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Abstract

Background: Postoperative cognitive dysfunction (POCD] is a common complication after
anesthesia surgery, especially in older people, that can persist weeks or months after surgery
as a short-term impairment of cognitive abilities, or even for a prolonged duration over years,
potentially progressing into permanent cognitive dysfunction. However, the pathogenesis of
POCD is not fully understood, and therefore an optimal solution for preventing POCD has yet
to be established. Some studies have shown that intraoperative ketamine/esketamine reduces
the incidence of POCD, but this remains controversial.

Objectives: We evaluated the effect of intraoperative subanesthetic doses of ketamine/
esketamine versus no intervention in adults undergoing general anesthesia surgery on the

incidence of POCD.

Data Sources: We followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines and searched the PubMed, Embase, Ovid, Cochrane, Scopus, and Web of
Science databases for the MeSH terms 'ketamine’, ‘esketamine’, and ‘Postoperative Cognitive
Complications’ from database inception to 25 June 2023.

Results: We found no statistically significant difference in the incidence of POCD within 7 days
for intraoperative subanesthetic dose of ketamine/esketamine compared with the control
group [relative risk (RR)=0.57, 95% confidence interval (Cl): 0.32, 1.01], and the results from
the subgroup analysis based on age (>60years] also revealed that the difference was not
statistically significant (RR=0.49, 95% CI: 0.23, 1.04).

Conclusion: Compared with controls, intraoperative subanesthetic dose of ketamine/
esketamine has no advantage in preventing POCD in patients, or in elderly patients. This study
provides reference data for POCD research and clinical drug intervention strategies.
Registration: Prospective Register of Systematic Reviews (PROSPERO; registration number

CRD42023401159).
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Introduction

Postoperative cognitive dysfunction (POCD) is
one of the most common complications after
anesthesia, with a prevalence of approximately
12%,! and a higher prevalence of up to 41.4% in
older surgical patients during the entire hospitali-
zation period.>? There is currently no consensus

on the definition of POCD,* but it is commonly
defined as a decline in cognitive abilities compared
to the individual’s preoperative baseline level.
Most POCD persists weeks or months after sur-
gery,® mainly manifested as impairment of cogni-
tive abilities, including memory, mood, confusion,
and sleep disturbances, often resulting in increased
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mortality, delayed recovery, unexpected compli-
cations, and prolonged hospital stay, especially in
older people.”8 In addition, some patients may
experience POCD for a prolonged duration of up
to years,® which could potentially progress into
permanent cognitive dysfunction.®10 The risk fac-
tors for POCD are multifaceted and exist in vari-
ous stages of the perioperative period, including
advanced age, history of cognitive impairment,
type of surgery, intraoperative hypotension, time
and depth of anesthesia, pain management,
inflammatory biomarkers, and other related risk
factors.!! Postoperative neuroinflammation is
regarded as one of the main pathogenic mecha-
nisms contributing to the development of
POCD.!12 However, the underlying pathophysiol-
ogy of POCD is still unclear, and there are cur-
rently no effective strategies for prevention and
treatment.* Consequently, the prevention of
POCD has emerged as a major concern.

Ketamine, a non-competitive antagonist of
N-methyl-d-aspartate (NMDA) receptors, exerts
its primary mechanism of action by blocking
NMDA receptors on gamma-aminobutyric acid
interneurons and activating alpha-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid recep-
tors.!3 Apart from modulating glutamatergic
neurotransmission in the brain, ketamine pos-
sesses anti-inflammatory properties, including the
reduction of microglia activation as well as down-
regulation of pro-inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a) and inter-
leukin-6 (IL-6).1* These mechanisms have shown
efficacy in mitigating the incidence of POCD.1>

Ketamine is a versatile drug that has been widely
used since the 1970s and is commonly employed
for intraoperative anesthesia and adjunctive peri-
operative analgesia,!® and it is commonly used for
children!” and burn victims, owing to its favora-
ble cardiovascular characteristics and ability to
reduce glandular secretion.!® However, ketamine
demonstrates sympathomimetic effects, including
increased sympathetic activity, cardiac contractil-
ity, and heart rate,!® while it may also aggravate
psychiatric symptoms.2%:2! Consequently, caution
should be exercised in patients with preoperative
hypertension, severe cardiovascular disease, pre-
operative severe psychiatric disease, and hyper-
thyroidism patients. In recent years, ketamine has
been considered to have potential preventive
effects on POCD, but its efficacy remains contro-
versial. While several clinical studies have reported
attenuates in the incidence of POCD with

intraoperative ketamine,?? conflicting findings
have also been observed that intraoperative keta-
mine/esketamine may have no advantage in pre-
venting POCD.23-25

