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Abstract

Background: Patients undergoing cardiothoracic surgery frequently encounter perioperative neurocognitive disorders (PND), which can
include postoperative delirium (POD) and postoperative cognitive decline (POCD). Currently, there is not enough evidence to support
the use of electroencephalograms (EEGs) in preventing POD and POCD among cardiothoracic surgery patients. This meta-analysis
examined the importance of EEG monitoring in POD and POCD.Methods: Cochrane Library, PubMed, and EMBASE databases were
searched to obtain the relevant literature. This analysis identified trials based on the inclusion and exclusion criteria. The Cochrane tool
was used to evaluate the methodological quality of the included studies. Review Manager software (version 5.3) was applied to analyze
the data. Results: Four randomized controlled trials (RCTs) were included in this meta-analysis, with 1096 participants. Our results
found no correlation between EEG monitoring and lower POD risk (relative risk (RR): 0.81; 95% CI: 0.55–1.18; p = 0.270). There was
also no statistically significant difference between the EEG group and the control group in the red cell transfusions (RR: 0.86; 95% CI:
0.51–1.46; p = 0.590), intensive care unit (ICU) stay (mean deviation (MD): –0.46; 95% CI: –1.53–0.62; p = 0.410), hospital stay (MD:
–0.27; 95% CI: –2.00–1.47; p = 0.760), and mortality (RR: 0.33; 95% CI: 0.03–3.59; p = 0.360). Only one trial reported an incidence
of POCD, meaning we did not conduct data analysis on POCD risk. Conclusions: This meta-analysis did not find evidence supporting
EEGmonitoring as a potential method to reduce POD incidence in cardiothoracic surgery patients. In the future, more high-quality RCTs
with larger sample sizes are needed to validate the relationship between EEG monitoring and POD/POCD further.

Keywords: electroencephalography monitoring; postoperative delirium; postoperative cognitive decline; cardiothoracic surgery; cogni-
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1. Introduction
The number of older adult patients undergoing surgery

is increasing as the population age increases and surgical
techniques improve, which has led to an increased inter-
est among anesthesiologists and surgeons in perioperative
neurocognitive disorders (PND). PND is a common com-
plication that occurs after major surgeries, including post-
operative delirium (POD), postoperative cognitive decline
(POCD), and delayed neurocognitive recovery [1]. Evi-
dence has highlighted that the incidence of POD ranges
from 11% to 51% across different surgical procedures [2].
POCD has been reported to occur in 25%–40% of cases
[3]. POD and POCD are associated with prolonged hos-
pital stays, increased hospitalization costs, higher mortality
rates, and delayed recovery [4,5].

POD refers to a sudden state of confusion in con-
sciousness, perception, memory, and orientation, which of-
ten occurs soon after surgery [6]. Alternatively, POCD is
characterized by difficulties in memory, perceptual motor
function, learning, communication, and more, which typi-

cally occur later in the postoperative period [6]. A recent
study by Glumac et al. [7] found that POD can predict
postoperative cognitive dysfunction, which has significant
consequences for patient health and the healthcare system.
POD and POCD have different pathogenesis, although they
share similar risk factors [8]. Previous studies have demon-
strated that long-term exposure to anesthesia could cause
neurotoxicity, leading to POCD and POD [9,10]. In recent
years, intraoperative brain function monitoring has become
increasingly common in various surgical procedures. Elec-
troencephalography (EEG) is frequently utilized to control
the level of anesthesia and adjust the amount of anesthe-
sia medication. The occurrence of POD and POCD has
been observed to decrease with the use of EEG monitor-
ing [11,12]. However, certain clinical trial findings contra-
dict this perspective [13,14]. The use of EEG in preventing
POD and POCD among older adult patients still lacks con-
vincing evidence.

The occurrence of POD and POCD could differ based
on the types of surgical procedures [5]. It has been sug-
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gested that the incidence of POD and POCD is relatively
high in cardiac surgery [15,16]. It was also confirmed that
cardiothoracic surgery is a risk factor that contributes to
PND [17]. However, previous meta-analyses have primar-
ily focused on the relationship between EEG and anesthe-
sia for non-cardiothoracic surgery [18,19]. Fewer clinical
studies focus on the impact of EEG on POD and POCD in
patients undergoing cardiothoracic surgery.

