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 Background: Bispectral index (BIS) monitoring can reduce the duration of anesthesia. This study aimed to evaluate the ef-
fects of BIS monitoring during surgery for resection of colon carcinoma in elderly patients using the Attention 
Network Test (ANT) to study alerting, orienting, and executive functions, and the Confusion Assessment Method 
(CAM).

 Material/Methods: Eighty-one patients (65–75 years) underwent radical surgery for colon carcinoma with general intravenous 
anesthesia, propofol (6–8 mg/kg/h), vecuronium (0.03–0.05 mg/kg/min), and remifentanil (0.1–0.2 μg/kg/min). 
The BIS group (n=41) underwent adjustment of anesthesia to maintain a BIS value between 40–60; the non-BIS 
group (N=40) underwent standard intraoperative hemodynamic monitoring. Primary endpoints were alerting, 
orienting, and executive functions assessed pre-operatively and on postoperative days 1 and 5 using the ANT; 
the secondary endpoint was delirium during the first five postoperative days, assessed using the CAM.

 Results: Propofol and remifentanil doses were significantly lower in the BIS group compared with the non-BIS group 
(P<0.001). Alerting, orienting, and executive functions showed no differences between the two groups pre-oper-
atively but were impaired in both groups on postoperative day 1 compared with pre-operative levels (P<0.001). 
On postoperative day 5, alerting (P=0.607) and orienting (P=0.851) functions recovered in the BIS group but 
remained impaired in the non-BIS group (P<0.001). Delirium was significantly lower in the BIS group compared 
with the non-BIS group (17.5% vs. 27.5%) (P<0.001).

 Conclusions: BIS-guided anesthesia was associated with reduced anesthetic exposure, early postoperative recovery of alerting 
and orienting functions, and reduced postoperative delirium.
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Background

Advanced age is an independent risk factor for the development 
of postoperative cognitive dysfunction (POCD) [1–6]. POCD is 
associated with increased mortality, decreased quality of life, 
and increased dependency [7,8]. Therefore, it is important 
to develop strategies to reduce the incidence and severity 
of POCD. POCD includes impairment in memory, attention, 
information processing, and cognitive flexibility [9,10]. Among 
these, attention networks have been proposed to consist of 
three functional components, alerting, orienting and executive 
control, which have specific anatomical and biochemical mech-
anisms in the brain [11–13].

Monitoring of the depth of anesthesia can now be undertaken 
using the bispectral index (BIS), which has been shown to re-
duce complications associated with and following general 
anesthesia [14–20]. Notably, adjusting the anesthetic drug dose to 
maintain the BIS at between 40–60 during general anesthesia has 
been shown to be associated with an 11–27% reduction total an-
esthetic drug dose and to improve early cognitive recovery [14,16]. 
However, little is known about the effects of general anesthesia 
and BIS monitoring on attention networks in elderly patients.

The hypothesis that drove this study was that BIS monitoring 
in elderly patients might reduce their overall exposure to an-
esthetic drugs during surgery and reduce the extent of postop-
erative attention network dysfunction. The aims of this study 
were to evaluate the effects of BIS monitoring during surgery 
for resection of colon carcinoma in elderly patients using the 
Attention Network Test (ANT) to study alerting, orienting, and 
executive functions, and to use the Confusion Assessment 
Method (CAM) to assess the effects of BIS monitoring on the 
incidence of acute postoperative delirium in this patient group.

Material and Methods

Study participants and ethical approval

This prospective, double-blind, randomized, parallel group study 
recruited elderly patients with colon carcinoma who underwent 
general anesthesia and radical surgery at the First Affiliated 
Hospital of Anhui Medical University, China, between January 
2014 and November 2016.

Ethical approval (No. 20130406) was provided by the Ethical 
Committee of Anhui Medical University, Hefei, Anhui, China in 
July 2013. All patients provided written informed consent be-
fore enrolment in the study, and all procedures were conducted 
according to the guidelines from the Declaration of Helsinki. 
This trial has been registered with the Chinese Clinical Trial 
Registry (ChiCTR-TRC-1800014707).

