
Received: 2020.04.22
Accepted: 2020.07.23

Available online: 2020.08.13
Published: 2020.10.01

 3116   5   1   47

Comparison of Bispectral Index-Guided 
Individualized Anesthesia with Standard 
General Anesthesia on Inadequate Emergence 
and Postoperative Delirium in Elderly Patients 
Undergoing Esophagectomy: A Retrospective 
Study at a Single Center

 ACDEF 1 Yichen Yang*
 BCDEF 2 Chengjun Song*
 ACDEF 2 Chengwei Song
 ACDEFG 3 Chengwen Li

  * Yichen Yang and Chengjun Song contributed equally to this work
 Corresponding Author: Chengwen Li, e-mail: lichwen2008@126.com
 Source of support: This research was supported by Jining City Science and Technology Promoting plan on New and Old Kinetic Energy Conversion 

grant 2017SMNS0009

 Background: Elderly patients are susceptible to general anesthetics, with a higher bispectral index (BIS) at loss of conscious-
ness (LOC) achieved by propofol infusion compared with young patients. Overexposure to general anesthetics 
can have adverse effects such as inadequate emergence and postoperative delirium (PD). This study aimed to 
compare the effects of BIS-guided individualized anesthesia with standard general anesthesia on emergence 
and delirium after esophagectomy.

 Material/Methods: Data on 161 elderly patients undergoing esophagectomy for cancer were retrospectively obtained from elec-
tronic medical records. We performed propensity score matching analysis between patients receiving individ-
ualized anesthesia (BIS value maintained at about 10 less than the value at LOC) and those receiving stan-
dard anesthesia (BIS value maintained at 40–60). In addition, we conducted univariate and multivariate logistic 
 analyses in the entire cohort.

 Results: Patients receiving individualized anesthesia had higher BIS values and a lower propofol requirement during 
surgery than those receiving standard general anesthesia (P<0.05). The overall incidences of inadequate emer-
gence and PD were 37.9% and 18.0% (n=161), respectively. Logistic regression analysis revealed that the in-
dependent risk factors for PD were organic brain disease (odds ratio [OR] 6.308; 95% confidence interval [CI] 
2.458–16.187) and inadequate emergence (OR 4.063; 95% CI 1.645–10.033).

 Conclusions: BIS-guided individualized anesthesia (lighter) does not reduce inadequate emergence or PD compared with 
standard general anesthesia in elderly patients undergoing esophagectomy. Independent risk factors for PD 
include organic brain disease and inadequate emergence.

 MeSH Keywords: Anesthesia, General • Delayed Emergence from Anesthesia • Delirium • Esophagectomy • 
Postoperative Complications

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/925314

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Anesthesiology, Zoucheng People’s Hospital, Zoucheng, Shandong, 
P.R. China

2 Department of Anesthesiology, Jining No. 1 People’s Hospital, Jining Medical 
University, Jining, Shandong, P.R. China

3 Department of Anesthesiology, Beijing Friendship Hospital, Capital Medical 
University, Beijing, P.R. China

e-ISSN 1643-3750
© Med Sci Monit, 2020; 26: e925314

DOI: 10.12659/MSM.925314

e925314-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

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

DATABASE ANALYSIS



Background

As the world population ages, the proportion of elderly pa-
tients requiring surgical services and anesthesia is increasing 
rapidly [1,2]. Less anesthetic is required to achieve the same 
hypnotic state in elderly patients compared with younger pa-
tients [3]. The lower requirement for anesthetics in elderly pa-
tients is attributed to age-related declines in cardiovascular, re-
spiratory, hepatic, and renal function [4]. However, the primary 
action sites of general anesthetics are in the central nervous 
system. The anatomy and physiology of brain also show age-re-
lated changes, such as cortical thinning [5], decreased numbers 
of dendritic spines of the pyramidal neurons [6], loss of white 
matter and ventricle enlargement [7], declines in neuroprotec-
tion and neurogenesis mechanisms [8], and increased suscep-
tibility to oxidative stress and inflammation [9]. Therefore, it is 
not surprising that elderly patients are susceptible to adverse 
effects from general anesthetics. However, the neurotoxicity 
of general anesthetics is unclear [10–12].

