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Preface

Endoscopic retrograde cholangiopancreatography (ERCP) has evolved from
a diagnostic to a mainly therapeutic procedure over the past 40 years. Endo-
scopic ultrasound (EUS) with magnetic resonance cholangiopancreatography
(MRCP) have largely replaced the diagnostic capabilities of ERCP with their
decreased morbidity and comparable accuracy for a variety of pancreaticobil-
iary disorders. This is reflected by the overall decrease in utilization of ERCP
over the recent decades. EUS has begun a similar foray into therapeutics al-
though it remains a mainstay for diagnosis and staging of luminal as well as
extraluminal cancers and other lesions. With the inexorable trend towards
minimally invasive procedures, EUS offers a complementary approach to
ERCP especially with surgically altered anatomy and inaccessible ampullae
or biliary and pancreatic ducts.

This practical case-based textbook guides the reader through scenarios
involving the use of ERCP and EUS. Both parts of the book begin with chap-
ters providing an overview of the key aspects of training and technique in
ERCP and EUS. Historically endoscopic training has resembled an appren-
ticeship. Recently, attention has been focused on the assessment of compe-
tency. This is critical not only during training, but also amongst practicing
gastroenterologists, especially with the development of new techniques. The
ongoing evolution of endoscopic techniques requires novel ways to train and
evaluate endoscopists, which remain in their infancy.

In the ERCP section, special attention is paid to understanding the indi-
cations and complications of the procedure and importantly, the steps to
minimize complications. While true for all endoscopic procedures, ensuring
appropriate indication for an ERCP is the most critical step to preventing
complications and thereby protecting the patient as well as the physician. The
signature indications for ERCP including biliary stones, biliary strictures, and
cholangitis have not changed although innovations including EUS evaluation
of the biliary system, balloon sphincteroplasty, single-operator choledochos-
copy, and fully covered metal stents have modified our approach to these
situations. For pancreatic diseases, development of endoscopic cystgastros-
tomy and necrosectomy have transformed the paradigm for managing pseu-
docysts and walled-off pancreatic necrosis and demand intimate knowledge
of both ERCP and EUS techniques. The changing landscape of diseases with
the appreciation of autoimmune pancreatitis, autoimmune cholangiopathy,
intraductal papillary mucinous neoplasm, and postsurgical patients require
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not only understanding of these entities, but also insight into the appropriate
equipment necessary to fully evaluate and manage these patients.

In the EUS section, the wide variety of accessories and equipment as well
as basic cytopathology for the endosonographer is reviewed. The endosonog-
rapher must be comfortable with the radial and linear echoendoscopes as well
as the high-frequency ultrasound probes and available needles in order to
select the appropriate tools for a given procedure. The cornerstone of EUS
still involves staging of luminal cancers and evaluating subepithelial lesions.
However, EUS has evolved beyond this to play a critical role in the evalu-
ation of benign and malignant pancreaticobiliary diseases as well as lung
cancer. The therapeutic role of EUS remains in its adolescence, and currently
focuses on celiac plexus neurolysis and endoscopic cystgastrostomy and
necrosectomy with recent enthusiasm for EUS-guided biliary and pancreatic
access. Improved accessories and devices are required to advance the realm
of therapeutic EUS.

Through the use of cases and videos, this textbook provides physicians
and trainees who practice or refer patients for ERCP and EUS a clear and
practical resource about these procedures. The leading authorities around the
world who have contributed to this endeavor provide not only an overview of
the standard of care but also their expert opinions, tips, and tricks.

I am deeply grateful to all those who contributed to this book in the
midst of their incredibly busy careers and lives. I believe this work will help
improve the quality of care provided to patients potentially needing ERCP
and EUS, and sincerely hope it serves as a guide to those involved in the care
of these patients.
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Overview of ERCP



Training in Endoscopic Retrograde
Cholangiopancreatography

Alexander Lee and Linda S. Lee

Introduction

Since its use was first reported in 1968, endo-
scopic retrograde cholangiopancreatography
(ERCP) has served as an effective technique in
the evaluation and treatment of pancreatic and
biliary diseases. The introduction of endoscopic
sphincterotomy in 1974 led to the beginning
of therapeutic pancreaticobiliary endoscopy in
earnest [1].