The study inclusion criteria were: an American Society of 
Anesthesiologists (ASA) physical status classifications of be-
tween I–III; patient age between 65–75 years; a Mini-Mental 
State Examination (MMSE) score >27 points [21]; normal vi-
sion or corrected visual acuity; duration of surgery expected to 
be two hours or more; and an anticipated postoperative hos-
pital stay of at least seven days.

The study exclusion criteria were: a diagnosis of Parkinson’s 
disease; a history of transient ischemic attack (TIA) or stroke; 
liver or renal insufficiency; a diagnosis of Alzheimer’s disease; 
visual or sensory disturbance; language difficulties or signifi-
cant hearing impairment; and the use of drugs affecting cog-
nitive function.

The patients were randomly allocated to a bispectral index 
(BIS) monitoring group or a non-BIS (control) group according 
to a computer-generated assignment sequence. The patients, 
attending anesthesiologist, and surgeons were blinded to 
the group allocation. Also, the investigators responsible for 
postoperative data collection and outcome assessment were 
blinded to the patient data, including the Attention Network 
Test (ANT), Confusion Assessment Method (CAM), and MMSE 
scores and the group allocation.

Anesthetic procedures and interventions

The general anesthesia induction strategy included sufentanil 
(0.35 μg/kg), propofol (1–2 mg/kg), and vecuronium (0.1 mg/kg). 
The anesthesia maintenance strategy included intravenous ad-
ministration of propofol (6–8 mg/kg/h), vecuronium (0.03–0.05 
mg/kg/min), and remifentanil (0.1–0.2 μg/kg/min).

For patients in the BIS group, a BIS monitor was used to doc-
ument the BIS values, and the rate of propofol administration 
during maintenance of anesthesia was adjusted to maintain 
the BIS value at between 40–60 [14]. The procedure used for 
anesthesia in the control group was the same as that used in 
the BIS group, except that the dose of the anesthetic was not 
adjusted according to the BIS value. Although a BIS monitor was 
also used for patients in the control group, the attending anes-
thesiologists were blinded to the BIS value and were not given 
visual access to the BIS monitor during induction and mainte-
nance of anesthesia. Instead, for patients in the non-BIS or con-
trol group, intravenous anesthesia was adjusted according to 
clinical experience and intraoperative hemodynamic changes. 
If the intraoperative blood pressure and heart rate decreased 
by ³20%, the patient was given vasopressor drugs and the 
dose of the anesthetic drugs was reduced. If the intraoperative 
blood pressure and heart rate increased by no more than 20%, 
the patient was given antihypertensive drugs and the doses of 
the anesthetic drugs were increased. In both groups (the BIS 
group and the non-BIS or control group), if the systolic blood 

7786
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Zhou Y. et al.: 
BIS monitoring of postoperative cognitive function using ANT

© Med Sci Monit, 2018; 24: 7785-7793
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



pressure fell to less than 20% of the normal value, the fluid in-
fusion rate was accelerated and 5 mg bolus injections of ephed-
rine were administered. Also, if the heart rate decreased to <60 
beats/min, a bolus intravenous injection of 0.3 mg atropine 
was given. None of the patients received epidural anesthesia 
or any other form of regional anesthesia. All physicians and 
anesthesiologists involved in the surgery were senior clini-
cians with more than five years of relevant clinical experience.

Postoperative analgesia was provided to both groups of pa-
tients. During the first 48 hours after surgery, the patients re-
ceived 100 mL of normal saline solution containing flurbiprofen 
(100 mg) and sufentanil (2–3 μg/kg), administered by patient-
controlled intravenous analgesia, at an infusion rate of 2 mL/h, 
and a lockout time of 15 min with 0.5 mL bolus doses. A visual 
analog scale (VAS) (0=no pain, 10=worst possible pain) was used 
to evaluate the postoperative management of pain during pa-
tient-controlled intravenous analgesia [22]. The VAS score for 
pain was assessed daily during the first five postoperative days. 
Patients with a VAS score >3, indicating inadequate analgesia, 
were excluded from this study because the presence of pain 
can influence the postoperative assessment of attention net-
work functions, particularly the alerting and executive control 
networks [23], and pain would have been a confounding factor.

