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Background. ERCP is customarily performed with the patient in prone position. For patients intolerant of prone positioning, ERCP
in left lateral decubitus (LLD) position offers a potential alternative. Aims. To compare efficacy and safety of ERCP in the LLD
position versus prone position.Methods. Consecutive ERCP reports fromAugust 2009 toOctober 2010 atMayoClinic Arizonawere
reviewed. Inclusion criteria. Age> 18 years, native papilla, and biliary indication. Primary outcome measure. Bile duct cannulation
rate. Secondary outcomes. Times to ampullary localization and bile duct cannulation and complication rate.Results. ERCPs reviewed
from 59 patients in two positions: 39 prone and 20 LLD. Cannulation Rate. 100% prone versus 90% in LLD (𝑃 = 0.11). Median
(IRQ) times. (1) Ampullary localization: 90 sec (70–110) prone versus 100 sec (80–118) (𝑃 = 0.16); (2) bile duct cannulation: 140 sec
(45–350) prone versus 165 sec (55–418) LLD (𝑃 = 0.54). Complications. No periprocedure; postprocedure 4 (10%) prone versus 3
(15%) LLD (𝑃 = 0.65).Conclusion. ERCP performed in LLD position allowed deep bile duct cannulation in 90% of patients without
significantly increased procedural times or rate of complications as compared to prone position.

1. Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is
conventionally performed in the prone position; this allows
for easier passage of scope through the pharynx and low risk
of aspiration for the patient and provides an effective and
comfortable approach for the endoscopist [1]. However, the
prone position is not always optimal or possible, especially for
patientswith abdominal distension or tenderness due to tense
ascites, indwelling percutaneous catheters, morbid obesity,
advanced pregnancy, or recent abdominal surgery [2, 3]. In
addition, patients with limited neck mobility who require
deep sedation with endotracheal anesthesia may not be able
to turn their neck laterally to accommodate the endotracheal
tube. Several studies have reported outcomes and safety of
ERCP in the supine position as an alternative to standard
prone positioning. Ferreira and Baron concluded that an
ERCPwith the patient in the supine position can be safely and
effectively performed if necessitated by clinical circumstances
[4], though the supine position can be less comfortable for the

endoscopist. This conclusion was different from that reached
by the Terruzzi and colleagues who reported that difficult
cannulation was markedly increased in the supine position,
and cardiopulmonary adverse events were more frequent in
this group [5].

The left lateral decubitus (LLD) position provides an
alternative position for ERCP in those patients who cannot
reliably tolerate prone positioning. While endoscopists may
employ the left lateral decubitus position, there has been
no formal evaluation of the use of ERCP in this position.
Therefore, we undertook a retrospective analysis to compare
the efficacy and safety outcomes in patients undergoingERCP
in left lateral decubitus versus prone position.

2. Methods

All ERCPs performed at Mayo Clinic Hospital between
August 2009 and December 2010 for biliary indications were
reviewed. Exclusion criteria included pancreatic indication,
prior endoscopic or surgical sphincterotomy, prior partial
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gastrectomy or major surgery of upper GI tract (e.g., total
gastrectomy and gastroenteric and bilioenteric anastomoses),
and age < 18 years. Inclusion criteria were patients over 18
years of age undergoing ERCP for biliary indication and not
meeting any of the aforementioned exclusion criteria.

ERCP was initiated with the patient in either LLD
position or prone position. Patients with significant ascites,
indwelling percutaneous catheters, morbid obesity, or limited
neckmobility were placed in the LLDposition; the remainder
of patients did not have medical conditions that would limit
their tolerance to routine ERCP positioning and were placed
in prone position.

Fluoroscopy was performed using the Siemens Artis zee
multipurpose system, model number 07555233, manufac-
tured by Siemens AG in Muenchen, Germany. This unit
allows repositioning of the fluoroscopic image by rotating
the C-arm tower media-laterally or orbitally and also by a
separate tilting mechanism of the table, so that anterior-
posterior images can be obtained with patient in LLD
position. Specifically, this unit offers the following rotational
and tilt capabilities: (1) C-arm media-lateral rotation over
a maximum of 210 degrees, from 60 degrees left anterior
oblique to 90 degrees right anterior oblique; (2) C-arm orbital
rotation in head-to-foot axis over a maximum of 90 degrees,
from −45 to +45 degrees; (3) table tilt over a maximum of 180
degrees, from −90 to +90 degrees.

