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Abstract
Postoperative cognitive dysfunction (POCD) is a common neurological system disorder in surgical patients. The choice of anesthetic
can potentially reduce POCD. The authors performed this network meta-analysis to compare different anesthetic drugs in reducing
the incidence of POCD for elderly people undergoing noncardiac surgery. We searched MEDLINE, EMBASE, the Cochrane Library,
and the Web of Science for randomized controlled trials comparing the different anesthetic drugs for noncardiac surgery in elderly
from inception until July, 2022. The protocol was registered on the PROSPERO database (CRD#42020183014). A total of 34 trials
involving 4314 patients undergoing noncardiac surgery in elderly were included. The incidence of POCD for each anesthetic drug was
placebo (27.7%), dexmedetomidine (12.9%), ketamine (15.2%), propofol (16.8%), fentanyl (23.9%), midazolam (11.3%), sufentanil
(6.3%), sevoflurane (24.0%), and desflurane (28.3%). Pairwise and networkmeta-analysis showed dexmedetomidine was significantly
reducing the incidence of POCD when compared with placebo. Network meta-analysis also suggested dexmedetomidine was
significantly reducing the incidence of POCD when compared with sevoflurane. Sufentanil and dexmedetomidine ranked the first and
second in reducing the incidence of POCD with the surface under the cumulative ranking curve value of 87.4 and 81.5%. Sufentanil
and dexmedetomidine had the greatest possibility to reduce the incidence of POCD for elderly people undergoing noncardiac surgery.
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Introduction

Postoperative cognitive dysfunction (POCD) is a common
delayed neurocognitive recovery in elderly patients after

surgery[1,2]. Study reported that the incidence of POCD in elderly
patients after noncardiacmajor surgery was 25.8%[3]. POCD can
cause an increase in postoperative complications, prolong
patients’ hospital stays, and increase social medical expenditures.
In addition, patients with POCD lose the ability to take care of
themselves due to changes in personality, social skills, and cog-
nitive abilities and skills, causing a certain economic burden on
families and society[4]. Therefore, the onset of POCD should
attract sufficient attention from clinicians. The pathogenesis of
POCD is currently unknown and may be related to patient age,
surgery, and anesthetic drugs. This study suggests that anesthetic
drugs may promote the development of POCD in patients[5].
Therefore, the selection of effective and appropriate anesthetic
drugs in noncardiac surgery is of great significance to prevent the
occurrence of POCD.

The mechanism of action of anesthetic drugs is mainly
enhancement of γ-aminobutyric acid (GABAA) receptors acti-
vating c1-channels and direct activation of GABAA receptors,
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enhancement of inhibitory postsynaptic potentials, antagonism
of N-methyl-D-aspartate effects. And GABAA and N-methyl-D-
aspartate receptor actions are closely related to the formation of
cognitive functions such as learning memory[6,7]. GABA levels
may drop abruptly with the discontinuation of postoperative
sedation, then could result in POCD[8]. Current clinical evidence
also suggests that the incidence of POCD varies depending on the
sedation agent used. Anesthesia providers have multiple sedation
options, and clear evidence-based guidelines are needed to make
the best choice for each patient, especially in different clinical
situations.

The number of clinical trials and systematic reviews focusing
on anesthetic drugs for elderly have been markedly increased,
but, to date, no consensus seems to exist. Yu et al[9] performed a
meta-analysis of 14 studies involving 1626 and indicated that
dexmedetomidine was associated with a reduced risk of POCD in
elderly. Hovaguimian et al[10]. performed ameta-analysis of three
trials involving 163 patients and indicated that ketamine was
associated with a reduced risk of POCD. Chen et al[11]. per-
formed a meta-analysis of five trials involving 300 patients and
indicated that there was no significantly between desflurane and
sevoflurane in reducing the incidence of POCD in elderly.
Therefore, we performed a network meta-analysis to summarize
the current evidence and compare the incidence of POCD for
various anesthetic drugs.

Materials and methods

Protocol and registration

This work has been reported in line with PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses),
Supplemental Digital Content 1, http://links.lww.com/JS9/A15;
Supplemental Digital Content 2, http://links.lww.com/JS9/A16;
and AMSTAR (Assessing the methodological quality of sys-
tematic reviews), Supplemental Digital Content 3, http://links.
lww.com/JS9/A17 Guidelines[12]. The protocol was registered on
the PROSPERO database (CRD#42020183014).

Search strategy

The search strategy aimed to find both published and unpub-
lished studies, including a three-step search strategy that was
carried out from inception to July, 2022. An initial limited search
of MEDLINE using the keywords: “Postoperative cognitive
dysfunction,” “Postoperative decline,” “POCD,” “Postoperative
cognitive complication,” “Cognitive function,” “Anaesthetic
drugs,” “Anesthetics,” “General Anesthetics,” “Randomized
controlled trials,” “RCT,” “elderly,” “Aged,” “older.”
Published studies were searched for, including the databases:
MEDLINE, EMBASE, the Cochrane Library, and the Web of
Science. A full search strategy for the databases is detailed in
Appendix I. The following databases were searched to find any
unpublished studies: the National Institute of Health Clinical
Database. The final step of the search strategy included a review
of the reference list of all trials selected for critical appraisal. The
search was restricted to papers published in the English language,
Supplemental Digital Content 4, http://links.lww.com/JS9/A18.

Inclusion and exclusion criteria

We searched for randomized controlled trials that investigated
the effect of anesthetic drugs in elderly people undergoing non-
cardiac surgery following the PICOS (Participants, Interventions,
Comparisons, Outcomes and Study design) principle. The key
search terms included (P) elderly patients (aged ≥ 60 years); (I)
patients were treated by anesthetic drugs; (C/O) the incidence of
POCD; (S) randomized controlled trial (RCT). Trials needs to
meet the following points: (1) RCT design; (2) articles published
in English; (3) studies of elderly (aged ≥60 years) irrespective of
ethnicity, gender, and follow-up periods; (4) noncardiac surgery;
(5) included the outcomes: the incidence of POCD. Reviews,
retrospective studies, observational studies, letters to the editors,
and conference abstracts were excluded. Any discrepancies were
resolved by discussion with a third author (J.H.).