The bispectral index (BIS) serves as an objective indicator 
based on electroencephalographic (EEG) analysis. It is widely 
used to track the level of unconsciousness and to guide an-
esthetic administration, so as to reduce the risk of awareness 
and to improve postoperative recovery [13,14]. Overexposure 
to general anesthetics can have adverse effects such as in-
adequate emergence and postoperative delirium (PD). Prior 
studies have found a reduced incidence of PD and cognitive 
decline [12,15–18], and even reduced morbidity and mortali-
ty [19–22], when anesthesia is performed with the guidance 
of BIS monitoring or when the BIS is targeted to a higher val-
ue. PD occurs frequently, affecting up to 50% of elderly pa-
tients (³65 years), and it is associated with short- and long-
term negative outcomes, such as increased length of hospital 
stay, cognitive decline, and postdischarge mortality [22–25]. 
Nonetheless, the effects of depth of anesthesia on postoper-
ative cognition are controversial.

BIS values of 40–60 have been suggested to be appropri-
ate for surgical anesthesia. Previous studies demonstrated a 
higher BIS value at loss of consciousness (LOC) achieved by 
propofol infusion in elderly patients compared with young 
patients [26,27]. However, standard general anesthesia main-
tained at BIS values of 40–60 may be deeper or too deep in 
elderly patients. A BIS-guided individualized anesthesia tech-
nique was used in elderly patients undergoing esophagecto-
my for cancer in our institute to avoid unexpected deep an-
esthesia and to improve postoperative emergence. Compared 
with standard general anesthesia, the BIS-guided individualized 
anesthesia was based on maintaining the BIS value at about 
10 less than the value at LOC as determined by the combined 
Observer’s Assessment of Alertness/Sedation Scale (OAA/S) 
in each patient. However, little is known about the benefits 

of this individualized anesthesia in elderly patients. Thus, we 
performed a retrospective cohort study with propensity score-
matched analysis in these patients to evaluate the effects of 
the BIS-guided individualized anesthesia on inadequate emer-
gence from anesthesia and PD.

Material and Methods

Participants and study design

This retrospective cohort study was approved by the Ethics 
Committee of Jining No. 1 people’s hospital on October 16, 
2018 (#2018-006). The informed written consent was waived 
because the study was only analyzing data from previous 
medical records obtained between January 2015 and August 
2018. Eligibility criteria for the current study were esophagec-
tomy for cancer, age ³65 years, total intravenous anesthesia, 
and BIS monitoring. Patients with missing data or periopera-
tive administration of hypnotics were excluded. Data and pa-
tient identification were processed anonymously before analy-
sis. The patients were divided into 2 groups based on how the 
targeted BIS values were obtained: standard general anesthe-
sia group (group S, BIS value maintained at 40–60) and indi-
vidualized anesthesia group (group I, BIS value maintained at 
about 10 less than the value at LOC). The group division was 
not blindly randomized. Patients included in the final analysis 
in group I were from those undergoing esophagectomy, fol-
lowing the acquisition of fund support and ethical approval 
for individualized anesthesia in 2017, while patients in group 
S were mainly from before then.

Anesthetic management

The applicability of thoracic paravertebral block or epidural an-
esthesia was determined by the anesthesiologists in charge. 
One or the other was performed at the level of T7/8 before in-
duction with propofol. All patients received BIS-guided total in-
travenous anesthesia. BIS was continuously monitored with a 
BeneView T8 Mindray monitoring device (Mindray International 
Medical Co., Ltd., Shenzhen, China). A BIS value was developed 
by a built-in EEG analysis algorithm every 15 s and automat-
ically recorded at an interval of 10 min.

