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Abstract: Background: Studies concerning BIS levels and the probability of recall during endotracheal anesthesia
are rare, since it would be harmful to patients if the depth of anesthesia was intentionally lightened. Present authors
estimated BIS50 and BIS95 for lack of recall of music during recovery from sevoflurane balanced endotracheal
anesthesia. Methods: This prospective cohort study was performed to estimate BIS50 and BIS95 for lack of recall
of music during recovery from sevoflurane balanced anesthesia. Randomly selected songs were applied to the
participants at different levels of BIS at PACU. This sequential trial consisted of two stages. In the first stage, pro-bit
analysis of the up-and-down sequential portion of the study was used to estimate BIS50. In the second stage, the
continual reassessment method was used to estimate BIS95. Results: A total of 69 patients completed the trial (n =
29 for the first stage and n = 40 for the second stage). BIS50 (95% CI) for lack of recall of music was estimated to be
84 (80.9-87.6), while BIS95 (95% CI) was estimated to be 79 (95% CI, 78.8-79.1). Conclusion: The current study revealed that BIS50 and BIS95 results, for lack of recall of music during recovery from endotracheal sevoflurane balanced anesthesia, were 84 and 79, respectively. This study also illustrates the value of CRM in BIS95-finding trials.
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Introduction
Recall of awareness is the postoperative recollection of events occurring during general anesthesia. Patients experiencing this find it to be
a terrible experience. Some go on to develop
post-traumatic stress disorder [1]. It has been
established that BIS is closely correlated with
the concentration of anesthetics and hypnotic
state [2-4]. Many studies have indicated that
BIS-guided anesthesia reduces the risk of
awareness in patients undergoing endotracheal general anesthesia [5, 6]. Most studies about
the relationship between BIS levels and probability of recall studies have been performed
on volunteers under intravenous sedation or
patients under regional anesthesia, combined
with intravenous sedation [3, 4, 7, 8]. BIS levels
between 40 and 60 are considered suitable for
surgical anesthesia, ensuring no awareness [9].
However, some patients had no response to

doctor’s orders when the BIS index increased to
over 70 or 80 during recovery from sevoflurane
balanced endotracheal anesthesia. The BIS
level when patients begin to receive auditory
messages and form memory before being wide
awake remains unknown. To evaluate this vulnerable BIS level, the current study tested
music recall on clinical patients during recovery
from endotracheal anesthesia.
The up-and-down study design method has
been widely applied to determine doses or concentrations to produce an effect in half of the
subjects [10, 11]. This approach is suitable for
estimating ED50, but not ED95, which has
more clinical importance. The continual reassessment method (CRM) is an approach to the
design and analysis of Phase 1 clinical trials for
cancer treatments [12]. Recently, several studies have reported the use of CRM for ED95
dose-finding in regional block [13-15]. The cur-

