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Abstract: Background: Postoperative cognitive dysfunction (POCD), also known as delayed neurocognitive recovery
(up to 30 days) and postoperative neurocognitive disorder (up to 12 months), is a frequent complication of the
neurological system associated with poor outcome. This randomized controlled trial aimed to determine whether
bispectral (BIS) monitoring is correlated with delayed neurocognitive recovery, postoperative neurocognitive disorder, or postoperative delirium (POD). Methods: Among 197 patients included in the study, 100 were assigned
to the BIS group and 97 to the control group. The BIS index was kept at 40-60 in the BIS group, and the depth of
anesthesia in the control group was maintained according to anesthetists’ clinical experience. Cognitive function
was evaluated from the 1st-7th day after the operation and the time of discharge, and at 1st month, 6th months, and
1 year after the operation. Results: The incidence of delayed neurocognitive recovery (3% vs. 21.6%, P<0.001, at 7th
day) (3% vs. 21.1%, P<0.001, at 1st month) and postoperative neurocognitive disorder (6.2% vs. 21.3%, P=0.002,
at 6th month) (4.4% vs. 16.3%, P=0.009, at 1 year) were lower in the BIS group, while there was no significant difference in POD between the two groups (12% vs. 19.6%, P=0.144). The average value of intraoperative BIS was
lower in the BIS group (43.75 vs. 50.69, P<0.001). The postoperative hospitalization time (9.99 vs. 12.41, P<0.001)
and the mortality (5.4% vs. 14.4%, P=0.042) were significantly decreased, while satisfaction was higher in the BIS
group (39% vs. 24.7%, P=0.009). Conclusion: BIS decreases delayed neurocognitive recovery and postoperative
neurocognitive disorder; however, it is not associated with POD. BIS monitoring could effectively lessen postoperative hospitalization and mortality and increase patient satisfaction.
Keywords: Delayed neurocognitive recovery, postoperative neurocognitive disorder, postoperative delirium, BIS
monitoring

Introduction
Postoperative cognitive dysfunction (POCD),
also known as neurocognitive recovery (up to
30 days) and postoperative neurocognitive disorder (up to 12 months), is a complication of
the neurological system secondary to surgery
and anesthesia, that mainly manifests as impairment in memory, cognition, and computing,
disability to combine activities of daily living,
and psychomotor dexterity [1, 2]. The disorder
has been associated with dementia [3], which
is probably due to the similar mechanism of

amyloid β peptide oligomerization and deposition [4]. The onset of postoperative delirium
(POD), however, is always acute and fluctuating and is mainly characterized by inattention,
impairments in thinking, perception, memory,
psychomotor behavior, sleep-wake schedule,
and change of consciousness level [5-7]. According to previous studies, the morbidity of
POCD in non-cardiac surgery patients at discharge from hospital was 36.6% in those aged
18-39 years, 30.4% in those aged 40-59 years,
and 41.15% in those older than 60 years. 12.7%
of patients over 60 years were diagnosed with
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POCD three months after the operation [8].
According to the type of surgery, the incidence
of POD ranged from 10% to 55%. In elderly
patients, the incidence of POD was reported to
reach 50% [9]. The incidence of the two diseases was high, particularly in elderly patients,
which is consistent with a number of studies
suggesting age as an important risk factor for
both diseases [10-12]. The developments of
society and improved medical care have resulted in an increasingly aging population.
Elderly patients increasingly undergo surgery
and anesthesia, which inevitably results in a
substantial increase in the incidence of delayed neurocognitive recovery, postoperative
neurocognitive disorder, and POD. Consequently, the social health and medical problems
caused by these diseases have attracted the
attention of many scholars [9].
Some studies have summarized and classified cognitive dysfunction. For example, cognitive impairment during the preoperative and
postoperative period, which includes cognitive
decline diagnosed before operation (neurocognitive disorder), POD and delayed neurocognitive recovery (up to postoperative 30 days),
and postoperative neurocognitive disorder (up
to postoperative 12 months), have been classified as perioperative neurocognitive disorders
(PND) [13].
Although the mechanism of neuroinflammation is well known, the pathogenesis of postoperative cognition impairment remains unclear
[14]. There are still many studies attempting to
investigate effective ways to prevent its occurrence. Intra-operative neuromonitoring has
been increasingly used to monitor the effectiveness of anesthesia which primarily inhibits
the experience of surgery and then disconnects
consciousness from the environment [15]. For
example, the BIS monitor is mainly used to indicate the depth of anesthesia by analyzing and
integrating several different descriptors of the
electroencephalogram (EEG) to form a single
value [12, 16]. Numerous studies have indicated that monitoring anesthesia with BIS can
effectively reduce anesthesia exposure and
reduce the occurrence of POD [17] and POCD,
as well as accelerate the recovery from anesthesia [18, 19]. While Radtke et al. [12] reported that monitoring depth of anesthesia did not
alter the morbidity of POCD after the opera-