In group I, the BIS value at LOC achieved with propofol ad-
ministration was determined first. LOC was defined as no re-
sponse to verbal commands or mild shaking, score 1 on the 
OAA/S scale. Propofol (Fresenius Kabi Austria GmbH, Graz, 
Austria) 0.5 mg/kg was injected intravenously every 15 s, and 
meanwhile, the patient was asked to open his or her eyes 
by verbal command and mild shaking of the shoulder un-
til LOC. The number shown on the BIS monitor immediately 
after unconsciousness was defined as the BIS value at LOC. 
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After that, propofol infusion was started at 3 to 5 mg/kg/h to 
achieve a BIS value of about 10 less than the value at LOC, and 
then sufentanil (Yichang Humanwell Pharmaceutical Co., Ltd, 
Yichang, China) 0.3 μg/kg and cisatracurium (Jiangsu Hengrui 
Pharmaceutical Co., Ltd, Lianyungang, China) 0.2 mg/kg were 
administered intravenously. Two minutes after cisatracuri-
um administration, an endotracheal tube was placed into the 
trachea. The rate of propofol infusion was adjusted to main-
tain the real BIS value during surgery at about 10 less than 
the BIS value at LOC. In group S, anesthesia was induced with 
propofol 1–2 mg/kg, sufentanil 0.3 μg/kg, and cisatracurium 
0.2 mg/kg for endotracheal intubation, and maintained at a 
BIS value of around 50 with propofol infusion during surgery. 
If the real BIS deviated from the setpoint by more than 10 
during surgery, the rate of propofol infusion was modified in 
both groups. Cisatracurium 0.1–0.2 mg/kg/h and remifentanil 
(Yichang Humanwell Pharmaceutical Co., Ltd, Yichang, China) 
3–5 μg/kg/h were infused following intubation. Cisatracurium 
5 mg was administered to improve muscle relaxation, and suf-
entanil 10 μg was used to improve intraoperative analgesia, 
as necessary. Cisatracurium and remifentanil were discontin-
ued, and sufentanil 0.1 μg/kg was administered about 30 min 
before the end of surgery. Propofol infusion was discontinued 
at the end of the skin suture. Neostigmine (Shanghai Xinyi 
Pharmaceutical Co., Ltd, Shanghai, China) 0.04 mg/kg and at-
ropine (Tianjin Jinyao Pharmaceutical Co., Ltd, Tianjin, China) 
0.02 mg/kg were given to reverse residual muscle relaxation at 
the end of surgery. Postoperative analgesia was provided with 
either intravenous sufentanil 0.06 μg/kg/h or epidural ropiva-
caine (AstraZeneca AB, Sodertalje, Sweden) 0.2% at 2 mL/h via 
a patient-controlled analgesia pump (Jiangsu Aipeng Medical 
Technology Co. LTD, Nantong, China).

Data collection

All evaluated parameters were obtained by reviewing the elec-
tronic medical records, including demographics, BIS values and 
anesthetic requirements, emergence after anesthesia and PD, 
and perioperative adverse events. The primary outcomes in-
cluded inadequate emergence and PD. The secondary outcomes 
were the BIS values during surgery, anesthetic requirements, 
awareness, and other perioperative adverse events. Inadequate 
emergence, PD, and awareness were assessed using the Riker 
sedation-agitation scale (SAS) in the postanesthetic care unit, 
the confusion assessment method every day within 7 postop-
erative days, and the Brice Questionnaire immediately before 
discharge from the postanesthetic care unit and on the 7th 
postoperative day by a nurse anesthetist who had undergone 
training on the use of these evaluation tools and was not in-
volved in the management of the patients. Inadequate emer-
gence included 2 types of emergence agitation and hypoactive 
emergence, as defined in previous studies [28,29]. Emergence 
agitation was defined with an SAS score of ³5 in this study, 

and hypoactive emergence was defined with an SAS score of 
£2 maintaining ³30 min from termination of propofol infusion 
as in our previous study [30].

Statistical analysis

All statistical tests were performed using SPSS (version 19.0; 
SPSS Inc.). The normality of the distribution was determined 
using the Kolmogorov-Smirnov test. Data were expressed as 
means±standard deviation (SD) for quantitative variables with 
normal distribution (e.g., age, weight, height), median (inter-
quartile range, IQR) for quantitative variables with non-normal 
distribution (e.g., duration of surgery, BIS values at baseline, 
requirement of propofol for induction), and number (percent) 
for categorical variables (e.g., sex, ASA classification, comor-
bidities). The unpaired t test, Mann-Whitney U-test, and chi-
square test or Fisher’s exact test were performed for statisti-
cal analysis as appropriate. Propensity score matching analysis 
was used to allow an unbiased comparison. Propensity score 
was calculated using a logistic regression model based on an-
esthetic type (0=standard general anesthesia, 1=individualized 
anesthesia) as the binary treatment indicator, with the follow-
ing covariates: age, sex, body mass index, ASA classification, 
anesthetic technique, minimally invasive approach, and du-
ration of surgery. A 1: 1 match between individualized anes-
thesia and standard general anesthesia groups was achieved 
using the nearest neighbor matching algorithm with a cali-
per definition of 0.02. The demographic and intervening vari-
ables associated with PD were analyzed by univariate analysis. 
Variables with a P-value <0.1 in univariate analysis, including 
age, ASA classification, organic brain disease, BIS baseline, 
inadequate emergence, and perioperative blood transfusion, 
were entered in multivariate logistic regression model. Odds 
ratios (OR) and 95% confidence intervals (CI) were calculat-
ed as estimates of relative risk. A value of P<0.05 was consid-
ered statistically significant.