Esketamine is an S (+) enantiomer of ketamine
with indications broadly similar to those of keta-
mine, but offers the advantage of fewer adverse
effects and shorter recovery time.!3 Li ez al.2% sug-
gested that esketamine would alleviate surgery-
induced POCD in rats via inhibition of the
STING/TBKI1 signaling pathway. According to
research, the combined administration of esketa-
mine and propofol had been shown to effectively
reduce postoperative inflammatory and facilitate
cognitive function recovery in elderly patients.?’
When considering ketamine and esketamine as
one group, there is no significant difference
between them in improving many cognitive func-
tions in treatment-resistant depression (TRD)
patients.?® Nevertheless, there is insufficient evi-
dence on the efficacy of esketamine as a novel
drug for the treatment of POCD.

To explore the potential impact of ketamine/
esketamine on the incidence of POCD, we pre-
sent a systematic review and meta-analysis to
determine whether the intraoperative subanes-
thetic dose of ketamine/esketamine infusion has
preventive effects on POCD.

Methods

Protocol and registration

We followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines
for reporting systematic reviews.2° Study details
including eligibility criteria, outcomes, and statisti-
cal methods were predefined (study protocol regis-
tered on PROSPERO — CRD42023401159).

Information sources and search

We searched six databases, including PubMed,
Embase, Ovid, Cochrane, Scopus, and Web of
Science with the MeSH terms ‘Ketamine’, ‘esketa-
mine’, and ‘Postoperative Cognitive Complications’
from database inception to 25 June 2023.

Eligibility criteria

We included original studies in this review, if they
assessed the effect of ketamine/esketamine on the
incidence of POCD. Inclusion criteria: (1)
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patients undergoing general anesthesia surgery
(any type of surgery), patients aged =18years
old, and American Society of Anesthesiologists
(ASA) classification I-III; (2) POCD was diag-
nosed using standardized neuropsychological
tests, with quantitative testing methods including
the Mini-Mental State Examination (MMSE), or
other combination of neuropsychological tests
based on the recommendations of International
Study of Postoperative Cognitive Dysfunction
(ISPOCD). Semi-qualitative testing methods
such as the Confusion Assessment Method for
the Intensive Care Unit (CAM-ICU); (3) inter-
vention/comparator groups consisting of keta-
mine/esketamine and controls; and (4) research
reporting the incidence of POCD.

Studies that included the following patients were
excluded: (1) patients with cognitive impairment
before surgery; (2) patients with past long-term
use of medication affecting neuropsychiatric
function (hypnotics, anti-anxiety, and antidepres-
sants); (3) patients with a history of neurological,
psychiatric, and cardiovascular disease (e.g.
Alzheimer’s disease, cerebral infarction, coronary
artery disease, etc.); (4) patients with severe vis-
ual or auditory impairment and inability to per-
form neurocognitive function tests; or (5) patients
with severe liver or kidney impairment.

Study selection

Two reviewers (NZ and CCC) reviewed the title
and abstract independently, scored included
studies, and extracted relevant data. In case of
disagreement between reviewers, a third reviewer
(YHC) will be consulted to resolve any
disagreements.

Data collection process

The data extracted independently by two review-
ers included demographic information, study
methodology, interventions, the incidence of
POCD, and route and dose of administration of
ketamine/esketamine. If data were missing, we
contacted the authors for more information.

Outcome indicators

We recorded the incidence of POCD at the
study endpoint using validated diagnostic scales
as the outcome. By comparing the difference in
the incidence of patients with POCD between

the group of intervention and control, evaluate
the effectiveness of ketamine/esketamine in pre-
venting POCD.

Quality evaluation

The quality evaluation was assessed using the
Cochrane Collaboration Risk of Bias tool,3° and
two reviewers (NZ and CCC) independently
assessed the risk of bias in each included study
and a third reviewer (YHC) was consulted to
resolve any disagreements.

Analytic methods

We used R version 4.2.1 for data analysis. Relative
risk (RR) with 95% confidence intervals (CIs) for
dichotomous data was used as the effect measure.
We assessed the heterogeneity using the I2 statis-
tic values as followed: 0-39% were small, 40-74%
as moderate, and 75-100% as large,?! and we
used sensitivity analysis to explore sources of het-
erogeneity. Subsequently, subgroup analysis by
age group (=60years) was performed. Funnel
plots were used to assess the presence of publica-
tion bias, an asymmetric graph suggested possible
publication bias.

