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Abstract
AIM: To determine whether bispectral index (BIS) 
monitoring is useful for propofol administration for 
deep sedation during endoscopic retrograde cholangio-
pancreatography (ERCP). 

METHODS: Fifty-nine consecutive patients with a 
variety of reasons for ERCP who underwent the pro-
cedure at least twice between 1 July 2010 and 30 No-
vember 2010. This was a randomized cross-over study, 
in which each patient underwent ERCP twice, once 
with BIS monitoring and once with control monitoring. 
Whether BIS monitoring was done during the first or 
second ERCP procedure was random. Patients were 
intermittently administered a mixed regimen including 

midazolam, pethidine, and propofol by trained nurses. 
The nurse used a routine practice to monitor sedation 
using the Modified Observer’s Assessment of Alert-
ness/Sedation (MOAA/S) scale or the BIS monitoring. 
The total amount of midazolam and propofol used and 
serious side effects were compared between the BIS 
and control groups. 

RESULTS: The mean total propofol dose adminis-
tered was 53.1 ± 32.2 mg in the BIS group and 54.9 
± 30.8 mg in the control group (P  = 0.673). The in-
dividual propofol dose received per minute during the 
ERCP procedure was 2.90 ± 1.83 mg/min in the BIS 
group and 3.44 ± 2.04 mg in the control group (P  = 
0.103). The median value of the MOAA/S score during 
the maintenance phase of sedation was comparable 
for the two groups. The mean BIS values through-
out the procedure (from insertion to removal of the 
endoscope) were 76.5 ± 8.7 for all 59 patients in us-
ing the BIS monitor. No significant differences in the 
frequency of < 80% oxygen saturation, hypotension 
(< 80 mmHg), or bradycardia (< 50 beats/min) were 
observed between the two study groups. Four cases 
of poor cooperation occurred, in which the procedure 
should be stopped to add the propofol dose. After add-
ing the propofol, the procedure could be conducted 
successfully (one case in the BIS group, three cases 
in the control group). The endoscopist rated patient 
sedation as excellent for all patients in both groups. All 
patients in both groups rated their level of satisfaction 
as high (no discomfort). During the post-procedural 
follow-up in the recovery area, no cases of clinically 
significant hypoxic episodes were recorded in either 
group. No other postoperative side effects related to 
sedation were observed in either group.

CONCLUSION: BIS monitoring trend to slighlty reduce 
the mean propofol dose. Nurse-administered propofol 
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sedation under the supervision of a gastroenterologist 
may be considered an alternative under anesthesiolo-
gist.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Electroencephalography (EEG)-guided sedation has 
been used by anesthesiologists to achieve optimal titra-
tion of  sedatives[1]. Bispectral index (BIS) monitoring is 
an EEG-based method that quantifies the depth of  an-
esthesia by analyzing the EEG and uses a complex algo-
rithm to generate an index score, providing an objective 
measurement of  the level of  consciousness in sedated 
patients[1]. The value of  BIS monitoring as an adjunct to 
endoscopic sedation has been tested in a limited number 
of  endoscopic studies[2-6]. The EEG-guided method was 
originally evaluated for facilitation of  sedation in endo-
scopic retrograde cholangiopancreatography (ERCP)[7-10].

Propofol can rapidly and easily induce deep sedation, 
and the depth of  sedation can be adjusted[1��1�]. The Divi-
sion of  Drug Risk Evaluation in the United States has 
stated that “doses of  propofol should be kept as low as 
effectively possible and patients who are sedated with 
propofol should be monitored properly”[1��2�]. A combina-
tion of  propofol and midazolam significantly reduces 
the total propofol amount required and consequently 
reduces the risk of  apnea; however, recovery time is pro-
longed as compared with propofol alone[8]. According 
to Athens international statements[1��2�] and the American 
Society of  Anesthesiologists Physical Status Classifica-
tion (ASA grade), patients of  classes Ⅰ, Ⅱ and often Ⅲ 
can be safely sedated to the level of  conscious sedation 
by nurses qualified in cardiopulmonary resuscitation for 
esophagogastroduo��������������������������������   -�������������������������������   denoscopy and colonoscopy, but 
there are no data for sedation by nurses during ERCP.

In this study, we hypothesized that if  we employed 
BIS monitoring to achieve the desired level of  deep 
sedation using the minimal doses of  propofol, then the 
risk of  respiratory depression would be reduced. In 

particular, a combination of  propofol and midazolam, 
administered by trained nurses with BIS monitoring, was 
used to evaluate the usefulness of  this sedation method 
during ERCP. 

We determined whether BIS monitoring is a useful 
adjunct technique for the administration of  propofol 
titrated for deep sedation, as measured by differences in 
the dose of  propofol administered during ERCP.

