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Abstract
Objective: To systematically evaluate the in�uence of intraoperative anesthesia depth monitoring on the
prognosis of non-cardiac surgery to guide clinical work.

Methods: Search literature in the database The Cochrane Library, Ovid MEDLINE, EMBASE, Google search
National Knowledge Infrastructure (CNKI), Wanfangdata library and VIP network. We conducted meta-

analysis by searching the literature of randomized controlled studies on the effects of different depth of
anesthesia monitoring on patients with postoperative delirium and postoperative cognitive dysfunction.
The depth of anesthesia monitoring methods include: Bispectral index of EEG, Auditory evoked potential,
Primitive EEG monitoring, narcotrend, index of consciousness monitor, entropy, neuroSENSE monitor,
SEDline monitor. Two authors independently completed literature retrieval and inclusion, and two authors
independently completed literature data collection and bias analysis. The registration number of this
study on PROSPERO is CRD42021232899

Results: A total of 7 randomized controlled English literatures with full texts were �nally included, with a
sample size of 3845 cases. In 5 trials, the depth of anesthesia was monitored by bispectral index (BIS)
monitoring, 2 was monitoring of auditory evoked potentials, and 1 was monitoring of raw EEG. They were
grouped into monitoring group and control group. Analysis suggests that the depth of anesthesia
monitoring, especially the anesthesia guided by BIS monitoring, can reduce the incidence of
postoperative delirium. Intraoperative anesthesia depth monitoring reduced the impact of cognitive
dysfunction at 1 and 12 weeks after surgery and was statistically signi�cant.

Conclusion: Depth of anesthesia monitoring, especially intraoperative bispectral index monitoring can
reduce the occurrence of postoperative delirium in patients undergoing non-cardiac surgery. More clinical
trials are needed to evaluate the role of primitive EEG monitoring. Monitoring of the depth of anesthesia is
meaningful for reducing postoperative cognitive dysfunction at 1 and 12 weeks after surgery.

Introduction
Surgery and anesthesia can lead to postoperative delirium and postoperative cognitive dysfunction [1,2].
Postoperative delirium is a common complication after major surgery in elderly patients, with an
incidence between 15-20% [3], and is closely related to the prolonged postoperative hospital stay, the
prolonged ICU time, and the surge in hospital costs [4,5]. Perioperative management, especially surgery
and anesthesia [6] factors will affect the incidence of delirium in patients.

Postoperative cognitive dysfunction is a common central nervous system complication after surgery. It
usually manifests as cognitive impairment such as memory, mental concentration, impaired language
comprehension and decline in social adaptability after surgery. Seriously affect the quality of life of
patients. Studies have shown that [7] [8]the incidence of POCD in patients undergoing total hip
replacement 7 days and 3 months after surgery is 17% and 16%, respectively; for patients undergoing
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coronary artery bypass graft surgery, 7 days after surgery The incidence of POCD on the �rst day and 3
months after the operation was 43% and 16%, respectively.

There is a certain relationship between anesthesia depth monitoring and postoperative delirium. Whitlock
[9] and others did a meta-analysis of 4 studies, comparing BIS monitoring and routine clinical monitoring,
the risk ratio of the incidence of postoperative delirium in the two groups was 0.56 (95% CI 0.42-0.73).
Fritz et al. [10] found that low anesthetic concentration and EEG suppression were associated with
postoperative delirium in a retrospective cohort study of hip surgery in the elderly. The 2019 study by
Wildes et al. is inconsistent with most of the previous conclusions. They believe that intraoperative EEG
monitoring cannot reduce the incidence of postoperative delirium.

Compared with postoperative delirium, the depth of anesthesia monitoring has less research on
postoperative cognitive dysfunction. Zywiel MG's [11] research on arthroplasty shows that compared with
regional anesthesia, the risk of cognitive dysfunction within 7 days after general anesthesia is higher.