Results

Study selection

The search strategy identified a total of 404
records (Figure 1). After removing duplicate
records, 226 articles remained, and we excluded
196 irrelevant records after screening by title and
abstract, leaving 30 articles for full-text review.
Finally, nine randomized controlled trials (RCT's)
met the inclusion criteria,??-25:32-36

Characteristics of studies, participants, and
interventions

Table 1 provides an overview of the study charac-
teristics. Nine RCTs involving a total of 573
patients between 2013 and 2023 were included in
this study. Regarding the type of surgery, one study
was cardiac surgery,?%32 one was both cardiac and
noncardiac surgery,?* and the others were non-
cardiac.?3:25:32-36 Ketamine use and dosage varied
in different studies. Seven studies used keta-
mine,22242533-36 gand two studies used esketa-
mine.23:32 Most studies used interventional agents
before and during induction,22:24:25:32,35,36 gnd three
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Figure 1. Flow chart of selection of the included studies.

studies used continuous intraoperative infusion
during surgery.23:33:3¢% Three studies with single-
dose injections of ketamine were 0.5 mg/kg.22:2535
One administration of esketamine is 0.3 mg/kg
after induction, followed by an infusion of 0.2mg/
kg/h during surgery.23> Another one is an intrave-
nous injection 0.15mg/kg during induction.3?
Most studies used ketamine alone, with one study
using ketamine in combination with other drugs.
One study used ketamine in combination with
lidocaine 0.5mg/kg/h during surgery.3°All studies
were completed within 7 days for the diagnosis of
POCD, three studies were completed within 24h
of surgery,23:33:35:36 one study was completed within
48h,3° two studies were completed within 72 h,22:24
and three studies were completed within 6 and
7 days.?5:3234 Eight studies used quantitative test-
ing methods to assess POCD, including MMSE-
only,?3:2435and acombination ofneuropsychological
tests based on the recommendations of ISP
OCD.22:25:32,34,36 One study used a semi-quantita-
tive approach as CAM-ICU.33

Study quality and risk of bias

The risk of bias of all studies included was classi-
fied as ‘low risk’ to ‘some concerns’, with no study
having ‘high risk’ (Figure 2). No significant bias

2 Patients aged < 18 years old
16 Protocol, Trial Registration

was found in all included studies. Our overall
assessment of the quality of all the research was
moderate.

Effects of ketamine/esketamine on the

incidence of POCD

The forest plot (Figure 3) summarizes the effect
of ketamine/esketamine on the prevention of
POCD in patients. Our included studies had
moderate heterogeneity (I?=56%), and a random
effects model was used to calculate the effect size.
Our results showed that effect of intraoperative
ketamine/esketamine on the incidence of POCD
within 7 days compared to the control group that
was not statistically significant (RR=0.57, 95%
CI: 0.32, 1.01).

Effects of ketamine/esketamine on the

incidence of POCD in elderly patients

We formed subgroups by age (>60years old) and
included six studies, presented with a forest plot
(Figure 4). There was moderate heterogeneity in
this forest plot (I2=53%), and the results also
showed that effect of ketamine/esketamine on the
incidence of POCD in the elderly was not statisti-
cally significant (RR=0.49, 95% CI: 0.23, 1.04).
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Table 1. Summary of study characteristics.

Study Sample  Surgery Age Intervention (dose) Control Time Scale

size (years (dose)
old)

Chen 2022% E=37 Lung surgery 45-65 0.3mg/kg esketamine Saline 24h MMSE
N=37 iv. +0.2mg/kg/h esketamine ivgtt

Han 202332 E=3 Gastrointestinal  >45 0.15mg/kg esketamine iv. Saline 7 days ISPOCD?
N=34

Hollinger E=47 Visceral, >65 1mg/kg ketamine iv. before Saline 72h MMSE

20212 N=44 orthopedic, induction

Cardiac, etc.