2082

tion on the 7th day and 90th day, the available
research on the relationship between the
use of BIS and delayed neurocognitive recovery, postoperative neurocognitive disorder, and
POD is controversial and lacking [20].
Therefore, this study aimed to explore the correlation between BIS-monitoring and the incidence of delayed neurocognitive recovery, postoperative neurocognitive disorder, and POD
in laparoscopic gastrointestinal surgery.
Material and methods
This single-center prospective randomized controlled trial included 220 patients scheduled
to undergo laparoscopic gastrointestinal surgery at the Second People’s Hospital of Yibin,
Sichuan, China. This trial was approved by the
Medical Ethics Committee of the Second
People’s Hospital of Yibin (referral number
2020-055-01, ChiCTR2000032463), and every patient provided informed consent. The
study was performed in accordance with the
ethical standards of the Declaration of Helsinki.
Patients were equally enrolled in the BIS and
control groups according to computer-generated random sequences. First, member staff
A designed two anesthesia plans and put them
in envelopes. Second, member staff B screened the patients and extracted the envelopes.
Third, member staff C implemented the anesthesia plan according to the envelope and recorded the data. Fourth, member staff D evaluated and recorded cognitive function. Finally,
member staff E analyzed all the data and obtained the results. The staff participating in the
study were blinded to the other data; they all
received training lasting for a week before the
trial started.
The inclusion criteria were as follows: the anesthesia time >2 hours; age >18 years; American
Society of Anesthesiologists’ physical status
(ASA) of I-III.
The exclusion criteria included patients with a
history of mental and neurological disorders,
excessive drinking and drug abuse, addiction to
opioids or tranquilizers; severe organ functional
diseases, stroke; mini-mental state examination (MMSE) score <20 (as there are many rural people with no educational background in
China, we chose the lower score as the stan-
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dard); those that could not complete the questionnaire, and who failed to complete the operation or anesthesia.
This trial’s main outcome was the incidence of
delayed neurocognitive recovery on 7th day and
1 month, postoperative neurocognitive disorder at 6th month and 1 year, POD from 1st day to
7th day. Only two surgeons participated in the
present trial, which should effectively reduce
the difference caused by having more surgeons. Most of the patients were diagnosed
with gastrointestinal cancer in the trial. They
needed to be re-hospitalized for chemotherapy
after the operation; therefore, their long-term
cognitive function could be easily acquired. A
series of scales could lead to adverse effects
and affect patients’ completion and accuracy
[21]. The MMSE scale was easy to complete
and reliable (in the present study, most patients had a low education level, so the acceptance of this scale was higher). We selected
this scale as the only screening tool before
surgery and evaluated the cognitive function,
including the memory, recollection, attention,
computational ability, and writing and painting
abilities postoperatively [1, 22, 23]. All patients
were tested with the MMSE one day before the
surgery. We used the MMSE and CAM (The
Confusion Assessment Method) scale, which
was derived from the Diagnostic and Statistical
Manual of Mental Disorders (DSM-III-R) [5, 12],
to diagnose postoperative cognitive function. A
patient was considered to have delayed neurocognitive recovery (at 7th day and 1 month), or
postoperative neurocognitive disorder (at 6th
month and 1 year) when postoperative MMSE
score was ≥2 points compared to preoperative scores [24, 25]; or was deemed as having
POD if CAM scores were >22. If there were any
doubts about the scale score, a specialist neurologist was invited to re-diagnose it.
None of the patients were premedicated. Before induction, we had already placed the electrode sensor of the BIS index (Covidien 1860106, YZB/USA 0793-2013) on the patient’s
forehead and recorded the number every 5
minutes. In the BIS group, the BIS index was
maintained between 40 and 60 during anesthesia, while in the control group, it was kept
at the appropriate depth for anesthesia that
was decided by the anesthesiologist based on
his experience. The BIS monitor was covered
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and anesthesiologists were blinded to it. Next,
propofol 2 mg/kg, midazolam 0.05 mg/kg,
sufentanil 0.4 ug/kg, and cisatracurium 0.1
mg/kg were used to complete the induction,
while an appropriate depth of anesthesia was
maintained with propofol 4-12 mg/kg/h and
remifentanil 0.1-0.3 ug/kg/min. The right invasive radial artery pressure was monitored, and
the artery blood gas was analyzed.
During the anesthesia, mean arterial blood
pressure was maintained at about 20% of its
baseline. Otherwise, ephedrine, metaraminol,
or nitroglycerin was used. Heart rate was kept
at 50 to 100 beats per minute. Atropine and
esmolol were needed if they exceeded the
range. PetCO2 was held at 35 to 45 mmHg by
adjusting the ventilation parameters. The patients were excluded from the study if they
refused the trial, or developed serious complications. EEG, PR, SPO2, NIBP, IBP, PetCO2, and
BIS index were monitored and recorded in all
patients for data collection.
Finally, the patient’s characteristic data, such
as age, sex, weight, height, body mass index
(BMI), education status (years), ASA, and preoperative complications, were collected. The
surgery data included infusion volume, blood
transfusion volume, bleeding volume, urine volume, the dosage of anesthetics, the dose of
vasoactive drugs, recovery time after the operation, concentration of CRP (C-reactive protein),
and BIS value. The postoperative data included the incidence of delayed neurocognitive
recovery, postoperative neurocognitive disorder and POD, anesthesia satisfaction, length
of postoperative hospitalization, complications,
and mortality.
Statistical analysis
Data were assessed using the Statistical Product and Service Solutions Group version 22.0.
Data that conformed to normal distribution
were described by mean ± standard deviation,
while those that did not conform to normal
distribution were shown as median and range
interquartile. Comparisons were made using
T-tests or Rank sum test for continuous variables and Chi-square test or Fisher’s exact test
for dichotomous variables. A P<0.05 was considered a significant difference.