Due to the uncertainty regarding the impact of EEG on
POD and POCD in patients with cardiothoracic surgery, we
conducted this meta-analysis to evaluate the relevance be-
tween EEG monitoring and POD/POCD in cardiothoracic
surgery patients.

2. Materials and Methods
In this meta-analysis, we discussed the correlation be-

tween EEG and POD/POCD in patients who have under-
gone cardiothoracic surgery. Our study included several
randomized controlled trials (RCTs). We followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis Statement (PRISMA) guidelines to conduct this
meta-analysis [20]. This meta-analysis has been registered
in the PROSPERO International Prospective Register of
Systematic Reviews (CRD42023452498).

2.1 Search Strategy
Two investigators (SX andAXX) thoroughly searched

the Cochrane Library, PubMed, and EMBASE databases
independently from inception to August 15, 2023. We im-
posed no language or other limitations when conducting
the literature search. The search keywords included “elec-
troencephalography”, cardiothoracic surgery”, “postopera-
tive delirium”, “postoperative cognitive decline”, and “ran-
domized controlled trial”. We searched only human stud-
ies, meaning animal studies were excluded from the search.
The two investigators dealt with any disagreements regard-
ing search results and resolved them following a discussion.

2.2 Eligibility Criteria
We carefully reviewed literature that met the specified

inclusion and exclusion criteria. The criteria for inclusion
were as follows: (1) Study design: RCT; (2) participants:
Adult patients undergoing cardiothoracic surgery; (3) inter-
vention: EEG vs. routine monitor; (4) postoperative out-
comes: POD and/or POCD. The exclusion criteria were:
(1) non-RCT, (2) duplicates, (3) protocols or ongoing re-
search, and (4) the outcome data were unavailable.

2.3 Data Extraction
Data from the included study were extracted indepen-

dently by two investigators (SX and AXX). Any disagree-
ments regarding extractable information were resolved
through discussions. The extracted information comprised
the first author’s name, publication year, country, number
and age of patients, intervention groups, POD/POCD as-
sessment method, and follow-up period.

2.4 Quality Assessment
Two authors independently assessed the methodolog-

ical quality of the included studies using the Cochrane tool
(version 2, Cochrane, London, UK). A consensus meeting
was held to resolve any disagreements. We assessed bias
risk in various aspects and categorized it as low risk of bias,
high risk of bias, and unclear. The quality assessment re-
sults were displayed through a risk-of-bias graph and sum-
mary Figure using Review Manager software (version 5.3,
Cochrane, London, UK).

2.5 Statistical Analysis
We used ReviewManager (version 5.3) to analyze the

data from the included literature. For dichotomous vari-
ables, the risk ratio (RR) with a 95% confidence interval
(CI) was used to determine the effect. RR was calculated
using the Mantel–Haenszel (M–H) method. For continu-
ous variables, we estimated the effect using mean differ-
ence (MD) and 95% CI. Inverse variance models were used
to analyzeMD.We used the chi-square test and I2 test to as-
sess the heterogeneity between various trials. The random
effects model was adopted if I2 >50% or p < 0.10, indi-
cating high heterogeneity. Otherwise, a fixed effect model
was used. To assess the impact of each trial on the overall
results, we performed a sensitivity analysis, which involved
deleting each study and then merging the RR values of the
remaining trials.

3. Results
3.1 Literature Retrieval

Following a thorough database search, we acquired
a preliminary collection of 1444 articles. After exclud-
ing duplicates, the titles and abstracts of 1303 studies were
screened. A total of 1260 studies were excluded since they
were either duplicates or irrelevant to the topic. Thereafter,
we completed a comprehensive assessment of the full text
of 43 articles. A total of 39 articles were deemed ineligible
during the full-text assessment, with the specific reasons for
exclusion detailed in Fig. 1. Finally, our meta-analysis in-
cluded 4 RCTs.

3.2 Characteristics of Included Studies
Table 1 (Ref. [13,21–23]) provides the characteristics

of the included studies. The included studies were all RCTs,
which included 1096 participants [13,21–23]. The average
age of patients in all trials was over 60 years old. Two tri-
als were performed in the United States [13,23], while the
other two studies were conducted in Europe [21,22]. Three
studies only reported POD [13,22,23], whereas only one
reported POD and POCD [21]. Three of the studies men-
tioned the postoperative follow-up time [22].
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Fig. 1. Flow diagram of the literature search. RCTs, randomized controlled trials.