Literature screening

Literature retrieval was independently done by the two investi-
gators (K.Z. and J.L.). Disagreement was solved by the third
investigator to make a decision (J.H.). Using the PICO frame-
work, our study population (P) of interest was elderly people
undergoing noncardiac surgery who had been exposed to any
anesthetic drugs (I). Controls (C) comprised individuals with
exposure to any anesthetic drugs. We did not exclude those
controls who were classified as nonregular users by the authors.
The primary study outcome (O) was the incidence of POCD.

Data extraction

Quantitative data was extracted from all trials included in the
review by two independent reviewers (K.Z. and Y.L.). The data
extracted included specific details about the type of intervention,
populations, context, study design, study methods, and other
outcomes of significance to the review question and specific
objectives.

Outcome measures

The outcome was the incidence of POCD.

Quality assessment

The Cochrane risk of bias tool was used to evaluate the risk of
bias for the included studies by the two researchers, indepen-
dently. Each studywas assessed from seven domains. If necessary,
the third investigator ought to join the discussions to resolve the
disagreement[13].

Statistical analysis

Continuous variables were shown by odds ratio (OR) and 95%
CI. The heterogeneity was evaluated by the R-4.1.3 software, and
the rest was achieved by the Stata12.0 software. Forest plots were
generated to determine whether the difference between the pair-
wise comparisons was statistically significant. The heterogeneity
of included RCTs was assessed by the χ2 and I2 tests. For the I2

statistic, the I2 value less than 25% was considered low hetero-
geneity, 25–50%moderate, 50–75%high, and greater than 75%
very high heterogeneity. Generally, the P value of the Q statistic
was significant if less than 0.05[14].
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Results

Literature search

We identified 631 articles after excluded duplicate references.
Reading the titles and abstracts, excluding 564 references. The
remaining 67 references were downloaded and read the full text
for further screening, among which 11 references were no rele-
vant outcome measure, 15 were in cardiac surgery, and seven
were not in English, and 33 references were excluded, and finally
34 references were included[15–48]. Among them, three references
compared with three groups, while the others were compared
with two groups (Fig. 1).

Studies characteristics and quality assessment

The basic characteristics of the included literatures are shown in
Table 1. Interventions include: placebo, dexmedetomidine,
ketamine, propofol, fentanyl, midazolam, sufentanil, sevo-
flurane, and desflurane. We assessed each study from the seven
domains, and each domain was judged as low risk of bias, high
risk of bias, or unclear risk of bias (Fig. 2). Among them, there
were 12 test of dexmedetomidine versus placebo, three test of
ketamine versus placebo, one test of propofol versus placebo, one
test of fentanyl versus placebo, one test of midazolam versus
placebo, one test of sevoflurane versus placebo, two test of dex-
medetomidine versus propofol, two test of dexmedetomidine
versus midazolam, one test of propofol versus midazolam, one
test of fentanyl versus sufentanil, eight test of propofol versus

sevoflurane, and seven test of propofol versus desflurane. Placebo
was the most connected network node, and most of the network
depends on this node, and propofol was the second network node
(Fig. 3).

Pairwise meta-analysis

The incidence of POCD for each anesthetic drugs was placebo
(27.7%), dexmedetomidine (12.9%), ketamine (15.2%), propo-
fol (16.8%), fentanyl (23.9%), midazolam (11.3%), sufentanil
(6.3%), sevoflurane (24.0%), and desflurane (28.3%). Pairwise
meta-analysis showed dexmedetomidine was significantly redu-
cing the incidence of POCD when compared with placebo
(OR= 0.34, 95% CI: 0.26–0.44, P<0.001). However, propofol
(OR= 12.35, 95% CI: 1.27–118.36, P= 0.030) and sevoflurane
(OR= 12.35, 95% CI: 1.27–118.36, P=0.030) were sig-
nificantly increasing the incidence of POCDwhen compared with
placebo. In addition, propofol was significantly reducing the
incidence of POCD when compared with sevoflurane
(OR= 0.65, 95% CI: 0.50–0.84, P=0.001). Fentanyl was sig-
nificantly increasing the incidence of POCDwhen compared with
sufentanil (OR= 4.46, 95% CI: 1.16–17.18, P=0.030)
(Table 2).

Network meta-analysis

Network meta-analysis indicated dexmedetomidine was sig-
nificantly reducing the incidence of POCD when compared with

Figure 1. Flow diagram of the study selection process.
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Table 1
Characteristics of included studies

Treatments

References Type of surgery Treatments 1 Age (y) Female (%) Cases/N Treatments 2 Age (y) Female (%) Cases/N Treatments 3 Age (y) Female (%) Cases/N