Am J Transl Res 2022;14(3):2081-2091

Bispectral-guided anesthesia and postoperative recovery

Figure 1. Flowchart of trial enrollment.
MMSE, mini-mental state examination;
BIS indicates bispectral index.

Results
Five patients in each group were excluded
because their MMSE score was <20. Surgeries
were delayed for 2 patients in the BIS group
and 5 patients in the control group. 1 patient in
the BIS group and 3 patients in the control
group were excluded as their anesthesia was
<120 min. Two patients from the BIS group
refused to participate in the experiment after
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signing informed consent. Eventually, 100 patients from the BIS group and 97 from the control group were included in the analysis (Figure
1).
There was no significant difference in educational status, ASA, age, height, weight, BMI, and
preoperative complications (coronary heart disease, hypertension, and diabetes) between the
two groups (Table 1).
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Table 1. Preoperative information of patients’ characteristics
Characteristic
Height (cm)
Weight (kg)
BMI
Age (yr)
Education status (yr)
Illiteracy
Primary school
Junior school
High school
Higher degree (University)
ASA
I
II
III
Gender
Male
Female
Preoperative complications
Hypertension
Diabetes
Coronary heart disease

BIS group
(n=100)
162.64±7.69
59.45±7.64
22.61±3.49
62.98±10.77

Control group
(n=97)
161.72±6.02
59.78±10.64
22.95±3.70
61.69±10.27

1 (1.0%)
31 (31.0%)
38 (38.0%)
27 (27.0%)
3 (3.0%)

6 (6.2%)
36 (37.1%)
32 (33.0%)
21 (21.6%)
2 (2.1%)

P
0.351
0.805
0.512
0.391
0.252

0.943
25 (25.0%)
53 (53.0%)
22 (22.0%)

13 (13.4%)
75 (77.3%)
9 (9.3%)
0.232

66 (66.0%)
34 (34.0%)

56 (57.7%)
41 (42.3%)

23 (23.0%)
4 (4.0%)
8 (8.0%)

16 (16.5%)
2 (2.1%)
5 (5.2%)

0.252
0.429
0.421

Data are shown as mean ± standard deviation, median (range interquartile), and
number (%). P<0.05 indicates significant difference.

