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Abstract

Background Bispectral index (BIS) monitoring has been
used as an objective measurement tool for sedation depth
and has been proposed as a guidance to reduce the risk of
intraprocedural over-sedation. However, the results of
several studies evaluating the benefits of BIS monitoring
for gastrointestinal endoscopy were not consistent.

This meta-analysis aimed to assess the reduction in
total consumption of administrated propofol and recovery
time under BIS during gastrointestinal endoscopy.
Methods Electronic databases (MEDLINE, EMBASE,
WEB of SCIENCE, and the Cochrane Central Register of
Controlled Trials) were searched for articles published
through March 2015. After screening, the reviewers
extracted information on 11 randomized controlled trials. A
total of 1039 patients (526 in BIS and 513 in non-BIS
group) were included in this study.

Results Meta-analyses showed that the total propofol
consumption (the pooled standardized mean difference
[SMD]: —0.15, 95 % confidence interval [CI]: —0.28 to
—0.01) was significantly lower in the BIS group than in the
non-BIS group, although mean propofol consumption was
not significantly different. Recovery time (the pooled
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procedure time (the pooled SMD: 0.13 [95 % CI —0.03 to
0.29, P = 0.11]), adverse events, and satisfaction-related
outcomes were not significantly superior in the BIS group
when compared with the non-BIS group.

Conclusions This first meta-analysis showed that BIS
monitoring appears to be an effective and safe method for
avoiding unnecessary administration of propofol and for
providing adequate sedation during endoscopic procedures.

Keywords Bispectral index monitoring - Endoscopy -
Propofol - Meta-analysis - Systematic review

Introduction

Bispectral index (BIS) monitoring has been widely used in
clinical anesthesia as an index for monitoring the electrical
activity of the cerebral cortex and the sedative ingredients
of anesthesia [1, 2]. More specifically, computer-generated
BIS scores range from 0 to 100 (0, coma; 40-60, general
anesthesia; 60-90, sedated; 100, awake) and reflect the
level of sedation regardless of a patient’s clinical charac-
teristics or the type of sedative drug used [3]. In one meta-
analysis in anesthesiology, the use of BIS monitoring
consistently reduced anesthetic use by approximately 19 %
compared with standard monitoring [4]. In clinical prac-
tice, the anesthesia guided by BIS could improve anesthetic
delivery and postoperative recovery from relatively deep
anesthesia. In addition, BIS-guided anesthesia has a sig-
nificant impact on reduction of the incidence of intraop-
erative recall in surgical patients with high risk of
awareness [5].

As the number of gastroenterologists administering
propofol directly for endoscopic sedation is increasing,
concern regarding titration of propofol during procedures
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to allow maximum patient tolerance without inducing
cardiopulmonary adverse events has grown. Since the first
application of BIS monitoring in the endoscopic field as an
adjunctive monitoring device for sedation in 2004 [6], there
have been several attempts to examine the efficacy and
safety of BIS use in patients undergoing endoscopy.

However, data on the efficacy of BIS monitoring is still
limited. First, several issues related to the optimal cut-off
value of BIS level for achieving adequate sedation, as well
as correlations between BIS levels and modified observer
assessments of alertness/sedation (MOAA/S) scores remain
unresolved. In previous studies, authors found the BIS
value reflecting moderate sedation based on endoscopic
sedation to be 80-85 [1, 7-9]. However, those studies did
not consider several potentially confounding factors, such
as various sedative agents, sedative methods or endoscopic
procedures; therefore, it is doubtful whether the BIS values
obtained in those studies can be applied to sedation con-
ducted under different conditions. Second, controversies
exist regarding the clinical role of BIS monitoring during
endoscopic sedation. Many studies have identified a sig-
nificant reduction in the consumption of sedatives, seda-
tion-induced adverse events and recovery time when the
BIS value is used as the primary target for sedation in
endoscopic procedures. Additionally, other studies identi-
fied a significant association between BIS monitoring and a
higher quality of sedation in patients [10—14]. Contrary to
the above, some intriguing studies recently found that BIS
monitoring did not lead to clinical benefits, such as
improved oxygenation or a reduced rate of cardiopul-
monary adverse events, and thus the clinical benefit in
daily practice may be limited [9, 15-19].