Fig. 2. Risk of bias graph for all included studies.

3.3 Risk of Bias in Included Studies
Figs. 2,3 summarize the risk of bias in each study.

All included trials reported the generation of random se-
quences. There was one trial that did not disclose their
method of allocation concealment [21]. It was impossible
to blind the anesthesiologists to the electroencephalogram
group. Therefore, all trials showed high risks of perfor-
mance bias. Blinding the outcome assessment was men-

tioned in all studies. The absence of trial registration infor-
mation in one study made it uncertain whether it was at risk
of selective reporting [23].

3.4 Primary Outcomes

The primary outcomes of this meta-analysis included
POD and POCD, with the incidence of POD reported in all
four studies. Due to the high heterogeneity (I2 = 54%),
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Table 1. Characteristics of included randomized controlled trials.

Author Country Population Intervention
POD/POCD

assessment method
Follow-up period

Wildes et al.
2019 [13]

United States
A total of 459 patients with a
mean age older than 60 years

EEG: BIS = 230 CAM and
CAM-ICU

POD (postoperative days 1–5)
Control: usual care = 229

Kunst et al.
2020 [21]

United Kingdom
A total of 82 patients with a
mean age older than 70 years

EEG: BIS = 42 CAM and
MMSE

POD (postoperative day 3–5)

Control: usual care = 40
POCD (postoperative day 3–5,

6 weeks and 1 year)

Whitlock et al.
2014 [23]

United States
A total of 310 patients with a
mean age older than 60 years

EEG: BIS = 149
CAM-ICU

POD (postoperative day 1–10
or ICU discharge)Control: ETAC = 161

Sponholz et al.
2020 [22]

Germany
A total of 245 patients with a
mean age older than 65 years

EEG: visible-NT = 122
CAM-ICU Not reported

Control: blinded-NT = 123
Abbreviations: EEG, electroencephalography; ETAC, end-tidal anesthetic concentration; CAM, Confusion Assessment Method; CAM-ICU,
Confusion Assessment Method for The Intensive Care Unit; MMSE, Mini-Mental State Examination; BIS, bispectral index; POD, postoperative
delirium; POCD, postoperative cognitive dysfunction; NT, Narcotrend.

Fig. 3. Risk of bias for each included study.

we used a random effects model to combine and analyze
the data. Our meta-analysis, described in Fig. 4, found no
significant correlation between EEG monitoring and lower
POD risk (RR: 0.81; 95% CI: 0.55–1.18; p = 0.270). As-
sessors are a significant potential confounder affecting the
accuracy of delirium evaluations [24]. We conducted a sub-
group analysis based on the type of evaluator. The results
indicated that EEG monitoring was unable to reduce the in-
cidence of POD in either the clinician subgroup (RR: 0.75;

95% CI: 0.53–1.05; p = 0.090) or the researcher subgroup
(RR: 0.44; 95% CI: 0.05–3.54; p = 0.440) (Fig. 4).

We conducted a sensitivity analysis of the included lit-
erature to identify any outlier trials that may be responsible
for the observed differences. The removal of the trial by
Kunst et al. [21] resulted in the highest reduction in hetero-
geneity (I2 = 23%), and the sensitivity analysis result was
consistent with the original outcome (RR: 0.89; 95% CI:
0.72–1.10; p = 0.260) (Fig. 5). Overall, our findings were
noticeably consistent.

Ameta-analysis of the POCD riskwas not feasible due
to limited data. Only the study by Kunst et al. [21] reported
the incidence of POCD. They found no significant differ-
ences in POCD risk between the EEG and control groups at
any follow-up point.

3.5 Secondary Outcomes

We analyzed other clinical outcomes, including red
cell transfusion, intensive care unit (ICU) stay, hospital
stay, mortality, myocardial and cerebral injury markers, and
adverse events. The results of the two studies showed that
EEG monitoring did not effectively reduce the need for red
cell transfusions (RR: 0.86; 95% CI: 0.51–1.46; p = 0.590)
(Fig. 6A). EEGmonitoring also did not significantly reduce
the length of the ICU stay (MD: –0.46; 95%CI: –1.53–0.62;
p = 0.410), hospital stay (MD: –0.27; 95% CI: –2.00–1.47;
p = 0.760), and mortality (RR: 0.33; 95% CI: 0.03–3.59; p
= 0.360) (Fig. 6B–D).