Chawdhary et al[17]. Noncardiac surgery Dexmedetomidine 66.2± 6.1 30.0 13/40 Propofol 64.8± 3.9 27.5 9/40
Hollinger et al[18]. Noncardiac surgery Ketamine 73.4± 6.1 44.7 10/47 Placebo 74.8± 6.6 54.5 6/44
Rörtgen et al[19]. Noncardiac surgery Desflurane 65.0–75.0 NA 16/40 Sevoflurane 65.0–75.0 NA 19/40
Rohan et al[20]. Cystoscopy Placebo 67.0–86.0 26.7 1/15 Propofol 65.0–83.0 20.0 7/15 Sevoflurane 67.0–86.0 26.7 7/15
Rascón-Martínez et al[32] Ophthalmic surgery Placebo > 60 50 8/32 Ketamine > 60 57.6 5/33
Shi et al[22]. Lobectomy Dexmedetomidine 68.7± 4.6 0 7/53 Placebo 68.7± 3.4 0 19/53
Xu et al[24]. Ovarian cystectomy Dexmedetomidine 71.9± 1.4 100 3/48 Placebo 72.1± 2.2 100 10/48
Zhang et al[25] Colorectal cancer Dexmedetomidine 73.8± 14.5 36.2 0/80 Placebo 74.1± 13.9 33.3 8/60
Chen et al[26]. Cholecystectomy Dexmedetomidine 66.2± 7.5 44.1 9/59 Placebo 67.9± 6.6 50.8 17/63
Zhang et al[25] Open surgery Fentanyl 70.0± 3.1 47.9 11/48 Sufentanil 69.0± 2.1 50.0 3/48
Egawa et al[28]. Lung surgery Propofol 63.0–73.0 31.9 9/60 Sevoflurane 63.0–72.0 45.8 12/58
Lee et al[29]. Orthopedic surgery Ketamine 68.3± 5.3 44.0 1/25 Placebo 68.4± 6.5 80.8 8/26
Guo et al[30]. Cancer Sevoflurane 66.0–74.0 35.0 12/106 Propofol 66.0–72.5 39.3 10/109
Yang et al[31]. H-UPPP surgery Fentanyl 72.0± 4.0 NA 16/65 Placebo 72.0± 5.0 NA 17/65
Valentin Noncardiac surgery Dexmedetomidine 60.0–87.0 62.5 13/68 Placebo 60.0–87.0 58.8 36/72
Mohamed and
Shaaban[35].

Abdominal surgery Dexmedetomidine 63.9± 5.0 20.0 2/25 Placebo 67.8± 5.4 0 10/25

Kim et al[36]. Shoulder surgery Dexmedetomidine 65.0± 5.9 42.5 9/40 Placebo 66.3± 6.3 52.5 9/38
Mansouri et al[37]. Cataract surgery Dexmedetomidine 66.5± 1.6 50 6/50 Midazolam 63.6± 8.3 50 4/50 Placebo 64.0± 7.3 62 10/50
Tang et al[38]. Rectal resection Sevoflurane 70.0± 4.3 67.7 33/99 Propofol 69.6± 4.8 74.3 30/101
Li et al[40]. Knee or hip surgery Dexmedetomidine 69.3± 7.1 63.6 6/43 Propofol 68.2± 6.4 56.4 5/47 Midazolam 66.9± 6.6 59.3 7/47
Chen et al[11]. Noncardiac surgery Dexmedetomidine 70.6± 4.2 35.6 8/87 Placebo 71.4± 4.9 37.7 13/61
Chen et al[43]. Knee or hip surgery Desflurane 75.0± 8.0 42.9 0/35 Sevoflurane 73.0± 9.0 48.6 1/35
Zhang et al[44]. Cancer surgery Propofol 72.8± 5.5 30.8 28/189 Sevoflurane 72.4± 5.6 33.3 44/190
Liu et al[45]. Radical resection Dexmedetomidine 69.6± 4.4 37.5 3/24 Placebo 68.6± 3.9 45.8 6/24
Geng et al[46]. Cholecystectomy Propofol ≥ 65 60.0 2/50 Sevoflurane ≥ 65 56 10/50
Li et al[47]. Cholecystectomy Dexmedetomidine 69.0± 5.0 44.0 10/50 Placebo 70.0± 6.0 48.0 21/50
Deepak et al[16]. Noncardiac surgery Sevoflurane 69.1± 4.7 60.0 0/30 Desflurane 69.4± 4.4 36.7 1/30
Micha et al[15]. Noncardiac surgery Propofol 60.0–74.0 NA 1/36 Sevoflurane 60.0–74.0 NA 10/37
Tanaka et al[39]. Knee replacement Desflurane 69.8± 1.2 44.4 26/40 Propofol 70.6± 1.4 66.7 19/39
Zhao et al[42]. Noncardiac surgery Dexmedetomidine 70.0± 4.5 47.3 40/315 Placebo 69.2± 4.1 42.6 30/101
Qiao et al[23]. Laryngeal surgery Propofol ≥ 65 6.3 1/32 Desflurane ≥ 65 0 3/31
Green et al[33]. Urologic surgery Desflurane 68.2± 6.43 100 6/31 Sevoflurane 67.1± 6.11 100 3/26
Meineke et al[34]. Noncardiac surgery Desflurane 72.3± 2.5 64.9 17/37 Sevoflurane 71.9± 1.8 70.2 32/47
Li et al[48]. Abdominal surgery Propofol 62.0–68.0 25.2 38/226 Sevoflurane 62.0–69.0 34.4 46/221

H-UPPP, H-uvulopalatopharyngoplasty.
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placebo (OR=0.36, 95% CI: 0.23–0.55, P< 0.001). While there
was no significant difference in ketamine (OR= 0.59, 95% CI:
0.21–1.49, P>0.05), propofol (OR= 0.60, 95% CI: 0.24–1.61,
P> 0.05), fentanyl (OR=0.92, 95% CI: 0.23–3.60, P> 0.05),

midazolam (OR=0.46, 95%CI: 0.16–1.40, P>0.05), sufentanil
(OR= 0.18, 95% CI: 0.02–1.60, P>0.05), sevoflurane
(OR= 1.20, 95% CI: 0.46–3.81, P> 0.05), and desflurane
(OR= 0.98, 95% CI: 0.32–3.80, P>0.05) in reducing POCD.
Moreover, sevoflurane were significantly increasing the incidence
of POCD when compared with dexmedetomidine (OR= 3.30,
95% CI: 1.30–10.00, P<0.05). In addition, sevoflurane were
significantly increasing the incidence of POCD when compared
with propofol (OR=2.00, 95% CI: 1.30–3.40, P<0.05)
(Table 3, Figs. 4A–I).

Rank probability

The cumulative probabilities of anesthetic drugs in reducing
the incidence of POCD for elderly people undergoing non-
cardiac surgery was shown in Figure 5. The ranking order was
as follows: placebo (24.6%), dexmedetomidine (81.5%),
ketamine (54.9%), propofol (56.9%), fentanyl (32.6%), mid-
azolam (66.7%), sufentanil (87.4%), sevoflurane (16.6%), and
desflurane (28.7%).