The results of several studies evaluating the benefit of
BIS monitoring for gastrointestinal endoscopy were not
consistent [6, 8, 10, 12, 15, 16, 18, 20], and a meta-analysis
was not performed comparing BIS and non-BIS in endo-
scopic sedation. Therefore, the aims of the present meta-
analysis were to assess the reduction in total consumption
of administrated propofol and recovery time under BIS
during gastrointestinal endoscopy, and to examine the
effect of BIS monitoring on patient and endoscopist
satisfaction.

Materials and Methods

This systematic review was conducted and reported
according to the preferred reporting items for systematic
review and meta-analyses (PRISMA) statement [21].

Eligibility Criteria and Definitions

Only randomized controlled trials (RCT) in adult patients
who underwent endoscopic procedures, published as full
articles, were considered. Studies were eligible for inclu-
sion in the meta-analysis if they met the following criteria:
(1) studies that examined the efficacy and safety of BIS and
standard monitoring for sedation during all endoscopic
procedures; (2) studies which were conducted as prospec-
tive and randomized methods for comparing BIS and non-
BIS; (3) studies in humans; (4) data not duplicated in
another manuscript; and (5) studies that reported endpoints
including at least one appropriate endoscopic outcome
(total propofol dosage, mean propofol dosage, recovery
time, or total procedure time), patient or endoscopist sat-
isfaction score, or adverse events (rate of desaturation,
hypotension or bradycardia). Inclusion was not restricted
by study size or language. Exclusion criteria were: (1)
comments, reviews, or guideline articles; (2) studies
reporting non-gastrointestinal endoscopy, such as laparo-
scopic procedures or bronchoscopy; (3) studies providing
no data on endoscopic outcomes, satisfaction score, or
adverse events; (4) studies dealing with other sedative
agents, not propofol-based sedation; and (5) studies
repeatedly reported (if so, only the latest reported article
was selected).

The widely accepted definition for total procedure time
is the interval from first scope insertion until last scope
removal. In this study, recovery time was defined as the
time from endoscopic withdrawal to recovery of full con-
sciousness with a MOAA/S score 5 or an Aldrete score 9 or
above. Adverse events were defined as the following:
desaturation as SaO; < 90 %, hypotension as systolic
blood pressure <90 mmHg, and bradycardia as heart rate
<50/min.

Information Sources and Search Strategy

A literature search was conducted to identify all relevant
studies that compared BIS monitoring with standard
monitoring for sedation during endoscopy. A systematic
literature search of MEDLINE, EMBASE, and WEB of
SCIENCE databases and the Cochrane Central Register of
Controlled Trials updated was conducted. The following
medical subject heading terms were used: “bispectral
index,” “monitoring,” “sedation,” “endoscopic retrograde
cholangiopancreatography,” “endoscopic ultrasonogra-
phy,” “endoscopy,” and “outcomes.” Internet search
engines, Google Scholar and Yahoo, were also searched

EEINT3 9«

@ Springer



816

Dig Dis Sci (2016) 61:814-824

with relevant key words. No language restrictions were
imposed. The latest date for updating the search was 15
March 2015.

Study Selection

After removing duplicate studies, the titles and abstracts of
studies found by keywords were examined to exclude
articles with irrelevant study design. If available, the full
text of all selected studies was screened according to the
inclusion and exclusion criteria. Selected full-text articles
were critically appraised for relevance and validity. Two
investigators (S.W.P. and H.L.) independently evaluated
the studies for their eligibility and subsequently resolved
any disagreements by discussion, together with clinical
expert consultation.

Data Extraction and Study Quality Assessment

The data retrieved from each study included the name of
the first author, year of publication, country, research
design, number of individuals in the BIS and non-BIS
groups, type of sedation, target endpoint of sedation in each
group, and the primary and secondary outcomes. To avoid
bias in the data extraction process, two investigators
(S.W.P. and H.L.) independently evaluated each study
quality and compared results with one another. In case of
disagreement, the third investigator made a determination
decision. To minimize the risk of bias in included studies, a
formal quality assessment was conducted. The method-
ological quality of the RCT was assessed by two authors
independently (S.W.P. and H.L.) using the scale validated
by Jadad et al. [22] and scored from O to 5: randomization
(0-2 points), blinding (0-2 points), and full accounting of
all patients (0-1 point); a higher score indicates better
methodological quality.

