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Background/Aims: It is unclear whether continuous infusion or intermittent bo-
lus injection of propofol is better for achieving adequate sedation in endoscopic
retrograde cholangiopancreatography (ERCP). We aimed to compare the efficacy
and safety of continuous infusion and intermittent bolus injection of propofol
during therapeutic ERCP.

Methods: In this prospective study, we randomly assigned 232 patients undergo-
ing therapeutic ERCP to either continuous infusion (CI group, n = 113) or inter-
mittent bolus injection (BI group, n = 119) of propofol. The primary outcome was
the quality of sedation as assessed by the endoscopist. Other sedation-related pa-
rameters included sedation induction time, total dose of propofol, recovery time,
involuntary patient movement, and adverse events.

Results: Overall satisfaction with sedation by the endoscopist and monitoring
nurse were significantly higher in the CI group than the BI group (mean satisfac-
tion score, 9.66 vs. 8.0 and 9.47 vs. 7.96, respectively, p < o.01 for both). However,
patients in the CI group had a significantly longer sedation induction time (5.28
minutes vs. 4.34 minutes, p < 0.01) and received a higher dose of propofol than pa-
tients in the BI group (4.22 mg/kg vs. 2.08 mg/kg, p < 0.01). There was no signifi-
cant difference in adverse events between the two groups.

Conclusions: Continuous infusion of propofol during therapeutic ERCP had the
advantage over intermittent bolus injection of maintaining a constant level of
sedation without increasing adverse events. However, it was associated with an
increased total dose of propofol and prolonged sedation induction time.

Keywords: Propofol; Deep sedation; Endoscopic retrograde cholangiopancreatog-
raphy

INTRODUCTION

tion for both patient and endoscopist [2,4,5].
Propofol is generally administered by intermittent

Propofol is now widely used for sedation in gastroin-
testinal endoscopy, especially for therapeutic endoscopy
procedures [1-3]. It has many advantages over benzodiaz-
epines and/or opioids, including rapid onset of action,
short half-life, fast recovery, and high levels of satisfac-
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bolus injection with or without benzodiazepines and/or
opioids [6]. Because of the rapid onset of action and short
half-life of propofol, intermittent bolus injection may
be associated with peaks and valleys of plasma propo-
fol concentration. Peak levels can cause sedation-relat-
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ed adverse events such as hypoxemia and hypotension,
while valleys can lead to rapid lightening of the sedative
effect and subsequent involuntary patient movement [7].
Continuous propofol infusion via an infusion pump is
an alternative method that could theoretically maintain
more constant levels of sedation without fluctuations
of plasma concentration, helping avoid involuntary pa-
tient movement and sedation-related adverse events [§].

A constant level of sedation is important, especially in
complex and long-lasting therapeutic endoscopic pro-
cedures such as endoscopic retrograde cholangiopan-
creatography (ERCP). Involuntary patient movement
under sedation can lead to procedure-related complica-
tions. In addition, the need for greater amounts of sed-
ative to inhibit involuntary movement may increase the
risk of sedation-related adverse events and prolong the
procedure [5].

Ttis unclear whether continuous infusion or intermit-
tent bolus injection of propofol is superior for achieving
an adequate level of sedation during therapeutic ERCP.
Only one study has compared continuous infusion and
intermittent bolus injection during ERCP and endo-
scopic ultrasonography in terms of efficacy and safety,
and its results were inconclusive [7]. Therefore, we de-
signed a prospective, randomized study comparing the
efficacy and safety of continuous infusion and inter-
mittent bolus injection of propofol during therapeutic
ERCP.

METHODS

Study population

All consecutive patients eligible for ERCP were enrolled
between August 2012 and December 2013. We exclud-
ed patients who were under 19 years of age, pregnant,
had known allergies to the drugs used or a history of
sedation-related complications (i.e., severe paradoxical
response, hypoxemia, bradycardia, and hypotension) or
gastrectomy, were American Society of Anesthesiologist
(ASA) class [9] = IV, or were unable to provide informed
consent. Patients were also excluded from the final
analysis if the procedure was terminated early because
of failure of bile duct cannulation due to anatomical ab-
normalities such as duodenal stenosis, previous gastric
surgery, or periampullary anatomical variation.
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Study design and procedures

This was a prospective, randomized study in a single
tertiary referral center comparing the efficacy and safety
of continuous infusion and intermittent bolus injection
of propofol during therapeutic ERCP.

