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INTRODUCTION

A colonoscopy is uncomfortable for the patient because 
of its long duration and the use of a larger-diameter en-

doscope that is routinely used for upper gastrointestinal 
endoscopy [1]. In addition, loop formation in the colon 
occurs frequently during the procedure. Therefore, se-
dation and analgesia are typically required to improve 
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Background/Aims: The efficacy of bispectral index (BIS) monitoring during colo-
noscopic sedation is debated. We aimed to determine whether BIS monitoring 
was useful for propofol dose titration, and to evaluate differences in sedative ad-
ministration between expert and inexperienced medical personnel during colo-
noscopy procedures that required moderate sedation.
Methods: Between February 2012 and August 2013, 280 consecutive patients 
scheduled to undergo a screening colonoscopy participated in this study and were 
randomly allocated to the expert or inexperienced endoscopist group. Each group 
was further divided into either a BIS or a modified Observer’s Assessment of 
Alertness/Sedation Scale (MOAA/S) subgroup. Trained nurses administered com-
bined propofol sedation and monitored sedation using either the BIS or MOAA/S 
scale.
Results: The mean BIS value throughout the procedure was 74.3 ± 6.7 for all 141 
patients in the BIS group. The mean total propofol dose administered in the BIS 
group was higher than that in the MOAA/S group, independently of the endosco-
pists’ experience level (36.9 ± 29.6 and 11.3 ± 20.7, respectively; p < 0.001). The total 
dose of propofol administered was not significantly different between the inex-
perienced endoscopist group and the expert endoscopist group, both with and 
without the use of BIS (p = 0.430 and p = 0.640, respectively). 
Conclusions: Compared with monitoring using the MOAA/S score alone, BIS 
monitoring was not effective for titrating the dose of propofol during colonosco-
py, irrespective of colonoscopist experience.
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patient tolerance and compliance during the colonos-
copy procedure [2]. However, achieving and maintain-
ing an adequate level of sedation is difficult. Patients 
frequently become agitated when low levels of sedative 
drugs are used; however, adverse events such as respi-
ratory distress and lack of patient cooperation can oc-
cur when an excessive dose of sedative is administered. 
Therefore, it is important to set an objective indicator 
for monitoring the patient sedation level during colo-
noscopy, especially when performed by inexperienced 
endoscopists.

Electroencephalography (EEG)-guided sedation has 
been used by anesthesiologists to achieve optimal titra-
tion of sedatives [3]. Bispectral index (BIS) monitoring 
is an EEG-based method that quantifies the depth of 
anesthesia by analyzing the EEG and uses a complex al-
gorithm to generate an index score, which provides an 
objective measurement of the level of consciousness in 
sedated patients [3]. Previously, we validated the effica-
cy and safety of nurse-administered combined sedation 
using BIS monitoring during endoscopic retrograde 
cholangiopancreatography (ERCP) [4]. However, the 
value of BIS monitoring as an adjunct to colonoscopic 
sedation has been tested in only a limited number of 
colonoscopic studies [5-10].

The objectives of the current study were to determine 
whether BIS monitoring was useful for the titration of 
propofol in combined sedation, and to compare the ef-
ficacy of BIS monitoring performed by expert and inex-
perienced endoscopists during colonoscopy.

METHODS

Study design and participants
This prospective, randomized, controlled, open-label 
trial was conducted in Kyungpook National University 
Hospital between February 2012 and August 2013. The 
Institutional Review Board of Kyungpook National Uni-
versity Hospital Ethics Committee approved this study. 
The trial was conducted in accordance with good clin-
ical practice under the principles of the Declaration of 
Helsinki.

Consecutive patients who required a colonoscopy 
screening participated in the study. Informed consent 
was obtained from all of the participating patients. Ex-

clusion criteria included age < 18 years, critical illness 
(defined by the American Society of Anesthesiologist 
[ASA] as class 4 or 5) [11], pregnancy, long-term use of 
benzodiazepines or opiates, history of allergy to eggs, 
past history of abdominal surgery, and other contrain-
dications for endoscopy such as uncooperativeness, or 
signs of peritonitis. 