There have been systematic reviews and meta-analysis [12 13 14] on the impact of intraoperative EEG
monitoring on postoperative delirium and/or cognitive function, but a comprehensive analysis of various
anesthesia depth monitoring methods on postoperative prognosis research system . The evaluation is
still relatively small, especially in general anesthesia. Therefore, this study conducted a systematic review
and Meta-analysis of randomized controlled trials (RCT) related to this �eld in order to clarify the impact
of intraoperative anesthesia depth monitoring on the prognosis of non-cardiac surgery Perform meta-
analysis to guide clinical work especially on postoperative delirium and postoperative cognitive
dysfunction.

Methods
Our subjects are randomized controlled studies on the effect of intraoperative anesthetic depth
monitoring on the prognosis of patients undergoing general anesthesia in non-cardiac surgery.This
system review and meta analysis has been registered on PROSPERO ,the registration number is 232899.
It will strictly follow Preferred Reporting Items for Systemic Reviews and Meta-analyses (PRISMA)
guidelines.

Eligibility criteria: ;The population is general anesthesia patients over 18 years old undergoing non-
cardiac surgery.Intervention measures: all kinds of anesthetic depth monitoring ,which include: Bispectral
index of EEG Auditory evoked potential Primitive EEG monitoring  narcotrend index of consciousness
monitor entropy neuroSENSE monitor  SEDline monitor. Control measures are general clinical
indications to regulate the depth of anesthesia. The mian outcomes  are the incidence of postoperative
delirium and postoperative cognitive impairment one week and 12 weeks after operation, the second
outcomes are the postoperative hospital stay, ICU hospital stay and postoperative mortality.

All the study design are randomized controlled trial,observational designs and nonrandomized trials were
excluded.
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Search Strategy : We search literature in the English databases including the Cochrane Library, pubmed,
EMBASE, and Google search Chinese databases including National Knowledge Infrastructure (CNKI)
Wanfangdata library and VIP network. English search terms: postoperative delirium, postoperative
cognitive dysfunction, the depth of anesthesia, electroencephalography, processed
electroencephalogram, electroencephalography-guided, bispectral index, BIS, audityevoked potential
index (AAI), AEP, narcotrend, CSI, index of consciousness monitor, entropy, neuroSENSE monitor , SEDline
monitor, a randomised controlled trial, etc. The search time is set from 1990 to February 1, 2021, because
EEG monitoring was only used after 1990. The search strategy is formulated in accordance with the
PICOS principles, such as PubMed search strategy:

Study selection and Quality assement

Document screening and data collection are cbined with search results to eliminate identical documents.
Read the title and abstract of the literature for a preliminary screening, exclude non-related literature, and
then read the full text to �nd research materials that meet the standards. The data table extracts data,
including recording basic information (author, nationality, number of cases, sex ratio, age distribution).
The data collection and analysis are completed by two authors independently and checked with each
other. If there is any different views, it will be resolved through consultation.

Risk of Bias in Included Studies  Quality evaluation adopts the bias risk assessment form of the Review
manager 5.3  conducts bias risk assessment on references. The evaluation criteria include: whether to
group randomly, whether to double-blind, whether there are incomplete data records (such as whether
there are data descriptions of withdrawal from the group or lost to follow-up due to various reasons), and
whether there is no selective report of results (such as whether there are obvious results or data The
description is missing, missing), whether there is no other bias. "Green" means low risk, "yellow" means
uncertain, and "red" means high risk; then draw a bias risk map. Sensitivity testing is done by reanalyzing
the data by changing the statistical analysis model.

Data Extraction and Management  Two authors independently read the included literature, extract data,
and resolve different opinions through consultation. The details of the data include the time the article
was published, the author, the characteristics of the included population, the method of anesthesia, the
method of surgery, the number of non-cardiac surgery, intervention measures, the number of patients with
postoperative delirium and postoperative cognitive dysfunction, the number of hospitalization days, ICU
Length of hospitalization and number of deaths, etc.