An independent physician randomized the patients
to either the continuous infusion (CI) or intermittent
bolus injection (BI) group at the point of sedation in-
duction using a computer program. The allocation was
concealed from the patients, endoscopist, and moni-
toring nurse, who only monitored the patients during
the procedure. An independent physician and sedation
nurse who did not participate in the survey were the only
persons aware of the sedation method used for each pa-
tient. The independent physician determined the dos-
age of all sedatives taking into account age, body weight,
and general condition of each patient, and the sedation
nurse administered sedatives. To conceal the sedation
procedure from the operator, an infusion pump was
prepared for all procedures before randomization and
was not removed, even if the patient was assigned to the
BI group, and a screen was placed between the operator
and sedation nurse.

In the CI group, the initial infusion rate of propofol
was determined by the independent physician to be in
the range of 9 to12 mg/kg/hr. After induction of seda-
tion, the infusion rate was lowered to the range of 2 to 5
mg/kg/hr, then titrated by 1 to 2 mg/kg/hr depending on
patient sedation level [10,11].

In the BI group, sedation was initiated with an in-
travenous injection of a bolus of 1 to 2 mg midazolam
plus 20 to 30 mg propofol. To maintain deep sedation,
additional boluses of 10 to 20 mg propofol were admin-
istered at intervals of at least 20 to 30 seconds [11]. The
registered nurse who administered the propofol was
certified in advanced cardiac life support and had com-
pleted a structured training program developed in our
institution for administering propofol under the su-
pervision of a physician. The endoscopist, independent
physician, and monitoring nurse were also certified in
advanced cardiac life support.

All patients fasted overnight before undergoing ERCP
except in emergency cases and received 20 mg hyoscine
butylbromide and 25 mg meperidine as premedications
unless contraindicated. The procedure was performed
with a standard duodenoscope (JF-240, TJF-240, or TJF-
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260V, Olympus Optical, Tokyo, Japan) with the patient
in a prone position. All endoscopic procedures were
performed by one experienced endoscopist (K.S.Y.) who
had performed more than 2,500 ERCP operations.

The study protocol was approved by the Institutional
Review Board of Hanyang University Guri Hospital (IRB
No. 2012-055). Written informed consent was obtained
from all patients.

Patient monitoring

The patient’s level of consciousness and vital signs were
assessed just before the start of the procedure. Moni-
toring included pulse oximetry, 3-lead electrocardiogra-
phy, automated non-invasive blood pressure and heart
rate measurements. All patients received supplemental
oxygen at a rate of 2 L/min, delivered by nasal cannu-
la [6]. To assess the level of sedation, we used Modified
Observer’s Assessment of Alertness/Sedation (MOAA/S)
scores. If the patient did not respond to mild prodding
or shaking (MOAA/S score 1), or responded only after
mild prodding or shaking (MOAA/S score 2), we deter-
mined that sedation was deep [12].

During the procedure, the patient’s level of conscious-
ness, vital signs including respiratory rate, oxygen-satu-
ration, and involuntary movement were recorded every 5
minutes [6]. Equipment for emergency resuscitation was
available at all times.

After completion of the procedure, the patient was
monitored in the ERCP unit until complete recovery
was achieved. Aldrete’s scoring system, including activ-
ity, respiration, circulation, consciousness, and oxygen
saturation, was used to determine the discharge. An Al-
drete’s score of 9 or more was considered appropriate
for discharge [12].

Study outcome
Primary outcome was the quality of sedation as assessed
by the endoscopist. The endoscopist and monitoring
nurse completed a questionnaire using a 10-cm visual
analog scale (VAS), including overall satisfaction and dif-
ficulty in maintaining deep sedation during the proce-
dure. In addition, all patients completed a questionnaire
to evaluate overall satisfaction with the procedure and
sedation once they had fully recovered from sedation.
Sedation induction time, total dose of propofol, re-
covery time, and frequency of involuntary patient move-
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ment were also recorded. Sedation induction time was
defined as the time from first injection to deep sedation.
Recovery time was defined as the time from completion
of the procedure to complete recovery. All involuntary
patient movement was recorded by the monitoring
nurse. Any interruptions of the procedure of > 1 minute
due to severe involuntary movement were also recorded.

Sedation-related adverse events including hypoxemia
(SpO, < 90%), hypotension (systolic blood pressure <
9o mmHg), and bradycardia (heart rate < 50 beats/min)
lasting more than 10 seconds were also evaluated. When
hypoxemia occurred, we increased oxygen supply and
performed airway management such as jaw thrust, bag-
mask ventilation, and endotracheal intubation, as ap-
propriate.