Estimating BIS50 and BIS95 during the recovery from endotracheal anaesthesia
rent study conducted a trial using the up-anddown method and CRM to estimate the BIS50
and BIS95 for lack of recall of music in PACU.
Materials and methods
Recruitment
This prospective cohort study was conducted
at a tertiary hospital with more than 30,000
patients, under general anesthesia, admitted
for elective surgery per year. This study was
registered on July 23, 2017, in the Chinese
Clinical Trial Registry (ID: ChiCTR-OPN-170
12097). The registration information can be
found on the following website: http://www.
chictr.org.cn/showproj.aspx?proj=20262. The
Ethics Committee of the First Hospital of Jilin
University, Changchun, China, approved the
study on June 30, 2017 (Approval No. of Ethics
Committee: AF-IRB-032-04). Written informed
consent was obtained from all patients prior to
enrollment. Patients were told that they would
be provided with headphones to listen to music
during recovery. Between July 26, 2017, and
October 21, 2017, a total of 76 subjects,
American Society of Anesthesiologists (ASA)
stage I-II patients aged between 18 and 64
years, undergoing abdominal surgery with muscle relaxant endotracheal anesthesia, were
referred by the anesthesiologist for initial
screening. Patients with impaired cognition,
auditory acuity, history of brain surgery, or history of strokes were excluded from the study.
General anesthesia protocol
All patients received general anesthesia with
tracheal intubation. Anesthesia was induced
with fentanyl 2 µg/kg, propofol 1-2 mg/kg, and
cisatracurium 0.15 mg/kg. it was maintained
with propofol 5-12 mg/kg/h and inhalation of
sevoflurane 1.5-3%, remifentanil 0.25-4 µg/
kg/min, and cisatracurium 3 µg/kg/min. After
surgery, fentanyl 2 µg/kg and paracetamol 1 g
were given.
Perioperative monitoring included ECG, pulse
oximetry, blood pressure, capnography, and
BIS index (BIS VISTATM, Covidien Company,
US). Depth of sedation was adjusted according
to BIS number (40-60) during the operation.
When surgical procedures were completed, all
intravenous infusion of anesthetics and sevoflurane inhalation were discontinued. The
patients were transferred to PACU. During the
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1-2 minutes of the PACU transferring process,
ventilation was maintained through a bag respirator. ECG, pulse oximetry, and blood pressure
were monitored by portable monitors. Upon
arrival at the PACU, mechanical ventilation was
resumed. ECG, BIS index pulse oximetry, and
blood pressure were again monitored.
Music intervention protocol
Blinding: The first investigator (Dr. Teng) provided a randomly chosen song track (1 from 6)
to the patients via headphones. Songs were
selected from the most well-known fragments
of theme music of Chinese Four Great Classical
Novels and the Chinese National Anthem.
These are well known by almost every adult in
China. Music was initiated upon arrival at PACU and stopped when BIS reached the target
value. Another investigator, Dr. Wang, blinded
to the BIS level, administered questionnaire
surveys at 10 minutes after extubation.
Recall of music assessment
Patients were queried 10 minutes after extubation.
Questions included: What was the last thing
you remember before going to sleep? What was
the first thing you remember when you woke
up? Can you recall anything between? Did you
dream while you were asleep? Did you hear any
music while you were asleep? If yes, could you
recall the name or melody of the song? The following two kinds of results were considered
indicative that patients had remembered the
music. One, the patient reported that he or she
had heard music and could recall the name or
melody. Two, the patient reported that he or
she had heard music but could not recall the
name or melody. However, they could select the
correct song from the six randomly played
tracks.
BIS level allocation
The study was divided into two stages, as
shown in Figure 1.
Stage 1. The first stage was used to determine
the BIS50 and a priori probabilities of lack of
recall of 0.5, 0.75, 0.90, 0.95, 0.98, and 0.99,
respectively, using the up-and-down method
and pro-bit regression. The patients were set to
hear a piece of popular music (1 through 6)
Int J Clin Exp Med 2019;12(4):4020-4027
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Figure 1. Schematic representation of the up-and-down and CRM design.

through headphones at different BIS intervals.
The melody was randomly played within a
specified BIS interval. The initial BIS level during which music was played was ≤65.
The next target BIS level for the cessation of
music was selected using results from the previous patient. If that person remembered hearing music or if the patient regained consciousness and was extubated before the BIS value
reached the target value, the target BIS
value at which he or she ceased hearing music
was decreased by 5 for the next patient. If
the previous patient did not remember the
music, then the next target BIS level was
increased by 5.
Stopping rules: Establishing stopping rules
required the recruitment of more than 20
patients, with at least six turning points in the
same direction of the sequential allocation
response graph [16].
Stage 2. The second stage of the study was to
find a more precise BIS95 to prevent the recall
of music during recovery from general anesthesia. The continual reassessment method was
employed.
This study set out to recruit 40 patients, aiming
to obtain a reliable estimate of the BIS95 for
4022

lack of recall of music. The starting BIS level
was predetermined using a priori estimates
based on results from Stage 1. Subsequent BIS
levels were allocated based on the CRM.
Results for each cohort were, in turn, conveyed
to one of the researchers (Dr. Teng). He used
the BCRM package in R software to estimate
the target BIS value in the next cohort of
patients.
Statistical analysis
Personal and surgical data are presented as
medians (interquartile and range) or percentages. The BIS50 for lack of recall of music and
a priori probabilities of lack of recall of 0.5,
0.75, 0.90, 0.95, 0.98, and 0.99 were estimated through pro-bit analysis from data from the
up-and-down method. The ED95 dose was
defined as the 5th percentile of the dose-failure
relationship [14]. This study defined BIS95 for
lack of recall as the recall probability closest to
the 0.05 target. Moreover, this study chose k =
6 BIS levels, while corresponding recall probabilities were 0.5, 0.25, 0.10, 0.05, 0.02, and
0.01. The CRM was set up to assign new BIS
levels after each cohort of two subjects. Accurate methods were used to estimate the quantiles of posterior distribution. The first cohort
was administered the BIS level correspoInt J Clin Exp Med 2019;12(4):4020-4027
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Table 1. Characteristics of patients (n, number; SD, standard
deviation)
Variable
Age (y) [mean (range)]
Gender, male [n (%)]
Wt (kg) [mean (SD)]
Height (m) [mean (SD)]
Duration of anesthesia (min) [mean (SD)]
Duration of surgery (min) [mean (SD)]
Duration of music (min) [mean (SD)]

Total number of
patients n = 69
46.74 (20-64)
33 (48)
63.5 (11.8)
1.65 (0.08)
82.4 (37.3)
59.3 (30.8)
12.8 (5.7)

estimated with an updated recall
probability closest to the 0.05 target, chosen as the current BIS95.
The CRM continued until the
planned number of 40 subjects
was reached or the estimated probability of response was either too
low or too high for all dose levels
[17]. BIS-finding allocation was
performed using the BCRM package (http://www.jstatsoft.org/v54
/i13/) of the R software version
3.3.3 (R CRAN, Vienna, Austria).
Other data, including sex, age,
weight, height, duration of anesthesia, duration of surgery, and
duration of music, were analyzed
using SPSS 22 for Windows (SPSS
Inc., US).
Results

Figure 2. Sequential allocation graph to show the series of recall and
lack of recall in the up-and-down study.