Subsequently, increasingly sophisticated ra-
diographic imaging (including ultrasound [US],
computed tomography [CT], and magnetic reso-
nance imaging [MRI]) and endoscopic imaging
with endoscopic ultrasound [EUS] have been de-
veloped, effectively replacing much of diagnostic
ERCP. This has led to the evolution of ERCP as
a primarily therapeutic procedure [2, 3]. Major
clinical indications for ERCP include removal
of stones from the bile duct, stent placement for
biliary obstruction, treatment of bile and pancre-
atic duct leaks, and therapeutic maneuvers for
the treatment of chronic pancreatitis and com-

L. S. Lee (<)
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Endoscopy, Brigham and Women’s Hospital, Harvard
Medical School, 75 Francis Street, Boston, MA 02115,
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plications of acute pancreatitis [1, 5] The role
of diagnostic ERCP remains controversial in the
workup of certain conditions such as sphincter
of Oddi dysfunction (SOD) [5]. With its various
diagnostic and therapeutic uses, ERCP affords
diverse opportunities for the modern gastroin-
testinal endoscopist. However, in the current era
of cost-conscious healthcare, scrutiny upon op-
erator competence, procedural quality, outcomes,
and complications in ERCP continues to intensi-
fy [3]. As such, the focus upon training in ERCP
and ongoing certification in ERCP continues to
increase as well.

Our aim in this chapter is to provide a compre-
hensive review of current trends and data pertain-
ing to training in ERCP. First, we examine the
changing climate of training in ERCP, touching
on its original incarnations and focusing closely
on the particulars of modern training programs.
Second, we highlight current data on how train-
ees master specific skills in ERCP. Third, we re-
view use of simulators in ERCP training. Fourth,
we review current standards and quality indica-
tors for competence in ERCP.

Evolution of Training in ERCP

As poignantly described by one expert, the ex-
citement felt among gastrointestinal endoscopists
with the advent of ERCP in the 1960s—1970s was
“difficult to overstate,” particularly given the
limitations in imaging technology at the time [6].
The subsequent development of sphincterotomy

L.S. Lee (ed.), ERCP and EUS, DOI 10.1007/978-1-4939-2320-5_1, 3
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created a wide open area for therapy and with it,
the need for an entirely new kind of endoscopic
training [1, 6].

As reported in large scale studies of national
health care databases, the 1980s and 1990s saw a
rise in utilization of ERCPs. From 1988 to 1996,
age-adjusted ERCP rate dramatically increased
by nearly threefold from 25.66 per 100,000 to
74.95 per 100,000 [7]. Concomitantly, the aca-
demic centers doing the bulk of these procedures
were providing instructions in ERCP to growing
numbers of trainees during their standard gastro-
enterology training programs. As ERCP moved
fully into the mainstream and practice positions
increasingly called for expertise in ERCP, the
number of new graduates performing ERCP grew
as well [8].

However, there has been widely acknowl-
edged concern that exposure to and training in
ERCP are often inadequate in these general gas-
troenterology training programs, despite a great
majority of graduates subsequently performing
ERCP in independent practice [9]. The early re-
quirement of 100 ERCPs was put forth by the
American Society for Gastrointestinal Endosco-
py (ASGE) in 1988; in contrast, with case load
being the basic metric for exposure and training,
a landmark study by Jowell et al. demonstrated
that a minimum of 180 ERCPs were needed to
attain competence [10]. More recent data has
shown that as many as 400 cases were needed to
achieve competence if >80 % selective cannula-
tion rate was used as the benchmark [11]. Fur-
thermore, ongoing improvement over the next
300 independently performed ERCPs occurred,
leading to > 96 % cannulation success.

General guidelines for training in ERCP have
been established in the Gastroenterology Core
Curriculum published in 1996, upholding the
earlier requirement of 100 ERCPs (including 25
therapeutic cases consisting of 20 sphincteroto-
mies and 5 stent placements) as the threshold for
credentialing [12]. These numbers obviously are
much lower than real-world thresholds generated
in the aforementioned studies, and the ASGE has
stated that these numbers are the minimum num-
ber of supervised cases that must be completed
before competency should be evaluated; a trainee

is not considered competent by the ASGE simply
by meeting these thresholds alone [13]. In agree-
ment with Jowell et al., the most recent ASGE
training guidelines in 1999 state that most train-
ees require at least 180-200 ERCPs (at least half
therapeutic) to achieve competency, while cau-
tioning that absolute threshold numbers can be
misleading and that variations in trainee learning
patterns create the need for individualized evalu-
ation [14].

It is generally accepted that all trainees in
gastroenterology fellowship should have some
exposure to ERCP in order to develop a cognitive
understanding of the procedure’s role [12—14].
However, comprehensive ERCP training to a
level of procedural competence appropriate for
independent practice requires a unique level of in-
terest, training, and case volume experience. Not
all trainees should pursue such advanced training
due to both variations in individual skill and re-
gional manpower needs for physicians competent
in ERCP. The demands of general gastroenterol-
ogy fellowship make meeting these requirements
for comprehensive ERCP training very difficult
in most programs. Thus, though advanced endos-
copy training (including specialized ERCP train-
ing) is not a prerequisite for independent practice
in ERCP, there has been increasing support for
making such additional training a formal require-
ment [15]. The 1990s and 2000s witnessed great
growth in the number of advanced fellowships
in therapeutic endoscopy to currently over 50
programs in the US that participate in the fellow-
ship match, with ERCP as the original center-
piece [16, 17]. The higher demand was only one
of the driving forces for this. As endoscopy has
evolved and matured, procedures have become
more complex, and ERCP is no exception. With
increased complexity and potential morbidity of
such procedures, there came increasing concern
for specialized training to provide expertise in
those procedures in order to optimize outcomes
and minimize complications [8].