Randomization and intervention
The randomization of patients was performed using 
the SPSS version 21.0 (IBM Co., Armonk, NY, USA). The 
patients were randomly allocated into either the expert 
or inexperienced endoscopist group. Endoscopists were 
considered expert if they had performed more than 300 
colonoscopies, while inexperienced endoscopists had 
completed fewer than 100 colonoscopies [12]. A total 
of 10 endoscopists (five experienced and five inexperi-
enced) participated in the study. Each endoscopist ex-
perience level group was further divided into either a 
BIS or a modified Observer’s Assessment of Alertness/
Sedation Scale (MOAA/S) subgroup. The endoscopist, 
trained nurse, and assistant nurse had access to the ran-
domization scheme when the patient was admitted to 
the endoscopy suite. Three trained nurses administered 
the sedatives and performed the anesthetic protocol for-
mulated by an experienced anesthesiologist (YHJ, who 
has performed > 1,000 general anesthesia procedures 
per year for the past 20 years). The patients received 0.03 
to 0.06 mg/kg midazolam and 50 mg pethidine prior to 
the procedure. A trained nurse assessed the sedation 
grade using BIS monitoring or the MOAA/S scale every 
3 minutes [6] and intermittently administered 10 to 20 
mg propofol to maintain conscious sedation [13]. For the 
MOAA/S group, the sedation end point was an MOAA/S 
score of three. For the BIS group, the nurse was instruct-
ed to target a BIS value between 70 and 80 as the primary 
end point for propofol titration.

Monitoring
All patients were continuously monitored for heart rate, 
oxygen saturation (pulse oximetry), and blood pressure 
(automated blood pressure cuff with serial measure-
ments every 3 minutes). Baseline vital signs were re-
corded immediately before the procedure. All patients 
were given supplemental intranasal oxygen (2 L/min). 
Respiratory depression was considered significant when 
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oxygen saturation was < 80% for > 15 seconds with oxy-
gen supplementation. A drop in systolic arterial blood 
pressure to below 80 mmHg, or a heart rate lower than 
50 beats per minute, was considered to be a significant 
adverse event. All patients were monitored in the re-
covery area by electrocardiography, pulse oximetry, and 
blood-pressure recording. All patients in the BIS group 
were monitored for BIS scores using a BIS VIEW de-
vice (BIS monitoring system, Aspect Medical Systems, 
Norwood, MA, USA) and a specific BIS Quatro sensor 
(Aspect Medical Systems).

Outcome measures
Patients were moved to the recovery area immediately 
after the procedure if their vital signs were stable. An 
independent research fellow (JH), who was blinded to 
the randomization scheme, performed all preprocedur-
al and postprocedural assessments. Total dose of propo-
fol and midazolam, procedure time, patient pain level 
during the colonoscopy, satisfaction level of patients 
and endoscopists, and adverse events were compared 
between the BIS group and the MOAA/S group. After 
the colonoscopy was completed, a questionnaire, which 
evaluated the degree of pain and satisfaction using a vi-
sual analog scale (VAS), was administered to the patients 
and endoscopists. The results of the patient question-
naire were confirmed through telephone consultation 
or visiting the outpatient unit 7 to 10 days following the 
colonoscopy procedure. A VAS was used to score pain (0, 
none; 10, severe) and satisfaction (0, poor; 10, excellent). 
Comparisons between the expert and inexperienced 
medical personnel groups were performed by per-pro-
tocol analyses.

Sample size and statistical analysis
To determine if a 0.02 mg/min per kg propofol dose 
difference (from 0.08 in the BIS group to 0.10 in the 
MOAA/S group) was significant with a power of 0.80 and 
a two-sided α = 0.05, and standard deviation of 0.05 mg/
min per kg, we calculated that a minimum sample size 
of 51 patients was required for each experimental group. 
Assuming a dropout rate of 20%, we determined that at 
least 248 patients were required to have four experimen-
tal groups, each with 62 patients. Continuous data were 
compared using a t test and categorical variables were 
tested using the chi-square test. The criterion for statis-

tical significance was p < 0.05. The SPSS version 21.0 was 
used for the statistical analyses. Data are presented as 
mean ± standard deviation.