MATERIALS AND METHODS
This study was approved by the hospital ethics com-
mittee, and informed consent was obtained from par-
ticipating patients. Fifty-nine consecutive patients with 
a variety of  reasons for ERCP and who underwent the 
procedure at least twice between 1 July 2010 and 30 Nov 
2010 were prospectively included in this study. Associ-
ated medical illnesses were graded according to ASA 
grade[13]. Exclusion criteria were age < 20 years, critical 
illness (ASA grade Ⅳ or Ⅴ), pregnancy, chronic use of  
benzodiazepines or opiates, and history of  allergy to 
eggs. No patient was excluded after randomization.

All procedures were therapeutic and were performed 
by one gastroenterologist (Jung MK, who has performed 
> 500 ERCP procedures per annum for 5 years). Trained 
three nurses administered the sedative agents and carried 
out the anesthetic protocol, which was generated by an 
anesthesiologist (Jeon YH, who has performed > 1000 
general anesthesia procedures per annum for 15 years). 
This was a randomized cross-over study, in which each 
patient underwent ERCP twice, once with BIS monitoring 
and once with control monitoring. Whether BIS monitor-
ing was done during the first or second ERCP procedure 
was random (Figure 1). The endoscopist, trained nurse, 
radiologist, and assistant nurse had access to the ran-
domization scheme when the patient was admitted to the 
endoscopy suite. The independent research fellow (Park 
HG) who performed all pre- and post-procedural assess-
ments was blinded to the randomization scheme.

The sedation end point was conscious sedation[14]. 
Patient received the fixed dose midazolam, propofol and 
pethidine before the procedure. Trained nurse reassessed 
the sedation grade using BIS monitor or the modified 
Observer’s Assessment of  Alertness/Sedation (MOAA/S) 
scale every minute[3]. Patients were intermittently admin-
istered a mixed regimen including midazolam, pethidine, 
and propofol by trained nurse. The end point of  seda-
tion was a MOAA/S score of  1. For the BIS monitoring 
group, the nurse was instructed to use BIS as the primary 
end point for titration of  propofol and to target the BIS 
value to between 65 and 80. Patients were moved to the 
recovery area immediately after the procedure if  their 
vital signs were stable. All patients were routinely kept in 
the hospital for at least 24 h after the ERCP procedure. 
If  patients awoke or were hyperactive during sedation, 
this was considered a significant adverse event. And the 
procedure should be stopped to add the propofol dose. 
After adding the propofol, patient could be controlled. 
the procedure could be conducted successfully.
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BIS monitoring
All patients were continuously monitored for heart rate, 
oxygen saturation (pulse oximetry), and blood pressure 
(automated blood pressure cuff, serial measurements ev-
ery 3 min). 

Baseline vital signs were recorded immediately before 
the procedure. All patients were given supplemental in-
tranasal oxygen (5 L/min). Respiratory depression was 
considered significant when oxygen saturation was < 
80% for > 15 s with oxygen supplementation. A drop 
in systolic arterial blood pressure below 80 mmHg or a 
heart rate below 50 beats/min��������������������������     �������������������������   was considered a signifi-
cant adverse event. All patients were monitored in the 
recovery area by electrocardiography, pulse oximetry, and 
blood pressure recording. All patients were monitored 
for BIS scores using the BIS VIEW device (BIS Moni-
toring System) and a specific BIS Quatro Sensor (Aspect 
Medical System, Newton, MA, United States). During 
the procedure, BIS scores were monitored every 3 min.

Statistical analysis
The total amount of  midazolam, propofol used and 
serious side effects between the BIS and control groups 
were compared. Continuous data were compared using 
the paired Student’s t-test. Categorical variables were 
tested using the χ 2 test. The criterion for statistical sig-
nificance was P < 0.05. SPSS Version 15 (SPSS, Chicago, 
IL, United States) was used for analyses. Data are pre-
sented as the mean ± SD.

RESULTS
Baseline characteristics of  the 59 patients are presented 
in Table 1. The mean total propofol dose administered 
was 53.1 ± 32.2 mg in the BIS group and 54.9 ± 30.8 mg 
in the control group (P = 0.673; Table 2). The individual 
propofol dose administered per minute during the ERCP 
procedure was 2.90 ± 1.83 mg/min in the BIS group 
and 3.44 ± 2.04 mg/min in the control group (P = 0.103). 
The median value of  the MOAA/S score during the 
maintenance phase of  sedation was comparable between 
the two groups. The mean BIS values throughout the 
procedure (from insertion to removal of  the endoscope) 
were 76.5 ± 8.7. 