Attention Network Test (ANT) software

This study used the classical Attention Network Test (ANT) pro-
gram proposed by Fan and colleagues [24.25]. Firstly, the partic-
ipant stared at a fixed cross (+) in the center of the computer 

screen for between 400–1600 ms (Figure 1). Secondly, a cue 
(*) appeared as a signal for 100 ms. Thirdly, a fixed cross (+) 
appeared again in the center of the screen for about 400 ms. 
Finally, the target was presented. After the key target disap-
peared, participants were asked to press the ¬ or ® button 
as soon as possible, with a normal reaction time that was ex-
pected to be <1700 ms. Each test was divided into four, with 
four types of cue conditions: no cue, a double cue, a central 
cue, and a spatial cue.

According to whether the arrow appeared centrally or at either 
side, the relationship was divided into three conditions: a single 
arrow above or below the fixed cross (+), five simultaneous 
arrows pointing in the same direction above or below the 
fixed cross (+), or five simultaneous arrows pointing in oppo-
site directions above or below the fixed cross (+). The exper-
iment comprised 336 trials, including 24 practices and 312 
formal trials, divided into four stages. The total time required 
for the test was about 30 minutes, and the participants were 
allowed to rest for between four and five minutes. The reac-
tion time (RT), average response time, and accuracy were de-
termined. The efficiency of the attention network was calcu-
lated as follows:
Alerting effect=RT (no cue)–RT (double cue) (the higher the 
value, the more efficient the alerting network).
Orienting effect=RT (center cue)–RT (spatial cue) (the higher 
the value, the more efficient the orienting network).
Executive control network effect=RT (incongruent)–RT (con-
gruent) (the smaller the value, the more efficient the execu-
tive control network).

Presentation time course

400–1600 ms

100 ms

Cue

Target conditionsCue conditions

No cue Center cue Double cue Special cue

Neutral Congruent Incongruent

Target
+

+

*
+

400 ms

RT<2700 ms

�����
+

�����
�����

�����
�����

���������
���������

+ *
*
+
*

*
+

+
*

Figure 1.  Schematic representation of the Attention Network Test (ANT). Shown are the three target stimuli, the four cue conditions, 
and the sequence of events for the Attention Network Test (ANT) used in the present study. Adapted from Fan et al. [24,25].
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The alerting network represented the sensitivity to incoming 
stimuli; the orienting network represented the selection of 
information from sensory input; and the control network 
represented the ability to resolve conflicts between feelings, 
thoughts, and responses [9]. The person who administered 
the ANT was blinded to the scores obtained for the alerting, 
orienting, and executive control functions. Patients who did 
not complete the ANT were excluded from the study.

Data collection

The following information was collected for all participants: 
age, gender, body mass index (BMI), level of education, MMSE 
score, ASA classification, and data regarding surgery, which in-
cluded the duration of anesthesia, the duration of surgery, the 
volume of transfused blood, and the dose of intravenous anes-
thetics. Attention network function, including alerting, orienting 
and executive control functions, was assessed pre-operatively 
and at day 1 and day 5 postoperatively using the ANT.

Delirium was assessed daily (from 9 am to 11 am) during 
postoperative day 1 to day 5 using the Confusion Assessment 
Method (CAM). The sensitivity of the CAM has been reported 
to be between 94–100% and the specificity is between 
90–95% [26]. The diagnosis of delirium by CAM required the 
presence of the following clinical symptoms and signs: (1) an 
acute onset of cognitive changes with a fluctuating course, 
(2) inattention, together with either (3) disorganized thinking, or 
(4) an altered level of consciousness [27]. To maximize accuracy, 
a trained researcher with more than five years of professional 
clinical experience, who was blinded to the group allocation, 
performed all the tests.