RESULTS

Baseline characteristics
Excluding the 20 patients who could not tolerate cecal 
intubation during colonoscopy, 280 patients were an-
alyzed. Among them, 149 were enrolled in the expert 
endoscopist group and 131 in the inexperienced endos-
copist group (Fig. 1). No significant differences were ob-
served among the subgroups in baseline characteristics 
including age, sex, body surface area, or ASA physical 
status (Table 1).

Candidates for colonoscopy

Outcomes

Total dose of propofol
    Total dose of midazolam

Procedure time
Patients’ pain during colonoscopy

        Patients’ and endoscopist’s satisfaction
Adverse events

Exclusion criteria
  Age < 18 yr 
  ASA grade IV or V
  Pregnancy
  Chronic use of benzodiazepine 
   or opiates
  Allergy to eggs
  Previous abdominal surgery

Exclusion analysis

Failed insertion
20 cases

300 Cases
Randomization

Expert group

75 BIS group 75 MOAA/S 
group

74 BIS group 75 MOAA/S 
group

Inexperience group

75 BIS group 75 MOAA/S 
group

67 BIS group 64 MOAA/S
 group

Figure 1. Flowchart of patient enrollment in the study. ASA, 
American Society of Anesthesiologists; BIS, bispectral index; 
MOAA/S, modified Observer’s Assessment of Alertness/Seda-
tion Scale.
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Propofol titration dose and BIS value
The mean BIS value throughout the procedure (from 
insertion to removal of the endoscope) was 74.3 ± 6.7 for 
all 141 patients in the BIS group. The mean total propo-
fol dose administered in the BIS group was significantly 
higher than that in the MOAA/S group (36.9 ± 29.6 and 
11.3 ± 20.7, respectively; p < 0.001), in both the expert and 
inexperienced endoscopist groups (expert group: 38.8 ± 
25.6 and 10.5 ± 15.8 mg, respectively, p < 0.001; inexperi-
enced group: 34.8 ± 33.5 and 12.2 ± 25.3 mg, respectively, p < 
0.001). The difference between the two groups remained 
significant after adjusting for patient body surface in-
dex and procedure duration (Table 2). However, the total 
dose of propofol administered in the inexperienced en-
doscopist group did not differ significantly from that in 
the expert endoscopist group, with or without the use of 
BIS (p = 0.430 and p = 0.640, respectively). The procedure 
time was longer in the inexperienced endoscopist group 
than in the expert group, with or without the use of BIS 
(27.8 ± 14.5 minutes vs. 20.1 ± 12.4 minutes, p = 0.001; 28.4 
± 14.3 minutes vs. 17.5 ± 7.6 minutes, p < 0.001). 

Patient satisfaction and adverse events
The degree of pain assessed by VAS score during colo-
noscopy did not differ significantly between the BIS and 
MOAA/S groups in either the expert or inexperienced 
group (1.38 ± 1.03 vs. 1.56 ± 0.95, p = 0.264; 1.93 ± 2.10 vs. 
2.14 ± 1.75, p = 0.526, respectively). Although overall pa-
tient satisfaction during colonoscopy was higher in the 

expert group than in the inexperienced group, with or 
without the use of BIS (p < 0.001 and p < 0.001), the dif-
ferences between the BIS and MOAA/S groups in the 
expert and inexperienced groups were likewise not 
significant (Table 2). No adverse events, including fre-
quency of oxygen saturation < 80%, hypotension (< 80 
mmHg), or bradycardia (< 50 beats per minute), were ob-
served. The endoscopists’ satisfaction was excellent for 
all patients in each group. During the post-procedural 
follow-up assessment performed in the recovery area, 
no clinically significant hypoxic episodes were recorded 
in either group.

