough full text review, but four articles 
were excluded because the full text could not be found, 
and five were excluded because no data was available. 
The PRISMA flow diagram of the included documents 
was shown in Fig.  1. Ultimately, 17 RCT studies were 
included, and the information and characteristics of the 
literature are presented in Table 1.

Characteristics of trials
The trials ultimately included in this meta-analysis were 
published between 2021 and 2024 and involved a total of 
1286 patients (643 patients included in the esketamine 
group and 643 patients included in the control group). 
In our meta-analysis, 2 studies with 192 patients ana-
lyzed the effect of esketamine on postoperative delirium 
after cardiac surgery, and 15 studies containing of 1094 
patients analyzed the association between esketamine 
and postoperative delirium in non-cardiac surgery 
patients. Table  1 provided a detailed description of the 
included trials.

Risk of bias in included studies
We evaluated 17 RCTS using the Cochrane risk-of-bias 
Tool [12–28]. Three trials were judged to be of “some 

concern”, ten trials were judged to be of “low risk of bias”, 
and four were judged to be of “high risk of bias” (Fig. 2A 
and B).

Meta‐analysis for the studies of outcomes
POD
There were 17 studies with a total of 1286 patients with 
POD incidence, and there was no statistical heterogene-
ity among the studies (P = 0.81,  I2 = 0%). The fixed-effect 
model was used for analysis, and it was found that the use 
of esketamine was significantly associated with the inci-
dence of postoperative delirium compared with the con-
trol group (RR: 0.43; 95%CI: 0.33 ~ 0.57; p < 0.001) (Fig. 3). 
Correspondingly, the intraoperative administration of 
esketamine had a protective effect against postoperative 
delirium, reducing the risk of postoperative delirium by 
57%.

Secondary outcomes
Five studies examined the incidence of postoperative 
adverse events [12, 16, 17, 20, 27], including nausea and 
vomiting, dizziness and respiratory depression. The 
results of our analysis showed no statistically significant 
difference in the incidence of adverse reactions between 
the esketamine group and the control group (RR: 0.80; 
95%CI: 0.48 ~ 1.33; p = 0.39) (Fig. 4).

Five studies recorded blood pressure after induction 
[12, 16, 18, 22, 23], three of which recorded the inci-
dence of induced hypotension, and the analysis showed 
that the incidence of hypotension was significantly lower 
in the esketamine group than in the control group (RR: 
0.24; 95%CI: 0.12 ~ 0.48; p < 0.001) (Fig. 5). Mean arterial 
pressure after induction was recorded in two studies, and 
analysis showed that mean arterial pressure was signifi-
cantly higher in the esketamine group than in the control 
group (MD:7.28; 95%CI: 3.67 ~ 10.89; p < 0.001) (Fig. 6).

Four studies recorded VAS scores 24  h after surgery 
[13, 17, 22, 27] and found that the esketamine group had 
significantly lower VAS scores than the control group 
(MD: -0.44; 95%CI: -0.54 ~ -0.33; P < 0.001) (Fig. 7).

Subgroup analysis
The studies on the incidence of POD were divided into 
two subgroups based on the age of patients. Ten stud-
ies were conducted with patients aged 60 years or older 
and four studies were tested with patients aged 18 years 
or older, and assessed the effect on POD. Notably, esketa-
mine significantly reduced the POD prevalence regard-
less of age (Fig. 8).

Publication bias and sensitivity analysis
We included a total of 17 studies, and funnel plots 
revealed a symmetrical distribution of these studies, 
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indicating no publication bias (Fig.  9). In addition, we 
performed a sensitivity analysis and found that the 
results of the meta-analysis did not change significantly 
with changes in the number of studies, indicating that 
the overall outcome regarding POD remained robust 
(Fig. 10).

Discussion
This study provides new evidence by conducting a com-
prehensive meta-analysis of published papers to deter-
mine the effect of esketamine on postoperative delirium. 
The results of this study demonstrated that esketamine 
can reduce the incidence of postoperative delirium in 
patients undergoing elective general anesthesia with-
out increasing the incidence of postoperative adverse 
reactions. In addition, this study found that esketamine 
administration reduced the incidence of hypotension and 
VAS scores at 24 h after surgery.

The incidence of POD is 2–3% in the general surgery 
population, but it has been reported to occur in up to 
50% to 70% of high-risk patient groups [29, 30]. POD has 
become an important issue in clinical practice because 
it has adverse effects on both early and long-term prog-
nosis for patients. Therefore, the most critical method to 
reduce POD is prevention. Previous studies have shown 
that the use of preventive strategies can reduce the inci-
dence of delirium by 40% in patients [31], however, these 

preventive strategies were non-drug preventive methods. 
Despite the lack of conclusive evidence for the applica-
tion of medications to prevent POD, a number of medi-
cations have been investigated in clinical trials to observe 
their effects on POD, and esketamine is one of them.

