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Abstract
Background: The desired depth of sedation during flexible bronchoscopy is one in
which verbal contact is possible whenever necessary. Although it is common that the
depth of sedation is assessed by validated instruments such as the modified observer’s
assessment of alertness and sedation (MOAA/S) score, the repeated stimulation asso-
ciated with the assessment can affect the sedation. The bispectral index (BIS) has been
widely used for general anesthesia due to its objective and noninvasive nature. How-
ever, the utility of BIS monitoring and a target BIS value for use during bronchoscopy
have not been fully elucidated.
Methods: We performed a retrospective observational study to assess the utility of the
BIS value for monitoring conscious sedation during bronchoscopy at Kobe University
Hospital from August 2020 to April 2021.
Results: Eighteen patients underwent bronchoscopy with BIS monitoring. The BIS
value significantly correlated with the MOAA/S score (r = 0.2, p < 0.01), and the cor-
relation was stronger in sufficiently sedated patients (r = 0.486, p < 0.01). The lowest
MOAA/S score during the procedure was highly correlated with the BIS value
(r = 0.625, p < 0.01). The BIS monitoring seemed to be more sensitive to changes in
the sedation level than the MOAA/S score, heart rate and mean arterial pressure. The
median BIS value at an MOAA/S score of 3–4, the desired depth of sedation, was 82.0.
Conclusions: BIS value is useful for monitoring sedation during bronchoscopy.
This study suggests that a BIS value of 82 reflects an adequate level of sedation.

K E YWORD S
BIS value, flexible bronchoscopy, MOAA/S score, sedation

INTRODUCTION

Flexible bronchoscopy (FB) is widely used for the diagnosis
and treatment of lung and airway diseases. The British Tho-
racic Society (BTS) guidelines on diagnostic FB1 recom-
mends intravenous sedation to promote tolerance, ease of
procedure and willingness to undergo a re-examination if
needed. Sedation is divided into four levels: minimal
sedation, moderate sedation, deep sedation, and general

anesthesia.2 The guideline states that the desired depth of
sedation is moderate sedation, in which patients can
respond purposefully to verbal commands. The depth of
sedation during FB is conventionally assessed by the patient
response to stimulation using clinical sedation scales such as
the Ramsay sedation score (RSS),3 Richmond agitation-
sedation scale (RASS),4 observer’s assessment of alertness/
sedation (OAA/S) score,5 and modified observer’s assess-
ment of alertness and sedation (MOAA/S) score.6 However,

Received: 17 August 2022 Accepted: 1 September 2022

DOI: 10.1111/1759-7714.14658

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

3052 Thorac Cancer. 2022;13:3052–3057.wileyonlinelibrary.com/journal/tca

 17597714, 2022, 21, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/1759-7714.14658 by K

obe U
niversity, W

iley O
nline L

ibrary on [01/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-7595-5843
https://orcid.org/0000-0002-7854-3692
https://orcid.org/0000-0002-4598-220X
https://orcid.org/0000-0003-0596-555X
mailto:mt0318@med.kobe-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca


repeated stimulation of the patient to assess the score can
affect the sedation itself. Therefore, objective and noninva-
sive monitoring tools for patients under conscious sedation
are eagerly anticipated. The bispectral index (BIS), a param-
eter calculated based on electroencephalographic (EEG)
analysis expressed as a score between 0 (isoelectric EEG)
and 100 (awake), has been widely used for monitoring gen-
eral anesthesia7–9 and has been reported to be useful in gas-
trointestinal endoscopy.10,11 Recently, several reports
demonstrated that BIS is useful for monitoring sedation in
FB. Fruchter et al. reported that complications and propofol
dose during FB were comparable between the BIS-guided
group and the OAA/S-guided group.5 Quesada et al. showed
that, compared with the MOAA/S score, BIS monitoring
reduced complications and the propofol dose in patients
undergoing sedation for endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA).6 However,
there are few data about the correlation between clinical
sedation scores and BIS values and target BIS values during
FB. To clarify these points, we conducted this retrospective
observational study.

METHODS

Study design and subjects

This was a single-center, retrospective, observational study
to assess the utility of BIS monitoring for conscious sedation
during FB at Kobe University Hospital. All patients who
underwent FB with BIS monitoring between August 2020
and April 2021 were reviewed. The study was approved on
September 27, 2021, by the Institutional Ethics Committee
of the Kobe University Hospital. A waiver of consent was
granted due to the retrospective design and the confirmed
minimal risk to the patients. Instead, the research content
was posted on the hospital website. The study conformed
with the Helsinki Declaration.