Fluoroscopic techniquewas performed in consistent fash-
ion throughout the study interval. For those patients situated
in prone position, the fluoroscopic unit was positioned
initially in anterior-posterior position and then adjusted
with media-lateral or orbital rotation as required during
the procedure to provide the best images of the biliary
ducts of interest. For those patients initially situated in LLD
position, the fluoroscopic unit was rotated media-laterally
so that images also were obtained in the anterior-posterior
plane with respect to the patient. During the course of the
procedure, the fluoroscopy unit position was adjusted from
this initial position with additional media-lateral or orbital
rotation as required to achieve the best images.

Mayo Clinic Institutional Review Board approved the
study. In an effort to limit variability and design complexity
due to nesting within endoscopist, a single experienced
endoscopist (M. E. Harrison) performed all ERCPs. Data
were collected prospectively on all procedures and recorded
in the endoscopic electronic medical record. Data abstracted
included demographics, indication for procedure, type of
sedation (moderate sedationwithmeperidine or fentanyl and
midazolam managed by the endoscopist and nurse versus
deep sedation managed by the anesthesiologist and/or nurse
anesthetist), American Society of Anesthesiology (ASA) risk
classification, degree of difficulty of ERCP using Schutz rating
criteria [6], patient position, time from esophageal intubation
to initial localization of ampulla, time from localization of
ampulla to free cannulation of bile duct, cardiac or respiratory
complications during the procedure, and complications after
the procedure.

Patients were monitored with pulse oximetry and clin-
ical assessment of respiratory status during the procedure
and in the recovery area. Significant oxygen desaturation

was defined as oxygen desaturation < 85% of any dura-
tion, mask ventilation, and unplanned endotracheal intu-
bation. Hypotension was defined as systolic blood pressure
< 90mmHg requiring use of vasopressor drugs, cardiac
arrhythmia (heart rate > 120 or < 60 beats per minute)
requiring treatment, or premature termination of endoscopy
caused by sedation-related events [7]. All complications were
noted and documented, including both intraprocedural and
postprocedural complications.

The procedural degree of difficulty was determined using
the Schutz rating criteria [6] (where 1 = simple diagnostic
ERCP, 2 = simple therapeutic ERCP, 3 = complex diagnostic
ERCP, 4 = complex therapeutic ERCP, and 5 = very advanced
ERCP).

The primary outcomewas biliary cannulation rate in LLD
versus prone position. Secondary outcomes were time to ini-
tial ampullary localization, time from ampullary localization
to deep biliary cannulation, and intra- and postprocedural
complication rates.

2.1. Statistical Analysis. Data were entered manually and
statistically assessed using the IBM SPSS Statistics Version
19.0, Chicago, IL,USA.Normality of data sets was determined
using SPSS Explore and Descriptive functions. Stem-and-
leaf plots and histograms were used to evaluate variable
distributions and assess outliers. Normality plots were used to
display normal probability and detrended normal probability
plots. Where appropriate, the Kolmogorov-Smirnov statistic
was used for testing normality. Frequency distributions were
evaluated for all categorical variables (e.g., gender). Student’s
t-test was performed to evaluate differences in demographic
variables between groups that were normally distributed.
The Mann-Whitney test was used to evaluate differences
between groups when the assumptions of normality were not
met. Tests for proportionality between groups were made
using Chi-square tests for independence. Summary statistics
included mean or median and standard deviations (SD) or
interquartile range (IRQ) for all variables based on normality
of distributions. All significance levels are set to 𝑃 < 0.05.

3. Results

On review of electronic medical records, 59 patients met
inclusion criteria for the study from August 2009 to Decem-
ber 2010. There were 39 patients who underwent ERCP in
the prone position and 20 patients had ERCP in the LLD
position.The 2 groups did not differ significantly in gender or
age. There were 22 females and 17 males in the prone group,
with mean age 63 ± 15 years. In the LLD group, there were 11
females and 9 males, with mean age 64 ± 17 years.