Currently, advanced endoscopy fellowship
programs carry a prespecified emphasis on
ERCP, EUS, or both, as well as training in other
“higher level” endoscopic procedures such as
endoscopic mucosal resection, ablative proce-
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dures used for dysplastic Barrett’s esophagus,
deep enteroscopy, and endoluminal stenting. Pro-
grams also offer varying degrees of exposure to
NOTES (natural orifice transluminal endoscopic
surgery), endoscopic suturing, POEM (peroral
endoscopic myotomy), bariatric endoscopy, en-
doscopic necrosectomy, and EUS-assisted inter-
ventional procedures [8]. Advanced endoscopy
training programs are not held to standardized
curriculum guidelines at this time and are not
regulated. Although programs may vary in the
design of their training experience, two critical
components are necessary for a training program:
adequate patient volume and faculty expertise.
Not all training programs should offer ERCP
training due to limitations of patient volume and
available faculty. In the current programs aimed
toward ERCP training, the quoted number of
completed ERCPs by the trainee is reported be-
tween 200 and 700, exceeding the ASGE thresh-
old for competence evaluation in essentially all
cases. However, based on the studies cited above
on numbers of ERCP and attaining competency,
some programs may not be providing adequate
numbers of ERCP to their trainees despite meet-
ing the minimum standard set forth by the ASGE
(180 ERCPs) in order to assess competency. Du-
ration of programs vary between 1 and 2 years
depending on the degree of involvement in teach-
ing, research, general consultation, and general
endoscopy, although most programs finish in 1
year [16, 17].

A trainee should investigate all aspects of a
training program in ERCP when choosing a pro-
gram, and understand the program’s expectations
as well as his or her own career interests to judge
whether they align. The single most important
factor of the program may be the expertise of the
ERCP faculty. Programs should have a minimum
of one faculty skilled at ERCP who is acknowl-
edged as an expert by peers and is committed to
teaching ERCP. Ideally, there is a panel of expe-
rienced faculty who can educate the trainee. In
addition, there should be multidisciplinary teams
for various disease states in the institution with
whom the trainee can interact.

Funding for advanced endoscopy programs
is an issue in the US with typically limited, if

any, extramural funding available for the trainee.
Thus, the trainee may be required to assume addi-
tional non-ERCP clinical responsibilities to help
support the salary. The program must balance the
financial needs with training the fellow. Many
ERCP programs occur in academic medical cen-
ters where the mission also includes research. Ide-
ally, programs should provide protected research
time and mentoring for the trainee to complete a
research project. A goal for the trainees should
be presenting their endoscopic research at either
a national or international meeting. The program
should also expose the trainee to the logistics of
running an ERCP service in the endoscopy unit,
which include scheduling, staffing, equipment
maintenance, and management skills.

Cognitive Foundations of Modern
Training in ERCP

Expert consensus has proposed that training for
procedural competence in ERCP should follow
at least 18 months of standard gastroenterology
training, during which time the trainee has gained
some exposure to the cognitive aspects of ERCP
as described previously [13]. Moreover, profi-
ciency with the cognitive and procedural skills as-
sociated with basic endoscopic procedures, such
as upper endoscopy and colonoscopy, are required
to achieve competence in any advanced endo-
scopic procedure including ERCP. Subsequently,
it usually requires about 12 months to achieve the
advanced cognitive and technical skills essential
to effectively and safely perform ERCP, whether
during the standard fellowship or an additional
year of advanced fellowship [13—15].

Specific cognitive skills and a comprehensive
fund of pertinent knowledge form the founda-
tion of competence in ERCP. Thus, during ERCP
training, it is important to gain thorough knowl-
edge of the anatomy and physiology of the pan-
creatic and biliary systems including anatomic
variants and learn to interpret fluoroscopy im-
ages. The fellow must also gain a detailed under-
standing of indications, contraindications, and
complications of ERCP in addition to knowing
when alternative noninvasive or less invasive
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testing should be performed instead of ERCP.
The trainee should become well-versed with the
issues of informed consent, patient education,
procedural sedation, antibiotic prophylaxis, and
periprocedural management of anticoagulant/an-
tiplatelet agents. Proper patient selection as well
as recognition of which patients and which in-
dications (and the accompanying interventions)
carry higher risk of complications and require the
accompanying appropriate preprocedural coun-
seling must be emphasized.