Evaluation Criteria for Endpoints

The primary end point was total propofol dosage during
various endoscopic procedures. Secondary end points
were: (1) mean propofol dosage; (2) recovery time; (3)
total procedure time; (4) desaturation rate; (5) hypotension
rate; (6) bradycardia rate; (7) patient satisfaction score; and
(8) endoscopist satisfaction score.

Statistical Analysis

The meta-analysis was carried out with Review Manager 5.3
software (provided by the Cochrane Collaboration). For
outcome data regarding total propofol dosage, mean propo-
fol dosage, recovery time, total procedure time, patient sat-
isfaction score, and endoscopist satisfaction score, we
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calculated the standardized mean difference (SMD), and for
desaturation, hypotension, and bradycardia rates, we calcu-
lated the odds ratio (OR) as a summary statistic. All differ-
ences calculated were expressed as 95 % confidence
intervals (CI). Heterogeneity among the studies was assessed
using the Chi-square test. P value <0.05 was considered to
suggest significant heterogeneity. At the same time, /> was
also used to assess heterogeneity. I more than 50 % was
considered to indicate statistical significance.

Results
Study Selection and Assessment

Our search strategy yielded a total of 62 potential studies
for the meta-analysis (Fig. 1). After searching the titles and
abstracts, we excluded 11 repeated articles. Then, based on
the inclusion and exclusion criteria, 35 articles were
excluded: nine studies were unrelated to the present meta-
analysis, 21 studies dealt with only non-gastrointestinal
endoscopy, such as laparoscopy or bronchoscopy, and five
studies dealt with other, non-propofol-based sedative
agents. Among the remaining 16 papers, an additional five
articles were excluded due to inappropriate study design
(non-randomized single-arm cohort studies). Finally, 11
studies were found to be appropriate for meta-analysis [9—
18]. One of the 11 studies was performed in two phases (47
patients in phase 1 and 55 patients in phase 2) and we
considered it two studies, a phase 1 study and a phase 2
study [15]. These studies described a total of 1039 patients:
526 patients in the BIS group and 513 patients in the non-
BIS group. All studies were published in the past 10 years,
from 2005 to 2015, and all were prospective randomized
controlled studies (one [11] of the 11 studies was a ran-
domized crossover study). Of the 11 studies, four were
conducted in Korea [9, 11, 13, 17], three in the USA [15,
18], and one each in Germany [10], Greece [12], Japan [16]
and Bahrain [14]. All studies were reported as full-text
articles in English. The baseline characteristics of the
studies included in the meta-analysis are summarized in
Table 1. Quality assessment indicated that all 11 trials had
a Jadad score of three or more, which suggested a good
study design and a high-quality study.

Comparison of Sedation-Related Outcomes

Propofol Consumption

Of the 11 studies, eight measured propofol consumption
during various endoscopic procedures. One study dealt with

mean propofol consumption (mg/kg/h) instead of total
propofol consumption. Therefore, total propofol consumption
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Fig. 1 Flow chart of selection
of studies eligible for data
extraction and analysis

Potentially relavant articles identified through search strategy
(n= 62, Ovid Medline 37, EMbase 20, Web of Science 4, Chchrane 1)

Duplicated articles removed (n=11)

A

h 4

with full text (n=51)

Studies retrieved for more evaluation

Full-text articles excluded by inclusion/exclusion (n= 35)

Unrelated to the study aims (n=9)

A4

Dealing with non-gastrointestinal endoscopy (n=21)
Dealing with only other sedative agents not propofol based
sedation (n =5)

in meta-analysis (n= 16)

Potentially appropriate studies to be included

_| Non-randomized one arm cohort articles (n=5)