Statistical analysis

All statistical analyses were performed with IBM SPSS
Statistics version 20.0 (IBM Co., Armonk, NY, USA). The
t test and the chi-square test or Fisher’s exact test were
used to compare continuous and categorical data, re-
spectively. A p value of < 0.05 was considered statistically
significant. Based on a previous report, we assumed that
the mean + standard deviation satisfaction score of the
endoscopist in the BI group would be 8 + 2 [13-15]. Ac-
cordingly, to achieve 80% power to detect a difference
0f 10% (0.8 cm on a 10-cm VAS scale) with a two-sided
test at an o value of 0.05, a sample size of 99 patients
per group was calculated. Considering a dropout rate of
10%, 218 patients were needed.

RESULTS

Patients

A total of 255 patients were enrolled, of whom 15 were
excluded initially due to severe comorbidity (ASA class =
IV) or previous history of gastrectomy. The 240 remain-
ing patients were randomly assigned to either continu-
ous infusion (CI group, n = 117) or intermittent bolus in-
jection (BI group, n = 123) of propofol for deep sedation.
Four patients with anatomical abnormalities in the CI
group and three patients with anatomical abnormalities
and one with current anticoagulant use in the BI group
were excluded from the final analysis. A total of 232 pa-
tients, 113 in the CI group and 119 in the BI group, were
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finally analyzed (Fig. 1).

Baseline characteristics of the study population are
listed in Table 1. There were no significant differences
in age, sex, BMI, or indications for ERCP between the
two groups. The mean age was 67.3 years, and the major-
ity of patients underwent ERCP because of choledocho-
lithiasis with or without acute cholangitis.

Clinical outcomes

Table 2 shows the results for sedation efficacy accord-
ing to the two propofol injection methods. In terms of
the quality of sedation, satisfaction of the endoscopist

| 255 Eligible patients with informed consent |

15 Were excluded
6 ASA class = IV
9 Previous gastrectomy

| 240 Underwent randomization |

l

117 Were assigned to the CI group | | 123 Were assigned to the Bl group |

4 Were excluded

4 Were excluded
4 Anatomical abnormalities

'

3 Anatomical abnormalities
1 Current anticoagulant use

!

| 113 Were finally analyzed | | 119 Were finally analyzed |

Figure 1. Flow diagram of the study. ASA, American Society of
Anesthesiologist; CI, continuous infusion; BI, bolus injection.

Table 1. Baseline characteristics of the study population
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and monitoring nurse were significantly higher in the
CI group: the mean satisfaction scores of the endosco-
pist and monitoring nurse were 9.66 and 9.47 in the CI
group versus 8.0 and 7.96 in the BI group, respectively (p
< o.o1 for both). The mean scores for difficulty in main-
taining deep sedation of the endoscopist and monitor-
ing nurse were significantly lower in the CI group than
in the BI group (1.11 vs. 2.54, p < 0.01 and 1.54 vs. 2.66, p <
o0.01, respectively). Patient satisfaction with sedation was
also higher in the CI group than in the BI group (mean
satisfaction score, 9.64 vs. 9.07, p < 0.01). Moreover, the
frequency of involuntary movement was significantly
lower in the CI group than in the BI group (4 events vs.
25 events, p < 0.01), and no procedures were interrupted
in the CI group compared to four interruptions in the
BI group (p = 0.12).

However, the mean sedation induction time was sig-
nificantly longer (5.28 minutes vs. 4.34 minutes, p < 0.01)
and the mean recovery time tended to be longer in the
CI group than in the BI group (8.14 minutes vs. 7.04
minutes, p = 0.06). Furthermore, the mean total dose of’
propofol per body weight was significantly higher in the
CI group than in the BI group (4.22 mg/kg vs. 2.08 mg/
kg, p < 0.01).

Adverse events
Hypoxemia occurred in six of the 113 patients in the CI
group, and four of the 119 patients in the BI group (53%

Characteristic CI group (n = 113) BI group (n = 119) pvalue
Age, yr 65.8 £16.8 68.9 £14.6 0.13
Sex 0.69

Male 56 (49.6) 55 (46.2)

Female 57 (50-4) 64 (53.8)
BMI, kg/m* 23.1%3.4 23.2£3.7 0.83
Indication for ERCP 0.70

Choledocholithiasis 82(72.6) 79 (66.4)

Bile duct cancer 16 (14.2) 20 (16.8)

Biliary pancreatitis 4(3.5) 3(2.5)

Pancreatic cancer 6(53) 7(5-9)

Other? 5(4-4) 10 (8.4)

Values are presented as mean + SD or number (%).