The trainee must also be familiar with all the
tools and accessories involved with ERCP start-
ing with the scopes, which include the diagnostic
and therapeutic duodenoscopes as well as cholan-
gioscopes and pancreatoscopes. While it is highly
unlikely that the trainee will be exposed to all the
commercially available tools used during ERCP
worldwide, s/he should be knowledgeable of rep-
resentative products from the wide array of acces-
sories, including wires, stents, dilators, cannulas,
sphincterotomes, stone extraction balloons, and
baskets. With this foundation, the trainee should
be capable of easily adapting to the equipment
available in his/her independent practice, which
may differ from that used during training.

The majority of focus and energy during ERCP
training understandably centers around technical
procedural skills, but a number of other periproce-
dural skills should be mastered. Before and during
the procedure, the dignity and privacy of the patient
must be respected. Principles of conscious sedation,
as well as indications for monitored anesthesia care
and general anesthesia, must become well under-
stood. Once the procedure begins, the comfort and
safety of the patient as well as technical success of
the procedure rely on clear and productive commu-
nication between the endoscopist and assistant(s);
trainees must learn to become especially team-ori-
ented, being aware of multidisciplinary and ancil-
lary staff during the procedure and the importance
of multidisciplinary contributions in the patient’s
care (radiology, surgery, anesthesiology, pathology,
oncology, etc.).

During training, the importance of proper
post-ERCP management must be emphasized to
the trainee. Continuing the theme of team-ori-
ented care, the fellow must be prompt, clear, and

concise in reporting findings and recommenda-
tions to referring and consulting physicians. Clar-
ity and use of accepted standard terminology in
procedural documentation is also important. Then
in managing the post-ERCP patient, the trainee
must acknowledge the high-risk nature of ERCP
and be able to recognize complications. Pancre-
atitis and cholangitis often do not manifest until
hours later, and these and other complications
must be expeditiously recognized and treated
[13].

Specific Technical Components
of Expertise in ERCP

ERCPis recognized as a technically complex pro-
cedure, with many elements of cognitive and pro-
cedure skill required. In considering each aspect,
one important consideration is the wide gradient
of difficulty, which demands varying degrees of
skill. First introduced by Schutz and Abbott and
subsequently adapted by many investigators, a
grading system of difficulty has been formally
endorsed by the ASGE and American College
of Gastroenterology (ACG) (Table 1.1) [18-20].
Grade 2 procedures are likely to require at least
200 procedures, a number which is unlikely to be
reached during a 3-year general gastroenterology
fellowship, as alluded to previously [8, 13, 20].

Basics and Diagnostics
Passage of the Duodenoscope

Mastery of the standard (forward-viewing) upper
endoscope and colonoscope is a prerequisite be-
fore the trainee can begin passing the side-view-
ing duodenoscope. This requires skilled use of the
endoscope dials, scope torque, and body move-
ment. Importance of the endoscopic examination
prior to reaching the bilioenteric orifice should
be emphasized, and this is closely linked with
the development of the proprioceptive skills to
recognize a structural impediment to scope pas-
sage (such as cervical osteophyte or esophageal
diverticulum) and subsequently make appropri-



1 Training in Endoscopic Retrograde Cholangiopancreatography 7

Table 1.1 Grades of difficulty for ERCP. (Adapted from References [18-20].)

Grade of difficulty
Grade 1

Biliary procedures
Diagnostic cholangiogram
Biliary cytology

Pancreatic procedures
Diagnostic pancreatogram
Pancreatic cytology

Standard sphincterotomy with removal of stones

<10 mm

Stricture dilation, stent or nasobiliary drain for extra-

hepatic stricture or bile leak
Grade 2

Removal of extrahepatic bile duct stones >10 mm

Diagnostic cholangiogram with Billroth IT anatomy

Diagnostic pancreatogram with
Billroth II anatomy

Minor papilla cannulation

Stricture dilation, stent or nasobiliary drain for hilar
tumors or benign intrahepatic strictures

Grade 3 Sphincter of Oddi manometry

Cholangioscopy

All therapy with Billroth II anatomy

Removal of intrahepatic stones

Sphincter of Oddi manometry
Pancreatoscopy

All pancreatic therapy including
pseudocyst drainage

Removal of any stones with lithotripsy

ERCP endoscopic retrograde cholangiopancreatography

ate adjustments. Also, the trainee should become
comfortable with passage of the duodenoscope in
both the nonintubated and intubated patient in the
prone, semiprone, or supine positions. Traversing
the esophagus, stomach, pylorus, and proximal
duodenum requires that the trainee learn a com-
bination of landmarks and proprioceptive cues,
while minimizing the introduction of air and en-
doscope loops. Once the bilioenteric orifice is
reached, the trainee must master establishment
of the “short” position and proper positioning for
cannulation. Navigation of the subgroup of pa-
tients with surgically altered anatomy requires a
higher level of expertise, particularly for patients
with Roux-en-Y anatomy.

There are no published data regarding the
number of ERCPs or type of training required to
attain competency in duodenoscope passage.