DISCUSSION

In the current study, we found that during colonoscopy 
examination the BIS group did not differ significantly 
from the MOAA/S group in terms of endoscopist or pa-
tient satisfaction. However, the propofol dose adminis-
tered was higher in the BIS group than in the MOAA/S 
group. These results were not significantly different be-
tween the expert and inexperienced endoscopist groups.

Previous studies have reported the usefulness of BIS 
monitoring in endoscopic submucosal dissection or 
ERCP, as well as significant advantages in terms of the 
propofol dose administered, and in endoscopist and 
patient satisfaction levels [4,14,15]. However, in previ-
ous studies that targeted deep sedation during screen-

Table 1. Baseline characteristics of the patients

Characteristic
Expert endoscopist   Inexpert endoscopist 

BIS (n = 74) MOAA/S (n = 75) p value BIS (n = 67) MOAA/S (n = 64) p value

Age, yr 54.3 ± 13.8 56.3 ± 10.3 0.317 56.2 ± 12.6 55.3 ± 12.1 0.673

Sex

Male 50 43 - 44 41 -

Female 24 32 - 23 23 -

Body surface index 23.97 ± 3.50 23.54 ± 2.84 0.411 23.54 ± 3.21 24.02 ± 3.85 0.441

ASA physical status classification

1 50 57 - 45 47 -

2 19 18 - 22 15 -

3 5 6 - 0 2 -

Values are presented as mean ± SD or number.
BIS, bispectral index; MOAA/S, modified Observer’s Assessment of Alertness/Sedation Scale; ASA, American Society of Anes-
thesiologists.
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ing endoscopy, no significant differences in propofol 
dose or recovery time were found between the BIS and 
MOAA/S groups [5,6]. Similarly, in the present study, 
which involved moderate sedative colonoscopy, pa-
tient satisfaction and propofol titration dose did not 
differ markedly between the BIS and MOAA/S groups. 
Further, the results indicate that BIS may be more ap-
propriate in the maintenance phase of sedation, rather 
than in the induction or recovery phase [5]. Likewise, an 
important point for application of BIS in the sedative 
endoscopic field may be the duration, not the depth, of 
sedation. Therefore, BIS could be more useful when a 
longer duration of sedation is required, such as during 
therapeutic endoscopic procedures. 

BIS values range from 0 (coma) to 100 (fully awake), and 
reflect the sedation level regardless of patient clinical 
characteristics or the type of sedative drug administered 
[16]. In previous studies, BIS was validated for monitor-
ing sedation, as evidenced by the good correlation with 
sedation level [10,17]. In this study, we set the threshold 
BIS score at 70 to 80 for moderate sedation based on 

prior recommendations for using BIS during colonos-
copy [9]. However, in other studies, a BIS score of 80 was 
the approximate standard for moderate sedation [10,17]. 
Therefore, in our study, the higher propofol dose in the 
BIS group may have been related to the lower BIS score 
setting for moderate sedation. Nonetheless, the spec-
trum of changes from moderate to deep sedation may 
be very narrow. In a previous study, the BIS score for 
moderate sedation significantly overlapped with that for 
deep sedation [18]. Although further research is need-
ed to determine the BIS score for moderate sedation, 
maintaining the BIS set point during sedative colonos-
copy may be too difficult in clinical practice.

Because the need for endoscopic examinations is in-
creasing, the use of sedatives, propofol in particular, has 
also increased [19]. However, in some countries, the use 
of a sedative agent is restricted and can only be admin-
istered by an anesthesiologist during colonoscopy. In 
this situation, the concern is the high cost. In a recent 
study from France, sedative colonoscopy, performed 
under sedation by an anesthesiologist, added 285% to 

