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Abstract

Background Endoscopist-directed balanced propofol sedation (BPS) appears to be safe and
effective for routine endoscopy. However, there are limited data on its use in endoscopic retrograde
cholangiopancreatography (ERCP). We evaluated the safety and efficacy of endoscopist-directed
BPS for ERCP, and compared patient outcomes with anesthesiologist-administered moderate
sedation.
Methods This was a retrospective cohort study, using prospectively collected endoscopy data from
a tertiary care medical center where endoscopist-directed BPS during ERCP is routine practice.
Adverse outcomes included need for bag-mask ventilation or intubation, aborted ERCP due to
sedation, hospital admission post-ERCP (outpatients)/change in the level of care (inpatients), and
death within 24 h.
Results A total of 501 patients underwent ERCP with the use of endoscopist-directed BPS: Cohort
1 - 380 (76%) inpatients, mean age 64.1, 46% male, 24% American Society of Anesthesiologists
physical status (ASA) score I, 65% ASA II, 11% ASA III. Concurrently, 24 patients received
anesthesiologist-administered moderate sedation: Cohort 2 - 19 (79%) inpatients, mean age 65.0,
67% male, 12% ASA I, 25% ASA II, 38% ASA III, 25% ASA IV. In Cohort 1, none of the adverse
outcomes were observed. Propofol dose was inversely correlated with age (r=-0.42, P<0.001), ASA
score (r=-0.19, P<0.001), and Mallampati score (r=-0.24, P<0.001). One patient in Cohort 2 who
received anesthesiologist-administered BPS required bag-mask ventilation and the ERCP was
prematurely aborted because of the sedation. There were no deaths from any cause within 24 h
of ERCP.
Conclusion Endoscopist-directed BPS appears safe, efficacious, and feasible for ASA I-III patients
undergoing inpatient or ambulatory ERCP.
Keywords Propofol, endoscopic retrograde cholangiopancreatography, balanced propofol
sedation, endoscopy, anesthesiology, moderate sedation
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Introduction
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Fifty years ago, McCune et al published their landmark
report on the “endoscopic cannulation of the ampulla of Vater”,
giving rise to endoscopic retrograde cholangiopancreatography
(ERCP) [1]. Since then, there have been profound advancements
in ERCP, including instrumentation and technology, clinical
indications and procedural sedation.
Propofol (2,6-di-isoprpylphenol) is a safe and effective
intravenously administered sedative agent with a rapid onset of
action and fast recovery time [2,3]. Over the course of the past 3
decades, the use of propofol has evolved from use as a hypnotic
agent, to use as an ultra-short acting sedative agent for induction
and maintenance of anesthesia in monitored anesthesia
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care (MAC), to non-anesthesiologist-administered propofol
(NAAP) in gastrointestinal (GI) endoscopic procedures [4,5].
In the framework of NAAP, balanced propofol sedation
(BPS), defined as incremental doses of propofol in
combination with fixed doses of an opioid (e.g., fentanyl) and
a benzodiazepine (e.g., midazolam) [5], has gained acceptance
as a useful and safe means of providing moderate sedation in
GI endoscopic procedures [6-12]. This includes the use of BPS
in advanced GI endoscopy procedures (e.g., ERCP) [13-17],
where, compared to traditional moderate sedation, it has been
found to be safe and beneficial in terms of shorter procedure
and recovery times, high patient satisfaction, and similar rates
of adverse events [3,13,18].
However, the widespread use of BPS is hindered both by the
agent’s safety profile (risk of deep sedation leading to respiratory
depression to the extent of apnea, with no known antagonists/
reversal agents) and by the US Food and Drug Administration
(FDA) package labeling stating that propofol “should be
administered only by persons trained in the administration
of general anesthesia and not involved in the conduct of
the surgical/diagnostic procedure” [19]. In an attempt to
alter the package labeling of propofol, a petition was submitted
to the FDA by the American College of Gastroenterology
(ACG). That petition was denied by the FDA in 2010, on the
grounds that the ACG failed to demonstrate an adequate safety
profile of propofol to support their petition [20].
There are limited data regarding the safety profile of BPS
under the direction of the endoscopist in ERCP procedures.
Therefore, we aimed to evaluate the safety and efficacy of
endoscopist-directed BPS, without MAC, during both inpatient
and ambulatory ERCP procedures, performed in the advanced
endoscopy procedure unit at a tertiary academic medical
center. During the same study period, we also evaluated a
control group of patients who underwent anesthesiologistadministered moderate sedation during ERCP procedures in
the same advanced endoscopy procedure unit.