Selective Cannulation

Selective deep cannulation of the desired duc-
tal system is a vital component to both the di-
agnostic and therapeutic application of ERCP. It
requires coordinated manipulation of the scope
and the catheter (with/without a guide wire). To
obtain mastery of this cornerstone of ERCP, the
trainee will need extensive one-on-one train-

ing, supplemented by review of literature and/
or video media. A thorough understanding of
the equipment is important, which includes the
endoscope, catheters/sphincterotomes, guide
wires, and supplementary tools. The trainee
should understand the role of both the assistant
and the operator in using this equipment. The
trainee must know the periampullary, biliary,
and pancreatic anatomy, such that the abnormal
or variant anatomy is recognized and the accom-
panying adjustments can be made. Appropriate
need for biopsy and further workup should be
recognized as well.

Trainees should be prepared for dealing with
difficulty cannulating the desired duct. Low-risk
ancillary maneuvers such as contrast or wire as-
sistance and dual-wire technique are options, as
are advanced techniques, which require higher
level expertise (described later in this chapter).
In the event of cannulation failure, the trainee
should be aware of when to plan for a repeat at-
tempt and when to make a referral for alternative
intervention that could be provided by an inter-
ventional radiologist or surgeon.

Given its central role in ERCP, attaining
competence in achieving selective cannulation
has been perhaps the most investigated aspect
of ERCP training. In the 1996 seminal study
by Jowell and colleagues, among a pool of 17
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trainees, the probability of successfully deeply
cannulating the common bile duct was just 0.65
[95% confidence interval (CI) 0.53-0.78] after
180 ERCPs [10]. Another study published that
same year by Watkins et al. assessed 21 trainee
operators in selective cannulation of pancreatic/
bile duct via any papilla, and the cannulation rate
increased from 46 to 90 % with completion of 10
and then 90 ERCPs [21]. A more rigorous exami-
nation of cannulation skill acquisition (though
with only one operator) was performed by Verma
et al. in 2007; this study demonstrated that the
success rate of bile duct cannulation via a native
papilla increased from 43 % to over 80% with
caseload from 0 to 350-400 ERCPs, and then to
over 96 % with caseload from 400 to 700 ERCPs
[11].

Data from the 1990s indicates that success-
ful selective cannulation rates of >95% are
consistently achieved by experienced endos-
copists. Meanwhile, a selective biliary cannu-
lation rate of >80% has been widely accepted
as a target for trainees [3, 13]. Data continues
to emerge regarding the association of ERCP
volume with cannulation ability; however, it is
important to note that volume is only the most
basic benchmark for training. Few data currently
exist regarding the methodological or qualita-
tive aspects of training leading to acquisition of
this critical skill, an ongoing theme in the ERCP
training literature [15, 22].

One area of particular concern in training
programs remains the issue of inadvertent re-
peated non-selective ductal cannulation; that is,
repeated cannulation of either the pancreatic duct
instead of the desired bile duct, or vice versa,
and subsequent possible complications. While
numerous studies have described patient-related
and procedure-related risk factors contributing
to complications associated with ERCP, little is
known about the risk attributable to trainee in-
volvement. However, it is known, for example,
that high numbers of cannulation attempts and/
or pancreatic duct injections are risk factors for
post-ERCP pancreatitis [23]. One study showed
that trainee involvement was associated with in-
creased risk [24]. A recent study by Kwek et al.
demonstrated no difference between trainee-in-

volved ERCPs and ERCPs solely by experienced
operators when a protocol was followed in which
the supervising endoscopist took over for the
trainee if one of the following criteria were met:
(1) failed cannulation after 5 attempts, (2) unsuc-
cessful cannulation after 10 min, (3) edematous
papilla, (4) pancreatic duct cannulation >2 times
[25, 26].

Cholangiography/Pancreatography

Similar to EUS, ERCP places the endoscopist in
the role as technician and radiologist. Thus, to
become skilled in cholangiography and pancrea-
tography, the trainee must become adept at two
separate skill sets.

First, the trainee must understand the ma-
neuvers necessary to acquire the best possible
fluoroscopic image. This includes the following:
positioning of the duodenoscope, patient, and
fluoroscopy equipment; volume and dilution of
contrast, knowing to avoid overfilling; manipu-
lation of radiation dose and degree of magnifi-
cation; use of balloon occlusion (in the case of
cholangiography).

Second, the trainee must become adept at in-
terpreting the obtained still and dynamic images
in real-time. This comes from thorough knowl-
edge of both normal and variant pancreaticobili-
ary anatomy, as well as the changes associated
with biliary disease (such as choledocholithiasis,
benign/malignant strictures, primary scleros-
ing cholangitis, choledochal cysts, bile leaks)
and pancreatic disease (pancreatic malignancy,
chronic pancreatitis, intraductal papillary muci-
nous tumors, ductal disruptions leading to pseu-
docyst). These more cognitive aspects of cholan-
giopancreatography are developed through one-
on-one discussion between trainer and trainee
following each ERCP, supplemented by case
conferences and didactic sessions.