Results

Study population

One hundred sixty-one patients were eligible for this cohort 
analysis, out of 551 patients who received esophagectomy 
during the study period. After propensity score matching, 58 
patients in each group were selected (Figure 1). The demo-
graphic variables before and after propensity matching are pre-
sented according to the anesthetic type in Table 1. Although 
there were significant differences in duration of surgery be-
tween groups before propensity score matching, no significant 
difference was observed after matching (Table 1).
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Depth of anesthesia and requirements of anesthetics

Patients in group I had higher BIS values during surgery and 
a lower requirement for propofol for induction and mainte-
nance, compared with those in group S, regardless of propen-
sity matching (Table 2). No significant difference was observed 
in consumption of sufentanil, remifentanil, or cis-atracuri-
um during surgery between groups, regardless of propensi-
ty matching (Table 2).

Emergence after anesthesia and PD

The eye-opening time and the extubation time were lower in 
group I than in group S, regardless of propensity matching 
(Table 3). No significant difference was found between groups 
in inadequate emergence (including emergence agitation and 
delayed emergence) and the occurrence of PD, regardless of 
propensity matching (Table 3).

Adverse events

No significant difference was found between groups in intra-
operative cardiovascular events (including hypertension and 
hypotension), perioperative blood transfusion, intensive care 
unit admission, secondary surgery, and mortality in hospital, 
whether propensity matching or not (Table 4). Possible aware-
ness occurred in only one patient in group I, who received an 
epidural anesthesia with total intravenous anesthesia for sur-
gery (Table 4).

Risk factors for PD

The incidence of PD was similar between groups before and 
after propensity score matching. The overall incidence of PD 
was 18.0% (n=161, Table 3). Table 5 summarizes the results 
of both the univariate and multivariate analyses of the risk 
factors for PD. On multivariate analysis, the independent risk 
factors for PD were organic brain disease (OR 6.308; 95% CI 
2.458–16.187) and inadequate emergence (OR 4.063; 95% CI 
1.645–10.033).

Discussion

This retrospective study explored the effects of individualized 
anesthesia on postoperative emergence and PD, guided by the 
BIS value at LOC. As the BIS values during surgery showed, 
anesthetic depth was lighter in patients receiving individu-
alized anesthesia than those receiving standard anesthesia. 
Individualized anesthesia reduced propofol requirement and 
shortened emergence from anesthesia compared with stan-
dard general anesthesia. However, no significant difference 
was observed in emergence quality and the occurrence of PD 
between the 2 anesthetic regimens, in either the entire cohort 
or the propensity-matched cohort analysis.

Behavioral disturbances are not uncommon in the perioper-
ative period. Inadequate emergence occurs in 8.2% to 15% 
of a population regardless of age, surgical type, or anesthetic 
type [28,29]. However, Neufeld and colleagues [23] described 
a higher incidence of emergence agitation, up to 45%, in pa-
tients aged ³70 years undergoing major surgical procedures. 
In this study, emergence agitation occurred in 32.9% of the 
patients overall. Hypoactive emergence, which was considered 
to be the equivalent of delayed emergence as in our previous 
study [30], occurred in 6.2% of the patients overall. However, 
as our results showed, individualized anesthesia did not re-
duce the risk of inadequate emergence compared with stan-
dard general anesthesia. A recent study demonstrated that 
BIS-guided closed-loop intravenous anesthesia markedly de-
creased emergence delirium due to a higher adequate level 
of anesthesia [31].

