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Abstract

Objectives: Evidence of the safety and usefulness of propofol sedation during endoscopic retrograde
cholangiopancreatography is presently insufficient; our study aimed to add such information.

Methods: Patients were sedated using propofol or midazolam during endoscopic retrograde
cholangiopancreatography. The safety and utility of the sedatives were compared. Safety parameters included
examination cancellation rate, circulatory depression, and respiratory depression. Utility parameters included pain
level, sedation tolerability rate, and bispectral index sedation level.

Results: The propofol and midazolam groups contained 30 and 27 patients, respectively. No patient had an
examination cancelled for sedation-related reasons. Blood pressure reduction (mmHg) was 24.1 ± 19.7 and 28.1 ±
20.7 in the midazolam and propofol groups, respectively, showing no significant difference. Pulse rate decrease
(beats/min) was 2.4 ± 5.6 and 1.7 ± 4.5 in the propofol and midazolam groups, respectively, with no significant
difference. Arterial carbon dioxide tension (mmHg) increased by 10.2 ± 6.5 and 10.8 ± 7.2 in the propofol and
midazolam groups, respectively, showing no significant difference. Arterial oxygen saturation reduced by 2.9 ± 2.2%
and 1.5±1.7% in the midazolam and propofol groups, respectively. The percentage of patients with <92% oxygen
saturation showed no significant difference. The pain level was 0.9 ± 1.3 in the propofol group, and significantly
lower than 2.4 ± 2.7 in the midazolam group. The sedation tolerability rate was 93.3% for propofol, and significantly
higher than 74.1% for midazolam. The bispectral index (mean value/minimum value) was 75.1 ± 10.6/63.9 ± 12.1 for
propofol, and significantly lower than 80.5 ± 4.2/72.0 ± 5.0 for midazolam.

Conclusions: Propofol sedation had similar safety and superior efficacy to midazolam. Stepwise adjustments of
propofol dosage likely result in safer sedation.
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Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a

procedure useful for the diagnosis and treatment of diseases of the
biliary system and pancreas. However, ERCP causes various levels of
pain to patients. In addition, the pain induced occasionally causes
vigorous body motion, preventing safe examination and treatment.
Currently in Japan, sedation is mainly performed using a
benzodiazepine such as midazolam, and has been adopted for the
reduction of ERCP-caused pains [1]. Although these sedatives can be
safely used, their problems include an occasional insufficient effect,
leading to an insufficient reduction in patient pain and disinhibition,
promoting body motion [2]. In recent years, a number of reports have
stated the usefulness and safety of propofol as a sedative in medical
care during endoscopy [3-13]. According to these reports, propofol
has a superior sedative effect and safety to midazolam in upper
endoscopy, colonoscopy, and endoscopic therapy for early gastric

cancer. Sedation with propofol is expected to allow for a safe
examination and therapy with less pain during ERCP as well.
However, clinical evidence of the safety and usefulness of propofol
sedation is insufficient, because previous reports have used various
administration methods and doses [13-20]. In the present study, we
compared patients sedated with propofol during ERCP to those
sedated with midazolam, as is used conventionally. We sought to
clarify whether propofol allows for safe sedation and if it can improve
patient tolerability by reducing pain during ERCP.

Methods

Patients
The subjects were patients who were sedated with propofol or

midazolam during ERCP and could be evaluated regarding pain and
sedation during and after the ERCP examination from among patients
who underwent ERCP for a detailed examination or treatment of a
disease of the biliary system or pancreas at our hospital during the
period between September 2012 and April 2014 (Figure 1). Written
informed consent was obtained from all participants. This study was
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approved by the Human Ethics Review Committee of Hiroshima
University and conforms to the provisions of the Declaration of
Helsinki (as revised in Fortaleza, Brazil, October 2013).

Figure 1: ERCP examination.

Monitoring
During ERCP, blood pressure, pulse rate, PtcCO2, SpO2, ECG, and

BIS were monitored. Blood pressure was measured intermittently
every 5 min, while the other parameters were monitored continuously.