Figure 3. Pro-bit regression of the probability of recall of music and BIS
index. Horizontal bars denote 95% CI for BIS50 and BIS95.

nding to the best guess of the BIS95. This was
based on the first stage of the study. For each
further cohort of two, the probabilities were re4023

A total of 76 patients were enrolled
in the study. Seven patients were excluded (four patients were
excluded because they regained
consciousness upon arrival at the
PACU and three because the initial
measured BIS index was outside
the target range) (Figure 1). A total
of 69 patients were recruited and
completed the study, including 29
patients in the up and down study
and 40 in the CRM study. Personal
and surgical characteristics of the
patients recruited for the study are
shown in Table 1.
During the up-and-down portion of
the trial, 12 patients experienced
recall while 17 did not. Figure 2
shows the sequence of recall and
lack of recall. Using pro-bit regression (Figure 3), the BIS50 (95% CI)
was 84 (80.9-87.6). Probabilities
of lack of recall of music were
99%, 98%, 95%, 90%, 75%, and
50% for BIS index values of 75, 76,
77, 79, 81, and 84, respectively
(Table 2).

During the CRM stage, 40 patients
were recruited. There was recall in
3 patients and no recall in 37 patients. At the
end of the trial, the actualized probabilities of
lack of recall of music associated with each BIS
Int J Clin Exp Med 2019;12(4):4020-4027
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Table 2. Dose-response data for BIS index and recall of music with
pro-bit regression in the up-and-down study
Parameter

BIS 95

BIS 50

Recall
Lower 95%
BIS index
probability
confidence interval
.01
74.7
56.2
.02
75.7
58.9
.05
77.3
63.1
.10
78.6
67.2
.25
81.0
74.2
.50
83.8
80.9

Upper 95%
confidence interval
78.6
79.3
80.3
81.3
83.3
87.6

Table 3. Posterior estimated BIS-response curve for lack of recall of
music in CRM study
BIS index
Working model for lack of recall
COHORT BIS
RESPONSE
1
77
0,0
2
79
0,0
3
79
0,0
4
81
0,1
5
79
0,0
6
79
0,0
7
79
0,0
8
79
0,0
9
79
0,0
10
79
0,0
11
79
0,0
12
79
0,1
13
79
0,0
14
79
0,0
15
79
0,0
16
79
0,0
17
79
0,0
18
79
0,0
19
79
0,1
20
79
0,0

75
76
77
79
81
84
0.99 0.98 0.95 0.90 0.75
0.5
Updated Estimated Probability of Response
1.00 1.00 0.98 0.96 0.86
0.62
1.00 1.00 0.99 0.98 0.90
0.68
1.00 1.00 1.00 0.98 0.92
0.71
1.00 0.99 0.97 0.93 0.80
0.55
1.00 0.99 0.98 0.94 0.82
0.58
1.00 0.99 0.98 0.95 0.84
0.60
1.00 1.00 0.98 0.96 0.86
0.62
1.00 1.00 0.99 0.96 0.87
0.64
1.00 1.00 0.99 0.97 0.88
0.65
1.00 1.00 0.99 0.97 0.88
0.66
1.00 1.00 0.99 0.97 0.89
0.67
1.00 0.99 0.97 0.94 0.81
0.56
1.00 0.99 0.98 0.94 0.82
0.58
1.00 0.99 0.98 0.95 0.83
0.58
1.00 0.99 0.98 0.95 0.83
0.59
1.00 0.99 0.98 0.95 0.84
0.60
1.00 0.99 0.98 0.96 0.85
0.61
1.00 1.00 0.98 0.96 0.85
0.61
1.00 0.99 0.97 0.93 0.81
0.56
1.00 0.99 0.97 0.94 0.81
0.57

estimated to be 79 (95%
CI, 78.8-79.1).
Discussion
This study found that
patients were able to gain
auditory recall when the
BIS level was above 79,
during recovery from sevoflurane balanced endotracheal anesthesia. A BIS
index below 79 ensured
lack of recall of music closest to the response probability of 0.95 (BIS95), giving
the patient a probability of
0.50 (BIS50) of remembering music played when the
BIS index increased to 84.