Patients and methods
This study was a retrospective cohort study based on
prospectively collected data from the electronic medical
record of endoscopic procedures in the Department of
Gastroenterology at the Rambam Health Care Campus, Haifa,
Israel. The study included all patients who underwent an ERCP
procedure using endoscopist-directed BPS or anesthesiologistadministered moderate sedation. The study cohorts were
constructed based on the administrator of the sedation: “Cohort
1” included all patients who received endoscopist-directed
moderate sedation using BPS and “Cohort 2” included all
patients who received anesthesiologist-administered moderate
sedation. The selection of patients receiving anesthesiologistadministered moderate sedation was based upon underlying
patient comorbidities and the clinical judgment of the
endoscopy team.
In this tertiary care medical center, the routine practice
for providing moderate sedation during GI endoscopic
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procedures, including ERCP, is endoscopist-directed BPS
(defined as incremental doses of propofol in combination with
fixed doses of an opioid (e.g., fentanyl) and a benzodiazepine
(e.g., midazolam). The administration/direction of BPS is only
authorized for those endoscopists who have up-to-date basic
life support (BLS) and advanced cardiac life support (ACLS)
certifications, and continuously attend and satisfactorily
complete a biennial 1-day didactic course on sedation
sponsored by the Israel Gastroenterology Association (IGA).
The advanced GI endoscopy procedures unit is equipped with
all necessary cardiopulmonary resuscitation equipment and
medications, and the unit’s nursing staff are also required to
have up-to-date BLS and ACLS certification and to successfully
complete the same IGA sedation course. The endoscopy
team (endoscopist and endoscopy nurse) are responsible for
monitoring the patient’s vital signs (e.g., oxygen saturation
level, blood pressure, and heart rate), and the endoscopist is
responsible for directing the provision and dosing of the BPS.
Capnography is not routinely performed.
All moderate sedation administered by endoscopists
was using BPS. Sedation administered by anesthesiologists
was aimed at achieving a moderate level of sedation by
administration of propofol. However, in view of the inherently
more complex clinical settings and their competency in the
field of anesthesia, the anesthesiologists were at liberty to
administer additional pharmacological agents based on their
clinical judgement and experience.
The American Society of Anesthesiologists physical status
(ASA) and Mallampati scores are pre-sedation patient risk
stratification variables. The ASA score is a globally accepted
tool for assessing patients’ pre-procedure (pre-sedation)
comorbidity status. The ASA score serves a key role in clinical
practice and is widely assumed to have greater reliability in
distinction between high- and low-risk patients, reflected
in its inclusion as a pre-procedure stratifying tool in society
guidelines [21-24]. Patients are graded based on their
concurrent medical status and history, on a scale of I-VI (from
no comorbidities to functionally brain dead, respectively), with
a descriptor “e” that can be added in emergency settings [25].
The patients included in this study were assigned an ASA
score as part of their pre-ERCP assessment by the endoscopists.
In a small fraction of patients, these data were missing and
were determined post hoc based on their medical record. When
sedation was administered by an anesthesiologist, the ASA
score was determined by the anesthesiologist. In addition to
the ASA score, the Mallampati score – a grade of 1-4 related
to the laryngopharyngeal anatomy and reflecting the difficulty
of rescue intubation [26] – was introduced into standard
reporting by the endoscopist prior to ERCP at our institution.
However, this score was not consistently reported and cannot
be reproduced post hoc.
We also collected patient demographic variables (age, sex,
indication for ERCP, type of ERCP – ambulatory or inpatient
procedure); intraprocedural vital signs (pre/post: oxygen
saturation, blood pressure, heart rate); intraprocedural
variables (BPS drug dosages, need for bag-mask ventilation
and/or endotracheal intubation, ERCP procedure aborted
because of sedation); and patient outcome variables
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(hospitalization and level of care post-ERCP procedure,
mortality within 24 h). Prior to initiating data collection,
on March 10, 2016, we received local Institutional Review
Board (Rambam Health Care Campus Helsinki Review)
approval to review the endoscopy electronic data registry
and report on the aforementioned de-identified patient
information.