Insufficient data prevented analyses of myocardial in-
jury, cerebral functions, and other adverse events. How-
ever, Kunst et al. [21] found no significant differences in
myocardial and cerebral injury biomarkers between the in-
tervention group and the control group, including troponin
I, matrix metalloproteinase 9 (MMP9), ubiquitin carboxy-
terminal hydrolase L1 (UCHL1), and glial fibrillary acidic
protein (GFAP). In terms of adverse events, Kunst et al.
[21] reported similar rates of new-onset atrial fibrillation,
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Fig. 4. Forest plots of postoperative delirium for the EEG group vs. control group. EEG, electroencephalography; M–H, Mantel–
Haenszel; CI, confidence interval.

Fig. 5. Sensitivity analysis for postoperative delirium for the EEG group vs. control group. EEG, electroencephalography; M–H,
Mantel–Haenszel; CI, confidence interval.

infection, and acute kidney injury in both groups. Sponholz
et al. [22] found that the visible-Narcotrend (NT) group had
a lower incidence of intraoperative adverse events than the
blinded-NT group (p = 0.010).

4. Discussion

This meta-analysis comprised 4 RCTs with 1096 par-
ticipants and evaluated the effect of EEG monitoring on
POD and POCD in cardiothoracic surgery patients. Our
findings showed that EEG monitoring did not result in a
significant reduction in the incidence of POD. However, a
meta-analysis could not be performed for POCD due to in-
sufficient data. Notably, Kunst et al. [21] reported no sig-
nificant differences in POCD risk between the intervention
and control groups at any follow-up point. No statistical dif-
ferences in red cell transfusions, length of ICU and hospital

stays, and mortality between the EEG and control groups
were also observed in our pooled results.

It has been suggested that EEG could be a potential
tool for reducing POD occurrence [25]. The use of EEG
during surgery is effective in decreasing the duration of
burst suppression and minimizing exposure to anesthesia
[26]. Evidence has suggested that burst suppression was
closely connected to the risk of POD and POCD [27,28].
Fritz et al. [29] found that patients who experienced pro-
longed burst suppression during surgery weremore likely to
develop POD. Previous clinical studies supported the bene-
fits of EEG monitoring in decreasing the risks of both POD
and POCD [11,30,31]. Chan et al. [11] conducted an RCT
with 902 patients and found that bispectral index (BIS)-
guided anesthesia reduced the risk of POD and POCD. An-
other prospective controlled trial involving 81 patients also
showed that the BIS group had a lower incidence rate of
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Fig. 6. Forest plots of secondary outcomes for the EEG group vs. control group. (A) Forest plots of red cell transfusions; (B)
forest plots of the length of ICU stay (days). (C) Forest plots of the length of hospitalization (days). (D) Forest plots of mortality. EEG,
electroencephalography; M–H, Mantel–Haenszel; IV, inverse variance; CI, confidence interval; ICU, intensive care unit.

POD than the non-BIS group [30]. In addition, Bocskai
et al. [31] conducted a meta-analysis of 14 RCTs to in-
vestigate the protective effect of EEG monitoring. Their
meta-analysis results suggested that EEG could reduce the
incidence of POD and POCD. Based on our meta-analysis,
it was observed that EEG monitoring did not provide any
protection against POD in patients undergoing cardiotho-
racic surgery. For the incidence of POCD, Kunst and his
colleagues found that EEG monitoring was ineffective in
preventing POCD six weeks after surgery [21]. To exclude

the impact of high heterogeneity between the included lit-
erature and the results, we performed a sensitivity analy-
sis by excluding one study at a time. The heterogeneity in
the POD meta-analysis was significantly reduced follow-
ing the removal of the study by Kunst and colleagues [21];
however, the primary results did not show any significant
change, indicating that our meta-analysis results were rela-
tively stable.