Procedure

FB was performed by experienced pulmonologists, while
sedation was performed by a nonanesthesiologist. The level
of sedation was assessed using the MOAA/S score, which
ranges from 0 to 6 (Table 1).12 Depth of sedation with the
MOAA/S score was defined as follows: ≥5, minimal seda-
tion; 3–4, moderate sedation; ≤2, deep sedation. Before the
procedure, the pharynx was locally anesthetized with a 4%
lidocaine spray (5 ml) after 2% viscous lidocaine solution
(6 ml) was retained in the mouth without swallowing for
5 min. Sedation was started with intravenous injection of
midazolam (2 mg) 3 min before the insertion of the bron-
choscope. Additional midazolam (1 mg) was given at inter-
vals of 4 min or more when the operator determined
necessary based on the MOAA/S score, blood pressure and
heart rate (HR). If the patient was older than 75 years or

weighed less than 45 kg, the initial dose of midazolam was
reduced to 1 mg. For some patients, pethidine (17.5 mg) or
fentanyl (10–20 μg) was administered in combination with
the initial midazolam injection to facilitate the procedure and
promote comfort. When we used fentanyl, additional fenta-
nyl (10 μg) and midazolam (1 mg) with an interval of 4 min
or more were given as needed. After insertion of the bron-
choscope, topical anesthesia of the upper airway with 2%
lidocaine was administered through the working channel.

BIS monitoring

During the procedure, a disposable BIS sensor (BIS Quatro
sensor; Nihon Kohden) was placed on the patient’s forehead
and connected to a BIS monitoring system (Life Scope TR,
BSM-6301; Nihon Kohden) according to the manufacturer’s
instructions. This system converts the EEG parameters into
BIS value, which is shown on the monitor in the bronchoscopy
room with vital signs. BIS values were recorded every 2.5 min.

Data collection and study definitions

We also recorded the following: demographic characteris-
tics, cumulative doses of midazolam, MOAA/S score at any
given time, vital signs every 2.5 min, and procedural compli-
cations. Complications were defined as (1) respiratory fail-
ure requiring intubation, (2) hemoptysis, (3) SpO2 < 88%
despite bag mask ventilation, (4) arrhythmia requiring car-
dioversion or an antiarrhythmic agent, (5) hypotension:
mean arterial pressure (MAP) < 60 mmHg, (6) pneumotho-
rax, (7) intolerance of the procedure or (8) death. Hepatic
impairment was defined as an elevated alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), or total bili-
rubin above upper limit of normal. Renal impairment was
defined as an estimated glomerular filtration rate (eGFR)
below 60 ml/min.

Statistical analysis

The statistical analyses were performed in EZR software,
version 1.51 (Saitama Medical Center, Jichi Medical

TAB L E 1 Modified observer’s assessment of alertness and sedation
(MOAA/S) score

Responsiveness Score

Agitated 6

Responds readily to name spoken in normal tone (“alert”) 5

Lethargic response to name spoken in normal tone 4

Responds only after name is called loudly and/or repeatedly 3

Responds only after mild prodding or shaking 2

Responds only after painful trapezius squeeze 1

Does not respond to painful trapezius squeeze 0

YAMADA ET AL. 3053
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University, Saitama, Japan).13 Quantitative variables are
expressed as the mean and standard deviation (SD) or
median and interquartile range as appropriate. We described
categoric variables as frequencies and percentages. Spear-
man’s rank correlation coefficient was used between the
MOAA/S score and BIS value at the nearest time. The

Wilcoxon rank-sum test was used to compare the BIS value,
MOAA/S score, HR and MAP for each three different
moments of the procedure (T1; beginning of the procedure,
T2; biopsy, T3; end of the procedure). The Mann–Whitney
U test was used to compare BIS values for each MOAA/S
score, and to compare the lowest BIS value during the pro-
cedure for each age, gender, weight, midazolam dosage,
hepatic impairment, and renal impairment. Receiver operat-
ing characteristic (ROC) curve analysis was used to evaluate
the discriminating performance of the BIS. Statistical signifi-
cance was set at a p-value of <0.05.

RESULTS

Eighteen patients were enrolled in this study. The baseline
characteristics of the patients are shown in Table 2. Of the
total patients, seven patients underwent guide sheath-
transbronchial biopsy (GS-TBB), eight underwent EBUS-
TBNA, and three underwent bronchoalveolar lavage/
transbronchial lung biopsy (BAL/TBLB). As sedative and
analgesic agents, 11 patients received midazolam alone, four
received midazolam and pethidine, and three received mida-
zolam and fentanyl. The mean dosage of midazolam was
3.88 � 1.45 mg. The lowest BIS value during the procedure
was not significantly affected by age, gender, bodyweight,
dosage of midazolam, or hepatic or renal impairment
(Table 3). There were no complications in this study.