Statistical analysis

Descriptive statistics were calculated for all parameters. For
continuous variables, this included mean, standard deviation
(SD) and range values. For non-continuous variables, counts
and percentages were reported. Comparison of categorical data
was performed using Student’s t‑test. Correlation coefficients
were determined using the Pearson correlation coefficient
for continuous variables and the Spearman rank correlation
coefficient for ordinal variables. An a priori determined
P<0.05 was considered statistically significant. All analyses
were performed using Microsoft Excel 2013 (Microsoft Corp,
Redmond, WA, USA) and SPSS Statistics 17.0 (SPSS Inc.,
Chicago, IL, USA).

Results
From October 1, 2015 until March 31, 2017, 525 patients
(mean age 64.1 years, 47% male) underwent ERCP performed
by any one of the 5 interventional endoscopists (all Israel
licensed and board-certified gastroenterologists) who routinely
perform ERCP at the Rambam Health Care Campus. Of
these patients, 501 (96%) received endoscopist-directed BPS
(Cohort 1) and 24 (4%) received anesthesiologist-administered
moderate sedation (Cohort 2).
Table 1 shows patient demographics and pre-moderate
sedation variables for both of the study cohorts. Patient ages
were similar between Cohort 1 and Cohort 2, with mean age
of 64.1 years and 65.0 years, respectively. However, there was a
difference in male/female ratio with 67% of patients in Cohort
2 being male compared to 46% in Cohort 1. The majority
of the ERCP procedures in both cohorts were inpatient
procedures, with “suspected choledocholithiasis” making up
close to 50% of the indications for ERCP, followed by “stent
removal/replacement” and “evaluation of malignancy”. Patients
in Cohort 2 had a more severe pre-sedation comorbidity
assessment, with 62.5% of patients having ASA III-IV scores,
compared to only 11% of the patients in Cohort 1. Furthermore,

Table 1 Patient demographics and pre-sedation variables
Variable

Cohort 1: Endoscopist-directed BPS
(n=501) (96%)

Cohort 2: Anesthesiologist-administered
moderate sedation (n=24) (4%)

Age (mean±SD)

64.1±18.9

65.0±25.2

Male sex

232 (46%)

16 (67%)

380 (76%)

19 (79%)

Suspected choledocholithiasis

231 (46%)

12 (50%)

Stent removal/ replacement

68 (13%)

2 (8.3%)

Evaluation of known/suspected malignancy

62 (12%)

2 (8.3%)

Jaundice

48 (10%)

1 (4.2%)

Post-hepatobiliary intervention complications

40 (8%)

0

Abdominal pain

8 (2%)

1 (4.2%)

Other/unspecified

44 (9%)

6 (25%)

ASA I

121 (24%)

3 (12.5%)

ASA II

324 (65%)

6 (25%)

ASA III

56 (11%)

9 (37.5%)

Inpatient procedure
Indication for ERCP

ASA score

ASA IV

0

6 (25%)

[n=300]

[n=16]

I

92 (30.7%)

2 (12.5%)

II

182 (60.7%)

12 (75%)

III

26 (8.7%)

2 (12.5%)

IV

0

0

Mallampati score*

*Not consistently documented in the electronic medical record, so there are missing data
BPS, balanced propofol sedation; SD, standard deviation; ERCP, endoscopic retrograde cholangiopancreatography; ASA, American Society of Anesthesiologists
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all 6 ASA IV patients and 14% of ASA III patients (i.e., 27%
of all patients with ASA III-IV scores) were administered
moderate sedation by an anesthesiologist. This trend was not
found for the Mallampati score.
Table 2 shows BPS drug dosages per study cohort, and
specifically the propofol dosage stratified according to
inpatient/ambulatory procedure, sex, ASA and Mallampati
scores. Both cohorts received similar dosages of the BPS
medications. In Cohort 1, no association was found between
mean propofol dose and inpatient/ambulatory procedure