Multiple pathogenic mechanisms contribute to the oc-
currence of POD and POCD, including neuroinflamma-
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tion [32], neurotransmitter disorders [33], and intestinal
homeostasis disorder [34]. Particularly, the mechanisms
are more complex and diverse in the POD and POCD de-
velopment process after cardiothoracic surgery. Compared
to other general surgeries, cardiothoracic surgery is con-
sidered to have a higher risk of POD [35]. In cardiotho-
racic surgery, surgical stress leads to systemic inflamma-
tion. Cardiopulmonary bypass (CPB) alsomayworsen neu-
roinflammation and cause microembolization in the brain
[17,36]. Glumac et al. [37] discovered that administer-
ing corticosteroids before surgery reduced the inflamma-
tory response, thereby decreasing the incidence and sever-
ity of POCD. Sun et al. [38] conducted a meta-analysis of
five RCTs to examine the connection between POD risk and
EEG monitoring. The study discovered that EEG monitor-
ing did not prevent POD. Furthermore, they believed that
the results of the analysis could be impacted by the inclusion
of two trials with cardiac surgery patients. Another meta-
analysis, which investigated the impact of EEG on PND,
showed that EEG monitoring was associated with a lower
PND incidence rate [19]. However, their subgroup anal-
ysis of patients undergoing cardiothoracic surgery showed
that EEGmonitoring did not lower the risk of PND. Our re-
sults further demonstrated that EEG monitoring had a lim-
ited effect on preventing POD in patients undergoing car-
diac surgery. Comprehensive management can be consid-
ered to help prevent POD and POCD, given their multiple
pathogenesis.

This is the first meta-analysis to investigate the ef-
fect of EEG monitoring on POD and POCD in patients
undergoing cardiothoracic surgery. Our analysis results
are valuable in the development of clinical guidelines for
cardiothoracic surgery. Certain variances in the included
studies could potentially explain our results. Previous evi-
dence has suggested that maintaining appropriate anesthe-
sia depth with EEG monitoring could reduce the incidence
of POD [39]. However, statistical differences in the anes-
thesia depth were not observed in all EEG groups in the
studies compared to the control group. Additionally, the
number of patients undergoing deep anesthesia did not dif-
fer between the EEG and control groups in the RCT con-
ducted by Whitlock and colleagues [23]. The tools utilized
for POD evaluation are also somewhat different. Confusion
Assessment Method for The Intensive Care Unit (CAM-
ICU) instruments were used to measure POD in two stud-
ies with limited sensitivity in non-intubated patients [40].
In addition, the patients analyzed in the two RCTs have a
high average age and American Society of Anesthesiolo-
gists (ASA) grade, which are considered high-risk factors
for preoperative procedures [13,23].

Consideration of certain limitations is required when
evaluating this meta-analysis. (1) Due to the limited num-
ber of studies referenced in this meta-analysis, we could not
conduct a publication bias analysis. (2) The universality of
the results may be limited by the average age of patients

included in this study, which was above 60 years. (3) The
study by Wildes et al. [13] contributed 42% of the patients
included in this meta-analysis, meaning the results from
their study had a significant impact on the overall effect of
this study. (4) The studies included in this meta-analysis re-
vealed different evaluation tools, frequencies, and periods
that could impact the detection of POD. (5) Only one RCT
reported on the POCD risk in this meta-analysis. Kunst
et al. [21] performed the Mini-Mental State Examination
(MMSE) to assess the postoperative cognitive function of
the patients on postoperative days 3–5, at 6 weeks, and one
year. However, they did not clearly define either POCD or
delayed neurocognitive recovery in the study. In the cur-
rent literature, there is a lack of consistency in the meth-
ods for assessing POCD and delayed neurocognitive recov-
ery. MMSE also has capping and learning effects and is
not sensitive to subtle cognitive changes that may occur af-
ter surgery. Therefore, our meta-analysis is insufficient to
explore the preventive effect of EEG monitoring on POCD
risk. Furthermore, each secondary outcome analysis con-
sisted of two or three RCTs, and the studies had a high de-
gree of heterogeneity. As a result, these findings require
further investigation to confirm their accuracy.

5. Conclusions
This meta-analysis did not find evidence supporting

EEG monitoring as a potential method to reduce the inci-
dence of POD in patients with cardiothoracic surgery. In
the future, more high-quality RCTs with large sample sizes
are needed to validate the relationship between EEG moni-
toring and POD/POCD further.