Esketamine has multiple targets and exerts anesthetic 
and analgesic effects mainly through non-competitive 
antagonism of NMDA receptors. It also interacts with 
opioid and M-choline receptors, monoamine recep-
tors, adenosine receptors, and other purine receptors 
[32]. Esketamine is widely used in clinic because of its 
many advantages, such as mild respiratory depression, 
anti-hyperalgesia, anti-inflammatory, reducing stress 
response, and activating cardiovascular system [33]. 
Among them, anti-inflammatory and anti-stress effects 
may be related to reducing delirium. Two studies on 
hip fracture surgery and gastrointestinal surgery have 
shown that esketamine may reduce delirium by lower-
ing levels of interleukin-6 (IL-6), IL-8, IL-10, and tumor 
necrosis factor (TNF), and reducing neuroinflammatory 
responses in surgical patients [21, 26]. In addition, two 
studies by Chen, Wu and colleagues on esketamine in 
older thoracic surgery and older thoracolumbar fracture 
surgery found that esketamine can inhibit the activation 
of the hypothalamic–pituitary–adrenal cortex system, 
reduce the body’s stress response, and reduce the risk of 
delirium [14, 27].

Fig. 1 PRISMA flow diagram
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Fig. 2 A The Risk of bias in included studies. B Quality assessment of each study included in the meta-analysis
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With regard to secondary outcomes, our results sug-
gested that esketamine can maintain hemodynamic sta-
bility after induction, such as reducing the incidence 
of postinduction hypotension and increasing the mean 
arterial pressure(MAP) after induction, attributable 

to the fact that it can stimulate the sympathetic nerv-
ous system, resulting in increased heart rate and blood 
pressure [34]. A recent randomized clinical trial of hys-
teroscopic surgery also found that esketamine reduced 
intraoperative hemodynamic fluctuations and the use 

Fig. 3 Esketamine versus control group for postoperative delirium

Fig. 4 Esketamine versus control group for adverse events

Fig. 5 Esketamine versus control group for the incidence of hypotension
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of vasoactive medications [35]. Besides, esketamine 
reduced postoperative VAS scores 24  h after surgery 
to alleviate postoperative pain, which is consistent 
with the conclusions of a previous meta-analysis of the 
effect of esketamine on postoperative abdominal pain 

in adults [36]. Finally, compared with the control group, 
esketamine did not increase the incidence of postopera-
tive adverse reactions (nausea, vomiting, dizziness, res-
piratory depression). Similarly, the results of Tu et al. ’s 
study showed that esketamine combined with propofol 

Fig. 6 Esketamine versus control group for MAP

Fig. 7 Esketamine versus control group for VAS

Fig. 8 Esketamine versus control group for subgroup analysis
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for anesthesia induction in older patients did not 
increase the incidence of adverse reactions such as nau-
sea and vomiting, respiratory depression, and delayed 
recovery [37]. However, a randomized controlled trial 
of esketamine on postoperative nausea and vomiting in 
patients undergoing thoracoscopic surgery proved that 
perioperative infusion of esketamine reduced the inci-
dence of postoperative nausea and vomiting [38]. The 
difference in results may be due to the timing and dose 
of esketamine administration, so more studies of esket-
amine on adverse effects are needed in the future.

This study also conducted subgroup analyses based on 
older patients, and the results revealed that the applica-
tion of esketamine reduced the incidence of delirium in 
older patients. Therefore, esketamine may be potentially 
beneficial in preventing postoperative delirium in older 
patients, but more high-quality studies are needed in the 
future.

The present meta-analysis had several limitations and 
shortcomings. Firstly, it should be emphasized that there 
was considerable heterogeneity in the timing and dos-
age of esketamine in the studies included in the analysis. 

Fig. 9 Funnel plot

Fig. 10 Sensitivity analysis
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Secondly, medications in the control group and meth-
ods of assessment for POD were not identical, and there 
may be heterogeneity between some studies. Thirdly, 
the included studies had small sample sizes and were all 
conducted in China. Therefore, more large-sample, high-
quality randomized controlled studies exploring differ-
ent countries and different populations are needed in the 
future.

Conclusion
According to our meta-analysis, the use of esketamine 
significantly reduced the incidence of POD in patients 
undergoing elective general anesthesia without increas-
ing the incidence of adverse reactions.
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