type or sex; however, the mean propofol dose was significantly
lower (24 mg lower) during inpatient ERCP procedures
compared to ambulatory ERCP procedures (172±98 mg vs.
196±116 mg, respectively; P=0.022). The propofol dose also
differed significantly among the stratifications by ASA and
Mallampati scores, and was found to inversely correlate with
these scores: ASA score (I: 200±105 mg; II: 176±103 mg;
III: 137±88 mg; r=-0.16, P=0.012); and Mallampati score
(I: 211±109 mg; II: 175±91 mg; III: 135±105 mg; r=-0.53,
P<0.01). The propofol dose also was found to correlate

Table 2 BPS drug dosages
Drug

Cohort 1: Endoscopist-directed BPS (n=501)

Cohort 2: Anesthesiologist-administered BPS (n=13)

Overall mean (mg)±SD Range (mg)
Fentanyl*

0.06±0.02
0.05-0.10

0.08±0.06
0.00-0.20

Midazolam*

1.7±0.7
1.0-2.5

1.2±0.9
0.0-3.0

Propofol

178±103
10-640

173±189
10-600

Propofol mean (mg)±SD Range (mg)

Sig.

Propofol mean (mg)±SD Range (mg)

Sig.

Inpatient

172±98
20-640

P<0.05

200±221
20-600

P=0.479

Ambulatory

196±116
50-600

Procedure

115±81
10-200

Sex
Male

183±111
20-640

Female

173 ± 96
10-600

P=0.264

174±172
10-600

P=0.987

173±254
20-550

ASA score
I

200±105
30-600

Spearman
r=-0.19
P<0.001

270±243
1100-550

II

176±103
20-640

III

137±88
10-420

76±78
10-200

IV

NA

100±0
100

242±250
20-600

Spearman
r=-0.498
P=0.084

Mallampati score†
I

211±109
40-640

r=-0.24
P<0.001

550±0
550

II

175±91
20-450

154±191
10-600

III

135±105
40-420

NA

IV

NA

NA

*Data available for only 12 patients from Cohort 2
Not consistently documented in the electronic medical record, so there are missing data

†

BPS, balanced propofol sedation; SD, standard deviation; ASA, American Society of Anesthesiologists; Sig., significance; NA, not available
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inversely with patient age (r=-0.39, P<0.01): as patient age
increased, the propofol dose decreased. Given the limited
number of anesthesiologist-administered BPS ERCP
procedures (Cohort 2), no statistically significant associations
were observed. However, there was a trend towards inverse
correlations, both between propofol dose and patient age
(r=-0.52, P=0.069), and between propofol dose and ASA
score (r=-0.50, P=0.084).
Table 3 shows the pre- and post-ERCP recorded vital
signs. In both cohorts, no clinically significant differences
were found between the pre-procedure and post-procedure
vital signs. In Cohort 1, no patient required bag-mask
ventilation, endotracheal intubation or hospital admission/
change in level of in-hospital care following ERCP. One
patient in Cohort 2, who received anesthesiologistadministered BPS, required bag-mask ventilation and the
ERCP was prematurely aborted because of sedation effects.
There was no mortality from any cause within 24 h of ERCP
in either of the cohorts and all patients were discharged
from the advanced endoscopy suite without any reported
adverse events.

Discussion
Propofol, used alone or in combination with other
medications to achieve moderate sedation in GI endoscopic
procedures, reduces the times to induction and recovery,
improves patient satisfaction with the endoscopic procedure,
and has not been shown to be associated with an increased
incidence of cardiopulmonary events [27-34]. Moreover, there
is no evidence showing that anesthesiologist-administered
propofol and MAC are superior to endoscopist-directed/
administered propofol in terms of endoscopic procedure
efficacy or patient safety. On the contrary, because BPS uses
smaller, incremental doses of propofol, it is thought to reduce
the risk of inducing deep sedation with its attendant adverse
effects, regardless of who delivers the sedation [5].
Despite propofol becoming a popular sedation agent
for GI endoscopic procedures in many places in the world
(e.g., North America, Europe and Israel), regulatory (FDA
[19]) and societal guidelines (e.g., ASA [35], European
Society of Anesthesiology (ESA) [36]) require propofol to
be administered only by an anesthesiologist. This results in
a considerable financial burden to the healthcare system for