Heterogeneity and inconsistency of included studies

The node-splitting model was used to assess the inconsistency
between direct and indirect evidence. If P value was over 0.05,
the differences between each direct and indirect comparison
were considered nonsignificant. If not, the differences were
considered significant. Node-splitting analysis for all the
outcomes are shown in Figure 6. As shown in the Figure 6,
each P value of the node-splitting model was greater than
0.05, indicating that there was no significant difference
between the results of direct and indirect comparisons for all
the outcomes.

Comparison-adjusted funnel plots of included studies

The funnel figure was used to evaluate possible publication
bias (Fig. 7). All studies were within 95% CI, and the data

Figure 3. Network of randomized controlled trials comparing different anes-
thetic drugs in elderly people undergoing noncardiac surgery. The thickness of
the connecting lines represents the number of trials between each comparator,
and the size of each node corresponds to the number of subjects who received
the same pharmacological agent (sample size).

Figure 2. Risk of bias of the included randomized controlled trials (review
authors’ judgments about each risk of bias item for each included study. + , low
risk; − , high risk; ?, unclear risk.)
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were both sides of the X= 0 line, and had good symmetry to
the funnel plot, indicating that there had no selectivity and
publication bias, and there were two scatter points were
located at the bottom of the funnel plot, indicating the pre-
sence of small sample effects.

Discussion

This meta-analysis, which included 34 trials with 4314 under-
going noncardiac surgery in elderly patients. Based on the
Bayesian network meta-analysis method, we compared the effi-
cacy of placebo, dexmedetomidine, ketamine, propofol, fentanyl,
midazolam, sufentanil, sevoflurane, and desflurane in reducing
the incidence of POCD for elderly people undergoing noncardiac
surgery. In order to provide a reference for the selection of
anesthetic drugs for elderly people undergoing noncardiac sur-
gery. The major results of our study were summarized as follows.
First, patients on sufentanil had the lowest incidence of POCD,
followed by those on midazolam and dexmedetomidine. Second,
sufentanil and dexmedetomidine ranked the first and second in
reducing the incidence of POCD, and sevoflurane ranked the last
in reducing the incidence of POCD.

Tan et al[49]. showed that the incidence of POCD in elderly
patients was on average 47%. Shoair et al[50]. showed that
even at 3 months after major noncardiac surgery, 15.9% of
elderly patients still exhibited POCD. The results of this study
showed a 6.3%–28.3% incidence of POCD in elderly people

undergoing noncardiac surgery, and the results were similar to
the relevant literature. Traumatic stress may be one of the
important factors contributing to the occurrence of POCD in
elderly surgical patients. Controlling surgical traumatic stress
is an important requirement for clinical anesthesia, and
exploring safe and effective anesthetic drugs is important to
improve the quality of anesthesia and reduce the occurrence
of POCD.

Dexmedetomidine is a highly selective α2-adrenoceptor ago-
nist that provides good sedation and analgesia in surgical patients
without causing respiratory depression, but is prone to hypo-
tension and bradycardia.Dexmedetomidine inhibits the release of
proinflammatory cytokines such as interleukin (IL)-6 and tumor
necrosis factor (TNF)-α in a model of cerebral ischemia, produ-
cing neuroprotective effects[51]. Dexmedetomidine offers a new
option for the clinical prevention and treatment of POCD, with
promising applications. Clinical studies have reported the role of
dexmedetomidine in the prevention of POCD[52,53], however,
other clinical studies have also found that intraoperative use of
dexmedetomidine does not prevent the occurrence of POCD[54].
In this study, base on 12 trials, the results showed dexmedeto-
midine was significantly reducing the incidence of POCD when
compared with placebo, while other anesthetic drugs cannot
reduce the incidence of POCDwhen compared with placebo. The
reason for this phenomenon is the lack of more comparisons
between anesthetic drugs and placebo. An RCT-based NMAmay
imply the most objective comparison of the same endpoint. We
performed an NMA, which allows the creation of multiple

Table 2
Summary odds ratios of the incidence of POCD for elderly people undergoing noncardiac surgery and heterogeneity for each direct
comparison

Comparison Study OR (95% CI) P-heterogeneity I2 (%) τ2

Dexmedetomidine vs. Placebo 12 0.34 (0.26–0.44) 0.550 0 < 0.001
Ketamine vs. Placebo 3 0.77 (0.38–1.57) 0.470 0 0.604
Propofol vs. Placebo 1 12.35 (1.27–118.36) - - 0.030
Fentanyl vs. Placebo 1 0.92 (0.42–2.03) - - 0.840
Midazolam vs. Placebo 1 0.35 (0.10–1.20) - - 0.094
Sevoflurane vs. Placebo 1 12.35 (1.27–118.36) - - 0.030
Dexmedetomidine vs. Propofol 2 1.33 (0.60–2.95) 0.452 0 0.489
Dexmedetomidine vs. Midazolam 2 0.95 (0.38–2.35) 0.301 6.6 0.906
Propofol vs. Midazolam 1 0.68 (0.20–2.32) - - 0.538
Fentanyl vs. Sufentanil 1 4.46 (1.16–17.18) - - 0.030
Propofol vs. Sevoflurane 8 0.65 (0.50–0.84) 0.271 20.0 0.001
Propofol vs. Desflurane 7 1.04 (0.66–1.63) 0.161 35.0 0.867

P< 0.05 is considered as significance with italic fonts.