It is difficult to investigate
the relationship between
BIS levels and the probability of recall during endotracheal anesthesia. It can be
harmful to patients if the
depth of anesthesia is intentionally lightened. It is
neither palatable to patients nor consistent with ethical standards. For this reason, previous studies have
mainly focused on observations from volunteers under intravenous sedation
or patients under regional
anesthesia, combined with
intravenous sedation [3, 4,
8]. However, the situation
differed from volunteers
Bold includes the estimated BIS95 after the inclusion of each cohort. esponse = 0
under intravenous sedameans no recall; response = 1 means recall.
tion and clinical anesthesia
as to whether tracheal intuindex 75, 76, 77, 79, 81, and 84, were 100%,
bation was applied. Explicit recall occurs mainly
99%, 97%, 94%, 81%, and 57%, respectively
in patients given general anesthesia with a
(Table 3). The response probability associated
laryngeal mask airway, tracheal intubation, or
with BIS index 79 was 94% (95% credibility
jet ventilation [18]. Thus, the current study
interval: 83-98%). The probability associated
investigated auditory recall in patients during
with BIS index 76 was 99% (95% credibility
recovery from endotracheal anesthesia.
interval: 95-100%). It seems that the BIS index
Furthermore, this method is more palatable to
associated with a 95% response lies between
patients. Listening to music would be harmBIS index values 79 and 76. Based on these
less, increasing satisfaction and improving the
experience [19, 20].
data, the BIS level closest to the BIS95 was
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Table 4. Comparison of the BIS95 and 95% CI to that of previous studies
BIS95 (95% CI)

Anesthesia intervention

Participants

Statistical method

Reports

42 (13-71)

Isoflurane

Volunteers

Covariance matrix of logistic regression

68 (59-78)

Midazolam

Volunteers

Glass 1997
[7]

77 (72-83)

Propofol

Volunteers

64 (57-71)

Combined

Volunteers

79 (70-88)

Propofol

Volunteers

Covariance matrix of logistic regression

67 (51-83)

Propofol and alfentanil

Volunteers

Iselin 1998
[8]

77 (63.1-80.30) Intravenous-inhalation
combined anesthesia

Patients under endotra- In stage 1 of the study (up-and-down part), Stage 1 of
cheal anesthesia
using pro-bit analysis to estimate BIS 95
our study

79 (78.8-79.1)

Patients under endotra- Continual Reassessment Method
cheal anesthesia

Intravenous-inhalation
combined anesthesia

Dixon’s up-and-down method [21] was established in 1948. It has become widely used
in anesthetic dose identification studies [10,
11, 22, 23]. This method may be used to provide an accurate estimate of the ED50.
However, it is not suitable for estimating ED95,
which has more value in clinical practice [24].
Up-and-down methods are concentrated in the
16-84% response range of the dose-response
curve. ED95 estimated by up-and-down methods have larger credibility intervals [13]. The
continual reassessment method was first proposed in 1990 [12]. It has been widely applied
for ED95 dose-finding in oncology trials [25,
26]. Recently, some anesthesiologists have
used the CRM in anesthesia dose-finding studies [13-15, 27, 28]. The current study found the
CRM to be a convenient and efficient way to
estimate BIS95. The credibility interval of
BIS95, estimated by CRM in this study, is more
precise than estimating BIS95 using pro-bit
analysis. This was performed in stage 1 of the
present up-and-down study and previous studies [7, 8] (Table 4).
It has been reported that awareness occurring
during the recovery period is around 18% of
total awareness cases [29]. The current study
demonstrated that the patient might be vulnerable to receive auditory message and gain
recall when the BIS index was over 79. Effort
should be made to make the auditory circumstance around the patients contain informative
and conciliative words instead of noisy or misguided words, ensuring a safe feeling and a
good experience when recovering from sevoflurane balanced endotracheal anesthesia, especially when BIS index is over 79. This result
might also have some implications for sedative
management of patients under mechanical
ventilation in intensive care units.
4025

Stage 2 of
our study

There were some limitations to the present
study, however. 1) Sedation was not controlled
during recovery and the BIS index increased
rapidly in a few patients. Proper methods
should be applied to slow down increasing
rates of BIS in further studies; 2) Awareness
contains both auditory and somatosensory
phases. However, this study merely investigated auditory recall. Thus, the results might be
partial. Additional indicators should be included in future studies.
Conclusion
In conclusion, the present study investigated
the relationship between BIS levels and probability of lack of recall of music during recovery
from endotracheal anesthesia. This study
found the BIS95 of lack of recall to be 79 and
the BIS50 to be 84. BIS of more than 79 indicates that the patient might be vulnerable to
receive auditory message and gain recall. This
study suggests that the CRM might be a suitable method for studying BIS95.
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