Table 2. Perioperative details

Operation time (min)
Anesthesia time (min)
Liquid infusion (ml)
Volume of bleeding (ml)
Dosage of anesthesia
Propofol (mg)
Remifentanil (ug)
Cisatracurium (mg)
Sufentanil (ug)
Dose of vasoactive drugs
Intraoperative MABP (mmHg)

BIS group
Control group
P
(n=100)
(n=97)
235.65±62.42
229.59±75.87 0.542
261.74±63.09
253.28±76.76 0.400
2021.10±583.09 2037.11±687.59 0.860
277.30±105.14 236.70±206.11 0.082
1810.00±533.33 1336.08±461.75 <0.001
2207.00±766.25 1970.62±870.23 0.044
37.61±13.59
30.57±8.08
<0.001
43.86±7.60
46.90±10.73
0.023
5 (5.0%)
18 (18.6%)
0.003
89.22±4.92

90.73±7.31

0.093

Intraoperative mean BIS

43.75±6.78

50.69±6.33

<0.001

Concentration CRP (mg/L)

32.97±22.80

36.86±28.43

0.292

Data are shown as mean ± standard deviation, median (range interquartile), and
number (%). P<0.05 is a statistically significant difference.

There was no significant difference in transfusion volume, anesthesia time, operation
time, bleeding volume, mean arterial pressure
(MAP), and mean concentration of C-reac2085

tion protein (mg/L) between
the two groups (Table 2).
However, the dosage of propofol (1810.00±533.33 vs.
1336.08±461.75, P<0.001),
cisatracurium (37.61±13.59
vs. 30.57±8.08, P<0.001),
and remifentanil (2207.00±
766.25 vs. 1970.62±870.23,
P=0.044) were higher in the
BIS group, while the dose of
sufentanil (43.86±7.60 vs.
46.90±10.73, P=0.023) was
lower than that in the control
group. The MAP was similar
in the two groups, while the
use of vasoactive drugs (5.0
vs. 18.6%, P=0.003) was higher in the control group
(Table 2).
There was no significant difference in postoperative ICU
admission between the two
groups (6% vs. 5.2%, P=
0.796). In the BIS group, the
time of postoperative recovery (24.76±9.36 vs. 29.49±
9.72, P=0.001) and the length of postoperative hospitalization (9.99±3.94 vs.
12.41±4.61, P<0.001) were
shorter than that in the control group. Also, the mortality
(5.4% vs. 14.4%, P=0.042)
in the BIS group was lower
than that in the control group. Patients’ satisfaction (P=
0.009) in the BIS group was
better compared to the control group (Table 3).
There was a significant difference between the two groups when comparing BIS regarding delayed neurocognitive recovery and postoperative neurocognitive disorder
(Table 4).

The incidence of delayed
neurocognitive recovery and
postoperative neurocognitive disorder generally showed a downward trend. The lowest morbidity of delayed neurocognitive recovery in
the two groups was at discharge time (1% vs.
Am J Transl Res 2022;14(3):2081-2091
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Table 3. Patients’ information after the operation

Stop medication-discharged (min)
ICU admission
Postoperative hospital stay (d)
Satisfaction
0
1
2
3
Death

BIS group Control group
P
(n=100)
(n=97)
24.76±9.36 29.49±9.72 0.001
6 (6.0%)
5 (5.2%)
0.796
9.99±3.94 12.41±4.61 <0.001
0.009
0
0
25 (25.0%)
44 (45.4%)
36 (36.0%)
29 (29.9%)
39 (39.0%)
24 (24.7%)
5 (5.4%)
13 (14.4%)
0.042

Data are shown as mean ± standard deviation, median (range interquartile), and
number (%). P<0.05 indicates a significant difference. Satisfaction: 0 means dissatisfied, 1 means average, 2 means slightly satisfied, and 3 means satisfied.