Study endpoints

The primary endpoints were the assessments of alerting, 
orienting, and executive control functions as determined by 
the ANT. The secondary endpoint was the incidence of delirium 
during the first five days after surgery, as determined by the CAM.

Sample size calculation

To calculate the sample size needed to assess the agreement 
between attention network functions and cognition, t-test sta-
tistical analysis was undertaken using G*Power 3.1.9.3 statis-
tical power analysis program. The sample size was increased 
by 20% to account for potential technical difficulties. Based 
on this analysis, the aim was to recruit at least 45 patients 
per study group.

Statistical analysis

All statistical analysis was performed using SPSS version 19 
software (IBM Corp., Armonk, NY, USA). Quantitative data 
were tested for normality. Data were presented as the mean 
± standard deviation (SD). Comparisons between the BIS and 
non-BIS groups were made using the independent samples 
t-test, Fisher’s exact test, or the Mann–Whitney U test, as 
appropriate. Repeated measures analysis of variance (ANOVA) 
and the Bonferroni post hoc test were used to analyze the fol-
lowing variables: overall RT, accuracy, and the absolute and 
proportional scores for the alerting, orienting, and executive 
control functions. Comparisons of categorical variables were 
made using the chi-squared (c2) test or Fisher’s exact test, as 
appropriate. Univariate ANOVA was used for analysis of the 
doses of propofol and remifentanil. The correlations between 
parameters were assessed using Spearman’s correlation co-
efficient. P<0.05 was considered to be statistically significant.

Results

Participant characteristics and study groups

The study flowchart is shown in Figure 2. Initially, 44 elderly 
patients were randomized to the bispectral index (BIS) mon-
itoring group (BIS group). However, one patient declined the 
Attention Network Test (ANT) following surgery, and two pa-
tients had a visual analog scale (VAS) score >3 points, resulting 
in exclusion of three patients and a total number of patients 
in the BIS group of 41.

Initially, 45 elderly patients were randomized to the non-BIS 
group. However, five patients were excluded were excluded, 
as four patients declined the ANT and one patient had a VAS 
score >3 points, resulting in a total number of patients in the 
non-BIS group of 40.

The demographic and clinical characteristics of the patients in-
cluded in the analysis are presented in Table 1. There were no 
significant differences between the two groups in age, Mini-
Mental State Examination (MMSE) score, level of education, 
duration of anesthesia or duration of surgery (Table 1). 
Hypotension during anesthesia necessitating the intravenous 
administration of ephedrine occurred in three patients in the 
BIS group and five patients in the non-BIS group. No patients 
required a blood transfusion during surgery.

Total doses of anesthetic and analgesic drugs administered

The total doses of propofol and remifentanil administered 
during general anesthesia were significantly lower in the BIS 
group compared with the non-BIS group (P<0.001) (Table 2). 
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109 patients suitable for
inclusion

≥60 years who fulfilled
the inclusion criteria

44 patients assigned to BIS group
Underwent BIS guided anesthesia

41 patients underwent 1 day
assessments

40 patients underwent 1 day
assessments

41 patients underwent 5 days
assessments

40 patients underwent 5 days
assessments

1 patient refused testing
after the operation 2 patients
had a VAS score >3

1 patient refused testing
after the operation 1 patient
had a VAS score >3

45 patients assigned to non-BIS group
Underwent routine anesthesia

20 patients were excluded
17 patients had MMSE ≤23
3 patients refused inclusion

89 patients underwent randomization

Figure 2.  Flowchart of the study design. BIS – 
bispectral index; MMSE – mini-mental 
state examination; ANT – Attention 
Network Test; CAM – Confusion 
Assessment Method.