Availability of Data and Materials
All data and materials were from published research.

Author Contributions
YZ and HL designed the study. SX and AXXwere re-

sponsible for retrieval, study selection, and data extraction.
SX and AXX conducted data analysis. SX and AXX wrote
the original draft. HL and YZ reviewed and revised the pa-
per. All authors read and approved the final manuscript.
All authors have participated sufficiently in the work and
agreed to be accountable for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This work was supported by the National Natural

Science Foundation of China (81970231) and the Anhui
Provincial Natural Science Foundation (2308085MH260).

7

https://www.imrpress.com


Conflict of Interest
The authors declare no conflict of interest. Hong Liu

is serving as Guest Editor of this journal. We declare that
Hong Liu had no involvement in the peer review of this
article and has no access to information regarding its peer
review. Full responsibility for the editorial process for this
article was delegated to Sophie Mavrogeni.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/j.rcm2504126.

References
[1] Evered L, Silbert B, Knopman DS, Scott DA, DeKosky ST, Ras-

mussen LS, et al. Recommendations for the nomenclature of
cognitive change associated with anesthesia and surgery-2018.
British Journal of Anaesthesia. 2018; 121: 1005–1012.

[2] Inouye SK, Westendorp RGJ, Saczynski JS. Delirium in elderly
people. Lancet (London, England). 2014; 383: 911–922.

[3] Evered L, Scott DA, Silbert B, Maruff P. Postoperative cogni-
tive dysfunction is independent of type of surgery and anesthetic.
Anesthesia and Analgesia. 2011; 112: 1179–1185.

[4] Robinson TN, Raeburn CD, Tran ZV, Angles EM, Brenner LA,
Moss M. Postoperative delirium in the elderly: risk factors and
outcomes. Annals of Surgery. 2009; 249: 173–178.

[5] Bekker AY, Weeks EJ. Cognitive function after anaesthesia in
the elderly. Best Practice & Research. Clinical Anaesthesiology.
2003; 17: 259–272.

[6] Migirov A, Chahar P, Maheshwari K. Postoperative delirium
and neurocognitive disorders. Current Opinion in Critical Care.
2021; 27: 686–693.

[7] Glumac S, Kardum G, Karanovic N. Postoperative Cognitive
Decline After Cardiac Surgery: A Narrative Review of Current
Knowledge in 2019. Medical Science Monitor: International
Medical Journal of Experimental and Clinical Research. 2019;
25: 3262–3270.

[8] Olotu C. Postoperative neurocognitive disorders. Current Opin-
ion in Anaesthesiology. 2020; 33: 101–108.

[9] Sprung J, Roberts RO, Knopman DS, Price LL, Schulz HP, Tat-
suyama CL, et al. Mild Cognitive Impairment and Exposure to
General Anesthesia for Surgeries and Procedures: A Population-
Based Case-Control Study. Anesthesia and Analgesia. 2017;
124: 1277–1290.

[10] Liu J, Li J, Wang J, Zhang M, Han S, Du Y. Associated factors
for postoperative delirium following major abdominal surgery:
A systematic review and meta-analysis. International Journal of
Geriatric Psychiatry. 2023; 38: e5942.

[11] Chan MTV, Cheng BCP, Lee TMC, Gin T, CODA Trial Group.
BIS-guided anesthesia decreases postoperative delirium and
cognitive decline. Journal of Neurosurgical Anesthesiology.
2013; 25: 33–42.

[12] Jildenstål PK, Hallén JL, Rawal N, Gupta A, Berggren L. Effect
of auditory evoked potential-guided anaesthesia on consumption
of anaesthetics and early postoperative cognitive dysfunction: a
randomised controlled trial. European Journal of Anaesthesiol-
ogy. 2011; 28: 213–219.

[13] Wildes TS, Mickle AM, Ben Abdallah A, Maybrier HR, Ober-
haus J, Budelier TP, et al. Effect of Electroencephalography-
Guided Anesthetic Administration on Postoperative Delirium
Among Older Adults Undergoing Major Surgery: The EN-
GAGES Randomized Clinical Trial. JAMA. 2019; 321: 473–
483.