Table 3 Patient vital signs
Signs

Cohort 1: Endoscopist-directed BPS (n=501)
Mean±SD Range

Cohort 2: Anesthesiologist-administered sedation (n=24)
Mean±SD Range

O2 Saturation (%)
Pre

a

Postb

98±2.0
90-100

97±3.5
88-100

98±1.7
90-100

98±1.7
94-100
Systolic BP (mmHg)

Prec

143±26
84-223

129±25
81-187

Postb

139±28
66-245

129±28
94-225
Diastolic BP (mmHg)

Prec

82±14
45-150

74±14
49-97

Postb

81±15
41-129

76±18
51-120
Heart rate (bpm)

Pre

c

Postb

78±14
43-142

80±14
57-108

79±14
45-143

89±20
68-135

Missing data for 4 patients from Cohort 2

a

Missing data for 2 patients from Cohort 2

b

Missing data for 3 patients from Cohort 2

c

BPS, balanced propofol sedation; SD, standard deviation; BP, blood pressure; bpm, beats per min
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GI endoscopic procedures or the use of inferior moderate
sedation medications [37]. Endoscopist-directed BPS can
provide safe and effective moderate sedation, while saving
the high associated costs of anesthesiologist services during
GI endoscopy procedures. The additional cost of including an
anesthesia specialist in GI endoscopic procedures is estimated
to be one third of the procedure cost, or approximately $450
per procedure (range $150-1500), depending on the local
economic environment [5,38,39], resulting in an exceedingly
high cost for each life-year saved of $5.3 million [9].
Existing evidence and published guidelines regarding
the safety and efficacy of NAAP [17] pertain mainly to the
administration of propofol by a healthcare professional who
has been specifically trained to administer the agent and who
is not the active GI endoscopist performing the endoscopic
procedure [6,38,40-44]. Although this would relieve the
necessity for an anesthesiologist in the procedure, significant
limitations remain, including associated personnel costs. It has
been reported that having a dedicated healthcare professional
administer and monitor propofol costs an estimated
additional $403 per patient. However, if it is administered
by a registered nurse, who is part of the endoscopy team,
the cost would be comparable to that of using traditional
moderate sedation regimens [45]. In European countries, not
bound by FDA regulations, NAAP is becoming more popular.
In 2010, guidelines for NAAP training for GI endoscopy
procedures were jointly published by the European Society
of Gastrointestinal Endoscopy (ESGE), the European Society
of Gastroenterology and Endoscopy Nurses Associates
(ESGENA) and the ESA [18]. However, unfortunately, the
ESA retracted its endorsement of the guideline in 2012, citing
an inability to gain support for the guideline from individual
European national anesthesiology societies [36,46]. The ESGE
and ESGENA subsequently published updated sedation
guidelines for GI endoscopy procedures in 2015 [21].
Despite the aforementioned activity in the area of propofol in
GI endoscopy procedures, there is a paucity of data regarding the
safety profile and the efficacy of endoscopist-directed propofol
sedation [27,28,32,45] and BPS [47] in ERCP procedures. Only
867 patients in 10 English-language studies have been reported
on in meta-analyses [16,17,33]. Of these studies, the largest
single study reported on 156 patients who received endoscopistdirected propofol sedation [40]. It is logical to assume that the
key to relieving the financial burden of using propofol as part
of a moderate sedation regimen is through demonstration of
its safety and efficacy when given by the endoscopist [14,15].
In fact, this has already been shown to be the case in routine
colonoscopy and esophagogastroduodenoscopy procedures,
according to several reports [7-11]. Recently, we also reported
on the safety and efficacy of endoscopist-directed BPS in over
1000 outpatient colonoscopies in low (ASA I and II) as well as
higher-risk (ASA III) patients [12].
In this present study, we found that endoscopist-directed
BPS appears to be safe and effective in achieving moderate
sedation during ERCP, in both inpatient and outpatient settings,
for patients with ASA and Mallampati scores of I-III. In our
institution, sedation in ERCP is directed by the endoscopists;
Annals of Gastroenterology 32