Sedation regimens
Propofol and midazolam were used in the presence and absence

of an anesthesiologist, respectively. Sedation was controlled by a full-
time gastroenterologist in all cases. In the midazolam group, 0.06
mg/kg of midazolam and 7.5 mg of pentazocine were intravenously
(i.v.) injected at the start of ERCP (Figure 2A). In cases where sedation
was considered poor, as manifested by significant body motion, 0.02
mg/kg of midazolam or 7.5 mg of pentazocine was additionally
injected as necessary. In the propofol group, sedation was desired to be
at level-3 on the Richmond agitation-sedation scale (RASS), and the
dose was adjusted in three steps. At the start of ERCP, 0.5 mg/kg of
propofol and 7.5 mg of pentazocine were i.v. injected slowly followed
by a continuous propofol infusion of 2.0 mg/kg/h (Figure 2B). In cases
where the desired sedation could not be obtained in a few minutes, the
same doses of propofol and pentazocine were slowly i.v. injected
followed by maintenance of the propofol level at 4.0 mg/kg/h. In cases
where the desired sedation could not be obtained in another few
minutes, 0.5 mg/kg of propofol was slowly i.v. injected followed by
maintenance of the propofol level at 6.0 mg/kg/h. Pentazocine was i.v.
injected at a dose of 7.5 mg every 30 min, with a maximum dose of 45
mg. In both groups, oxygen was provided nasally at 2 L/min from the
start of the examination. Timepidium bromide hydrate or glucagon
was administered as an antispasmodic agent.

Parameters

Safety and efficacy
Safety was evaluated using the cancellation rate of examinations

for sedation-related reasons, as well as hemodynamic and respiratory
kinetic changes. The hemodynamic changes were evaluated using
changes in blood pressure and pulse rate as indicators, whereas
respiratory kinetic changes were evaluated using changes in PtcCO2
and SpO2 as indicators.

Efficacy was evaluated using pain level, sedation level, and sedation
tolerability rate. The pain level was evaluated on the day following the
examination using the 0–10 numerical rating scale (NRS) (0 refers to
no pain and 10 to maximum pain). The sedation level was evaluated
using the BIS value during the examination as an indicator. The
sedation tolerability rate was evaluated the day following the
examination using an either-or question (tolerable or intolerable).

Figure 2: Outline of the sedation procedures. A. midazolam; B.
propofol.

Data collection
Patient data regarding age, sex, body height, body weight, alcohol

consumption, smoking history, the presence of the regular use of
benzodiazepines, and primary disease were extracted from hospital
medical records. Hospital records also provided the ERCP procedure
time. Information was also collected on the occurrence of
cholangiography, pancreatography, biliary drainage, pancreatic duct
drainage, papillotomy, lithotripsy, cholangioscopy, and intraductal
ultrasonography of the bile duct.

Statistical analysis
Sample size was estimated focused on the adverse event rate.

Assuming that the adverse event rate in the propofol group was 3%
based on our clinical data, when the data were analyzed with a non-
inferiority margin of 10% and a power of 0.8, and the adverse event
rate in the midazolam group was 10%, 26 patients were needed for
each group to claim non-inferiority of propofol-midazolam.
Accordingly, 60 patients (propofol, 30; midazolam, 30) were planned
to be included in this trial.

All results were expressed as the mean ± standard deviation. For the
statistical analysis, Wilcoxon’s test or the chi-squared test were used as
necessary. The difference was considered significant at P<0.05. JMP 9
(SAS Institute Inc., Cary, NC, USA) was used for the data analysis.

Results
The propofol and midazolam groups contained 30 and 27 patients,

respectively. No significant difference was seen in patient
characteristics between the two groups (Table 1). The ERCP-related
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procedures were not significantly different between the two groups,
except that the propofol group lacked lithotripsy (Tables 2 and 3).

Cases (n) Midazolam Propofol P-value

27 30 -

Age (years) 65.6 ± 14.8 66.4 ± 11.8 0.713

Male : Female (n) 14:13 21:09 0.16

Body height (cm) 159.9 ± 8.1 163.3 ± 9.6 0.137

Body weight (kg) 55.2 ± 9.3 60.7 ± 14.1 0.143

Alcohol consumption>50 g/day (n) 5 10 0.205

Smoker (n) 11 15 0.483

Benzodiazepine user (n) 7 6 0.594

Disease - - -

Pancreatic disease (n) 13 16 0.696

Biliary disease (n) 14 14 0.696

Table 1: Patient characteristics.