N

(meta-analysis) (n = 11) $-17

Studies included in quantitative synthesis

during endoscopic procedures was examined in seven studies;
three studies evaluated endoscopic retrograde cholangiopan-
creatography (ERCP), two evaluated endoscopic submucosal
dissection (ESD), one evaluated endoscopic ultrasound (EUS)
only and one evaluated outpatient colonoscopies. Our meta-
analysis revealed that the pooled standardized mean differ-
ence (SMD) in total propofol consumption was —0.15 (95 %
CI —0.28 to —0.01, P = 0.03), showing decreased total
propofol consumption under BIS. There was no heterogeneity
among the studies with a fixed-effects model (P = 0.22;
P> = 28 %) (Fig. 2). The subgroup analysis of four studies
that dealt with mean propofol consumption (mg/kg/h) showed
similar results with no statistically significant difference in
total propofol consumption (the pooled SMD: —0.92 [95 %
CI —2.36 to 0.52, P = 0.21]). The y* and I* were 127.27
(P < 0.001) and 98 %, respectively, indicating significant
heterogeneity among the studies with respect to mean
propofol consumption (Fig. 3).

Recovery Time
Five studies reported recovery time after sedation for

endoscopic procedures under BIS monitoring or standard
monitoring. Three of these evaluated outpatient

colonoscopies, one evaluated ERCP and another evaluated
EUS. The pooled analysis did not show any significant
differences between the two groups in SMD of recovery
time (the pooled SMD: —0.04 [95 % CI —0.46 to 0.38,
P=085]) (Fig.4). The x> and F* were 16.87
(P =0.002) and 76 %, respectively, which indicated
significant heterogeneity among studies with respect to
recovery time.

Comparison of Procedure-Related Outcomes
Procedure Time

Seven studies reported total procedure time during endo-
scopic procedures under BIS monitoring or standard
monitoring. One evaluated outpatient colonoscopies, four
evaluated ERCP, one evaluated outpatient EUS and one
evaluated ESD. In the meta-analysis with a fixed-effects
model, the pooled SMD in the BIS group for total proce-
dure time tended to be higher than that in the non-BIS
group, though not statistically significant (the pooled SMD:
0.13 [95 % CI —0.03 to 0.29, P = 0.11]) (Fig. 5). No
heterogeneity was identified between the studies
(P =0.13, I’ = 39 %).
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Table 1 continued

Major outcomes

Country Administrator Intervention Sedation agents Sedation

No. of center

References

The satisfaction of the

Loading dose/midazolam 2 mg or 1 mg and

Midazolam and meperidine

ESD

NA

Korea

Single center

Kang et al. [17]

endoscopists and patients and

reduce the dose of drugs

meperidine 25 mg or 50 mg + additional dose/

midazolam (0.5 to 1 mg) or meperidine (25 mg)

Loading dose/Propofol 20-40 mg + additional

Propofol dose and recovery

Propofol only

EUS

NAPS

USA

Single center

DeWitt [18]

times in the bispectral (BIS)
monitoring and control

groups

dose/Propofol 10-20 mg

Loading dose/midazolam 0.1 mg/kg and fentanyl 1 The satisfaction of the

Midazolam and fentanyl

ERCP

NA

Bahrain

Single center

Al-Sammak et al. [14]

endoscopists and patients

ug/kg + additional dose/intermittent midazolam

Ref reference, No number, BIS, bispectral index, RCT randomized controlled trials, NA not available, MOAA/S modified observer assessments of alertness/sedation, NAPS nurse-administered

propofol sedation, ERCP, endoscopic retrograde cholangiopancreatography, ESD endoscopic submucosal dissection, EUS endoscopic ultrasound

Comparison of Adverse Events
Desaturation

The desaturation rate was reported in six studies. Pooled
analysis using a fixed-effects model demonstrated no sig-
nificant differences between both groups regarding desat-
uration rate (BIS group [41/371, 11.05 %] vs. non-BIS
group [49/364, 13.46 %]: OR 0.79; 95 % CI 0.51-1.24)
(Fig. 6). There was no heterogeneity across the studies
(P=0.72,7=0%).