anesthesiologist-administered sedation is reserved for more
complex clinical settings, resulting in inherent differences
between the two study cohorts in terms of number of
patients, patient demographics, clinical setting and mode
of sedation. These differences notwithstanding, the safety of
endoscopist-directed BPS was shown to be comparable to that
of procedures performed during the same period in Cohort 2.
As this study only evaluated the administration of BPS and
not the use of propofol as a single sedation agent, the observed
mean propofol dose/dosing range in both study cohorts was
considerably lower (178±103/10-640 mg vs. 173±189/10600 mg, for Cohort 1 vs. Cohort 2, respectively) than what has
been reported for single-agent propofol in ERCP (388±312/901100 mg) [27]. In Cohort 1, inverse correlations were found
between the propofol dose and the patients’ age, ASA and
Mallampati scores, as has been reported elsewhere [11].
Thus, as patient age, comorbidities, and Mallampati scores
increased, the dose of propofol administered decreased.
Although statistically significant differences were found
between the pre- and post-procedure vital signs in Cohort 1,
these observed differences are unlikely to be of clinical
significance. Furthermore, no patient was described as having
hemodynamic instability during the ERCP procedures. BPS in
ERCP appears to be safe, with no patient in Cohort 1 requiring
bag-mask ventilation, endotracheal intubation or hospital
admission (ambulatory procedure)/change in level of hospital
care (inpatient procedure), following ERCP. In addition, there
were no aborted ERCP procedures secondary to BPS sedation
and no mortalities within 24 h of the procedure. All patients
were discharged from the advanced endoscopy procedure unit
without adverse events.
As reflected by the inherent differences between the two
study cohorts reported in this study, the major distinction
between them in the data collected was in the distribution
of ASA scores within the cohorts. The ASA scoring tool has
been shown to lack high interobserver reliability in grading
and consistently reported differences have not been found
between graders in relation to training, specialty, experience
or age [48-50]. To our knowledge, there have been no studies
specifically comparing the interobserver reliability of grading
between endoscopist and anesthesiologist. As almost all
endoscopy guidelines refer to the assessment of the ASA score
as a pre-procedure risk stratification tool, further evaluation of
the utility of the ASA score should be pursued.
In Cohort 2, 62.5% of the patients were high-risk (ASA
III-IV) compared to only 11% of the patients in Cohort 1.
This finding is not surprising, since the patients in Cohort 2
received moderate sedation by an anesthesiologist based on
the clinical setting and the patient’s pre-procedure assessment,
including among other things the ASA score. Patients in
Cohort 2 had a higher risk, or a more complex clinical setting,
or a combination of the two. From the entire study population,
454 patients were classified as ASA I-II and 65 as ASA III; of
these 98% (n=445) and 84% (n=56), respectively, received
endoscopist-directed BPS. Although only making up a small
percentage of the overall study cohort, the subgroup of ASA III
patients (n=56) is important as it demonstrates the apparent
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safety of endoscopist-directed BPS for ERCP, even in this
higher-risk patient population.
The recently updated ESGE guidelines “suggest primary
involvement of an anesthesiologist” to administer propofol
in patients with ASA and/or Mallampati scores ≥3, or other
medical conditions predisposing to a risk of airway obstruction.
This, however, is classified as a “weak recommendation with
low quality evidence”, and is even less conclusive with respect
to ERCP procedures [21]. Although not specifically addressed
in the 2009 American Society for Gastrointestinal Endoscopy’s
(ASGE) position statement “NAAP for GI Endoscopy” [5], this
was alluded to in the ASGE’s 2008 guidelines for sedation and
anesthesia in GI endoscopy, which stated that “assistance of an
anesthesia specialist should be considered for ASA physical
status III, IV and V patients” [51]. Likewise, it is the position
of several national societies (e.g., Canada [22]) to recommend
anesthesiologist support for ASA III or higher patients, while
other societies deem NAAP appropriate in the setting of ASA
I-III (e.g., Germany [23]).
It appears that our data, although not very comprehensive
by general standards, do shed significant light on the specific
context of the more challenging clinical setting of ERCP [15,52].
When combined with additional recent publications, they
contribute to a growing evidence base of retrospective data
showing the safety of endoscopic-directed BPS over the gamut
of endoscopic procedures in low-, moderate- and high-risk
patients (ASA I-III) [12]. As we have seen from the experience
in our center, for an endoscopy team with the proper training
and competency, this mode of patient stratification can avoid
the additional cost of having an anesthesiologist present in
more than 90% of ERCP procedures, with no effect on their
safety and efficacy, thus allowing allocation of healthcare funds
to the benefit of patients and healthcare systems in general.
This study had several limitations. The design was a
retrospective cohort analysis, based on data prospectively
collected over the course of 2 years in a single academic medical
center’s endoscopy unit. Thus, there were some missing data.
The study cohorts were inherently different and were used to
compare the incidence of the hard study endpoints defined
a priori. Specifically, the Mallampati score was not collected
consistently throughout the study timeframe. As the Mallampati
score requires visual inspection of the patient, these data could
not be collected post hoc; consequently, there were missing data
(209 patients whose Mallampati score was not documented).
This study was focused specifically on showing the safety and
efficacy of endoscopist-directed BPS. Therefore, the only mode
of propofol administration assessed was BPS and in no way
should the results described herein be extrapolated to include
any other form of propofol administration. In the study design,
we also limited ourselves to evaluating hard endpoints, which
in our opinion is appropriate for an initial demonstration of
safety. In Israel, propofol administration is not reserved only for
anesthesiologists alone, but is approved for physicians, among
them endoscopists preforming BPS, who have up-to-date
ACLS certification and have successfully completed sedation
and airway management competency training. Thus, in no
way should the data described herein be taken to imply that