Hudetz 200922 E=26 Cardiac >55 0.5mg/kg ketamine iv. during Saline 72h ISPOCD?
N=26 induction

Jipa 20223 E=26 Abdominal NA 0.5mg/kg ketamine iv. during Saline 12h CAM-ICU
N=32 induction + 0.5 mg/kg/h ketamine

ivgtt

Lee 2015% E=25 Orthopedic >60 0.5 mg/kg ketamine iv. before Saline 6days ISPOCD?
N=26 induction

Oriby 202334 E=30 Cataract 65-85 0.3mg/kg/h ketamine ivgtt Saline 7 days ISPOCD?
N=30

Zhang 20133° E=30 Orthopedic >60 0.5mg/kg iv. ketamine before Saline 24h MMSE
N=30 induction

Zhu 201436 E=30 Abdomina 63-82 0.5mg/kg iv. ketamine after Saline 48h ISPOCD?
N=30 induction + Lidocaine 0.5mg/kg/h

ivgtt

aThe study by Han (2023), Hudetz (2009), Lee (2015), Oriby (2023), and Zhu (2014) diagnosed POCD by choosing a series of neuropsychological tests

based on the recommendations of ISPOCD.

CAM-ICU, Confusion Assessment Method for the Intensive Care Unit; ISPOCD, International Study of Postoperative Cognitive Dysfunction;
iv., intravenous injection; ivgtt., intravenously gutte; MMSE, Mini-Mental State Examination.

Sensitivity analysis

Sensitivity analysis (Figure 5) revealed no signifi-
cant directional changes in the findings excluding
either study and low heterogeneity among the
included studies. The results had good stability.

Publication bias
Funnel plots indicated that there was no signifi-
cant publication bias (Figure 6).

Discussion

In this systematic review and meta-analysis, we
included a total of nine RCTs exploring the effi-
cacy of an intraoperative subanesthetic dose of
ketamine/esketamine in preventing POCD, and
the results showed no advantage of ketamine/
esketamine compared with controls in preventing

POCD, and similarly, subgroup analysis showed
insufficient evidence to support a protective effect
of ketamine/esketamine in elderly patients.

This conclusion differs from previous similar stud-
ies. A systematic review included three RCTs with
a total of 163 patients to evaluate the effects of
intraoperative ketamine administration on POCD
and showed that ketamine may offer some protec-
tion against POCD, but the quality of the evidence
was deemed very low.37 Li er al.3® conducted a net-
work meta-analysis of different drugs for the pre-
vention of POCD in general anesthesia and showed
that ketamine was somewhat effective in preventing
POCD in cardiac or non-cardiac surgeries. It is
worth noting that some clinical findings support
our results. However, an RCT included 60 patients
with ASA T-III for elective laparoscopic cholecys-
tectomy under total intravenous anesthesia, and
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Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl  Weight
Chen 2022 8 37 4 37 e — 200 [066; 607 119%
Han 2023 2 33 5 34 —_— T 0.41  [0.09; 1.98] 8.2%
Hollinger 2021 10 47 6 44 ——"— 156 [0.62; 3.93) 13.8%
Hudetz 2009 7 26 21 26 —= 033 [0.17; 065 16.8%
Jipa 2022 4 26 7 32 '—“"'— 0.70 [0.23; 2.14] 11.9%
Lee 2015 1 25 0 26 > 312 [0.13;73.05) 2.9%
Oriby 2023 7 30 20 30 —Em 035  [0.17; 0.70] 16.4%
Zhang 2013 2 30 8 30 —f—— 025 [0.06; 1.08) 9.0%
Zhu 2014 2 30 10 30 — 0.20 [0.05; 0.84] 9.2%
Random effects model 284 289 y ?" | , 0.57  [0.32; 1.01]  100.0%

Heterogeneity: /° = 56%, ©° = 0.3953, p = 0.02
0.1 05 1 2 10

Favour experimental ~ Favour control

Figure 3. Forest plots of the effect of ketamine/esketamine in preventing POCD.
POCD, postoperative cognitive dysfunction.