Hypotension

Five studies reported the hypotension rate, including 345
patients in the BIS group and 340 patients in the non-BIS
group. In a pooled analysis with a fixed-effects model, the
hypotension risk was slightly higher in the non-BIS group
(22/340, 6.47 %) than in the BIS group (21/345, 6.09 %),
but this difference was not statistically significant (OR
0.95; 95 % CI 0.51-1.77) (Fig. 7). There was no hetero-
geneity across the studies (P = 0.67, > = 0 %).

Bradycardia

Four studies reported the bradycardia rate, including 267
patients in the BIS group and 262 patients in the non-BIS
group. In a pooled analysis with a fixed-effects model, the
bradycardia risk was slightly higher in the non-BIS group
(10/262, 3.82 %) than in the BIS group (3/267, 1.12 %),
but this difference was not statistically significant (OR
0.31; 95 % CI 0.09-1.06) (Fig. 8). There was no hetero-
geneity across the studies (P = 0.99, I* = 0 %).

Comparison of Satisfaction-Related Outcomes
Patient Satisfaction Scores

Of the ten studies, five measured the satisfaction scores of
patients after various endoscopic procedures. In the meta-
analysis with a random-effects model, the pooled SMD for
patient satisfaction scores between both groups was not
significantly different (the pooled SMD: 0.03 [95 % CI
—0.23 to 0.29, P = 0.83]) (Fig. 9). The y* and I* were
10.89 (P = 0.03) and 63 %, respectively, which indicated
significant heterogeneity among the studies with respect to
the satisfaction scores of patients.

Endoscopist Satisfaction Scores
Of the ten studies, five measured the satisfaction scores of

endoscopists after various endoscopic procedures. In the
meta-analysis with a random-effects model, the pooled
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BIS non-BIS Std. Mean Difference Std. Mean Difference

Study or Subaroup _Mean _ SD Total Mean  SD Total Weight IV, Fixed, 95% CI_Year IV, Fixed, 95% CI

DeWwitt 2008 487.5 1594 24 543 1958 20 61%  -0.31[-0.81,0.29] 2008

Imagawa 2008 385 204 78 401 231 78 186%  -0.03[-0.34,0.29] 2008 .

Paspatis 2009 477 187 46 584 182 44 103%  -0.57[1.00,-0.15] 2009

Delius 2011 2802 201 72 3394 2027 72 17.0%  -0.24[0.57,0.09] 2011 — T

Jang 2012 531 322 59 549 308 59 140%  -0.06(-0.42,030 2012 —

Yu 2013 46.78 16.05 59 5232 2438 56 13.6%  -0.27[-0.64,0.10) 2013 — =1

Park 2014 308 166 90 202 186 90 21.4% 0.09[-0.20,0.38] 2014 e

Total (95% Cl) 428 419 100.0%  -0.15[-0.28,-0.01] -

Heterageneity: Chi®= 8.30, df= 6 (P = 0.22); F= 28% + o5 D o 3

Test for overall effect: Z=2.12 (P =0.03)

Favours [BIS] Favours [non-BIS]

Fig. 2 Forest plots for total propofol consumption. BIS bispectral index, SD standard deviation, Std standardized, CI confidence interval

Study or Subgroup

Imagawa 2008
Paspatis 2009
Yu 2013

Park 2014

Total (95% CI)

BIS non-BIS
Mean SD Total Mean SD Total
532 1.96 78 485 1.9 78
834 1.2 46 1158 1.2 44

24 1.2 59 3 18 56
38 08 90 41 0B 90
273 268

Mean Difference

Weight IV, Random, 95% CI
24 6% 0.47 [-0.14,1.08]
250% -3.24[-3.74,-2.74]
24.8% -0.60[-1.16,-0.04]
256% -0.30[-0.52,-0.08]

100.0% -0.92[-2.36, 0.52]

Heterageneity: Tau®= 2.09; Chi*=127.27, df= 3 (P < 0.00001); F= 98%
Test for averall effect: Z=1.25 (P =0.21)

Year
2008
2009
2013
2014

Mean Difference
IV, Random, 95% CI

-4

1 |
T

-2 0 2

4

Favours [BIS] Favours [non-BIS]