Patients undergoing ERCP in prone and LLD positions
were compared with respect to indication for ERCP, ASA
classification, and degree of difficulty of ERCP. There were
no statistically significant differences between groups in
these criteria. The indication for ERCP in both groups was
primarily either choledocolithiasis or malignant strictures,
and there was no significant difference in indications between
groups: 41% versus 55% had retained stones and 21% versus
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Figure 1: Cannulation success rate in prone and LLD position. The
cannulation success rate was 100% in the prone position and 90% in
LLD (𝑃 = 0.11).

25% were treated for strictures in prone and LLD groups,
respectively. There were no healthy patients in either the
prone or LLD group, and a large minority of patients were
severely ill or had severe threat to life: in the prone position,
33% patients were ASA class 3 or greater, while in LLD
position, 40% patients were ASA class 3 or greater (difference
not statistically significant). ERCP procedures were almost
uniformly therapeutic with the majority of cases designated
complex therapeutic cases or advanced therapeutic cases.The
Schutz score for difficulty of ERCP was 4 or higher in 72%
of patients in prone position and 65% of patients in the LLD
position; again this difference was not statistically significant.
Table 1 details the indications for ERCP, Schutz scores, and
ASA classes for patients undergoing ERCP in prone position
and LLD position.

The primary outcome of biliary cannulation rate was
comparable between patients with ERCP performed in LLD
and prone positions. Biliary cannulation was achieved in
18/20 patients (90%) in LLD position and 39/39 patients
(100%) in prone position, and this difference was not statis-
tically significant (𝑃 = 0.11) (Figure 1). Moreover, although
there were two initial failures of biliary cannulation in LLD
position, free biliary cannulation was achieved in both of
these patients after secondarily converting the patient to
prone position and attempting cannulation again.

In the first of the two patients with failed cannulation,
LLD position was chosen initially due to ascites, and the
ampulla was localized with some difficulty after 2 minutes.
However, despite multiple attempts to center the endoscope
in both long and short positions, the endoscope could not
be stabilized over the ampulla. The patient then was moved
into prone position temporarily in spite of the ascites, and
in this position the ampulla was readily localized, the endo-
scope maintained in stable position, and biliary cannulation
achieved. For the second patient, LLD position was chosen
initially due to significant abdominal pain. The ampulla was
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Figure 2: Median time from scope insertion to initial ampullary
localization in Prone and LLD position. Median (IRQ) time from
scope insertion to initial ampullary localizationwas not significantly
different between the prone position and LLD.

localized at 2minutes, and the endoscope position was stable,
but bile duct cannulation was unsuccessful. Attempts to can-
nulate the bile duct in both short and long positions were not
effective due to tangential approach of the sphincterotome
to the ampulla. The patient then was repositioned in the
prone position which was tolerated after sedation, and in
this position the sphincterotome approach to the ampulla
improved allowing deep biliary cannulation. In summary,
initiation of ERCP in the LLD position for patient comfort
does not eliminate the possibility of repeating the procedure
in prone position after failed cannulation, provided the
patient can tolerate prone position at least temporarily.

Secondary outcomes included time from esophageal
intubation with the endoscope to initial ampullary localiza-
tion and time from initial biliary impaction to free biliary
cannulation. These outcomes also were comparable between
groups undergoing ERCP in prone versus LLD positions.The
median time from esophageal intubation to initial ampullary
localization was 110 (80–118) seconds in LLD position and 90
(70–110) seconds in prone position; this difference did not
achieve statistical significance (𝑃 = 0.16) (Figure 2). The
median time from ampullary impaction to deep ampullary
cannulation was 165 (55–418) seconds in LLD position, and
this was not significantly different from the corresponding
median time in prone position which was 140 (45–350)
seconds (𝑃 = 0.54) (Figure 3).