Experimental Control
Study Events Total Events Total Risk Ratio RR 95%-Cl  Weight
Han 2023 2 33 5 34 —_ 1 041 [0.09; 1.98] 14.0%
Hollinger 2021 10 47 6 44 TE— 156 [0.62; 3.93] 23.1%
Lee 2015 1 25 0 26 - 312 [0.13; 73.05) 4.9%
Oriby 2023 7 30 20 30 —— 035 [0.17; 0.70] 27.2%
Zhang 2013 2 30 8 30 — 025 [0.06: 1.08] 15.2%
Zhu 2014 2 30 10 30 —_— 0.20 [0.05; 0.84] 15.6%
Random effects model 195 194 e 0.49  [0.23; 1.04] 100.0%
Heterogeneity: 2= 53%, E2= 0.4174,p = 0.06
0.1 05 1 2 10
Favour experimental ~ Favour control
Figure 4. Forest plots of the effect of ketamine preventing POCD in older patients.
POCD, postoperative cognitive dysfunction.
Study Risk Ratio RR 95%-Cl P-value Tau2 Tau 12
Omitting Chen 2022 —'—— 0.48 [0.28;0.80] <0.01 0.2269 0.4764 42%
Omitting Han 2023 — 0.59 [0.31;1.10] 0.10 0.4675 0.6838 62%
Omitting Hollinger 2021 ———=+—— 0.48 [0.28;0.82] <0.01 0.2388 0.4886 42%
Omitting Hudetz 2009 —i—T 0.63 [0.33;1.21] 0.17 0.4460 0.6678 56%
Omitting Jipa 2022 —e— 055 [0.29;1.06]  0.08 0.4959 0.7042 61%
Omitting Lee 2015 B E— 0.54 [0.30; 0.97] 0.04 0.3963 0.6295 59%
Omitting Oriby 2023 —== T 0.62 [0.32;1.20] 0.16 0.4657 0.6824 58%
Omitting Zhang 2013 B 062 [0.33;1.14] 0.2 0.4241 0.6513 60%
Omitting Zhu 2014 —— 0.63 [0.35;1.15] 0.13 0.3879 0.6228 58%
Random effects model ——] 0.57 [0.32; 1.01] 0.05 0.3953 0.6287 56%
T 1
0.5 1 2

Figure 5. Sensitivity analysis.
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Figure 6. Funnel plot of the effect of ketamine/esketamine in preventing POCD.

POCD, postoperative cognitive dysfunction.

the results indicated that a subanesthetic dose of
ketamine did not result in significant differences in
cognitive function compared to the control group.?®
In addition, there were similar results in some fun-
damental studies. One study reported that intrave-
nous administration of ketamine disrupts iron
homeostasis and overloads hippocampal neuronal
iron in vitro and in vivo cultures, thereby contribut-
ing to the development of neurodegenerative dis-
eases in the elderly.*® Hong et al.%! also found that
repetitive ketamine use may cause memory impair-
ment or emotional disorders in adolescent mice.

The clinical effects of ketamine/esketamine may
be related to the method of administration. In
included studies in our meta-analysis, the inter-
vention group either received ketamine/esketa-
mine alone or a combination of ketamine/
esketamine with another drug whose efficacy in
preventing POCD has not been approved.
Consequently, the use of ketamine/esketamine
alone may not have a preventive effect against
POCD, but some studies have suggested that a
combination of ketamine/esketamine with other
drugs may be preventive in this regard. In an RCT

that included 100 participants, it was observed
that older adults who received a single dose of
ketamine during heart valve replacement surgery
had a 20% incidence of POCD, which was signifi-
cantly lower compared to the combined etomi-
date—ketamine group that had a 6% incidence.*?
In another RCT involving 182 patients, it was
found that haloperidol and ketamine as individual
treatments did not demonstrate a superior effect
on the incidence of POCD compared with the
control group (15.6% and 21.3% wversus 13.6%);
however, the combination group, which received
both haloperidol and ketamine, exhibited a lower
incidence of POCD compared to the control
group (6.6% wversus 13.6%).2* Further research is
needed to confirm the efficacy and safety of such
combinations in preventing POCD.