We first evaluated the correlation between the BIS value
and the MOAA/S score. The BIS value during the procedure
was significantly correlated with the MOAA/S score

T A B L E 2 Patient baseline characteristics

N 18

Age, years (mean � SD) 58.9 � 15.0

Gender

Male 11 (61.1%)

Female 7 (38.9%)

Bodyweight (kg, median [range]) 60 (58–64)

Hepatic impairment 4 (22.2%)

Renal impairment 2 (11.1%)

Procedure

GS-TBB 7 (38.9%)

EBUS-TBNA 8 (44.4%)

BAL/TBLB 3 (16.7%)

Sedatives/opioids

Midazolam alone 11 (61.1%)

Midazolam and pethidine combined 4 (22.2%)

Midazolam and fentanyl combined 3 (16.7%)

Dosage of midazolam, mg (mean � SD) 3.88 � 1.45

Abbreviations: BAL/TBLB, bronchoalveolar lavage/transbronchial lung biopsy; EBUS-
TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; GS-TBB,
guide sheath-transbronchial biopsy; SD, standard deviation.

T A B L E 3 The lowest BIS value during the procedure

N Lowest BIS value (median [range]) p-value

Age

<70 years old 12 77 (70–80.25)

≥70 years old 6 75 (68.25–75.75) 0.347

Gender

Male 11 75 (69.5–77)

Female 7 77 (72.5–80.5) 0.413

Bodyweight

<50 kg 2 78 (76.5–79.5)

≥50 kg 15 75 (69.5–77) 0.41

Dosage of midazolam/bodyweight

<0.05 mg/kg 6 72.5 (70–76.5)

≥0.05 mg/kg 11 76 (70–78.5) 0.579

Hepatic impairment

Yes 4 79.5 (76.5–82)

No 14 71 (69–77) 0.0609

Renal impairment

Yes 2 72.75 (70.5–75)

No 16 76.5 (70–80.25) 0.323

Abbreviation: BIS, bispectral index.

3054 YAMADA ET AL.
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(r = 0.2, p < 0.01; Figure 1(a)) and was significantly better
correlated in sufficiently sedated patients (MOAA/S
score ≤4) (r = 0.486, p < 0.01; Figure 1(b)). Moreover, a
strong correlation was observed between the lowest
MOAA/S score during the procedure and the BIS value
(r = 0.625, p < 0.01; Figure 1(c)). These results indicate that
the BIS value reflects the depth of sedation during FB.

We next sought to find the BIS value that corresponds
to the adequate level of sedation in FB. The BIS values

significantly changed with the increase in the level of seda-
tion across the categorized MOAA/S scores (Figure 2). The
median BIS values for MOAA/S scores of ≤2, 3–4, and ≥5
were 68.0 (65.5–68.5), 82.0 (79.5–87.5) and 89.0 (81.0–
96.25), respectively (Table 4). The ROC curve for the BIS in
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F I G U R E 1 Correlation between the BIS value and the modified observer’s assessment of alertness and sedation score (MOAA/S) (a), MOAA/S score ≤4
(b), and the lowest MOAA/S score during the procedure (c) at the nearest time. The correlation was calculated by Spearman’s rank correlation coefficient. “r”
denotes the correlation coefficient. A p-value <0.05 was considered significant
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F I G U R E 2 Distribution of BIS values for each MOAA/S score. p-
values were calculated by the Mann–Whitney U test. A p value <0.05 was
considered significant

T A B L E 4 The median BIS value for each MOAA/S score during the procedure

MOAA/S score 2 3, 4 5, 6

BIS value (median [range]) 68.0 (65.5–68.5) 82.0 (79.5–87.5) 89.0 (81.0–96.25)

N 3 39 124

Abbreviations: BIS, bispectral index; MOAA/S, modified observer’s assessment of alertness and sedation score.
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F I G UR E 3 The receiver operating characteristic (ROC) curve for the
BIS at sufficient sedation based on the MOAA/S score. The area under the
receiver operating characteristic (ROC) curve was 0.676 (95% confidence
interval [CI]: 0.586 to 0.766)
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predicting sufficient sedation (MOAA/S score ≤4) revealed
that the area under the curve (AUC) was 0.676 (95% confi-
dence interval [CI]: 0.586 to 0.766; Figure 3).