Third, the trainee must understand proper han-
dling of fluoroscopy in order to minimize radiation
exposure to the staff as well as the patient. This
involves the use of appropriate protective lead
shielding by the staff to the body, thyroid, eyes,
and hands (when in the fluoroscopy field). The
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trainee must know the well-defined techniques to
reduce fluoroscopy exposure including increasing
distance from the radiation source, reducing total
fluoroscopy time, collimation, placing the image
receptor as close to the patient as possible, using
magnification only as needed, and changing to a
low dose rate setting, if possible [27]. In addition
the need to monitor one’s own radiation exposure
with the use of radiation-exposure dosimeters
should be appreciated by the trainee.

There are no published data regarding the
number of ERCPs or type of training required to
attain competency in cholangiography/pancrea-
tography.

Tissue Sampling

Sampling of the ductal tissue is often performed
during ERCP, typically upon recognition of stric-
tures whether benign or malignant. Approaches
include brushings for cytology, ductal fluid aspi-
ration for cytology, and/or fluoroscopically guid-
ed biopsy. Trainees must know the indications,
appropriate technique, and performance charac-
teristics of each.

There are no published data regarding the
number of ERCPs or type of training required to
attain competency in tissue sampling.

Therapeutics
Sphincterotomy

Biliary sphincterotomy is utilized in ERCP to
access the bile duct, remove bile duct stones,
and/or facilitate introduction of accessories into
the biliary system. Despite being an integral
part of ERCP, sphincterotomy is also considered
the most dangerous part of ERCP due to risks
of bleeding, pancreatitis, and perforation. Thus,
proper training in this technique is absolutely
essential. This should be taught and performed
by the trainee only after proficiency in basic
ERCP techniques. Training in sphincterotomy
then begins with gaining full understanding of
the tools at one’s disposal, including sphinctero-

tome devices, guide wires, and electrosurgical
current generators (with cutting and/or blended
current).

The specific technical aspects of perform-
ing biliary sphincterotomy are well-established
and described in detail in the literature [28, 29].
Major points of emphasis should be establish-
ing good endoscopic position, well-directed
cutting, steady instrument control, and follow-
ing anatomic landmarks. As the trainee masters
sphincterotomy, s/he must also have complete
understanding of the associated risks, factors in-
fluencing risk, and potential alternative therapies
(such as sphincteroplasty or stent placement). An
important part of this training is endoscopic man-
agement of complications as well, particularly
bleeding.

Pancreatic sphincterotomy is a related tech-
nique, providing ductal decompression in a
manner similar to its biliary counterpart; how-
ever, pancreatic sphincterotomy is accompanied
by additional risk and can be technically more
challenging. A subset of pancreatic sphincter-
otomy involves minor papillotomy and associ-
ated interventions in cases of pancreas divisum.
Trainees need thorough understanding of the in-
dications and contraindications to these pancre-
atic interventions, as well as special accessories
to cannulate the minor papilla and proper use of
pancreatic duct stenting. Like most pancreatic
endotherapy, it should be undertaken only by
experienced trainees well-versed in biliary inter-
ventions.

Data regarding training and skill acquisition
of sphincterotomy is limited. The previously
mentioned 1996 version of the ASGE Gas-
troenterology Core Curriculum put forth 100
ERCPs, including 20 sphincterotomies, as the
threshold prior to evaluation of competency;
updated guidelines in 1999 stated 180 ERCPs
as the threshold including 90 therapeutic cases,
with the number of sphincterotomies unspeci-
fied [14]. In a review of training in sphincter-
otomy, Leung and Foster emphasize that so
much of endoscopic technique remains difficult
to measure—the training experience in ERCP
varies from trainee to trainee, and the technical
assessment of safe, effective sphincterotomy is
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difficult to quantitate and requires a measure
of self-awareness. The young endoscopist,
whether during training or after completion of
it, must be mindful of his/her own skill level
and improve upon it continually [28]. Howev-
er, emerging data has begun to recognize that
consistent consensus for quality sphincterotomy
is being established, apart from complication
rate. In a small prospective survey of biliary
endoscopists, there was considerable agreement
among the experts in scoring five recorded clin-
ical papillotomies and in differentiating a good
cut from a fair cut using a previously reported
scoring scale [30]. Interest is growing in the use
of ERCP simulator devices to facilitate acquisi-
tion of sphincterotomy skills, discussed later in
this chapter.