No significant differences in the frequency of  < 80% 
oxygen saturation, hypotension (< 80 mmHg), or brady-
cardia (< 50 beats/min) were observed between the two 
study groups. Four cases of  poor cooperation occurred, 
in which the procedure should be stopped to add the 
propofol dose. After adding the propofol, the procedure 
could be conducted successfully (one case in the BIS 
group, three cases in the control group).

The endoscopist rated the patient sedation as excel-
lent for all the patients in both groups. All patients in 
both groups rated their level of  satisfaction as high (no 
discomfort). During the post-procedural follow-up in 
the recovery area, no cases of  clinically significant hy-
poxic episodes were recorded in either group. No other 

postoperative side effects related to sedation were ob-
served in either group.

DISCUSSION
Sedation and analgesia reduce pain, discomfort, and 
stress in patients undergoing unpleasant and prolonged 
procedures such as ERCP and contribute to better pa-
tient tolerance and compliance[15]. Moreover, sedation 
and analgesia reduce the danger of  injuries during ERCP 
due to a lack of  cooperation by the patient and facilitate 
the endoscopist’s task[16]. Since the first report of  endo-
scopic cannulation of  major papilla in 1968[17], ERCP 
has evolved from being a simple diagnostic procedure to 
becoming a therapeutic procedure with increased dura-
tion and complexity, requiring a high degree of  patient 
cooperation. Reports have indicated that complications 
such as duodenal perforation and pancreatitis result as 
a consequence of  poor patient cooperation manifested 
by restlessness and anxiety during the procedure[18]. Suc-
cessful ERCP procedures have been performed with 
the patient either moderately or deeply sedated or under 
general anesthesia. Patel et al[19] reported that even when 
the target level of  sedation was moderate, deep sedation 
episodes of  all sedation occurred in 35% of  ERCP pa-
tients. ERCP is thus recognized as an independent risk 
factor of  deep sedation. 

Propofol is a lipophilic anesthetic agent with rapid 
distribution and elimination times, and it does not have a 
cumulative effect after infusion. Its therapeutic spectrum 
is much narrower than that of  midazolam, so careful 

Characteristics Value

Gender
   Male 36 (61)
   Female 23 (39)
Etiology
   Acute idiopathic pancreatitis 3 (5.1)
   Biloma 1 (1.7)
   Common bile duct stone 34 (57.6)
   Cholangiocarcinoma 10 (16.9)
   Chronic pancreatitis 4 (6.8)
   Intraductal papillary mucinous neoplasm 2 (3.4)
   Pancreatic cancer 5 (8.5)

Table 1  Baseline characteristics of patients  n  (%)

BIS Control P  value

Midazolam (mg) 1.64 ± 0.87   1.61 ± 0.70 0.788
Propofol (mg) 53.1 ± 32.2   54.9 ± 30.8 0.673
Procedure duration (min) 21.0 ± 10.5 18.6 ± 9.6 0.187
Propofol dose/min (mg/min) 2.90 ± 1.83   3.44 ± 2.04 0.103
Procedure failed cases 1 3 0.309
Poor cooperation 2 2
Mean BIS score 76.5 ± 8.7 NA

NA: Not available; BIS: Bispectral index.

Table 2  Comparative results of paired examinations

Jang SY et al . Bispectral index monitoring and ERCP
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monitoring is much more demanding to differentiate be-
tween moderate and deep sedation and general anesthe-
sia. Propofol has been evaluated in a variety of  regimens 
in ERCP and has been shown to provide the same or 
superior sedation quality as midazolam with the advan-
tage of  better patient cooperation and shorter recov-
ery time[20-24]. One large multicenter study from North 
America demonstrated that the leading cause of  death 
from ERCP was cardiopulmonary complications[25]. In 
a large audit of  upper endoscopy procedures from the 
United Kingdom, cardiopulmonary complications result-
ed in mortality in one in 2000 procedures[26]. Sedation-
related complications were attributed to high doses of  
sedatives and inadequate monitoring. In a retrospective 
analysis, Sharma et al[���27] showed that the incidence of  
cardiopulmonary complications in ERCP (2.1%) was 
almost double that during colonoscopy (1.1%) and more 
than triple that during upper endoscopy (0.6%). 

The computer-generated BIS ranges from 0 (coma) 
to 100 (fully awake) and reflects the level of  sedation re-
gardless of  a patient’s clinical characteristics and the type 
of  sedative drug used. The main aim of  this study was 
to determine whether BIS monitoring could be a useful 
adjunct technique to the administration of  propofol that 
was titrated to achieve conscious sedation, as measured 
by a difference in the propofol dose administered dur-
ing ERCP. The primary outcome observed was a slightly 
lower mean dose of  propofol in the group of  patients 
who were deeply sedated with the use of  BIS monitoring. 