Characteristic
BIS group

(n=41)
Non-BIS group

(n=40)
P value

Male sex  29 (70.7%)  27 (67.5%)

Age (years)  68.29±2.81  68.90±2.99 0.350

Body mass index (kg/m2)  21.07±1.33  21.27±1.09 0.476

Comorbidities

 Diabetes  3 (7.3%)  4 (10.0%) 0.757

 Hypertension  7 (17.1%)  5 (12.5%) 0.520

Education (years)  11.46±3.00  11.55±3.14 0.899

MMSE score  29.18±0.87  28.97±0.89 0.318

Anesthetic time (min)  185.51±14.69  184.53±13.81 0.756

Operation time (min)  155.44±14.72  154.53±13.81 0.774

Blood transfusion (mL) 0 0

Preoperative ANT results

 Alerting effect (ms)  28.05±17.52  29.50±14.17 0.684

 Orienting effect (ms)  34.68±18.77  35.65±18.31 0.815

 Conflict effect (ms)  150.00±38.98  147.10±36.01 0.729

 Accuracy (%)  94.27±3.73  93.73±3.76 0.517

 Response time (ms)  992.98±141.07  985.93±140.04 0.822

Preoperative delirium  0 (0.0%)  0 (0.0%)

Table 1. Demographic and clinical characteristics of the patients in the two groups.

Data are presented as n (%) or mean ± standard deviation. ANT – attention network test; MMSE – mini-mental state examination.
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However, there were no significant differences between the 
two groups for the total doses of flurbiprofen or sufentanil 
given for postoperative analgesia (Table 2).

Attention network function

There were no significant differences between the two groups 
in pre-operative attention network efficiencies. Both the BIS 
group and non-BIS group exhibited significant impairment 
in alerting, orienting, and executive control at postoperative 
day 1, when compared with the corresponding pre-operative 
values (all P<0.001) (Figures 3, 4). However, at postoperative 
day 5, the BIS group showed significant recovery in alerting 
(P=0.608), and orienting (P=0.851) functions, which returned 
to pre-operative levels (Figure 3). However, alerting (P<0.001) 
and orienting (P=0.01) functions remained significantly im-
paired in the non-BIS group (Figure 4). Both groups showed no 

recovery of executive control function at postoperative day 5 
(Figures 3, 4). Direct comparisons showed that the non-BIS 
group had significantly lower values for alerting effect (P<0.001) 
and orienting effect (P=0.031) compared with the BIS group 
at postoperative day 5 (Table 3). These data indicate that BIS 
monitoring during general anesthesia can alleviate postoper-
ative attention network impairment.

Correlation between the total dose of propofol 
administered during anesthesia and attention network 
functions

Patient age was significantly correlated with pre-operative 
alerting function in the BIS group (r=0.72, P<0.001) and non-BIS 
group (r=0.76, P<0.001). The total dose of propofol adminis-
tered during general anesthesia was significantly correlated 
with alerting at postoperative day 1 (r=0.78, P<0.001) and at 

Total dose of medication administered 
BIS group

(n=41)
Non-BIS group

(n=40)
P value

General anesthesia

 Propofol (mg) <0.001

 Remifentanil (mg)  811.10±79.45  1075±96.75 <0.001

Postoperative analgesia  1.57±0.16  1.88±0.20

 Flurbiprofen (mg) 100.00 100.00 NA

 Sufentanil (µg)  131.71±24.38  137.50±21.93 0.265

Table 2. Total doses of anesthetic medications received by the patients in the two groups.

Data are presented as the mean ± standard deviation.
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Figure 3.  Efficiency of the attention networks in the bispectral 
index (BIS) monitored group (BIS group). Attention 
network (alerting, orienting, and executive control) 
functions in the bispectral index (BIS) group were 
assessed pre-operatively and at day 1 and day 5 
postoperatively. * P<0.05 vs. corresponding pre-
operative value; # P<0.05 vs. corresponding pre-
operative value.
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Figure 4.  Efficiency of the attention networks in the group not 
monitored using the bispectral index (BIS) (non-BIS 
group). Attention network (alerting, orienting, and 
executive control) functions in the non-bispectral index 
(BIS) group were assessed pre-operatively and at day 1 
and day 5 postoperatively. * P<0.05 vs. corresponding 
pre-operative value; # P<0.05 vs. corresponding pre-
operative value.
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postoperative day 5 (r=0.84, P<0.001), orienting at postop-
erative day 1 (r=0.76, P<0.001) and at postoperative day 5 
(r=0.80, P<0.001), and executive control at postoperative day 1 
(r=0.74, P<0.001) and at postoperative day 5 (r=0.82, P<0.001). 
These findings indicated that propofol may impair attention 
network functions.