Table 3
Network meta-analysis comparisons

Placebo Dexmedetomidine Ketamine Propofol Fentanyl Midazolam Sufentanil Sevoflurane Desflurane

Placebo 1 2.80 (1.80–4.30) 1.70 (0.67–4.80) 1.70 (0.61–4.10) 1.10 (0.28–4.30) 2.20 (0.73–6.40) 5.50 (0.62–58.00) 0.85 (0.26–2.20) 1.00 (0.26–3.20)
Dexmedetomidine 0.36 (0.23–0.55) 1 0.61 (0.22–1.90) 0.60 (0.22–1.40) 0.39 (0.10–1.60) 0.77 (0.26–2.20) 2.00 (0.21–21.00) 0.30 (0.10–0.77) 0.37 (0.10–1.10)
Ketamine 0.59 (0.21–1.49) 1.60 (0.54–4.60) 1 0.98 (0.22–3.60) 0.64 (0.11–3.30) 1.30 (0.28–5.20) 3.20 (0.28–40.00) 0.50 (0.10–1.90) 0.60 (0.10–2.60)
Propofol 0.60 (0.24–1.61) 1.70 (0.70–4.50) 1.00 (0.28–4.50) 1 0.65 (0.13–3.70) 1.30 (0.40–4.60) 3.30 (0.32–43.00) 0.51 (0.29–0.78) 0.61 (0.26–1.30)
Fentanyl 0.92 (0.23–3.60) 2.60 (0.62–11.00) 1.60 (0.31–8.80) 1.50 (0.27–7.50) 1 2.20 (0.34–11.00) 5.00 (0.92–35.00) 0.78 (0.12–3.80) 0.94 (0.13–5.10)
Midazolam 0.46 (0.16–1.40) 1.30 (0.45–3.80) 0.79 (0.19–3.60) 0.77 (0.22–2.50) 0.51 (0.09–3.00) 1 2.60 (0.23–34.00) 0.39 (0.10–1.30) 0.48 (0.10–1.80)
Sufentanil 0.18 (0.02–1.60) 0.51 (0.05–4.70) 0.31 (0.03–3.50) 0.30 (0.02–3.10) 0.20 (0.03–1.10) 0.39 (0.03–4.40) 1 0.15 (0.01–1.60) 0.18 (0.01–2.10)
Sevoflurane 1.20 (0.46–3.81) 3.30 (1.30–10.00) 2.00 (0.53–10.00) 2.00 (1.30–3.40) 1.30 (0.26–8.20) 2.60 (0.76–10.00) 6.50 (0.64–92.00) 1 1.20 (0.58–2.40)
Desflurane 0.98 (0.32–3.80) 2.70 (0.89–10.00) 1.70 (0.39–9.80) 1.60 (0.79–3.80) 1.10 (0.20–7.60) 2.10 (0.55–10.00) 5.40 (0.48–84.00) 0.83 (0.41–1.70) 1

P< 0.05 is considered as significance with italic fonts.
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treatment comparisons, allowing us to synthesize data with not
only direct evidence (within-trial comparisons) but also indirect
evidence (between-trial comparisons by co-comparing treat-
ments). In addition, the rank probabilities indicate that sufentanil
and dexmedetomidine ranked the first and second in reducing the
incidence of POCD in elderly people undergoing noncardiac
surgery.

Although the mechanism by which dexmedetomidine reduces
POCD has not been determined, there are at least two theories
that could explain the potential mechanism. Aβ, TNF-α, IL-1β,
and IL-6 not only accurately respond to brain inflammatory
response in the brain, but also closely correlates with the occur-
rence and development of POCD. During the inflammatory phase
of the central nervous system, TNF-α, and IL-1β can facilitate the
migration of peripheral inflammatory factors, promote excitatory
neurotoxic injury, amplify the central nervous system inflamma-
tory response, and participate in the development of POCD[55].
Dexmedetomidine promotes the secretion of anti-inflammatory
factor IL-10 and inhibits the production of TNF-α and IL-1β, thus

adjusting the balance of systemic proinflammation and anti-
inflammation. On the one hand, dexmedetomidine acts on α2
adrenoceptors in the central and peripheral nervous system,
inhibiting sympathetic activity, reducing stress response, and
activating cholinergic anti-inflammatory pathways, thus reducing
the intensity of systemic inflammatory response[51,56]. On the
other hand, dexmedetomidine reduces the expression of inflam-
matory factors by inhibiting Toll-like receptor 4/NF-κB, JAK2-
STAT3, and NF-κB/COX-2 pathways. COX-2 pathway to
downregulate NF-κB pathway activity, thereby reducing the
expression of inflammatory factors[57]. Dexmedetomidine also
improved lipopolysaccharide-induced neuronal apoptosis by
downregulating the expression of B-cell lymphoma/leukemia-2
gene (Bcl-2)-related proteins and upregulating the expression of
antiapoptotic proteins, suggesting that the reduction of neuronal
autophagy caused by dexmedetomidine may be related to the
improvement of cognitive dysfunction[58].

Sufentanil is a commonly used opioid analgesic in clinical
practice. It has been shown that sufentanil can inhibit the release

Figure 4. Forest plots of odds ratios (95% creditable intervals) produced by network meta-analysis. OR, odds ratio.
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of inflammatory factors and reduce the stress response. In a study
on themechanism of ischemia-reperfusion lung injury in rat limbs
by sufentanil pretreatment, it was shown that sufentanil could
inhibit the production of inflammatory mediators by inhibiting
NF-κB expression in lung tissues and blocking the initiation of
ischemia-reperfusion injury in limbs upstream[59]. Similarly,
several studies also found that sufentanil significantly inhibited
TNF-α and IL-1β expression[60]. However, there is only one study
on the effects of sufentanil in elderly people undergoing non-
cardiac surgery. Therefore, more randomized controlled studies
with high quality, large number of samples and strict design
should be designed to explore the role of sufentanil in elderly
people undergoing noncardiac surgery.

Sevoflurane is a commonly used inhalational anesthetic in
clinical practice. Studies have shown that sevoflurane inha-
lation leads to activation of hippocampal microglia and
POCD in aged rats. S100A8 protein is a proinflammatory
factor that activates the Toll-like receptor 4 pathway, lead-
ing to microglia activation, increased expression of inflam-
matory factors, and production of POCD[61]. In this study,
sevoflurane can the increase incidence of POCD when com-
pared with placebo, and sevoflurane is the worst drug in
reducing the incidence of POCD in elderly people under-
going noncardiac surgery.