 Data Synthesis:Statistical methods Use Review Manager 5.3 software for statistical analysis. Count data
uses Risk ratio (RR) and its 95% CI as the effect size to express the result. The measurement data
calculates the mean difference (MD) to indicate the size of the effect. Analyze the heterogeneity of the
included studies, P<0.05 indicates signi�cant heterogeneity, and I2 quantitatively describes the
heterogeneity difference. If the heterogeneity is signi�cant (I2≥50%), a random effects model is used for
Meta -analysis. If I2<50%, use random effects model or �xed effects model.
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Sensitivity Analysis

Sensitivity studies are used to analyze the impact of a single study on the heterogeneity of the overall
study. We exclude them one by one for each trial, recalculate the aggregated  relative riskfor the
remaining trials using the �xed effects model.

Results
Study selection:  The �ow chart of literature search and screening is as follows: the total number of
documents we retrieved is 1085, and �nally there are 7 included documents that meet the criteria.

Study Characteristics: Included documents: 7 English documents with full texts were �nally included in
the above table (Table 1). All 7 articles are randomized controlled studies. The total sample size included
was 3845 cases. The depth of anesthesia monitoring in 5 trials was BIS monitoring, 2 were AAI
monitoring, and 1 was raw EEG monitoring. In data analysis, in order to unify the grouping, we uni�ed into
the monitoring group and the control group.

Risk of Bias in Included Studies

Figure 3 and Figure 4 are the bias of each study and the bias of all studies, respectively.

Primary Analysis Our primary result is the impact of intraoperative anesthesia depth monitoring on
postoperative delirium and postoperative cognitive function.

For comparison of the incidence of postoperative delirium, a total of 5 articles were included, 3 articles
used BIS monitoring, 1 article used auditory evoked potentials, and 1 article used original EEG monitoring.
There were 2924 patients in total, see Figure 5, I2=75 %, p=0.003. (OR = 0.77, 95% CI 0.64 to 0.93, P =
0.003), the incidence of postoperative delirium in the monitoring group was lower than that in the control
group.

Three articles related to the analysis of the incidence of postoperative delirium by BIS monitoring, I2=0,
p=0.57. As shown in Figure 6, there are a total of 2138 patients, and the incidence of postoperative
delirium in the monitoring group is lower than that in the control group (OR = 0.65, 95% CI 0.53  0.81, P =
0.0001)

The in�uence of intraoperative anesthesia depth monitoring on cognitive dysfunction one week after
surgery is shown in Figure 7. A total of 5 articles were included, with 2471 patients, as shown in Figure 7,
Q=10.23 I2=61%, p=0.04. (OR=0.75, 95%CI 0.60 0.94, P<0.05) The incidence of cognitive dysfunction in
the monitoring group was lower than that in the control group one week after surgery.

The effect of intraoperative anesthesia depth monitoring on cognitive dysfunction at 12 weeks after
surgery is shown in Figure 8. A total of three studies were included in the study, shown in Figure 8. There
were a total of 2051 patients in the monitoring group and the control group. There was no signi�cant
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heterogeneity between the data and the data (Q = 0.14, P = 0.93, I 2 = 0). The incidence of cognitive
dysfunction in the monitoring group was lower than the control group at 12 weeks after surgery ( OR
=0.69, 95% CI 0.49 0.96, P <0.05).

Secondary Outcomes

Two literatures made statistics and analysis on the time from postoperative to discharge of patients.
Random effects model will be included in the meta-analysis. The results indicate that the difference
between the two groups is statistically signi�cant (P 0.00001, MD: -1.00, 95% CI : -1.11~-0.88). As  Figure
9.

Only one article by Chan has statistics on the length of ICU stay, and there is no statistical difference in
the length of ICU stay between the two groups.