Table 4. Main outcomes of delayed neurocognitive recovery, postoperative neurocognitive disorder, and postoperative delirium
BIS group
Delayed neurocognitive recovery
7th day (B=100, C=97)
3 (3.0%)
1 month (B=100, C=95)
3 (3.0%)
Discharge (B=100, C=96)
1 (1.0%)
Postoperative neurocognitive disorder
6th month (B=97, C=94)
6 (6.2%)
1 year (B=91, C=86)
4 (4.4%)
POD (B=100, C=97)
12 (12.0%)

Control
group

P

21 (21.6%) <0.001
20 (21.1%) <0.001
8 (8.3%)
0.035
20 (21.3%)
14 (16.3%)
19 (19.6%)

0.002
0.009
0.144

Data are shown as mean ± standard deviation, median (range interquartile), and
number (%). B is the number of patients in the BIS group, and C is the number of
patients in the control group.

group. The highest incidence
of 6.2% at postoperative 6th
month in the BIS group was
still lower than that at each
time point in the control group
(Table 4).
Figure 2 shows the mean score of MMSE in the BIS group
that was moderately increased until discharge time point
and then decreased. At the
same time, there was a decrease in the control group
except for the discharge time point. The results showed that the BIS value in the
BIS group was lower than in
the control group (43.75 vs.
50.69, P<0.001).
In order to further explore
the relationship of BIS values and the incidence of cognitive dysfunction, patients
were divided in the control
group into a postoperative
cognitive impairment group
(those who experienced the
BIS value beyond 40-60, including delayed neurocognitive recovery and postoperative neurocognitive disorder)
and a non-postoperative cognitive impairment group. There was no significant difference between the two groups
in the time distribution when
the BIS number was out of the
standard range (Table 5).
The occurrence of POD in the
BIS group and control group
was 12% and 19.6% in the
first three days, without statistical difference between the
two groups.
Discussion

The main finding of the present study was that BISmonitoring during anesthesia
reduced the incidence of delayed neurocognitive recovery and postoperative neurocognitive

Figure 2. MMSE scores of the two groups at different time points.

8.3%). The highest morbidity of postoperative
cognitive dysfunction was 21.6% in the control
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Table 5. Comparison of the time distribution of BIS beyond the range in the control group

POCD 7th day (Np=21, Nn=76)
BIS<40
BIS>60
POCD 1 month (Np=20, Nn=75)
BIS<40
BIS>60
POCD discharge (Np=8, Nn=88)
BIS<40
BIS>60
POCD 6th month (Np=20, Nn=74)
BIS<40
BIS>60
POCD 1 year (Np=14, Nn=72)
BIS<40
BIS>60

No postoperative cognitive
impairment (min)

Postoperative cognitive
impairment (min)

P

20.0 (0.00, 55.0)
40.0 (11.25, 82.5)

40.0 (10.0, 67.5)
15.0 (7.5, 60.0)

0.144
0.155

20.0 (0.0, 60.0)
30.0 (10.0, 75.0)

32.5 (6.25, 57.5)
40.0 (11.25, 68.75)

0.523
0.745

22.5 (0.0, 55.0)
40.0 (10.0, 75.0)

42.5 (2.5, 73.75)
25.0 (6.25, 62.5)

0.502
0.562

20.0 (0.0, 56.25)
40.0 (10.0, 71.25)

32.5 (11.25, 63.75)
22.5 (6.25, 66.25)

0.231
0.433

20.0 (0.0, 58.75)
35.0 (10.0, 68.75)

32.5 (3.75, 65.0)
27.5 (5.0, 57.5)

0.657
0.441

Data are shown as the median (range interquartile). (Np means the number in the postoperative cognitive impairment group;
Nn means the number in the non-postoperative cognitive impairment group).