Needle knife sphincterotomy (“pre-cut”) is
an advanced therapeutic maneuver distinct from
standard biliary or pancreatic sphincterotomy, as
it is usually used to facilitate deep cannulation
in cases when traditional deep cannulation fails.
This technique requires a “free-hand” element,
which demands the highest level of endoscopic
control and proficiency, complete knowledge of
ampullary anatomy, and full command of endo-
scopic maneuvers available to manage complica-
tions such as bleeding or perforation. It is known
that the trainees’ exposure and experience with
this technique varies widely, and as such, com-
petency with the needle knife also presumably
varies upon completion of training. Given the
utility of this technique and its frequently es-
sential role in completing difficult cannulations,
appreciation of a need for standardized exposure
and training in needle knife sphincterotomy is
growing [31].

Dilation

Strictures of the bile duct or pancreatic duct may
be treated using dilation, whether via dilating
catheters or hydrostatic balloons. Stricture man-
agement via dilation is a key skill for the trainee
to master, which encompasses an understanding
of its indications, technique, and complications.
In certain cases, dilation can also be performed

at the biliary or pancreatic sphincter using a bal-
loon, usually to facilitate stone extraction, and
the trainee should be aware of the associated in-
dications, technique, and complications.

There are no published data regarding the
number of ERCPs or type of training required to
attain competency in dilation.

Stent Placement

Biliary decompression is a common indication
for ERCP. The trainee must become well-versed
in the indications for stenting and selection of
stent (type, size, and length). S/he must master
the endoscopic techniques required for optimal
stent placement and positioning. Nasobiliary
drainage is currently used less frequently but is
still included as a recommended part of ASGE
training guidelines for ERCP as well.

The 1988 and 1996 ASGE guidelines put forth
5 stent placements (among the 20 therapeutic
cases) as a threshold prior to assessing compe-
tency; as mentioned, newer guidelines have in-
creased this number of therapeutic cases [12, 14].
There is no rigorous data regarding the number
of ERCPs or type of training required to attain
competency in stent placement.

Pancreatic stent placement is a higher-risk en-
deavor which is usually reserved for experienced
operators and advanced trainees. The trainee
must learn proper technique and positioning, ac-
companied by an understanding of which clinical
scenarios warrant this maneuver.

Stone Extraction

Removal of bile duct stones is a relatively com-
mon maneuver during ERCP that can be accom-
plished using balloons or baskets; there may also
be a need for mechanical lithotripsy. The trainee
must master these techniques, and higher level
training is necessary for advanced lithotripsy
(electrohydraulic and/or laser-assisted). Removal
of pancreatic duct stones, also usually reserved
for advanced trainees, is a higher-risk endeavor
requiring additional expertise.
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There are no published data regarding the
number of ERCPs or type of training required to
attain competency stone extraction.

Advanced Techniques
Advanced Diagnostics

These techniques complement routine ERCP and
require a strong foundation in the broad basic
skill set outlined thus far, with the addition of
advanced training in a specialized referral center
with experts. Such techniques include but are not
limited to the following.

Sphincter of Oddi Manometry (SOM)

This is a challenging maneuver requiring a com-
mitment to grasping the technical and interpre-
tive aspects of the procedure. Obtaining mano-
metric values must be done in the proper context,
given that the relevant patient population is at
high risk for post-ERCP pancreatitis and requires
a thoughtful and thorough consent process. The
trainee must understand the impact of sedation
on manometric values and how to interpret the
pressure tracing.

Cholangioscopy/Pancreatoscopy

Direct visualization of the ductal systems can be
performed using 8F to 10F endoscopes, and the
quality and durability of these instruments are
continually improving. The trainee must learn
the application of these approaches to strictures,
neoplasms, and stones.

Intraductal Ultrasound

This advanced technique for evaluating ductal
strictures involves use of a 20 MHz transducer
passed via the working channel of the ERCP
scope and advanced under fluoroscopic guid-
ance over a guide wire. Like any EUS-based
procedure, this requires a high level of training
in both proper image generation and interpreta-
tion, in conjunction with excellent endoscopic
control.

Advanced Therapeutics

These techniques are very sophisticated, repre-
senting the cutting edge of endoscopic therapy,
but they are also challenging and among the
highest risk procedures that can be performed by
a gastroenterologist. Advanced therapeutic pro-
cedures include but are not limited to complex
stone extraction requiring electrohydraulic or
laser lithotripsy, pancreatic stone/stricture man-
agement, pseudocyst drainage, necrosectomy,
ampullectomy, photodynamic therapy, brachy-
therapy, minor papilla therapy, and rendezvous
techniques. Generally, trainees will only receive
sufficient instruction for competency in these
procedures in the context of a dedicated advanced
endoscopy fellowship of 12 months or more. Fur-
thermore, training in the most complex of these
therapeutic cases can potentially extend beyond
fellowship and into full clinical practice, under
the tutelage of a more experienced colleague in
the endoscopy group.

Use of Simulators in ERCP Training

Endoscopy simulators allow trainees to practice
invasive endoscopic procedures in a controlled
environment with no risk to patients and opportu-
nities for comprehensive feedback. Colonoscopic
simulators have existed since at least the 1970s,
and given the relatively higher level of risk for
complications in ERCP compared to colonos-
copy, simulators for ERCP have been developed
over the years as well [32, 33]. The four types
include live animals, tissue-based simulators,
mechanical simulators, and computer simulators.