Complications occurred in a total of 7/59 patients (11.9%),
with 4/39 (10.3%) in the prone position and 3/20 (15%) in the
LLD position. There was no significant difference in the rate
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Table 1

Prone
(𝑛 = 39)

LLD
(𝑛 = 20) 𝑃 value

ERCP indication
Choledocholithiasis; 𝑛 (%) 16 (41%) 11 (55%)
Malignant stricture; 𝑛 (%) 8 (21%) 5 (25%) 0.78
Benign stricture; 𝑛 (%) 3 (8%) 1 (5%)
Other; 𝑛 (%) 12 (31%) 3 (15%)

ASA class
(1) Healthy 0 (0%) 0 (0%)
(2) Mild disease 26 (67%) 12 (60%)
(3) Severe disease 11 (28%) 4 (20%) 0.26
(4) Severe threat to life 2 (5%) 4 (20%)
(5) Moribund 0 (0%) 0 (0%)
Schutz score
(1) Simple diagnostic ERCP 1 (3%) 0 (0%)
(2) Simple therapeutic ERCP 9 (23%) 5 (25%)
(3) Complex diagnostic ERCP 1 (3%) 2 (10%) 0.22
(4) Complex therapeutic ERCP 19 (49%) 5 (25%)
(5) Very advanced ERCP 9 (23%) 8 (40%)

Table 2

Prone
(𝑛 = 39)

LLD
(𝑛 = 20) 𝑃

Periprocedural complications; 𝑛 (%) 0 (0%) 0 (0%) 1.00
Postprocedural complications; 𝑛 (%) 4 (10%) 3 (15%) 0.68

of postprocedural complications in LLD versus prone group
(𝑃 = 0.68). During the procedures, there were no adverse
cardiac or respiratory events in any patient. Postprocedural
complications were documented in 7 patients: 3 with abdom-
inal pain requiring admission and observation (none had
perforation), 1 with bacteremia, 2 with significant bleeding
requiring hospitalization, and 1 with pancreatitis (Table 2).

High-quality images were obtained effectively in all
patients. As described in Section 2, the initial fluoroscopic
positioning was altered for patients in the LLD position,
with the fluoroscopic tower rotatedmedia-laterally to achieve
anterior-posterior images. However, the initial altered posi-
tion of the fluoroscopy tower in the LLD group did not
limit the effective use of fluoroscopy in any patient, and clear
images were achieved with patients both in prone and LLD
positions.

4. Discussion

ERCP may be poorly tolerated in the customary prone posi-
tion for a variety of reasons including tense ascites, indwelling
percutaneous catheters, advanced pregnancy, abdominal ten-
derness, or cervical spine disease with limitation of neck
rotation. For those patients intolerant of prone positioning,
ERCP can be performed in supine or LLD position. ERCP in
supine position has been found to be technically feasible, but
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Figure 3: Median time from initial ampullary impaction to deep
ampullary cannulation in prone and LLD position. Median (IRQ)
time from initial ampullary impaction to deep ampullary cannula-
tion was also not significantly different between the prone position
and LLD.

the supine position can be uncomfortable for the endoscopist
andmay result in greater technical difficulty in cannulation or
increased rate of complications 4, 5. In theory, ERCP in the
LLD position may have advantages over supine positioning.
The LLD position is a less radical change from prone posi-
tion for the endoscopist, resulting in a lesser need for the
adjustment of endoscopic technique. LLD position also may
allow effective control of secretions by allowing drainage from
the oropharynx with gravity rather than requiring frequent
suctioning. This is the first study to evaluate the efficacy
and safety of ERCP in the left lateral decubitus position as
compared to ERCP in prone position.

In this retrospective review, the primary outcome was
the biliary cannulation rate of ERCP in the left lateral
decubitus position versus the prone position. Cannulation
rates proved to be similar in the two groups: there was
no statistical difference in free biliary cannulation rates for
patients undergoing ERCP in LLD position versus prone
position. Two patients who began ERCP in the LLD position
did fail initial cannulation, where none failed cannulation
in prone position, but both of these patients ultimately did
have free biliary cannulation after moving the patient to
prone position secondarily. In short, ERCP in the left lateral
decubitus position was found to be an effective technical
alternative to ERCP in routine prone position for biliary
cannulation.