disorder. This may be because the BIS value
within the normal range reduced the effects of
neuroinflammation [26] associated with lighter
anesthesia and the toxic effects of drugs associated with deeper anesthesia. Also, patients
in the BIS group who were continuously under
deeper anesthesia (mean BIS=43.75) had decreased postoperative cognitive impairment.
Moreover, the time under deep anesthesia (BIS
<40) and light anesthesia (BIS>60) among
patients with POCD and patients without POCD
were similar in the control group. Thus, the BIS
value and the value combined with the duration
could be construed as a risk factor.
The curve of the score with MMSE (Figure 1)
revealed that the mean score of MMSE in the
two groups had increasing and decreasing
trends. This illustrated that the BIS monitoring effectively reduced postoperative cognitive
impairment or even improved postoperative
cognitive function [27]. It is possible that besides the learning effect, most patients performed well at answering the questionnaire
since they were in a better mood and were
already familiar with the hospital environment
at discharge.
Our study demonstrated that the postoperative cognitive disorder at different time points
had different fluctuations and downtrends.
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According to our data, the postoperative cognitive disorder was a common complication after
surgery, whose onset time may be very late.
Although most of the patients’ symptoms were
usually reversible, some people still suffered
from a decline in cognitive function. Moreover,
the highest morbidity was 21.6%, which was
similar to the results reported by Chan et al.
[18]. In general, the occurrence of delayed neurocognitive recovery and postoperative neurocognitive disorder was higher in the control
group at all time points, which showed that
the use of BIS could effectively decrease the
occurrence of postoperative cognitive impairment [17, 28]. In our study, the BIS group who
received high doses of anesthesia had a more
stable cardiovascular response, better postoperative recovery, and overall higher satisfaction, which may lead to a lower cognitive dysfunction in the BIS group.
Our results were in line with Chan et al. [19],
who reported that BIS-guided anesthesia could
decrease the risk of POCD and POD three
months after surgery in 921 elderly patients
who underwent non-cardiac surgery. Also, their
median BIS value was 53 vs. 38.6 in the BIS
group, with a lower dose of anesthetic in the
control group, which was opposite to our BIS
value in the BIS and control groups (43.75 vs.
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50.69). This may be due to the larger doses of
narcotic drugs used in our study.
At the same time, Farag et al. [29] discovered
that a deeper (median BIS 39 vs. 51) anesthesia was associated with better cognitive function 4-6 weeks postoperatively in 74 patients,
which may be due to lower BIS. Deeper anesthesia means a lower metabolic rate of the
brain, which can increase the tolerance to ischemia and hypoxia, reducing the body’s stress
response [18]. These results were similar to the
findings of Tasbihgou and colleagues [30], arguing that deepening anesthesia attenuated
the brain changes associated with hypoxia in
rats. In addition, these studies illustrated that
deep anesthesia, which was associated with
inhibition of inflammation [31] and burst suppression, may be protective factors against
POCD [32]. This is consistent with our findings,
where patients with a relatively lower value
(43.75 vs. 50.69) had a lower incidence of
delayed neurocognitive recovery and postoperative neurocognitive disorder.
Radtke et al. [12] evaluated BIS with POCD and
POD in 1155 patients, revealing that BIS did
not change the incidence of POCD on 7th and
90th day postoperatively. This may be because
the BIS values in their two groups of patients
were similar, while in our study, there were substantial differences (43.75 vs. 50.69, P<0.001).
Also, the observation period in our study was
longer, and the results from 3 months after
operation were not included. Cao et al. [1]
also pointed out that there were no significant
differences in the BIS group compared to the
control group (15.15% vs. 33.33%) after 7 days,
which was inconsistent with our study as our
sample size was small. Moreover, their postoperative cognition impairment incidence was
higher compared to both groups in our study,
which is probably due to substantial trauma
induced by liver transplantation. Compared to
the stress response to surgical trauma, anesthesia may have a more negligible effect on
cognitive impairment.
Several studies showed that lower BIS implied
a larger dose of anesthetic, which in turn contributed to the risk of POCD. For example, intraoperative hypotension [5] and increased toxicity of drugs [17] were found to be detrimental to
postoperative cognitive function [18, 27, 33].
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In our study, a relatively lower mean BIS value
was normal. Although the anesthetic dose was
increased and the active vascular drug dosage
was lower in the BIS group, there was no noticeable difference in the mean ABP between the
two groups. Therefore, our study’s relatively
lower BIS value was appropriate, and using
BIS-monitoring could decrease the incidence of
postoperative cognitive disorder. The morbidity