The advantage of our study depended on the comprehen-
sive evaluation and ranking of the efficacy of placebo, dex-
medetomidine, ketamine, propofol, fentanyl, midazolam,
sufentanil, sevoflurane, and desflurane reducing the incidence
of POCD for elderly people undergoing noncardiac surgery,
which had certain guiding significance for clinicians to treat
elderly patient with noncardiac surgery. This systematic
review included several limitations. First, there were rela-
tively few direct comparisons between different drug trials,
this makes it difficult to draw accurate results for direct
comparisons. Second, some studies were small-scale, with too
few subjects, which may lead to bias, and the time points of
all the outcome indicators were not the same. There may be
subjective reasons for the evaluation of outcome measure

scale, which was easily affected by individual subjective fac-
tors. Importantly, POCD development is related with patient-
related, surgery-related, and anesthesia-related risk factors.
Moreover, a recent study by Glumac et al[62]. showed that
preoperative administration of dexamethasone ameliorates
inflammatory response induced by cardiac surgery, and
thereby reduced the incidence and severity of POCD fol-
lowing surgery. These also need to be investigated in future
studies.

Figure 6. Node splitting results for each comparison. OR, odds ratio.

Figure 5. Surface under the cumulative ranking curve, expressed as percen-
tages, ranking the therapeutic effects of reducing the incidence of post-
operative cognitive dysfunction for elderly people undergoing noncardiac
surgery. For effcacy assessment, the pharmacological agent with the highest
surface under the cumulative ranking curve value would be themost efficacious
treatment.
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Conclusion

Taken together, based on the results of this study, we conclude
that sufentanil and dexmedetomidine had the greatest possibility
to reduce the incidence of POCD in elderly people undergoing
noncardiac surgery. While, sevoflurane was the worst anesthetic
drugs in reducing the incidence of POCD for elderly people
undergoing noncardiac surgery. But because of the short comings
of this study, therefore, more randomized controlled studies with
high quality, large number of samples, and strict design should be
designed to improve the quality of research literature, so as to
provide more convincing evidence-based medical evidence and
further clarify the efficacy of sufentanil and dexmedetomidine in
reducing the incidence of POCD in elderly people undergoing
noncardiac surgery.

Ethical approval

This is a network meta-analysis article with no ethical
requirements.

Sources of funding

This work was supported by grants from National Natural
Science Foundation of China (81801077).

Authors’ contribution

K.Z., Y.L., J.H., and J.L. conceived and designed the study. K.Z.,
Y.L., and J.L. performed the literature search. K.Z., Y.L., and J.L.
were involved in the data collection and interpretation. K.Z.,
Y.L., and J.L. were involved in the data analysis. K.Z., Y.L., and
J.L. were involved in the data interpretation. J.H. drafted the
manuscript. K.Z., Y.L., J.H., and J.L. accessed and verified the
underlying data reported in the manuscript. All authors were
involved in revising the manuscript and approved the final sub-
mitted version.

Conflicts of interest disclosure

The authors declare that they have no financial conflicts of interest
with regard to the consent of this report.

Research registration unique identifying number
(UIN)

None.

Guarantor

Jichang Hu.

Data statement

This is a meta-analysis article, data availability is not applicable,
please contact the corresponding author if some data needed.

Provenance and peer review

Not commissioned, internally peer-reviewed.

Acknowledgments

Not applicable.

References
[1] Evered LA, Silbert BS. Postoperative cognitive dysfunction and

noncardiac surgery. Anesth Analg 2018;127:496–505.
[2] Evered L, Silbert B, Knopman DS, et al. Recommendations for the

nomenclature of cognitive change associated with anaesthesia and sur-
gery-2018. Br J Anaesth 2018;121:1005–2.

[3] Moller JT, Cluitmans P, Rasmussen LS, et al. Long-term postoperative
cognitive dysfunction in the elderly ISPOCD1 study. ISPOCD investiga-
tors. International Study of Post-Operative Cognitive Dysfunction.
Lancet 1998;351:857–61.

[4] NeedhamMJ,WebbCE,BrydenDC. Postoperative cognitive dysfunctionand
dementia: what we need to know and do. Br J Anaesth 2017;119:i115–25.

[5] Lin X, Chen Y, Zhang P, et al. The potential mechanism of postoperative
cognitive dysfunction in older people. Exp Gerontol 2020;130:110791.

[6] Cheng J, Liu X, Cao L, et al. Neo-adjuvant chemotherapy with cisplatin
induces low expression of NMDA receptors and postoperative cognitive
impairment. Neurosci Lett 2017;637:168–74.

[7] Antkowiak B, Rammes G. GABA(A) receptor-targeted drug development
– new perspectives in perioperative anesthesia. Expert Opin Drug Discov
2019;14:683–99.

[8] Zurek AA, Bridgwater EM, Orser BA. Inhibition of α5 γ-Aminobutyric
acid type A receptors restores recognition memory after general anes-
thesia. Anesth Analg 2012;114:845–55.

[9] Yu H, Kang H, Fan J, et al. Influence of dexmedetomidine on post-
operative cognitive dysfunction in the elderly: a meta-analysis of
randomized controlled trials. Brain Behav 2022;12:e2665.

[10] Hovaguimian F, Tschopp C, Beck-Schimmer B, et al. Intraoperative
ketamine administration to prevent delirium or postoperative cognitive
dysfunction: a systematic review and meta-analysis. Acta Anaesthesiol
Scand 2018;62:1182–93.

[11] Chen G, Zhou Y, Shi Q, et al. Comparison of early recovery and cognitive
function after desflurane and sevoflurane anaesthesia in elderly patients: a
meta-analysis of randomized controlled trials. J IntMedRes 2015;43:619–28.

[12] Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. Int J Surg 2021;88:
105906.

[13] Sterne JAC, Savović J, Page MJ, et al. RoB 2: a revised tool for assessing
risk of bias in randomised trials. BMJ 2019;366:l4898.

Figure 7. Comparison-adjusted funnel plot for the network meta-analysis. The
red line suggests the null hypothesis that the study-specifc effect sizes do not
differ from the respective comparison-specifc pooled effect estimates. Different
colors represent different comparisons.