Studies suggest that the inflammatory response
may play a role in the pathogenesis and progres-
sion of POCD.!! Surgical trauma-induced periph-
eral inflammation and the release of systemic
inflammatory mediators have been shown to
affect inflammatory processes in the central nerv-
ous system.!? Therefore, inflammatory markers
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regarding nerve injury in POCD have also become
a focus of interest for investigators. A meta-analy-
sis of inflammatory markers in patients after
undergoing total hip arthroplasty reported that
preoperative C-reactive protein (CRP) and
S-100p as well as post-operative CPR and IL-6 at
6h were significantly higher in patients with
POCD compared with non-POCD patients.*3
Animal studies on femoral fracture surgery have
shown that elevated serum concentrations of
IL-1B, IL-6, and TNF-a may suggest the devel-
opment of an inflammatory response induced by
femoral fracture surgery, which is consistent with
the observations of elderly people with POCD
after femoral fracture surgery.** Other experi-
ments have also shown that serum concentrations
of S-100p and neuron-specific enolase are ele-
vated in aged dogs after surgery, which may con-
tribute to nerve damage.*> Hollinger er al.’s?*
findings were consistent with similar results, indi-
cating a significant increase in S-100p levels
among the POCD group compared to the preop-
erative baseline. These results suggest that an
approach to alleviate and prevent POCD by
reducing inflammation in the operative period
seems to be feasible. However, ketamine has been
found to exhibit an anti-inflammatory agent that
promotes inflammatory homeostasis by modulat-
ing immunity.#® A single dose of ketamine
(0.25 mg/kg) given during induction of anesthesia
significantly suppresses the increase of serum
IL-6 in patients undergoing coronary artery
bypass surgery.*’” A meta-analysis consisting of 14
RCTs investigated the impact of intraoperative
use of ketamine on postoperative IL-6 levels,
including a total of 684 patients, with eight stud-
ies focusing on cardiac surgery and six on noncar-
diac surgery, revealed that ketamine significantly
suppressed the serum IL-6 inflammatory response
in the early postoperative period.*8 A study of the
postoperative inflammatory response to laparo-
scopic surgery found that pre-incisional adminis-
tration of ketamine partially attenuated serum
IL-6 and TNF-a concentrations compared to the
control group.?® Nevertheless, there are contra-
dictory clinical reports regarding the efficacy of
ketamine in reducing the inflammatory response
to surgery. Recent clinical trials have also shown
that the CRP and IL-6 levels and TNF-a in
patients with intraoperative esketamine were not
significantly different from controls in the postop-
erative period.’® Cho ez al5!' measured IL-6,
TNF-a, and CRP levels at multiple time points
before and after colorectal cancer surgery in both
the control group and the ketamine group,

indicating that the changes between groups were
not significantly different, and the authors con-
cluded that the administration of ketamine did
not yield any beneficial effects on the postopera-
tive inflammatory response. Therefore, high-
quality studies in the future are necessary to verify
whether ketamine has an anti-inflammatory effect
as well as to prevent the incidence of POCD.

As the population ages, with an increase in the
number of elderly patients undergoing surgical
procedures, POCD in elderly patients needs more
concern.>? The mechanisms underlying POCD in
the elderly are not yet fully understood. However,
it is recognized that factors such as neuroinflam-
mation, deposition of amyloid-B, and neuronal
apoptosis play significant roles.>> Recent studies
have suggested that the higher incidence of
POCD in the elderly may be partially due to a
significant decrease in the volume fraction of
astrocytes connected through gap junctions and
peri-synaptic processes,’* as well as SIRT1
expression declines in hippocampal microglia and
promote tau acetylation, resulting in age-associ-
ated neuroinflammation and cognitive impair-
ment.?%3% We conducted a subgroup analysis of
the six included studies using age (>60years old)
as a criterion and found no advantage of intraop-
erative ketamine/esketamine in preventing POCD
in older patients. These findings are consistent
with previous research.?42?5> However, there are
also clinical studies that show no advantages in
preventing the development of POCD in elderly
patients treated with ketamine.3234 For future
studies, it is crucial to provide more high-quality
evidence to further investigate the effect of keta-
mine on POCD.

Limitation

This study has limitations. First, the absence of a
uniform definition/cut-offs about the diagnosis of
POCD currently, and different diagnostic meth-
ods for POCD used in the included studies may
lead to heterogeneity in results. Second, although
some studies concluded that there were no signifi-
cant differences between ketamine and esketa-
mine in the treatment of cognitive function in
TRD patients, there is still a lack of high-quality
evidence reported on whether there is heterogene-
ity in the effects of ketamine and esketamine on
POCD in normal patients. In addition, the
included original studies excluded patients with
preoperative cognitive dysfunction and patients
with severe disease (ASA IV-V) because there is
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no enough evidence to support the protective
effect of ketamine/esketamine on POCD, and
there are even studies that suggest that ketamine
increases the occurrence of POCD. In contrast,
patients with preoperative cognitive dysfunction
as well as critically ill patients usually need to
undergo more complex treatments, and the safety
risk of using ketamine/esketamine in such patients
may be even greater. Future studies should
address limitations and contribute to a better
understanding of the pathogenic mechanisms and
prevention strategies for POCD.

Conclusion

Our results do not support an effect of intraopera-
tive subanesthetic dose of ketamine/esketamine
having advantage compared with controls in pre-
venting POCD in patients, or in elderly patients.
We hope to learn more details about the involve-
ment of ketamine/esketamine in the pathogenesis
of POCD to help identify new targets for disease
intervention. This study provides reference data
for POCD research and clinical drug intervention
strategies in patients.
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