Table 2. Sedative dose, procedure time, and satisfaction scores

Characteristic
Expert endoscopist   Inexpert endoscopist 

BIS (n = 74) MOAA/S (n = 75) p value BIS (n = 67) MOAA/S (n = 64) p value

Midazolam, mg 3.16 ± 0.62 3.17 ± 0.62 0.913 3.10 ± 0.43 3.03 ± 0.36 0.292

Propofol, mg

Total dose 38.8 ± 25.6a 10.5 ± 15.8b < 0.001 34.8 ± 33.5a 12.2 ± 25.3b < 0.001

Total dose/BSA 1.664 ± 1.148 0.507 ±0.716 < 0.001 1.468 ± 1.398 0.503 ± 1.026 < 0.001

Total dose/BSA/total time 0.097 ± 0.070 0.026 ± 0.037 < 0.001 0.057 ± 0.055 0.016 ± 0.031 < 0.001

Procedure time, min

Cecal intubation 7.0 ± 4.6 7.1 ± 4.8 0.849 12.5 ± 7.3 12.4 ± 7.9 0.976

Total 20.1 ± 12.4c 17.5 ± 7.6d 0.127 27.8 ± 14.5c 28.4 ± 14.3d 0.830

Patients’ VAS scorese

Pain during colonoscopy 1.38 ± 1.03 1.56 ± 0.95 0.264 1.93 ± 2.10 2.14 ± 1.75 0.526

Overall satisfaction 9.35 ± 1.18f 9.31 ± 1.07g 0.808 6.25 ± 3.97f 5.61 ± 3.75g 0.342

Values are presented as mean ± SD.
BIS, bispectral index; MOAA/S, modified Observer’s Assessment of Alertness/Sedation Scale; BSA, body surface area; VAS, vi-
sual analog scale.
a,bThe dose of propofol administered was not significantly different between the inexperienced and expert endoscopist groups, 
both with and without the use of BIS (p = 0.430 and p = 0.640, respectively).
c,dThe procedure time was longer in the inexperienced endoscopist group than in the expert group, both with and without the 
use of BIS (p = 0.001 and p < 0.001, respectively).
eA VAS was used to score pain (0, none; 10, severe) and satisfaction (0, poor; 10, excellent).
f,g The patient’s overall satisfaction during colonoscopy was higher in the expert group than in the inexperienced group, both 
with and without the use of BIS (p < 0.001 and p < 0.001, respectively).
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the cost of nonsedative colonoscopy [20]. On the other 
hand, nonanesthesiologist administration of propofol 
showed greater safety and satisfaction levels compared 
with anesthesiologist-administered colonoscopy [21]. 
Interestingly, in our study, the propofol dose adminis-
tered did not differ significantly between the expert and 
inexperienced endoscopist groups, irrespective of use of 
BIS (38.8 ± 25.6 vs. 34.8 ± 33.5, p = 0.430), or MOAA/S (10.5 
± 15.9 vs. 12.1 ± 25.3, p = 0.640). Moreover, there was no 
adverse event during colonoscopic examination in ei-
ther group. The results suggest that the administration 
of combined sedation by a well-trained nurse could be 
considered a safe and satisfactory method for sedative 
colonoscopy.

The limitations of the current study included the fact 
that the nurses could not be blinded to the absence or 
presence of BIS monitoring during colonoscopy. Howev-
er, it was impossible for this study to be performed in a 
totally blinded fashion. While additional, well-designed, 
double-blinded studies should be conducted to confirm 
our results, the implication is that sedation administered 
by well-trained nurses is efficacious in sedative colonos-
copy. A second limitation of the study was that we did not 
investigate or set the BIS score for moderate sedation in 
accordance with the results of previous studies. Although 
further research is needed, we believed that setting a dif-
ferent BIS score for moderate sedation would not reduce 
the propofol dose titration. Finally, although we observed 
no adverse events during the procedures, we could not 
definitively conclude whether or not the experience level 
of the medical team conducting the sedation procedures 
had an effect on the complication rate. 

In conclusion, compared with MOAA/S score moni-
toring alone, BIS monitoring was not effective for titrat-
ing the dose of propofol in colonoscopy, irrespective of 
endoscopist experience.
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