Fig. 3 Forest plots for mean propofol consumption. BIS bispectral index, SD standard deviation, CI confidence interval
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Fig. 5 Forest plots for procedure time. BIS bispectral index, SD standard deviation, Std standardized, CI confidence interval
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Fig. 6 Forest plots for desaturation rate. BIS bispectral index, CI confidence interval
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Fig. 7 Forest plots for hypotension rate. BIS bispectral index, CI confidence interval
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Fig. 8 Forest plots for bradycardia rate. BIS bispectral index, CI confidence interval
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Fig. 9 Forest plots for patients’ satisfaction score. BIS bispectral index, SD standard deviation, Std standardized, CI confidence interval
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Fig. 10 Forest plots for endoscopist’s satisfaction score. BIS bispectral index, SD standard deviation, Std standardized, CI confidence interval

SMD for endoscopist satisfaction scores between both
groups was not significantly different (the pooled SMD:
0.19 [95 % CI —0.18 to 0.55, P = 0.31]) (Fig. 10). The %>
and I* were 20.79 and 81 %, respectively, which indicated
significant heterogeneity among the studies with respect to
endoscopist satisfaction scores.

Discussion

We investigated 11 studies to determine whether BIS
monitoring for gastrointestinal endoscopy reduces total
consumption of administered propofol and recovery time.
Although BIS monitoring has been found to be safe and
effective for sedation in gastrointestinal endoscopy [10, 12,
14, 16], there are no consistent results as to whether BIS
monitoring improves clinically practical outcomes [9, 11,
13, 15, 17, 18], and no studies with large sample sizes have
compared BIS and non-BIS monitoring in endoscopic
sedation. To date, BIS processed with electroencephalo-
gram signals has typically been used as a monitor for depth
of general anesthesia [23]. Furthermore, BIS-guided anes-
thesia has a significant impact on reduction of the incidence
of intraoperative recall in surgical patients with high risk of
awareness [5]. In anesthesiology, Liu’s review [4] showed
that the use of BIS monitoring modestly to marginally
reduced anesthetic consumption, the risk of side effects,
and post-anesthesia care unit time, in spite of its higher cost
relative to standard monitoring. In gastroenterology,
therefore, our review is meaningful because it is the first to
compare the results among actual patients treated with
gastrointestinal endoscopy under BIS and non-BIS moni-
toring for sedation.

In our review, the total consumption of propofol under
BIS monitoring was significantly lower than under non-
BIS, while there was no difference between the two groups
in mean propofol consumption. This result was similar to
the results from a previous meta-analysis [5] demonstrating
that the application of BIS within the standard practice of
anesthesia can reduce the consumption of anesthetic agents
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and recovery times from anesthesia in surgical patients
undergoing general anesthesia. Regarding the consumption
of anesthetic agents, the pooled data from this review [5]
involving 662 participants indicated a significant reduction
in propofol consumption under BIS monitoring, with an
overall decrease of 1.44 mg/kg/h (95 % CI —1.95 to
—0.93; 7 = 79 %). Similarly, one multiphase clinical trial
[24] for pediatric outpatients undergoing painful proce-
dures demonstrated that BIS monitoring can be a useful
guide for the titration of propofol by physicians to achieve
deep sedation in their patients. Another study [25]
demonstrated that excessively deep sedation in the standard
practice group (or non-BIS group in our review) might be
attributed to anesthesiologists’ tendency to use more
adjuvants or analgesic to manage signs of insufficient
sedation. Therefore, the authors concluded that BIS-guided
sedation could be helpful in optimizing the amount of
adjuvants (hypnotics) or analgesics, as well as main seda-
tive agents, and the anesthetic-sparing effect of BIS mon-
itoring resulted in a shorter recovery time and improved
quality of recovery from the patient’s perspective.