For secondary outcomes, this study compared the time
required to perform biliary cannulation and the safety of the
procedure in LLD versus the prone position. Time required
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for biliary cannulation was divided into two component time
intervals: the time elapsed from esophageal intubation to
initial ampullary localization and the time required from
ampullary impaction to deep ampullary cannulation. There
was no statistically significant difference between LLD and
prone positions in the time from esophageal intubation to ini-
tial ampullary localization or the time from ampullary local-
ization to deep ampullary cannulation. Numerical trends
did favor the prone position with slightly shorter times for
ampullary localization and biliary cannulation, which sug-
gests that a larger study might show a statistically significant
difference. Specifically, ampullary localization in prone posi-
tion required a mean of 10 seconds less than in LLD position,
and biliary cannulation in prone position required a mean
of 25 seconds less than that in the LLD position. However,
these differences in time are relatively small compared to the
overall time required for ERCP, so it is not clear that any
additional time required for ERCP in the LLD positionwould
be clinically meaningful, even if the times were proven to be
statistically different by a larger study.

Among endoscopic procedures, ERCP consistently has
the highest rate of complications, so any increase in the rate
of complications due to altered technique could be clinically
significant. However, the results of this study do not suggest
that ERCP in LLDposition increases the risk of complications
as compared to ERCP in prone position. Specifically, there
were no periprocedural cardiopulmonary or sedation-related
complications in either group. Seven patients did experience
postprocedural complications, but there was no significant
difference between the LLD and prone groups. All patients
who experienced postprocedural complications were treated
successfully and discharged in a stable condition.

Interestingly, while this study demonstrates that ERCP
can be performed effectively and safely in the LLD position,
thereby offering a comfortable procedure for the patient with
abdominal or cervical disorders, the endoscopist may find it
technically challenging to performERCP in the LLDposition.
For the two patients in this study who had failed cannulation
in the LLD position, it proved difficult to center and stabilize
the ampulla in the prone position for effective cannulation,
and free biliary cannulation was achieved only in prone
position. The body position of the endoscopist also is less
favorable in many of the ERCP cases done in LLD position:
the endoscopist frequently must turn clockwise as much as
90 degrees away from the patient to center the ampulla and
allow stable positioning of the endoscope for cannulation.
This bodily rotation of the endoscopist away from the patient
impairs the endoscopist’s view of the endoscopy monitor and
may require the use of a second monitor situated behind the
endoscopist, which may not be available in every endoscopic
unit.

The primary limitations of this study are its retrospec-
tive design and relatively small sample size. A prospective,
randomized controlled trial would be helpful to definitively
compare the cannulation rate, time required for ERCP,
and complications in LLD versus prone position. However,
because patients with abdominal or cervical disorders are
often a relatively small subset of all patients undergoing
ERCP, it would require a large volume of ERCP studies to

achieve adequate power to differentiate outcomes among
this subset of patients. A larger study also might be useful
to determine if the trends noted in this study towards
comparatively decreased biliary cannulation rates and longer
procedural times for ERCP in LLD position would be con-
firmed as significant differences from patients undergoing
ERCP in prone position. Another potential limitation to the
generalization of these findings might be the inclusion of
procedures completed by single senior endoscopist. However,
the inclusion of cases from a single endoscopist experienced
in advanced therapeutic endoscopy did reduce the variance
due to endoscopist experience and allowed a more direct
comparison of the clinical utility of the prone and LLD
positions. Additionally, because these studies were often
completed in critically ill patients (33% of prone and 40% of
LLD patients were ASA 3 or above) and the procedures were
technically difficult (72% of prone and 65% of LLD patients
were rated as Schutz score 4 or above for difficulty of ERCP),
they are most likely to be performed by more experienced
endoscopists. However, the applicability of our findings
to gastroenterologists performing ERCP in the community
setting is unclear.

In conclusion, ERCP can be effectively and safely per-
formed in the left lateral decubitus position with no signif-
icant diminution in biliary cannulation rate, prolongation
of the procedure, or increase in complications. However,
there was a trend towards greater success in cannulation
and shorter procedural time in the prone position compared
to the LLD position. ERCP in the left lateral decubitus
position therefore should not be considered a replacement
for customary prone positioning, but may be a practical
alternative for cases in which the endoscopist determines that
the standard prone position would be problematic for the
patient or technically challenging.
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