Midazolam (n=27) Propofol (n=30) P-value

Procedure duration (min) 39.7 ± 20.6 40.2 ± 17.3 0.737

Cholangiography (n) 17 19 0.977

Pancreatography (n) 22 18 0.077

Biliary drainage (n) 12 12 0.734

Pancreatic duct drainage (n) 10 8 0.400

Papillotomy (n) 3 1 0.251

Lithotripsy (n) 4 0 0.029

Cholangioscopy (n) 2 2 0.913

IDUS† (n) 5 4 0.592

Procedure discontinuation (n) 0 0 1.000

Table 2: Endoscopic retrograde cholangiopancreatography procedures.

 Midazolam Propofol P-value

Initial 97.5 ± 0.8 97.6 ± 1.0 0.391

Mean 80.5 ± 4.2 75.1 ± 10.6 0.012

Minimum 72.0 ± 5.0 64.9 ± 12.1 0.005

Table 3: Sedation level (bispectral index).

Safety
There was no patient whose examination was cancelled for a

sedation-related reason in either group (Table 2). Regarding
circulatory depression, changes in blood pressure (increase/decrease
[mmHg]) were 17.8 ± 15.6/24.1 ± 19.7 and 14.3 ± 22.2/28.1 ± 20.7 in

the midazolam and propofol groups, respectively, showing no
significant differences in values (P=0.080, 0.554) (Figure 3A). Changes
in pulse rate (increase/decrease [beats/min]) were 26.4 ± 17.9/1.7 ± 4.5
and 25.5 ± 15.2/2.4 ± 5.6 in the midazolam and propofol groups,
respectively, showing no significant differences in values (P=0.962,
0.646) (Figure 3B). Regarding respiratory depression, the increase in
PtcCO2 (mmHg) was 10.8 ± 7.2 and 10.2 ± 6.5 in the midazolam and
propofol groups, respectively, with no significant difference (P=0.833)
(Figure 4A). The percentages of patients with PtcCO2>50 mmHg were
44.4% and 43.5% in the midazolam and propofol groups, respectively,
with no significant difference (P=0.951) (Figure 4B). The reduction in
SpO2 (%) was 2.9 ± 2.2 in the midazolam group, and higher (P=0.015)
than that of 1.5 ± 1.7 in the propofol group (Figure 4C), whereas the
percentage of patients with less than 92% SpO2 showed no significant
difference (P=0.940) (Figure 4D), as both groups included one such
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patient (3.7% and 3.3% in the midazolam and propofol groups,
respectively).

Efficacy
The level of patient pain evaluated using the 0–10 NRS was 0.9 ±

1.3 in the propofol group, and significantly lower than the value of 2.4
± 2.7 in the midazolam group (P=0.030) (Figure 5A). The sedation
tolerability rate was 93.3% in the propofol group, and significantly
higher than the 74.1% rate in the midazolam group (P=0.047) (Figure
5B). The BIS values (initial value/mean value/minimum value) used as
indicators of sedation level were 97.5 ± 0.8/80.5 ± 4.2/72.0 ± 5.0 and
97.6 ± 1.0/75.1 ± 10.6/64.9 ± 12.1 in the midazolam and propofol
groups, respectively, showing no significant difference in the initial
values, but significantly lower mean and minimum values in the
propofol group (P=0.391/0.012/0.005).

Figure 3: Hemodynamic changes. A. Blood pressure (top: increases
in blood pressure; bottom: decreases in blood pressure). B. Pulse
rate (top: increases in pulse rate; bottom: decreases in pulse rate).

Discussion
Propofol is classified as a general anesthetic and characterized by

the early development and short duration of its effect [4]. Midazolam
also develops an effect relatively early, but has a longer duration than
propofol, and has the problem that dosage adjustment for proper
sedation requires time. On the other hand, propofol is also an agent
with a narrow range between sedation and anesthesia is therefore not
necessarily recommended for sedation during endoscopy. However,
propofol with its strong sedating effect is likely to be useful during
painful ERCP procedures because the duration of effect is short and
the time required for dosage adjustment can also be shortened
compared to midazolam. However, it is stipulated in Japan that the use
of propofol shall be controlled by an anesthesiologist. However, it is
currently impossible to administer sedatives under an
anesthesiologist’s control at all times during ERCP. In cases where an
anesthesiologist is unavailable, the gastroenterologist engaged in ERCP
must control the sedation.