[14] Radtke FM, Franck M, Lendner J, Krüger S, Wernecke KD,
Spies CD. Monitoring depth of anaesthesia in a randomized trial
decreases the rate of postoperative delirium but not postopera-
tive cognitive dysfunction. British Journal of Anaesthesia. 2013;
110 Suppl 1: i98–i105.

[15] Newman MF, Kirchner JL, Phillips-Bute B, Gaver V, Grocott
H, Jones RH, et al. Longitudinal assessment of neurocognitive
function after coronary-artery bypass surgery. The New England
Journal of Medicine. 2001; 344: 395–402.

[16] van der Mast RC, Roest FH. Delirium after cardiac surgery: a
critical review. Journal of Psychosomatic Research. 1996; 41:
13–30.

[17] Kapoor MC. Neurological dysfunction after cardiac surgery and
cardiac intensive care admission: A narrative review part 1: The
problem; nomenclature; delirium and postoperative neurocog-
nitive disorder; and the role of cardiac surgery and anesthesia.
Annals of Cardiac Anaesthesia. 2020; 23: 383–390.

[18] Punjasawadwong Y, Chau-In W, Laopaiboon M, Punjasawad-
wong S, Pin-On P. Processed electroencephalogram and evoked
potential techniques for amelioration of postoperative delir-
ium and cognitive dysfunction following non-cardiac and non-
neurosurgical procedures in adults. The Cochrane Database of
Systematic Reviews. 2018; 5: CD011283.

[19] Ding L, Chen DX, Li Q. Effects of electroencephalography and
regional cerebral oxygen saturation monitoring on periopera-
tive neurocognitive disorders: a systematic review and meta-
analysis. BMC Anesthesiology. 2020; 20: 254.

[20] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ (Clinical Research Ed.).
2009; 339: b2535.

[21] Kunst G, Gauge N, Salaunkey K, Spazzapan M, Amoako D,
Ferreira N, et al. Intraoperative Optimization of Both Depth of
Anesthesia and Cerebral Oxygenation in Elderly Patients Un-
dergoing Coronary Artery Bypass Graft Surgery-A Randomized
Controlled Pilot Trial. Journal of Cardiothoracic and Vascular
Anesthesia. 2020; 34: 1172–1181.

[22] Sponholz C, Schuwirth C, Koenig L, Hoyer H, Coldewey SM,
Schelenz C, et al. Intraoperative reduction of vasopressors using
processed electroencephalographic monitoring in patients un-
dergoing elective cardiac surgery: a randomized clinical trial.
Journal of Clinical Monitoring and Computing. 2020; 34: 71–
80.

[23] Whitlock EL, Torres BA, Lin N, Helsten DL, Nadelson MR,
Mashour GA, et al. Postoperative delirium in a substudy of car-
diothoracic surgical patients in the BAG-RECALL clinical trial.
Anesthesia and Analgesia. 2014; 118: 809–817.

[24] Zou Y, Cole MG, Primeau FJ, McCusker J, Bellavance F, La-
plante J. Detection and diagnosis of delirium in the elderly: psy-
chiatrist diagnosis, confusion assessment method, or consensus
diagnosis? International Psychogeriatrics. 1998; 10: 303–308.

[25] Hughes CG, Boncyk CS, Culley DJ, Fleisher LA, Leung JM,
McDonagh DL, et al. American Society for Enhanced Recovery
and Perioperative Quality Initiative Joint Consensus Statement
on Postoperative Delirium Prevention. Anesthesia and Analge-
sia. 2020; 130: 1572–1590.

[26] Montupil J, Defresne A, Bonhomme V. The Raw and Processed
Electroencephalogram as a Monitoring and Diagnostic Tool.
Journal of Cardiothoracic and Vascular Anesthesia. 2019; 33
Suppl 1: S3–S10.

[27] Ren S, Zang C, Yuan F, Yan X, Zhang Y, Yuan S, et al. Corre-
lation between burst suppression and postoperative delirium in
elderly patients: a prospective study. Aging Clinical and Exper-
imental Research. 2023; 35: 1873–1879.