Finally, we compared the sensitivity of the BIS value and
MOAA/S score to assess the depth of sedation during the
procedure. A significant difference was detected in the BIS
value between T1 and T2 (97 [92.5–98] at T1 vs. 92 [84–
93.5] at T2, p = 0.0246; Figure 4(a)). In contrast, there was
no significant difference in MOAA/S score (Figure 4(b)),
HR (Figure 4(c)) or MAP (Figure 4(d)) between these two
time points (MOAA/S score; 5 [5] at T1 vs. 5 [4.5–6] at T2,
p = 0.821. HR; 73 [61–85] at T1 vs. 91 [84.5–96.5] at T2,
p = 0.0751. MAP; 97 [91.7–113] at T1 vs. 104.3 [97.5–
114.5] at T2, p = 0.799). These results suggest that BIS mon-
itoring might be a more sensitive indicator than the
MOAA/S score, HR and MAP.

DISCUSSION

We demonstrated the utility of BIS monitoring for assessing
the level of sedation in patients undergoing FB. In accor-
dance with previous reports,4,10,14 the BIS value correlated
with the clinically observed sedation scales. In this study, the
correlation was stronger in patients under sufficient sedation
(MOAA/S ≤ 4) than in all patients. Moreover, the lowest

MOAA/S score during the procedure was strongly corre-
lated with the BIS value. The BIS value was reported to be
affected by the electromyogram (EMG) and increased dur-
ing painful procedures15 because the EMG frequencies over-
lap the relative beta ratio, a subparameter of BIS, in the 30–
47 Hz range.16 Therefore, insufficient sedation might induce
movement-related EMG activity, which would falsely
increase the BIS value and weaken its correlation with the
MOAA/S score.

In the present study, a BIS value near 82 corresponded to
adequate sedation levels for FB (MOAA/S score of 3–4). There
is no consensus on the optimal BIS value during FB, whereas a
target range of 65–85 has been recommended for sedation.16

Several studies have compared sedation during FB using BIS
versus clinical sedation scales. In the study by Fruchter et al.,
the sedation levels were targeted to achieve a BIS of 70–85 and
an OAA/S of 2–4,5 while Quesada et al. set a BIS of 60–80 and
a MOAA/S of 2–3.6 These target BIS values seem to be lower
than the value we found in this study. However, a level of seda-
tion where patients remain responsive to verbal commands
(MOAA/S; 3–4) has been advocated during FB because we
need patient cooperation when changing the patient’s position
or checking for pain during a biopsy. We thus believe the tar-
get BIS value of 82 is reasonable during FB.

Our data showed that the BIS value seemed to be more
sensitive to changes in sedation level than the MOAA/S

F I G UR E 4 Boxplot of the
median bispectral index (BIS) value
(a), MOAA/S score (b), HR (c) and
MAP (d) at each time point during
the procedure. p-values were
calculated by the Wilcoxon rank-
sum test. A p-value <0.05 was
considered significant.
Abbreviations: T1, beginning of the
procedure; T2, biopsy; T3, end of
the procedure
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score and vital signs. Several reports have previously com-
pared the changes due to stimulation in these parameters.
Andrzejowski et al. observed changes in the BIS and
MOAA/S score after receiving intravenous epinephrine dur-
ing general anesthesia. Comparing the values before and
after the epinephrine injection, all patients showed an
increase in BIS, while 25% of patients showed no increase in
MOAA/S scores.17 In another study, BIS monitoring was
reported to be more sensitive to painful stimulation (endo-
tracheal suctioning or repositioning) than vital signs, includ-
ing HR and MAP, in intubated patients after cardiac
surgery.18 It is very important to maintain an adequate level
of sedation since it should be deep enough to improve
patient tolerance but not too deep to prevent serious compli-
cations. BIS monitoring is thus a valid monitoring tool for
assessing the level of sedation in terms of sensitivity.

This study has several limitations. First, it was a retro-
spective single-center study with a small sample size. Second,
sedation was performed by a different nonanesthesiologist,
which might have affected the MOAA/S score due to its sub-
jective nature. Third, the MOAA/S scores were not recorded
at regular intervals. Therefore, the number of data points dif-
fered among patients. To confirm the usefulness of BIS moni-
toring in FB, in an ongoing prospective phase III study
(jRCTs051210131) of the effect of midazolam with fentanyl
on sedation in FB, we recorded the MOAA/S scores at regular
intervals while simultaneously measuring BIS value.

In conclusion, the BIS value is useful to assess sedation
during FB, and sedation with a BIS value of near 82 might
be an option for proper sedation.
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