Figure 4: Changes in respiratory kinetics. A. Increase in PtcCO2. B.
Percentage of patients in whom PtcCO2 increased to greater than
50 mmHg. C. Reductions in SpO2. D. The percentage of patients
who’s SpO2 decreased to less than 92%. PtcCO2: transcutaneous
arterial carbon dioxide tension. SpO2: transcutaneous arterial
oxygen saturation.

Figure 5: Sedation efficacy. A. Levels of patient pain evaluated using
the 0–10 numerical rating scale. B. Patient tolerability of sedation.
NRS: Numerical Rating Scale.

For that reason, in the present study, a gastroenterologist provided
sedation using propofol during ERCP in the presence of an
anesthesiologist. Our sedation regimen using propofol attempts to
reduce the risk of overdose by adjusting the dose in a stepwise manner
and is simplified as much as possible to avoid the risk of human error.
In our present study, no patient developed a sedation-related adverse
event so serious that we could not avoid cancelling the examination.
Regarding influences on hemodynamics, propofol caused blood
pressure reductions, but minor pulse rate decreases, both of which
showed no significant differences from those of midazolam. Regarding
respiratory kinetics, an increase in PtcCO2 was seen, likely indicating
the occurrence of respiratory depression, whereas SpO2 reduction
remained mild. In addition, a few patients showed a large reduction in
SpO2. Wehmann et al. reported that 99 patients for whom they used
propofol for sedation during ERCP showed 18%, 5% and 5% average
reductions in systolic blood pressure, heart rate, and SpO2, respectively
and no serious reduction in blood pressure or heart rate requiring
treatment, whereas a patient required temporary assisted ventilation
because of respiratory depression [14]. Vargo et al. reported that
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sedation using propofol during ERCP or endoscopic ultrasonography
led to 13.8%, 5.9% and 6.2% average reductions in blood pressure,
heart rate and SpO2, respectively and no serious reduction in these
parameters requiring treatment occurred [6]. The reductions in blood
pressure, pulse rate and SpO2 reported in the present study were
similar to the reductions in these reports. Therefore, we consider that
sedation using propofol has a level of safety similar to conventional
sedation using midazolam because it caused only non-serious
circulatory and respiratory depression. Although propofol has a
narrow range between sedation and anesthesia, serious circulatory and
respiratory depression events are likely avoidable by a stepwise dose
adjustment, as was used in the present study. On the other hand,
propofol also showed superior usefulness to midazolam in the present
study. One of the objectives of sedation is a reduction in patient pain.
Sedation using propofol reduced the pain level of the patients to a
greater extent than midazolam. Propofol was also superior to
midazolam in terms of tolerability to sedation. Wehmann et al.
reported that tolerability to propofol sedation was rated as 9 out of 10
[14]. Our result can also be interpreted to be similar to approximately
90% tolerability, indicating the high utility of propofol sedation. In the
present study, the evaluation was performed on the day following
ERCP. Given that midazolam can cause anterograde amnesia, propofol
was shown to have a much greater effect than midazolam. The BIS
measured in the present study supports the above assertions. The
initial BIS value, which is the value before sedation induction, showed
no significant difference, indicating no difference in the baseline state
of consciousness between propofol and midazolam. On the other
hand, the mean and minimum values were significantly lower,
indicating deeper sedation in the propofol group than in the
midazolam group. Although Kissin et al. mentioned that the BIS do
not necessarily reflect the sedated condition; it is used as a specific
indicator of the level of anesthesia/sedation. Johansen et al. reported
that it is desirable to maintain a BIS of 45–65 in general anesthesia,
whereas Hata et al. reported it is desirable to maintain a BIS of 70–75
in endoscopic therapy for early cancer of the esophagus, stomach, or
colon [21-23]. The BIS of the propofol group in our present study was
in a similar range to the optimal range reported above, despite the fact
that we did not adjust the dose of sedatives according to the BIS in the
present regimen. Moreover, we barely adjusted the dose of propofol
once a proper sedation depth was induced, although changes in
respiratory kinetics and hemodynamics were seen to some extent.
Thus, the sedation procedure with propofol used in this study is likely
to enable a stable sedation effect with small changes in respiratory
kinetics and hemodynamics. The propofol administration regimen
used in the present study is considered appropriate for sedation during
ERCP.

In conclusion, sedation during ERCP using propofol has similar
safety and superior efficacy to sedation using midazolam. The stepwise
adjustment of propofol dosage makes it possible to enable safer
sedation.
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