of POD was 19.6% in the control group, which
was consistent with Evered’s results [13] (1553%). Also, the morbidity mainly occurred during the first three days [34] due to the effects
of anxiety, pain [35], and residual anesthetic.
Yet, the difference was not statistically significant between the groups in the present study,
which may be due to the following reasons:
first, postoperative cognitive disorder occurred
more frequently in elderly patients with poor
outcomes and increased mortality [11]. However, some patients were younger than 60
years old, although the two groups’ mean age
was >60 years old (62.98 vs. 61.69, P=0.391).
Second, the sample size was too small to reveal the obvious differences. Third, the patients’ satisfaction in the two groups was high
(no dissatisfaction was reported) due to the
good postoperative analgesia, consultation,
and comfort provided from 1 to 7 days after the
operation, which may be the protective factors
for POD [36]. Finally, stable circulation in the
perioperative period and the absence of serious complications in patients may reduce the
occurrence of POD. In addition, the low activity
of POD [5] may be omitted by researchers,
which can also decrease the POD rates and
may result in no significant difference between
the two groups.
When BIS was maintained in a fixed range of
40-60, it could reduce the inflammatory reaction and intraoperative awareness induced
by light anesthesia. At the same time, it decreased the harm of hypotension and burst
suppression caused by deep anesthesia. The
BIS monitoring reduced the time of post-operation recovery (24.76±9.36 vs. 29.49±9.72, P=
0.001), and the length of postoperative hospitalization (9.99±3.94 vs. 12.41±4.61, P<
0.001), as well as increased the patients’ satisfaction (P=0.009).
The lower average value of BIS group patients
led to a higher intraoperative dose of anesthet-
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ic drugs. In contrast, the control group had a
lower dose of anesthetic drugs and a higher
dosage of vasoactive drugs due to an unstable
cardiovascular system, which led to increased
use of sufentanil for postoperative analgesia
that in turn may lead to a longer recovery from
anesthesia and lower satisfaction.
Furthermore, the significantly shorter postoperative recovery time and the shorter length of
postoperative hospital stays in the BIS group
suggested that patients had better recovery
from surgery and disease. Also, a lower mortality rate after surgery was observed in the BIS
group (5.4% vs. 14.4%, P=0.042).
Finally, CRP concentration in the two groups
associated with inflammation showed no significant difference, probably due to the mean
BIS value in the standard range of 40-60.
Delayed neurocognitive recovery, postoperative neurocognitive disorder, and POD were frequent complications after the operation, whose
detailed pathogenesis remains unclear [37].
The risk factors were increasing age [24], poor
education [5], preoperative complications, preoperation cognitive impairment, poor functional status, depression, alcohol abuse, the duration and type of anesthesia, homeostasis,
hypotension, infection, hypoxia, and pain [6, 8,
27, 36, 38, 39]. Besides, a more significant risk
factor may be surgery, as it has been previously
reported that surgery is more likely to lead to
cognitive decline than anesthetics [40].
At present, there is no golden standard [41, 42]
for diagnosis or effective treatment [36] of
delayed neurocognitive recovery, postoperative
neurocognitive disorder, and POD. Furthermore,
although BIS has been widely used, there are
few controversial studies on the relationship
between BIS and postoperative cognitive impairment. Therefore, this prospective randomized clinical trial aimed to investigate whether
there was a correlation between BIS and delayed neurocognitive recovery, postoperative
neurocognitive disorder, and POD in order to
provide a new method to reduce postoperative
cognitive impairment.
In general, the operation type was single, there
were two surgeons who performed all the operations, and there were no ASA IV patients in
the two groups, so the results were reliable.
Consultation and comfort were provided timely.
The most important aspect is that our study
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involved both long-term and short-term cognitive outcomes.
There are several limitations to the present
study. First, MMSE could not accurately judge
the damage of specific brain functional areas or
the false-negative results of delayed neurocognitive recovery and postoperative neurocognitive disorder caused by mutual compensation
of functional brain areas. Second, there was no
other control group in the general population
that could be used to exclude normal cognitive
changes. Third, our study included a small proportion of diabetic patients, and diabetes was
previously associated with POCD [43].
In summary, delayed neurocognitive recovery
and postoperative neurocognitive disorders
are common, reversible, and long-term complications after an operation. Using BIS can decrease delayed neurocognitive recovery and
postoperative neurocognitive disorder regardless of the patient’s age (>18 years old), shorten the postoperative hospitalization stay and
the mortality, and increase the patients’ satisfaction.
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