There are 2 literatures on the total mortality rate, 1605 patients. The postoperative mortality rate is
statistically analyzed. The study of Jildestal 2011 is the mortality rate of one year after operation, and the
study of Radtke is the mortality rate of 3 months after operation. Combining all mortality rates as the
total mortality rate, Wildes’ study did not include statistics because it did not �nd data on patients with
non-heart diseases. The random effects model was used for meta-analysis, and the results showed that
the depth of anesthesia monitoring had no effect on the postoperative mortality of patients (P=0.97, RR:
1.01, 95%CI: 0.62-1.64).

Sensitivity Analysis

The Wildes study was deleted, and the remaining 4 papers were subjected to meta-analysis, I2=29%,
p=0.24. Figure 5 shows that the source of heterogeneity is Wilds' research. A total of 2170 patients, the
incidence of postoperative delirium in the monitoring group was lower than that in the control group (OR
= 0.64, 95% CI 0.53 0.79, P <0.0001)

Discussion
Postoperative delirium is a common complication 1-3 days after operation, especially for elderly patients,
which directly leads to prolonged postoperative hospital stay and increased postoperative mortality [22-24].
Postoperative cognitive impairment is a common complication after anesthetic surgery. Perioperative
factors, such as age, sex, preoperative medication, preoperative basic diseases, preoperative education,
alcoholism, type of operation, anesthetic medication, depth of anesthesia, postoperative infection, etc.,
can form or promote the occurrence of POCD [25].

The meta-analysis on the impact of delirium included 5 randomized controlled studies of depth of
anesthesia monitoring. All combined data analysis showed that there was a signi�cant heterogeneity
between the studies I2=75%. The results suggest that depth of anesthesia monitoring can reduce the
incidence of postoperative delirium. (P<0.05).
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Meta-analysis of 3 BIS monitoring studies, a total of 2138 patients, the incidence of postoperative
delirium in the monitoring group was lower than that in the control group (OR = 0.65, 95% CI 0.53 to 0.81,
P = 0.0001). Sensitivity research suggests that the source of heterogeneity is Wildes' research. Sensitivity
analysis suggests that the source of heterogeneity is Wildes's study, because only this article is about raw
EEG monitoring. This study included a total of 1232 patients and was the �rst large-sample study on raw
EEG monitoring. The study suggested that the incidence of postoperative delirium in the EEG monitoring
group was not statistically different from that in the control group on the 1-5 days after surgery (P=0.22),
indicating that the original EEG monitoring could not reduce the incidence of postoperative delirium in
elderly patients. The theoretical basis of this study is based on the assumption that explosive
suppression in BIS monitoring is related to postoperative delirium [10], but in the course of the experiment,
the requirements for controlling the depth of anesthesia in this study are more stringent than pure BIS
monitoring. Therefore, the impact of original EEG monitoring on postoperative delirium is worthy of
further study: According to the visual analysis of original EEG, whether the burst inhibition ratio can be
reduced and the occurrence of postoperative delirium may be the direction of future research.

The reason why the depth of anesthesia monitoring reduces delirium is not clear. BIS monitoring is
related to reducing the exposure of anesthetics, especially the reduction of extreme low BIS values
(BIS<20) [19], thus changing the anesthesia management methods including intraoperative
neuromonitoring, thereby Reduce postoperative delirium. There is a saying that avoiding explosive
suppression of intraoperative EEG can reduce postoperative delirium, because explosive suppression of
EEG may mean unnecessary deep anesthesia [26]. Of course, EEG of explosive suppression also appears
in patients with coma and traumatic brain injury [27]. A retrospective study of 618 samples of Fritz et al.
found that patients with explosive suppression of EEG under low-concentration inhalation anesthesia
were more likely to develop delirium after surgery, which also proved the connection between anesthetic
exposure and postoperative delirium[10 ].