Bispectral index (BIS) monitoring values

The BIS monitoring values in the BIS group (51.10±0.83) were 
significantly higher compared with the patients who were not 
monitored with BIS during surgery (41.44±0.0.78) (P<0.001).

Acute postoperative delirium

The incidence of delirium during the first five days after sur-
gery was significantly lower in the BIS group at 17% (7/41) 
compared with the non-BIS group at 27.5% (11/40) (P<0.001).

Discussion

To our knowledge, this study is the first to examine attention 
network changes in patients after propofol anesthesia using 
the Attention Network Test (ANT) to study alerting, orienting, 

and executive functions. The study aimed to evaluate the ef-
fects of bispectral index (BIS) monitoring during surgery for 
resection of colon carcinoma in elderly patients and to com-
pare the findings with a non-BIS monitored group. Also, the 
Confusion Assessment Method (CAM) was used to evaluate 
the effects of BIS on delirium during the first five postoperative 
days in this patient group. The results showed that while pa-
tients in both study groups developed attention network func-
tion impairment after surgery, those in the BIS group showed 
recovery of alerting and orienting network functions by post-
operative day 5, whereas patients in the non-BIS group showed 
no such recovery. Neither group showed recovery of execu-
tive network efficiency within the first five postoperative days. 
Also, the total doses of propofol and remifentanil administered 
during surgery were significantly lower in the BIS group com-
pared with the non-BIS group, and the incidence of postopera-
tive delirium was significantly lower in the BIS group compared 
with the non-BIS group. These results showed that BIS-guided 
anesthesia can decrease anesthetic exposure, promote early 
postoperative recovery of attention network functions, and 
reduce the incidence of postoperative delirium in elderly pa-
tients undergoing surgery for colon carcinoma.

The optimal BIS level during surgery has been reported to be 
between 40–50 [16,19]. A finding of the present study was 

Factor
BIS group

(n=41)
Non-BIS group

(n=40)
P value

Alerting effect (ms)

 Postoperative day 1  13.44±7.52  12.60±7.89 0.626

 Postoperative day 5  26.12±16.20  13.95±9.60 <0.001

Orienting effect (ms)

 Postoperative day 1  23.15±16.56  22.63±18.37 0.894

 Postoperative day 5  33.90±18.60  25.28±16.60 0.031

Conflict effect (ms)

 Postoperative day 1  206.07±53.28  206.53±47.70 0.968

 Postoperative day 5  193.93±48.14  201.00±55.87 0.543

Accuracy (%)

 Postoperative day 1  91.88±3.47  91.45±2.21 0.512

 Postoperative day 5  92.63±3.11  90.45±9.41 0.163

Response time (ms)

 Postoperative day 1  1248.56±131.86  1220.65±213.56 0.480

 Postoperative day 5  1026.71±147.10  1003.38±208.60 0.562

Table 3. Attention network test efficiencies for patients in the two groups.

Data are presented as the mean ± standard deviation.
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that the total doses of propofol and remifentanil administered 
during surgery were significantly lower in the BIS group com-
pared with the non-BIS group. This finding is supported by 
previously published studies that have shown that BIS moni-
toring during surgery reduces the levels of general anesthetics 
administered [14,15,17,28], resulting in advantages that include 
shorter times to extubation, improved orientation in time and 
place, and earlier discharge from the operating room or post-
anesthetic care unit, as well as a lower risk of postoperative 
nausea and vomiting, resulting in reduced health costs [15,18].