In terms of recovery time, our pooled data indicated that
there were no significant differences between the BIS and
non-BIS groups, although only one study among five
reported that the recovery times under BIS monitoring
were shorter than with standard monitoring alone. As
mentioned earlier, Punjasawadwong et al. [5] reported
contrary results that anesthesia guided by BIS within the
recommended range could shorten postoperative recovery
from relatively deep anesthesia. Our lack of significant
results between the BIS and non-BIS groups can be
attributed to several factors: not all studies provided an
explicit definition of recovery times, therefore, the results
may be influenced to a greater or lesser extent; also, there
may be a discrepancy between the sedation scales (one
study [9] used the modified Aldrete score and other two
studies [10, 18] used the MOAA/S). Hence, it can be dif-
ficult to provide a precise assessment of the depth of
sedation level after a procedure. In addition, the recovery
times were not defined in the last study [15]. Additionally,
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our review revealed that procedure times in the BIS group
tended to be longer than those in the non-BIS group,
though not at a level reaching significance, similar to the
differences between both groups regarding recovery times.
The time to endoscope withdrawal and recovery are direct
indicators of the performance of sedation/recovery,
whereas procedure time is influenced by additional factors,
such as the type of intervention, endoscopic findings, level
of difficulty, need for therapeutic intervention, and the
experience of the endoscopist.

Another concern when using BIS monitoring to titrate
propofol is the possibility of intraprocedural adverse
events. Among the RCTs analyzed in our review, sedatives
were induced by anesthesiologists, gastroenterologists,
additional physicians, and trained registered nurses; we did
not find any differences in the occurrence of adverse events
in either the BIS or non-BIS groups in trials, which were
conducted with advanced procedures and carry a relatively
high risk of adverse events. Cardiopulmonary adverse
events analyzed in our review, such as desaturation,
hypotension, and bradycardia, are less of a concern with
BIS monitoring in propofol sedation because BIS moni-
toring minimized cardiopulmonary adverse events more so
than non-BIS monitoring with general anesthesia.
Although BIS monitoring could be helpful in reducing the
consumption of propofol, this effect may not lead to a
reduction in the risk of cardiopulmonary adverse events;
this observation is attributed to the substantial time lag
between the decrease of the BIS level below a specific level
and the respective clinical findings, which is indicative of a
deeper sedation state [18]. Insufficient sensitivity of BIS
monitoring to predict the clinically determined conscious-
ness of patients was also observed in another study [20].
Consequently, standard monitoring could be a more reli-
able method for monitoring cardiopulmonary parameters
(e.g., vital signs and oxygen saturation measured by pulse
oximetry) and clinical signs (e.g., coughing, cyanosis, and
limb movement) in spite of the insufficiency of monitoring
methods for assessing the depth of consciousness and
evaluating the brain status of anesthetized patients [26].

Although we included relevant studies in our review,
several limitations of this study should be noted. Signifi-
cant heterogeneity among studies was detected in the cur-
rent meta-analysis, which may distort the outcome of the
overall analysis. First, different populations may contribute
to heterogeneity. Therefore, these results should be inter-
preted with caution, as the population from each country
was not uniform. Another limitation is that the included
studies varied in the method of propofol administration (in
three studies, propofol was administered by midazolam-
based balanced propofol sedation, in two studies by mainly
midazolam-based sedation, and in others by mainly
propofol-based sedation). The included studies also

evaluated different endoscopic procedures and this may
also contribute to the heterogeneity among study results.
Third, one of the main goals of our study was to demon-
strate the reduction of propofol consumption, but the
available studies had limited information regarding average
propofol consumption beyond total propofol consumption
during a procedure. Finally, not all of the studies provided
an explicit definition for variables, especially for the defi-
nition of recovery time, procedure time, desaturation,
hypotension, or bradycardia; therefore, the results may be
influenced to a more or lesser extent.

In conclusion, this first meta-analysis exploring BIS
monitoring during endoscopic procedures showed a sig-
nificant reduction in total propofol consumption, although
the recovery times under BIS monitoring did not vary
significantly compared with standard monitoring. Endo-
scopists should be aware that BIS monitoring appears to be
an effective and safe method for avoiding unnecessary
administration of propofol and for providing adequate
sedation during endoscopic procedures. Further studies are
needed to conduct a full economic evaluation in terms of
the costs and benefits of BIS monitoring.
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