In previous studies, PD was associated with deeper anesthe-
sia or burst depression of ECG, and BIS-guided anesthesia re-
duced the occurrence of PD [15–18]. However, these conclu-
sions were not supported in several recent studies [32,33]. 
The brain of elderly patients is vulnerable to general anes-
thetics. Theoretically, BIS-guided individualized anesthesia 
could be helpful to provide an appropriate depth of anes-
thesia (not too deep or too light). Prior studies found a high-
er BIS value at LOC in elderly patients [26,27]. In the current 
study, we found that the BIS value at LOC was 75.0±5.5 in 

Patients undergoing esophagectomy
(n=551)

Age ≥65 years
(n=336)

Total intravenous anesthesia
(n=229)

BIS monitoring
(n=184)

23 patients with missing data
or hypnotics application

Individualized anesthesia: BIS indices
maintained at about 10 less than the

BIS value at LOC (Group I, n = 66)

Standard general anesthesia: BIS
indices maintained at 40–60

(Group S, n=95)

Propensity score matchingGroup I
(n=58)

Group S
(n=58)

Figure 1.  Flow diagram of patient enrollment in this study. 
BIS – bispectral index; LOC – loss of consciousness.
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elderly patients aged ³65 years, similar to that reported by 
Lysakowski and colleagues [26]. Despite the anesthetic depth 
being individualized and possibly more appropriate in elderly 
patients receiving individualized anesthesia than in those re-
ceiving standard anesthesia, our results showed no difference 

in the occurrence of PD between the 2 anesthetic regimens. 
Intraoperative awareness was an adverse event during indi-
vidualized anesthesia due to possible awareness occurring in 
one patient. In the current study, the setpoint of anesthesia 
depth was maintained at about 10 less than the BIS value at 

Variable

Before matching After matching

Group I
(n=66)

Group S
(n=95)

P-value
Group I
(n=58)

Group S
(n=58)

P-value

Age, yr  70.2±4.3  70.3±4.1 0.856  70.2±4.1  70.2±3.7 0.962

Male, n (%)  43 (65.2)  67 (70.5) 0.471  39 (67.2)  39 (67.2) 1.000

Weight, kg  60.4±10.1  61.6±12.1 0.504  61.0±10.2  58.9±9.9 0.249

Height, cm  164.6±7.5  164.3±7.9 0.756  165.0±7.4  163.2±7.0 0.176

BMI  22.2±3.0  22.7±3.1 0.365  22.3±3.0  22.0±3.0 0.584

ASA classification ³3, n (%)  32 (48.5)  53 (55.8) 0.361  28 (48.3)  29 (50.0) 1.000

Comorbidities

 Hypertension, n (%)  23 (34.8)  31 (32.6) 0.770  19 (32.8)  16 (27.6) 0.544

 Coronary artery disease, n (%)  25 (37.9)  30 (31.6) 0.407  22 (37.9)  21 (36.2) 0.848

 Diabetes mellitus, n (%)  9 (13.6)  5 (5.3) 0.064  8 (13.8)  4 (6.9) 0.361

 COPD, n (%)  17 (25.8)  22 (23.2) 0.705  14 (24.1)  9 (15.5) 0.244

 Organic brain disease, n (%)  9 (13.6)  22 (23.2) 0.132  8 (13.8)  13 (22.4) 0.228

 Previous malignancy, n (%)  4 (6.1)  1 (1.1) 0.180  4 (6.9)  0 (0) 0.119

Anesthtic technique

 TIVA only, n (%)  17 (25.8)  23 (24.2)  17 (29.3)  13 (22.4)

 TIVA with PVB, n (%)  34 (51.5)  60 (63.2) 0.191  30 (51.7)  37 (63.8) 0.419

 TIVA with EA, n (%)  15 (22.7)  12 (12.6)  11 (19.0)  8 (13.8)

Minimally invasive approach, n (%)  19 (13.6)  38 (0.40) 0.143  18 (31.0)  20 (34.5) 0.692

Type of surgical procedure

 Sweet, n (%)  44 (66.7)  51 (53.7)  37 (63.8)  33 (56.9)

 McKeown, n (%)  21 (31.8)  42 (44.2) 0.257  20 (34.5)  24 (41.4) 0.744

 Ivor-Lewis, n (%)  1 (1.5)  2 (2.1)  1 (1.7)  1 (1.7)

Duration of anesthesia1, min  252.2±52.5  268.2±60.6 0.084  251.2±54.5  268.7±65.2 0.119

Duration of surgery2, min
221 

(200–272)
240 

(212–283)
0.045

220 
(196–274)

239 
(209–278)

0.104

Intraoperative fluid infusion, ml  2164±481  2292±611 0.142  2178±501  2213±580 0.731

Table 1. Patient demographics between groups before and after propensity score matching.