Zeng et al. International Journal of Surgery (2023)

29



[14] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629–34.

[15] Micha G, Tzimas P, Zalonis I, et al. Propofol vs sevoflurane anaesthesia
on postoperative cognitive dysfunction in the elderly. A randomized
controlled trial. Acta Anaesthesiol Belg 2016;67:129–37.

[16] Deepak TS, Vadlamani S, Kumar KS, et al. Post-operative cognitive
functions after general anesthesia with sevoflurane and desflurane in
South Asian elderly. Middle East J Anaesthesiol 2013;22:143–8.

[17] Chawdhary AA, Kulkarni A, Nozari A. Substitution of propofol for
dexmedetomidine in the anaesthetic regimen does not ameliorate the
post-operative cognitive decline in elderly patients. Indian J Anaesth
2020;64:880–6.

[18] Hollinger A, Rüst CA, Riegger H, et al. Ketamine vs. haloperidol for
prevention of cognitive dysfunction and postoperative delirium: a phase
IV multicentre randomised placebo-controlled double-blind clinical trial.
J Clin Anesth 2021;68:110099.

[19] Rörtgen D, Kloos J, FriesM, et al. Comparison of early cognitive function
and recovery after desflurane or sevoflurane anaesthesia in the elderly: a
double-blinded randomized controlled trial. Br J Anaesth 2010;104:
167–74.

[20] Rohan D, Buggy DJ, Crowley S, et al. Increased incidence of post-
operative cognitive dysfunction 24 hr after minor surgery in the elderly.
Can J Anaesth 2005;52:137–42.

[21] Rascón-Martínez DM, Fresán-Orellana A, Ocharán-Hernández ME,
et al. The effects of ketamine on cognitive function in elderly patients
undergoing ophthalmic surgery: a pilot study. Anesth Analg 2016;122:
969–75.

[22] Shi H, DuX,Wu F, et al. Dexmedetomidine improves early postoperative
neurocognitive disorder in elderly male patients undergoing thoraco-
scopic lobectomy. Exp Ther Med 2020;20:3868–77.

[23] Qiao H, Chen J, Huang Y, et al. Early neurocognitive function with
propofol or desflurane anesthesia after laser laryngeal surgery with low
inspired oxygen. Laryngoscope 2022.

[24] Xu HY, Fu GH, Wu GS. Effect of dexmedetomidine-induced anes-
thesia on the postoperative cognitive function of elder patients after
laparoscopic ovarian cystectomy. Saudi J Biol Sci 2017;24:1771–5.

[25] Zhang J, Liu G, Zhang F, et al. Analysis of postoperative cognitive dys-
function and influencing factors of dexmedetomidine anesthesia in elderly
patients with colorectal cancer. Oncol Lett 2019;18:3058–64.

[26] Chen J, Yan J, Han X. Dexmedetomidine may benefit cognitive function
after laparoscopic cholecystectomy in elderly patients. Exp Ther Med
2013;5:489–94.

[27] Zhang J, Chen L, Sun Y, et al. Comparative effects of fentanyl versus
sufentanil on cerebral oxygen saturation and postoperative cognitive
function in elderly patients undergoing open surgery. Aging Clin Exp Res
2019;31:1791–800.

[28] Egawa J, Inoue S, Nishiwada T, et al. Effects of anesthetics on early
postoperative cognitive outcome and intraoperative cerebral oxygen
balance in patients undergoing lung surgery: a randomized clinical trial.
Can J Anaesth 2016;63:1161–9.

[29] Lee KH, Kim JY, Kim JW, et al. Influence of ketamine on early post-
operative cognitive function after orthopedic surgery in elderly patients.
Anesth Pain Med 2015;5:e28844.

[30] Guo L, Lin F, Dai H, et al. Impact of sevoflurane versus propofol anes-
thesia on post-operative cognitive dysfunction in elderly cancer patients: a
double-blinded randomized controlled trial. Med Sci Monit 2020;26:
e919293.

[31] Yang L, Sun DF, Wu Y, et al. Intranasal administration of butorphanol
benefits old patients undergoing H-uvulopalatopharyngoplasty: a ran-
domized trial. BMC Anesthesiol 2015;15:20.

[32] Valentin LS, Pereira VF, Pietrobon RS, et al. Effects of single low
dose of dexamethasone before noncardiac and nonneurologic surgery
and general anesthesia on postoperative cognitive dysfunction – a
phase III double blind, randomized clinical trial. PLoS One 2016;11:
e0152308.

[33] Green MS, Green P, Neubert L, et al. Recovery following desflurane
versus sevoflurane anesthesia for outpatient urologic surgery in elderly
females. Anesth Pain Med 2015;5:e22271.

[34] Meineke M, Applegate RL II, Rasmussen T, et al. Cognitive dysfunction
following desflurane versus sevoflurane general anesthesia in elderly
patients: a randomized controlled trial. Med Gas Res 2014;4:6.

[35] Mohamed S, Shaaban AR. The effect of Dexmedetomidine on the inci-
dence of postoperative cognitive dysfunction in elderly patients after
prolonged abdominal surgery. Egypt J Anaesth 2014;30:331–8.

[36] Kim N, Kim KH, Choi YS, et al. Effect of dexmedetomidine on early
postoperative cognitive function in patients undergoing arthroscopic
shoulder surgery in beach chair position: a randomized double-blind
study. J Clin Med 2022;11:2970.

[37] Mansouri N, Nasrollahi K, Shetabi H. Prevention of cognitive dysfunc-
tion after cataract surgery with intravenous administration of midazolam
and dexmedetomidine in elderly patients undergoing cataract surgery.
Adv Biomed Res 2019;8:6.

[38] Tang N, Ou C, Liu Y, et al. Effect of inhalational anaesthetic on post-
operative cognitive dysfunction following radical rectal resection in
elderly patients with mild cognitive impairment. J Int Med Res 2014;42:
1252–61.