As the primary end point, we chose the amount of  
propofol given, because we believe that this will be of  
significant interest for endoscopists. More specifically, 

our guiding hypothesis was that if  we achieved the de-
sired level of  sedation using a minimal dose of  propofol 
with BIS monitoring, then the risk of  respiratory depres-
sion would be reduced. 

The method of  sedation during ERCP procedures 
involves a formulation of  benzodiazepines in combina-
tion with opioids and propofol. The level of  sedation is 
a continuum, and deep sedation is logically associated 
with an increased frequency of  inadequate ventilation or 
airway obstruction[28].

The Practice Committee of  the American Society for 
Gastrointestinal Endoscopy has stated that “the use of  
EEG monitoring may have a role in the future for the 
delivery of  sedation during selected endoscopic proce-
dures”[29]. EEG monitoring, which is a more complex 
technique than BIS monitoring with respect to interpre-
tation, enables more effective titration of  the propofol 
dose for sedation during ERCP[10]. More specifically, 
Wehrmann et al[10] found that the mean propofol dose 
was significantly lower in the group of  patients sedated 
with EEG-guided monitoring as compared with that 
of  the control group. The results from a previous colo-
noscopy study suggested that BIS monitoring may be 
useful in preventing over-sedation as well as in reduc-
ing the propofol dose during the maintenance phase of  
the sedation[2]. A randomized controlled trial published 
2 years later by the same group did not confirm these 
suggestions[3]. This may be explained by the notably 
shorter time required for a colonoscopy and, in particu-
lar, the especially shorter maintenance phase during a 
colonoscopy, during which over-sedation is less likely 
to occur. BIS monitoring may be valuable during ERCP 

Pancreatobiliary disease

Acute idiopathic pancreatitis
Biloma

CBD stone
Extrahepatic cholangiocarcinoma

Chronic pancreatitis
IPMN

Pancreatic cancer

59 cases
Randomization

Exclusion criteria
Age < 20 yr

ASA grade Ⅳ or Ⅴ
Pregnancy

Chronic use of benzodiazepines or opiates
Allergic history to eggs

ERCP Team
Trained nurse
Endoscopist

Assistant nurse
Radiologist

30 cases 29 cases

1st ERCP procedure
BIS monitoring

1st ERCP procedure
Control

2nd ERCP procedure
BIS monitoring

2nd ERCP procedure
BIS monitoring

Outcome measures
Total amount of midazolam and propofol

Serious side effects

Figure 1  Flow chart of the enrolled patients. ASA grade: American Society of Anesthesiologists Physical Status Classification; BIS: Bispectral index; CBD: Com-
mon bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; IPMN: Intraductal papillary mucinous neoplasm.
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during which patients are sedated with the conventional 
regimen of  benzodiazepines plus opioids[7]. More spe-
cifically, in that study the total dose of  midazolam was 
significantly lower in the BIS group as compared with 
the control group[7]. In a recent study, BIS monitoring 
during propofol sedation during endoscopic submucosal 
dissection did not lead to a reduction in the dose of  pro-
pofol required but did lead to higher satisfaction scores 
from the patients and endoscopists[30]. In this study, BIS 
monitoring during midazolam and propofol sedation 
during ERCP was safe and effective when sedatives were 
intermittently infused by well-trained nurses. 

The role of  BIS monitoring for conscious sedation 
targeted to the moderate level has not been established[4]. 
BIS monitoring is less accurate for detecting deep seda-
tion episodes during endoscopy where a particular level 
of  conscious sedation is desired[4,19]. In contrast, a meta-
analysis of  ambulatory surgery studies showed that the 
use of  BIS monitoring significantly reduces the amount 
of  anesthetic administered by 19%[31]. Furthermore, ti-
trating propofol with BIS monitoring during balanced 
anesthesia can decrease the amount of  propofol re-
quired[32]. Moreover, BIS monitoring may prevent aware-
ness during general anesthesia[33], although conflicting 
data have been reported[34].

There are some limitations to our study. First, the 
nurse was not blinded to the absence or presence of  
BIS monitoring during ERCP. It was impossible for this 
study to be scheduled in a blinded fashion. Second, it is 
well established that BIS values lag behind actual seda-
tion scores during induction of  sedation as well as dur-
ing recovery[2]. However, it is noteworthy that all patients 
in the BIS group were deeply sedated during the mainte-
nance phase (BIS score of  65-80).

In conclusion, BIS monitoring trend to slightly re-
duce the mean propofol dose, when the BIS index is 
used as the primary target for sedation during ERCP 
procedures. Approaches such as nurse-administered 
propofol sedation under the supervision of  a gastroen-
terologist may be considered an alternative under the 
anesthesiologist.
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