endoscopists in general can safely preform BPS, but only those
adequately trained and certified [5,21-24,35]. Furthermore,
future studies are required to fully elucidate the clinical
decisions that result in the inclusion of anesthesiologists,
because the decision is clearly not merely based on ASA
and Mallampati score thresholds. The latter specifically, as it
becomes a consistently reported pre-procedure variable in
advanced endoscopy, needs to be further assessed in order to
arrive at clearer thresholds for referral to an anesthesiologist.
We also believe that there is room in future studies to include
additional “softer” endpoints, such as transient oxygen
desaturation, transient apnea, patient satisfaction, physician
satisfaction, and more long-term adverse events (beyond
24 h). Finally, our overall study sample was n=501, which
represents approx. 50% of the already published data on ERCP
thus far. Nevertheless, this is a small sample size that may not
be adequately statistically powered to definitively demonstrate
the safety of endoscopist-directed BPS in ERCP. In light of the
limitations described, there is a need for larger, prospective
trials evaluating endoscopist-directed BPS in ERCP.
In conclusion, in both the inpatient and the ambulatory
settings, we found endoscopist-directed BPS to be safe
and effective in achieving moderate sedation in ERCP, in
patients with ASA and Mallampati scores of I-III, having
comparable safety and efficacy to ERCP procedures assisted
by anesthesiologist-administered moderate sedation. We
believe that endoscopist-directed BPS should be considered as
the sedative method of choice during ERCP procedures. The
administration of BPS by the endoscopist is only authorized
to those endoscopists who have up-to-date BLS and ACLS
certifications and who attend and satisfactorily complete a
continuing didactic course on sedation.

Summary Box
What is already known:

• Endoscopist-directed balanced propofol sedation
(BPS) is the routine practice at our institution
for out- and inpatient endoscopic retrograde
cholangiopancreatography (ERCP)
• Endoscopists maintain advanced cardiac life support
certification and moderate sedation training
• Endoscopist-directed BPS has been shown to
be safe and effective for American Society of
Anesthesiologists physical status score I-III patients,
to a degree comparable to ERCP procedures with
anesthesiologist-administered sedation
What the new findings are:

• BPS was used not only in ambulatory cases, but also
in the more challenging clinical setting of inpatients
• We performed 501 cases of ERCP with endoscopistdirected BPS without hard-endpoint adverse events
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