Age, anesthesia, and surgery are risk factors for postoperative 
cognitive dysfunction (POCD) [6]. In the present study, BIS mon-
itoring was shown to significantly alleviate postoperative atten-
tion network impairment in elderly patients. Previous studies 
have shown that BIS monitoring can reduce postoperative cog-
nitive impairment. Chan et al. reported that patients with BIS 
monitoring during anesthesia had a lower rate of POCD at three 
months following surgery (10.2%) when compared with pa-
tients without BIS monitoring during anesthesia (14.7%) [17]. 
A meta-analysis of clinical studies also concluded that BIS 
monitoring reduced the incidence of POCD at three months 
after surgery [18].

The finding from the present study, that age was strongly cor-
related with alerting, is supported by the findings from a pre-
viously published study [5]. Therefore, elderly patients may 
be at particular risk of postoperative impairment of alerting 
function. In the current study, the alerting, orienting, and ex-
ecutive attention functions were significantly impaired in both 
groups of patients (the BIS group and the non-BIS group) at 
postoperative day 1 compared with the pre-operative values. 
At postoperative day 5, the alerting and orienting functions 
had recovered in the BIS group but not in the non-BIS group. 
The findings from the present study, that BIS monitoring re-
duced propofol dose and postoperative cognitive impairment, 
is supported by the findings from previous studies [15,20].

The mechanisms by which general anesthetics affect alerting, 
orienting, and executive attention functions and cause POCD re-
main unknown. It is possible that POCD may involve hippocam-
pal and extra-hippocampal dysfunction [29], and may be due to 
effects on changes in the levels of neurotransmitters, including 
norepinephrine, acetylcholine, and dopamine [24,30–33]. Since 
attention network functions have different anatomical loca-
tions and neurochemical mechanisms, it is possible to propose 
that propofol anesthesia may have more substantial effects 
on the frontal lobe, parts of the parietal lobe, and the tempo-
roparietal regions of the brain that are associated with exec-
utive control and orienting network functions.

In the present study, the incidence of delirium during the first 
five days after surgery was much lower in the BIS group com-
pared with the non-BIS group, which is a finding supported 
by previously published studies [16–18]. These findings fur-
ther support the potential benefits of BIS monitoring in elderly 
patients undergoing general anesthesia for major surgery.

This study had several limitations. The levels of biomarkers in 
the blood and cerebrospinal fluid (CSF) that might be related 
to cognitive changes were not measured. Also, patients may 
not be willing to undergo the ANT in the immediate postopera-
tive period or may provide responses that are affected by cog-
nitive changes. The study sample size in the two study groups 
was relatively small and further studies are required to con-
firm and extend the study findings. The follow-up period in 
this study was short, at only five days, and so the association 
of the ANT results and the long-term occurrence of POCD and 
delirium require further study. The CAM evaluation was admin-
istered in the morning to avoid disturbing the patients during 
their recovery, as most patients were resting or sleeping dur-
ing the evening and at night, but delirium typically manifests 
during the evening or night. Also, data regarding postopera-
tive opioid use in patient-controlled analgesia at the time of 
ANT was not recorded. Because opioid use can affect cognitive 
function, there is the possibility that that differences in post-
operative opioid use at the time of the ANT contributed to the 
observed differences between the study groups.

Conclusions

In elderly patients undergoing radical surgical resection of 
colon carcinoma, bispectral index (BIS) monitoring during an-
esthesia, assessed using the Attention Network Test (ANT) to 
study alerting, orienting, and executive functions, was associ-
ated with reduced intravenous propofol anesthetic exposure, 
early postoperative recovery of alerting and orienting func-
tions by postoperative day 5. In this patient group, the findings 
from the Confusion Assessment Method (CAM) showed that 
BIS monitoring during anesthesia reduced postoperative de-
lirium. The findings of this study support the use of BIS mon-
itoring to guide the administration of general anesthesia in 
elderly patients.
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