Values are expressed as mean±SD, n (%), or median (IQR). Groups: I, BIS indices maintained at about 10 less than the BIS value at 
LOC; S, BIS indices maintained at 40–60. LOC – loss of consciousness; BMI – body weight index; BIS – bispectral index; ASA – American 
Society of Anesthesiologist; COPD – chronic obstructive pulmonary disease; TIVA – total intravenous anesthesia; PVB – paravertebral 
block; EA, epidural anesthesia. 1 Duration of anesthesia: the time from anesthetic induction to the termination of propofol infusion; 
2 Duration of surgery: the time from skin incision to skin suture.
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Variable

Before matching After matching

Group I
(n=66)

Group S
(n=95)

P-value
Group I
(n=58)

Group S
(n=58)

P-value

BIS at baseline  97 (94–97)  97 (94–98) 0.489  97 (94–97)  97 (94–98) 0.800

BIS at LOC  75.0±5.5 n.a. n.a.  74.8±5.6 n.a. n.a.

BIS minimal during surgery  47.6±6.5  38.0±7.3 0.000  48.1±6.6  38.1±7.8 0.000

BIS maximal during surgery  68.2±6.2  60.0±6.3 0.000  68.4±6.4  60.3±5.0 0.000

BIS average during surgery  57.9±5.4  49.3±5.4 0.000  58.3±5.6  49.2±5.4 0.000

Requirements of anesthetics during surgery

 Propofol for induction, mg
75 

(57.5–100)
100 

(75–120)
0.000

75 
(60–100)

100 
(75–120)

0.003

  Propofol for maintenance, 
mg·kg–1·h–1  3.6±1.4  4.5±1.9 0.001  3.7±1.4  4.4±1.9 0.013

 Sufentanil, μg/kg  0.62±0.14  0.67±0.16 0.159  0.62±0.14  0.66±0.16 0.160

 Remifentanil, μg·kg–1·h–1 4.20 
(4.11–4.28)

4.15 
(4.06–4.23)

0.088
4.20 

(4.11–4.27)
4.15 

(4.04–4.24)
0.177

 Cisatracurium, mg·kg–1·h–1 0.126 
(0.124–0.128)

0.125 
(0.123–0.128)

0.413
0.126 

(0.124–0.130)
0.125 

(0.123–0.127)
0.235

Table 2. Comparison of bispectral values and anesthetic requirements between groups before and after propensity score matching.

Values are expressed as median (IQR) or mean±SD. Groups: I, BIS indices maintained at about 10 less than the BIS value at LOC; 
S, BIS indices maintained at 40–60. LOC – loss of consciousness; BIS – bispectral index; n.a. – not available.

Variable

Before matching After matching

Group I
(n=66)

Group S
(n=95)

P-value
Group I
(n=58)

Group S
(n=58)

P-value

Eye-opening time1, min  11 (8–15)  15 (12–20) 0.000  11 (8–15)  16 (12–20) 0.000

Extubation time2, min  12.5 (9–16)  17 (13–22) 0.000  13 (9–17)  17 (14–20) 0.000

Inadequate emergence  20 (30.3)  41 (43.2) 0.098  18 (31.0)  25 (43.1) 0.178

Emergence agitation3, n (%)  18 (27.3)  35 (36.8) 0.204  14 (24.1)  20 (34.5) 0.221

Delayed emergence4, n (%)  4 (6.1)  6 (6.3) 1.000  4 (6.9)  5 (8.6) 1.000

Postoperative delirium, n (%)  9 (13.6)  20 (21.1) 0.228  7 (12.1)  12 (20.7) 0.210

Table 3.  Comparison of emergence after anesthesia and postoperative delirium (PD) between groups before and after propensity score 
matching.

Values are expressed as median (IQR) or n (%). Groups: I, BIS indices maintained at about 10 less than the BIS value at LOC; S, BIS 
indices maintained at 40–60. PD – postoperative delirium; BIS – bispectral index; LOC – loss of consciousness, SAS – Riker sedation-
agitation scale; PACU – postanesthetic care unit. 1 Eye-opening time: the time from the termination of propofol infusion to eye-
opening on verbal command; 2 Extubation time: the time from the termination of propofol infusion to the tube removal out of the 
tracheal; 3 Emergence agitation: SAS score ³5 at 1 min after extubation and in PACU; 4 Delayed emergence: duration ³30 min with SAS 
score £2 from termination of propofol infusion.
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variable
 Univariate Multivariate