CI, continuous infusion; BI, bolus injection; BMI, body mass index; ERCP, endoscopic retrograde cholangiopancreatography.
*Other includes intraductal papillary neoplasm, stricture of the common bile duct, and primary sclerosing cholangitis.
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Variable CI group (n = 113) BI group (n = 119) pvalue
Satisfaction of endoscopist

Overall satisfaction 9.66 £1.00 8.0+1.68 <0.01

Difficulty score 111+ 0.41 2.54 £1.73 <0.01
Satisfaction of monitoring nurse

Overall satisfaction 0.47 £1.48 7.906 £1.80 <0.01

Difficulty score 1.54 +1.02 2.66 £1.83 < 0.01
Satisfaction of patient

Overall satisfaction 9.64 £ 0.74 9.07 £1.12 <0.01
Sedation induction time, min 5.28 +£2.07 434 +2.44 <o0.01
Involuntary patient movement 4(3.5) 25 (21.0) <o0.01
Interruptions of procedure o 4(3.4) 0.12
Procedure time, min 22.14 +12.64 20.72 £10.87 036
Recovery time, min 8.14+4.83 7.04 + 4.07 0.06
Total dose of propofol, mg/kg 4.22.+1.73 2.08 £1.35 <o0.01
Total dose of midazolam, mg - 1.65 £ 0.51 -

Values are presented as mean = SD or number (%).
CI, continuous infusion; BI, bolus injection.

vs. 3.4%, p = 0.53). No patients required endotracheal in-
tubation, but two patients in each group required bag-
mask ventilation (1.8% vs. 1.7%, p = 1.00). When SpO,
decreased to less than 9o%, the oxygen supply was in-
creased to 5 L/min through the nasal cannula. If SpO,
was decreasing or did not increase to = 9o% within 1
minute despite the oxygen increase, the procedure was
immediately stopped and the endoscope was removed.
An oropharyngeal airway was placed, propofol infu-
sion was discontinued in the CI group, and intravenous
flumazenil was administered in the BI group. Bag-mask
ventilation was performed with an oxygen supply of 15 L/
min. All four patients that required bag-mask ventilation
recovered within 2 minutes. The procedure was resumed
with a reduced propofol dose of 50% to 70% of the last
dose, and all procedures were completed successfully.
Systolic hypotension, defined as systolic blood pres-
sure < 9o mmHg, occurred in one patient in the CI
group and no patients in the BI group (p = 0.49). In the
patient with hypotension, the infusion rate of propofol
was lowered by 1 to 2 mg/kg/hr and intravenous saline
was administered. Blood pressure recovered within 2
minutes without interruption of the procedure. No bra-
dycardia occurred in either group. Overall, there were

1342 www.kjim.org

no significant differences in adverse events between the
two groups (Table 3).

DISCUSSION

Propofol-based sedation is now widely used in gastroin-
testinal endoscopy. Therapeutic endoscopic procedures
such as ERCP, however, require deep sedation without
respiratory compromise [12], and meticulous dose ad-
justment is necessary when administering propofol.
Propofol-based sedation, including balanced propofol
sedation and propofol monosedation, is well-estab-
lished, as are methods of administration, including
intermittent bolus injection and continuous infusion;
however, no single method has been found to be superi-
or to the others [16].

In the present work, we observed that the overall sat-
isfaction of the endoscopist and monitoring nurse with
sedation were both significantly higher when propofol
was administered by continuous infusion than when it
was administered by intermittent bolus injection, and
there was no significant difference in adverse events be-
tween the two procedures.
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Table 3. Adverse events
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Variable CI group (n =113) BI group (n =119) pvalue

Hypoxemia 6(53) 4(3-4) 0.53
Bag-mask ventilation 2(1.8) 2(17) 1.00
Endotracheal intubation o o -

Hypotension 1(0.9) o 0.49

Values are presented as number (%).
CI, continuous infusion; BI, bolus injection.