[39] Tanaka P, Goodman S, Sommer BR, et al. The effect of desflurane versus
propofol anesthesia on postoperative delirium in elderly obese patients
undergoing total knee replacement: a randomized, controlled, double-
blinded clinical trial. J Clin Anesth 2017;39:17–22.

[40] Li WX, Luo RY, Chen C, et al. Effects of propofol, dexmedetomidine,
and midazolam on postoperative cognitive dysfunction in elderly
patients: a randomized controlled preliminary trial. Chin Med J (Engl)
2019;132:437–5.

[41] Chen W, Liu B, Zhang F, et al. The effects of dexmedetomidine on post-
operative cognitive dysfunction and inflammatory factors in senile
patients. Int J Clin Exp Med 2015;8:4601–5.

[42] Zhao W, Hu Y, Chen H, et al. The effect and optimal dosage of dex-
medetomidine plus sufentanil for postoperative analgesia in elderly
patients with postoperative delirium and early postoperative cognitive
dysfunction: a single-center, prospective, randomized, double-blind,
controlled trial. Front Neurosci 2020;14:549516.

[43] Chen X, ZhaoM,White PF, et al. The recovery of cognitive function after
general anesthesia in elderly patients: a comparison of desflurane and
sevoflurane. Anesth Analg 2001;93:1489–94.

[44] Zhang Y, Shan GJ, Zhang YX, et al. Propofol compared with sevoflurane
general anaesthesia is associated with decreased delayed neurocognitive
recovery in older adults. Br J Anaesth 2018;121:595–604.

[45] Liu Y, Zhu X, He Z, et al. Protective effect of dexmedetomidine infusion
combined with epidural blockade on postoperative complications after
surgery: a prospective randomized controlled clinical trial. J Int Med Res
2020;48:300060520930168.

[46] Geng YJ, Wu QH, Zhang RQ. Effect of propofol, sevoflurane, and iso-
flurane on postoperative cognitive dysfunction following laparoscopic
cholecystectomy in elderly patients: a randomized controlled trial. J Clin
Anesth 2017;38:165–71.

[47] Li Y, He R, Chen S, et al. Effect of dexmedetomidine on early post-
operative cognitive dysfunction and peri-operative inflammation in
elderly patients undergoing laparoscopic cholecystectomy. Exp TherMed
2015;10:1635–42.

[48] Li Y, ChenD,WangH, et al. Intravenous versus volatile anesthetic effects
on postoperative cognition in elderly patients undergoing laparoscopic
abdominal surgery. Anesthesiology 2021;134:381–94.

[49] Tan CB, Ng J, Jeganathan R, et al. Cognitive changes after surgery in the
elderly: does minimally invasive surgery influence the incidence of post-
operative cognitive changes compared to open colon surgery? Dement
Geriatr Cogn Disord 2015;39:125–31.

[50] Shoair OA, Grasso Ii MP, Lahaye LA, et al. Incidence and risk factors for
postoperative cognitive dysfunction in older adults undergoing major
noncardiac surgery: a prospective study. J Anaesthesiol Clin Pharmacol
2015;31:30–6.

[51] Kaye AD, Chernobylsky DJ, Thakur P, et al. Dexmedetomidine in
enhanced recovery after surgery (ERAS) protocols for postoperative pain.
Curr Pain Headache Rep 2020;24:21.

[52] Lee C, Lee CH, Lee G, et al. The effect of the timing and dose of dex-
medetomidine on postoperative delirium in elderly patients after
laparoscopic major non-cardiac surgery: a double blind randomized
controlled study. J Clin Anesth 2018;47:27–32.

[53] Wang WX, Wu Q, Liang SS, et al. Dexmedetomidine promotes the
recovery of neurogenesis in aged mouse with postoperative cognitive
dysfunction. Neurosci Lett 2018;677:110–6.

[54] Kim JA, Ahn HJ, YangM, et al. Intraoperative use of dexmedetomidine for
the prevention of emergence agitation and postoperative delirium in thor-
acic surgery: a randomized-controlled trial. Can J Anaesth 2019;66:371–9.

[55] Kotekar N, Shenkar A, Nagaraj R. Postoperative cognitive dysfunction –

current preventive strategies. Clin Interv Aging 2018;13:2267–73.
[56] Cao XZ, Ma H, Wang JK, et al. Postoperative cognitive deficits and

neuroinflammation in the hippocampus triggered by surgical trauma are

Zeng et al. International Journal of Surgery (2023) International Journal of Surgery

30



exacerbated in aged rats. Prog Neuropsychopharmacol Biol Psychiatry
2010;34:1426–32.

[57] Chen N, Chen X, Xie J, et al. Dexmedetomidine protects aged rats from
postoperative cognitive dysfunction by alleviating hippocampal inflam-
mation. Mol Med Rep 2019;20:2119–6.

[58] Ning Q, Liu Z, Wang X, et al. Neurodegenerative changes and neuroa-
poptosis induced by systemic lipopolysaccharide administration are reversed
by dexmedetomidine treatment in mice. Neurol Res 2017;39:357–66.

[59] Tang H, Li C, Wang Y, et al. Sufentanil inhibits the proliferation and
metastasis of esophageal cancer by inhibiting the NF-κB and snail
signaling pathways. J Oncol 2021;2021:7586100.

[60] Wu L, Zhao H, Zhang Z, et al. Combined spinal-epidural anesthesia with
acupoint injection for labor anesthesia reduces IL-1β/IL-10 ratio in maternal
peripheral blood, umbilical cord blood and improves the labor outcomes:
a prospective randomized controlled trial. Clin Immunol 2022;236:108935.

[61] Lu SM, Yu CJ, Liu YH, et al. S100A8 contributes to postoperative
cognitive dysfunction in mice undergoing tibial fracture surgery by
activating the TLR4/MyD88 pathway. Brain Behav Immun 2015;44:
221–34.

[62] Glumac S, Kardum G, Sodic L, et al. Effects of dexamethasone on early
cognitive decline after cardiac surgery: a randomised controlled trial. Eur
J Anaesthesiol 2017;34:776–84.

Zeng et al. International Journal of Surgery (2023)

31