OR 95% CI P-value OR 95% CI P-value

Individualized vs. standard anesthesia 0.592 0.251–1.398 0.232

Age 1.113 1.016–1.220 0.021

BMI 0.992 0.869–1.132 0.902

Gender (Male vs. Female) 0.711 0.308–1.643 0.425

ASA classification ³3 4.328 1.655–11.318 0.003

Organic brain disease 6.767 2.761–16.585 0.000 6.308 2.458–16.187 0.000

Minimally invasive approach 0.522 0.208–1.310 0.166

Anesthesia technique

 GA 1 Referent

 GA+EA 0.570 0.231–1.406 0.222

 GA+PVB 0.916 0.277–3..031 0.886

Duration of anesthesia 1.001 0.995–1.008 0.685

Duration of surgery 1.002 0.995–1.009 0.623

Intraoperative fluid infusion 1.000 0.999–1.001 0.983

BIS baseline 0.887 0.797–0.989 0.030

BIS minimal during surgery 1.026 0.978–1.076 0.296

BIS maximal during surgery 0.989 0.938–1.043 0.688

Hypertension during surgery 0.592 0.251–1.398 0.232

Hypotension during surgery 1.991 0.850–4.664 0.113

Inadequate emergence 4.370 1.866–10.234 0.001 4.063 1.645–10.033 0.002

Perioperative blood transfusion 2.913 1.045–8.120 0.041

Table 5. Univariate and multivariate analyses of factors associated with postoperative delirium (PD) in the entire cohort.

PD – postoperative delirium; BMI – body weight index; ASA – American Society of Anesthesiologist; GA – general anesthesia; 
PVB – paravertebral block; EA – epidural anesthesia; BIS – bispectral index; OR – odd ratios; CI – confidence intervals.

Variable

Before matching After matching

Group I
(n=66)

Group S
(n=95)

P-value
Group I
(n=58)

Group S
(n=58)

P-value 

Hypertension1, n (%)  28 (42.4)  38 (0.40) 0.758  24 (41.4)  25 (43.1) 0.851

Hypotension2, n (%)  21 (31.8)  21 (22.1) 0.167  18 (31.0)  12 (20.7) 0.203

Blood transfusion3, n (%)  7 (10.6)  13 (13.7) 0.560  6 (10.3)  6 (10.3) 1.000

ICU admission, n (%)  1 (1.5)  4 (4.2) 0.649  1 (1.7)  3 (5.2) 0.618

Second surgery, n (%)  1 (1.5)  0 (0) 0.410  1 (1.7)  0 (0) 1.000 

In-hospital mortality, n (%)  1 (1.5)  1 (1.1) 1.000  1 (1.7)  1 (1.7) 1.000

Awareness, n (%)  1 (1.5)  0 (0) 0.410  0 (0)  0 (0) 1.000

Table 4. Comparison of adverse events between groups before and after propensity score matching.

Values are expressed as mean±standard deviation or number of patients (n, %). Groups: I, BIS indices maintained at about 10 
less than the BIS value at LOC; S, BIS indices maintained at 40–60. ICU – Intensive Care Unit; BIS – bispectral index; LOC – loss of 
consciousness. 1 Hypertension: use of any vasodilator during surgery to maintain systolic blood pressure no more than 140 mmHg; 
2 Hypotension: use of any vasopressor during surgery to maintain systolic blood pressure no less than 90 mmHg; 3 Blood transfusion: 
the number of patients receiving blood transfusion during surgery and/or after surgery.
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LOC in patients receiving individualized anesthesia, thus reduc-
ing the fluctuation of the BIS value above that at LOC and the 
risk of accidental awareness due to study design. A previous 
study reported that no awareness occurred in patients aged 
³60 years, who received light anesthesia with an average BIS 
value of 62.6±1.5, with the maximum BIS value set at 65 [34], 
which was similar to the average BIS value of 57.9±5.4 in el-
derly patients receiving individualized anesthesia in the current 
study. One patient with possible awareness did not indicate 
that the BIS-guided individualized anesthesia was associated 
with an increased likelihood of awareness.