Jldenstal’s two studies are both about auditory evoked potentials. He believes that auditory evoked
potentials to monitor the depth of anesthesia can reduce the amount of anesthetics, reduce �uid
requirements and the use of vasoactive drugs, thereby enhancing cardiovascular stability and ultimately
reducing The incidence of cognitive dysfunction in early postoperative patients. Chan believes that the
occurrence of POCD at 12 weeks after surgery is a continuation of postoperative delirium, so the risk
factors of the two are also similar, including: high-dose anesthetics, low average BIS during surgery, and
long-term deep anesthesia (BIS< 40) and aging factors [2]. Therefore, reducing the dosage of anesthetics
through BIS monitoring and avoiding deep anesthesia may be the reason why the depth of anesthesia
monitoring reduces cognitive dysfunction within 12 weeks after surgery. At present, there are ongoing
studies trying to clarify whether postoperative cognitive dysfunction is one of the results of postoperative
delirium [28], and the exact relationship between them needs further observation [29].

The meta-analysis included fewer studies on postoperative hospital stay and ICU hospital stay and total
mortality. It only suggested that the monitoring group had less postoperative hospital stay, and there was
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no statistical difference in postoperative total mortality between the two groups. However, there is already
strong evidence supporting that the occurrence of postoperative delirium will greatly extend the length of
hospital stay [30], so it is still necessary to actively prevent the occurrence of postoperative delirium.

In contrast to previous meta-analysis of this type, the included population in this article is over 18 years
old. In terms of anesthesia methods, studies on sedation under intraspinal anesthesia are excluded. In
terms of monitoring methods, it involves various current clinical methods of monitoring the depth of
anesthesia[31]. This study included two documents using auditory evoked potential monitoring, but the
sample size was not large. The object of this study is also different from the articles of Yi Sun et al[14],
excluding cardiac surgery and reducing bias.

The research results suggest that intraoperative anesthesia depth monitoring can reduce the occurrence
of delirium after non-cardiac surgery, and BIS monitoring can reduce the incidence of cognitive
dysfunction in one week and 12 weeks after surgery. The research conclusion and Kristen K MacKenzie
[13] and Punjasawadwong Y[ 12] Similar to others. Compared with previous meta studies, the biggest
highlight of this article is the inclusion of the original EEG monitoring research published in 2019. The
effect of original EEG monitoring on postoperative delirium and even cognitive dysfunction deserves
further study. The shortcomings of this study are due to the limitation of the included literature. There is
no further analysis of the in�uence of different general anesthesia methods such as intravenous
anesthesia or inhalation anesthesia on the conclusion, and no further meta-analysis of the speci�c BIS
value.

Conclusion
Intraoperative BIS monitoring can reduce the incidence of postoperative delirium in patients, and more
clinical trials are needed for primitive EEG monitoring. Monitoring the depth of anesthesia is meaningful
for reducing postoperative cognitive dysfunction in one week and 12 weeks after surgery.
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Table
Table 1 is available in the supplementary Files

Figures

Figure 1

PubMed search strategy
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Figure 2

Study Flow Diagram
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Figure 3

Risk of bias for each study.
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Figure 4

Risks of bias summary.

Figure 5

Forest plot of postoperative delirium in randomized controlled trials. Analysis of the incidence of
postoperative delirium by monitoring the depth of anesthesia
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Figure 6

Forest plot of postoperative delirium in randomized controlled trials. Analysis of BIS monitoring on the
incidence of postoperative delirium

Figure 7

Forest plot of postoperative cognitive function in randomized controlled trials. Analysis of the incidence
of cognitive dysfunction in the depth of anesthesia monitoring one week after surgery.

Figure 8

Forest plot of postoperative cognitive function in randomized controlled trials. Analysis of the incidence
of cognitive dysfunction in the depth of anesthesia monitoring four week after surgery.

Figure 9
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The effect of depth of anesthesia monitoring on postoperative hospital stay

Figure 10

The effect of monitoring the depth of anesthesia on the postoperative total mortality

Figure 11

Sensitivity analysis of depth of anesthesia monitoring on the incidence of postoperative delirium
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