[28] Liu M, Wang QQ, Lin WX, Ma BX, Lin QY. Effects of EEG
burst suppression on cerebral oxygen metabolism and postoper-

8

https://doi.org/10.31083/j.rcm2504126
https://doi.org/10.31083/j.rcm2504126
https://www.imrpress.com


ative cognitive function in elderly surgical patients: A random-
ized clinical trial. Medicine. 2023; 102: e33148.

[29] Fritz BA, Kalarickal PL, Maybrier HR, Muench MR, Dearth
D, Chen Y, et al. Intraoperative Electroencephalogram Suppres-
sion Predicts Postoperative Delirium. Anesthesia and Analgesia.
2016; 122: 234–242.

[30] Zhou Y, Li Y, Wang K. Bispectral Index Monitoring During
Anesthesia Promotes Early Postoperative Recovery of Cogni-
tive Function and Reduces Acute Delirium in Elderly Patients
with Colon Carcinoma: A Prospective Controlled Study using
the Attention Network Test. Medical Science Monitor: Interna-
tional Medical Journal of Experimental and Clinical Research.
2018; 24: 7785–7793.

[31] Bocskai T, Kovács M, Szakács Z, Gede N, Hegyi P, Varga G,
et al. Is the bispectral index monitoring protective against post-
operative cognitive decline? A systematic review with meta-
analysis. PLoS ONE. 2020; 15: e0229018.

[32] Majewski P, Zegan-Barańska M, Karolak I, Kaim K, Żukowski
M, Kotfis K. Current Evidence Regarding Biomarkers Used to
Aid Postoperative Delirium Diagnosis in the Field of Cardiac
Surgery-Review. Medicina (Kaunas, Lithuania). 2020; 56: 493.

[33] Adam EH, Haas V, Lindau S, Zacharowski K, Scheller B.
Cholinesterase alterations in delirium after cardiosurgery: a
German monocentric prospective study. BMJ Open. 2020; 10:
e031212.

[34] Liu L, Shang L, Jin D, Wu X, Long B. General anesthesia bul-
lies the gut: a toxic relationship with dysbiosis and cognitive
dysfunction. Psychopharmacology. 2022; 239: 709–728.

[35] Aldecoa C, Bettelli G, Bilotta F, Sanders RD, Audisio R, Boroz-
dina A, et al. European Society of Anaesthesiology evidence-
based and consensus-based guideline on postoperative delirium.
European Journal of Anaesthesiology. 2017; 34: 192–214.

[36] Bruins P, te Velthuis H, Eerenberg-Belmer AJ, Yazdanbakhsh
AP, de Beaumont EM, Eijsman L, et al. Heparin-protamine com-
plexes and C-reactive protein induce activation of the classical
complement pathway: studies in patients undergoing cardiac
surgery and in vitro. Thrombosis and Haemostasis. 2000; 84:
237–243.

[37] Glumac S, Kardum G, Sodic L, Supe-Domic D, Karanovic N.
Effects of dexamethasone on early cognitive decline after car-
diac surgery: A randomised controlled trial. European Journal
of Anaesthesiology. 2017; 34: 776–784.

[38] Sun Y, Ye F, Wang J, Ai P, Wei C, Wu A, et al.
Electroencephalography-Guided Anesthetic Delivery for Pre-
venting Postoperative Delirium in Adults: An Updated Meta-
analysis. Anesthesia and Analgesia. 2020; 131: 712–719.

[39] Long Y, Feng X, Liu H, Shan X, Ji F, Peng K. Effects of anes-
thetic depth on postoperative pain and delirium: a meta-analysis
of randomized controlled trials with trial sequential analysis.
Chinese Medical Journal. 2022; 135: 2805–2814.

[40] Kuczmarska A, Ngo LH, Guess J, O’Connor MA, Branford-
White L, Palihnich K, et al. Detection of Delirium in Hospi-
talized Older General Medicine Patients: A Comparison of the
3D-CAM and CAM-ICU. Journal of General Internal Medicine.
2016; 31: 297–303.

9

https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Search Strategy
	2.2 Eligibility Criteria
	2.3 Data Extraction 
	2.4 Quality Assessment
	2.5 Statistical Analysis

	3. Results
	3.1 Literature Retrieval
	3.2 Characteristics of Included Studies
	3.3 Risk of Bias in Included Studies
	3.4 Primary Outcomes
	3.5 Secondary Outcomes

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