PD is a common surgical complication in patients undergo-
ing esophagectomy, and it is associated with negative out-
comes, such as increased incidence of postoperative compli-
cations and mortality after discharge [35]. Two recent studies 
reported that the incidence of delirium after esophagecto-
my ranged from 16.9% to 32% [36,37], which may not be sig-
nificantly different from that of 9.2% to 26% and up to 50% 
reported in several earlier studies [35,38,39]. In the present 
study, PD occurred in 18.0% of the patients overall. We con-
firmed that 2 predisposing factors were associated with de-
lirium after esophagectomy, including organic brain disease 
and inadequate emergence. Presurgical cognitive impairment 
is an independent risk factor for delirium development after 
multiple types of surgical procedures including esophagecto-
my [40], and patients with organic brain disease have an in-
creased likelihood of preexisting cognitive decline. However, 
presurgical assessment of cognitive function is not routinely 
conducted in our clinical practice. Emergence agitation, one 
type of inadequate emergence, is also identified as a fac-
tor associated with PD [23]. In contrast to delirious children 
who present as hyperactive with crying and agitation, elder-
ly patients with PD in postoperative intensive care unit pres-
ent primarily with a hypoactive form [41,42]. It is still debat-
ed whether hypoactive emergence is a form of delirium or 
simply delayed emergence from anesthesia. Our study found 
no association of duration of surgery or perioperative blood 
transfusion with PD, consistent with the results reported by 
Takeuchi and colleagues [38]. Our findings also showed that 
minimally invasive surgery and combined nerve block were not 
protective against PD, contrary to the report by Dezube and 
colleagues [37]. Delirium is also thought to be the sequela of 
other complications, such as pneumonia and respiratory com-
plications [21,35], but the relevant data were lacking for many 
patients in our medical records system.

Several limitations should be considered when interpreting the 
results from our analysis. First, this study had a retrospective 
design. Certain confounding factors may affect the results of 
our study despite our attempt to address the possibility through 
a propensity score matching analysis. Second, this study was 
based on data from a single center. BIS-guided individualized 

anesthesia was an attempt in our institute to provide appro-
priate anesthesia, not lighter anesthesia in elderly patients. 
Our small sample size could have reduced the power to de-
tect clinically important differences in some of the outcomes, 
such as individualized anesthesia (lighter) on PD. Two recent 
randomized trials still demonstrated the potential benefits of 
lighter anesthesia [34,43]. In one of these studies, lighter seda-
tion (BIS values of 82.3±9.4) reduced the development of delir-
ium in elderly patients with a Charlson comorbidity index of 0, 
compared with heavier sedation (BIS values of 57.0±14.8) by 
subgroup analysis [43]. In the other study, lighter anesthesia 
(BIS values of 62.6±1.5) decreased the development of postop-
erative cognitive dysfunction in elderly patients receiving total 
knee replacement [34]. Moreover, because the BIS value devel-
oped by a built-in EEG analysis algorithm supposes the same 
level of consciousness independent of the anesthetic agent, 
age, and preexisting cognitive status of the patient, it is wide-
ly considered to be inherently inconsistent with the real level 
of unconsciousness [42]. Different anesthetic agents produce 
different EEG patterns [44], and the EEG pattern produced by 
the same anesthetic agent can vary among individuals owing 
to age and neurodegenerative disease status [45]. Therefore, 
an inconsistency between the BIS value and the real level of 
unconsciousness could mask the beneficial effects of individ-
ualized anesthesia or anesthetic depth on PD. A recent study 
found that BIS-guided deep anesthesia reduced early postop-
erative cognitive decline and inhibited postoperative periph-
eral inflammation in elderly patients [46]. A third limitation in-
volves pain severity, which is a known factor associated with 
PD [47]. The quality and the type of analgesia were not tak-
en into account in our study because all patients were given 
sufentanil 0.1 μg/kg at about 30 min before the end of the 
surgery, patient-controlled intravenous or epidural analgesia, 
and additional analgesics as needed. In addition to the small 
study sample size used to compare 2 regimens of anesthesia, 
this retrospective study did not include the use of propensi-
ty score matching to study additional variables, such as peri-
operative laboratory findings, fluid balance, and surgical pro-
cedures. Further large-scale, multicenter prospective studies 
are required to determine whether BIS-guided individualized 
anesthesia can be recommended for elderly patients under-
going esophagectomy.

Conclusions

In conclusion, BIS-guided individualized anesthesia (lighter) 
does not reduce inadequate emergence or PD in elderly pa-
tients undergoing esophagectomy compared with standard 
general anesthesia. Independent risk factors for PD include 
organic brain disease and inadequate emergence. The poten-
tial benefits of BIS-guided individualized anesthesia in elder-
ly patients warrant exploration in further studies.
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