The overall satisfaction of the endoscopist, monitor-
ing nurse, and patients with sedation was high in the CI
group; the endoscopist was not disturbed by involun-
tary patient movement during the procedure, and the
monitoring nurse found it easy to maintain the level of
sedation. Indeed, involuntary patient movement was
significantly less frequent in the CI group than the BI
group. Theoretically, continuous infusion should be
more effective in maintaining a constant level of seda-
tion than intermittent bolus injection because it can
maintain constant plasma propofol concentrations [§].
However, a previous study comparing the efficacy and
safety of continuous infusion versus intermittent bolus
injection of propofol during ERCP found no significant
differences in patient cooperation, total propofol dose,
or adverse events between the methods. Because the au-
thors of that study administered 3 mg of midazolam, a
higher dose than in the present study, the fluctuation
of any sedation effects with intermittent propofol in-
jection may have been reduced, leading to inconclusive
results [7]. In the current study, however, it is likely that
constant levels of sedation were achieved with constant
plasma propofol concentrations in the CI group, al-
though we did not measure plasma concentrations. In
contrast, in the BI group, involuntary patient movement
was frequent and 4 procedures had to be interrupted as a
result. Involuntary patient movement probably reflects
the difficulty in predicting when to inject successive
propofol boluses, leading to peaks and valleys of plas-
ma propofol concentration. These results suggest that
continuous infusion is superior to intermittent bolus
injection for maintaining a constant level of sedation.

Although continuous infusion showed better results
in terms of the quality of sedation than intermittent
bolus injection, we found that it was associated with a
higher total dose of propofol and longer sedation induc-
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tion time, in contrast to a previous study that found no
significant difference in total propofol dose between the
methods [7]. In the current study, a low dose of midazol-
am was administered concomitantly with propofol only
in the BI group according to the standard of balanced
propofol sedation, which may have led to a lower total
dose of propofol and shorter sedation induction time
in the BI group, because of the propofol-sparing effect
of midazolam [7]. In addition, although the difference
was not statistically significant, continuous infusion was
also associated with prolonged recovery time, in agree-
ment with the previous study [7]. This outcome may be
explained by the fact that propofol infusion was discon-
tinued concurrently with the end of the procedure in
the CI group, whereas the last dose was administered
several minutes before the end of the procedure in the
BI group.

Despite the high dose of propofol administered in the
CI group, there was no significant difference in adverse
events between the two groups. Delivering a higher dose
of propofol can be dangerous because there is no rever-
sal agent, and sedation-related adverse events such as
hypoxemia and hypotension are associated with the to-
tal dose and infusion rate of propofol [17-19]. However,
the incidence of hypoxemia did not increase significant-
ly in the CI group in association with the higher admin-
istered dose of propofol. Presumably, the total dose of
propofol was higher in the CI group because midazolam
was not administered concomitantly, and the low inci-
dence of hypoxemia may have been due to the preserved
pharyngeal function associated with continuous infu-
sion, as reported in a previous study [19)].

This study has some limitations. First, we assessed the
quality of sedation using the arbitrary and subjective in-
dicator of satisfaction of the endoscopist and nurse, be-
cause there were no proper objective indicators to assess
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the quality of sedation. To complement this approach,
we also evaluated patient satisfaction. Second, we admin-
istered midazolam concomitantly with propofol in the
BI group, and propofol monosedation was performed in
the CI group. Therefore, direct comparison of the total
dose of propofol between the two groups may be inap-
propriate because midazolam may have had a propo-
fol-sparing effect. Third, the study was conducted in a
single institution, making it difficult to generalize the re-
sults. Total doses of propofol and midazolam were lower
than in previous studies [20,21]. Furthermore, since the
incidence of adverse events was lower than in previous
studies [22,23], we detected no statistically significant
differences in the frequency of adverse events between
the two groups. A larger scale, multinational and mul-
ticenter study is needed to overcome these limitations.

Despite these limitations, this study offers a better
understanding of propofol administration methods
during ERCP. In conclusion, continuous infusion of
propofol during therapeutic ERCP is superior for main-
taining a constant level of sedation and endoscopist sat-
isfaction than intermittent bolus injection without an
increased risk of adverse events, but is associated with
an increased total dose of propofol and prolonged seda-
tion induction time.

KEY MESSAGE

1. During therapeutic endoscopic retrograde
cholangiopancreatography, continuous infu-
sion of propofol was superior for maintaining
a constant level of sedation compared to in-
termittent bolus injection.

2. Continuous infusion of propofol was associ-
ated with an increased total dose of propofol
and prolonged sedation induction time, but
not with an increased risk of adverse events.
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