Live Animals

Since the early 1990s, anesthetized pigs and
dogs have been used for training in ERCP [34,
35]. Major advantages include natural tissue
elasticity and sensation, as well as realistic tac-
tile feedback. Disadvantages include cost, ethi-
cal and animal welfare concerns, hygiene issues,
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need for animal-specific endoscopes, and need
for specialized animal facilities with veterinary
anesthesia support [3]. Additional issues specific
to pigs include the fact that there are two distinct
papillae for the pancreatic duct and bile duct,
the stomach remains full of food longer, and the
distance to the pylorus is lengthened by the long
snout [3].

Tissue-Based Simulators

These devices utilize the relevant organs for
simulator purposes and are often referred to as
“ex vivo” models. Advantages include more re-
alism than mechanical models, lower cost and
fewer regulatory issues than animal models. Dis-
advantages include lengthy and intensive setup
and disposal procedures, as well as unfavorable
tactile features compared with living tissue [36].
One of the early tissue models for ERCP was the
CompactEASIE™  (Erlangen Active Training
Simulator Interventional Endoscopy) developed
in 1998 as a modified and more lightweight ver-
sion of the (EASIE). CompactEASIE™ utilized a
plastic platform and a specially prepared porcine
upper gastrointestinal package (esophagus, stom-
ach, duodenum) with the common bile duct, gall-
bladder, and liver. This allowed practice of biliary
cannulation with discrete cannulation of left/right
systems, sphincterotomy, needle knife, basic ac-
cessory use, stent placement, and stone extraction
[37]. The ASGE has developed a simulator similar
to the CompactEASIE™ called the Endo X Train-

er, also a plastic table-top platform with porcine
organs [36]. Two more recent simulators have in-
volved creation of a neo-papilla utilizing a chick-
en heart or simulating sphincter muscle using pig
stomach and/or rectum (Fig. 1.1) [38, 39].

Mechanical Simulators

Mechanical models suffer from poor mimicry
of actual tissue and do not have any inherent
variety [36]. The ecarliest of these were used for
general endoscopy rather than ERCP, but newer
generations of these devices have addressed
some of the shortcomings. The Boskoski-
Costamagna ECRP Trainer was developed in
2010 and replicates the duodenum and pan-
creaticobiliary system using plastic and light
metals (Fig. 1.2). This model allows training in
cannulation, stone extraction, stenting, balloon
dilation, brushing, and biopsy (personal com-
munication). Another relatively novel mechani-
cal simulator, X-Vision ERCP Training System,
is a simulated ERCP platform with simulated
fluoroscopy.[40]

Computer Simulators

While still theoretically suffering from issues
with realism and tactile feedback, computer-
ized models have the advantages of a limitless
variety of clinical scenarios, performance/data
tracking, standardized training “modules,” and

Fig. 1.1 Tissue simulator with simulated papillae created using in vivo and ex vivo porcine stomach and rectum.

(Courtesy of Dr. Takao Itoi)
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Fig. 1.2 Mechanical simulator made of plastic and light
metals that replicates the duodenum and pancreaticobili-
ary system. (Courtesy of Dr. Ivo Boskoski)

minimal preparatory time or labor [32, 33]. Such
simulators were limited by the cost of computer
processing and hardware in the 1980s, but the
rapid evolution of microprocessors and personal
computing have allowed powerful modern simu-
lation devices. A milestone was the Simbionix
GI-Mentor™ and its most current version, the
GI-Mentor II™ and main rival, the CAE Health-
care AccuTouch™. These create realistic virtual
ERCP environments while leading the trainee
through various diagnostic and interventional
procedures, didactic modules, and anatomy/pa-
thology atlases [41].

Comparisons Between Simulators

A variety of studies evaluating some of the
many aforementioned simulators have shown
promising results in ERCP training. However,
data comparing the different types of simulators
are limited. Sedlack et al. compared a live ani-
mal simulator (anesthetized pig), a tissue-based
simulator (CompactEASIE™), and a computer-
ized simulator (GI-Mentor II™) in terms of tis-
sue pliability, papillary anatomy, visual realism,
cannulation realism, and overall ERCP experi-
ence using 20 endoscopists and their self-report-
ed experiences after training on the simulators
[42]. The tissue-based simulator scored high-
est for realism, and its usefulness in teaching
ERCP skills was noted. Scores for the comput-
erized simulator were statistically significantly

lower in nearly all areas compared to the live
and tissue-based models. In contrast, one re-
cent study comparing a proprietary mechanical
simulator to a proprietary tissue-based simula-
tor (both simulators designed and constructed
by the authors) demonstrated that the mechani-
cal simulator was associated with a statistically
significant greater increase in understanding
and confidence metrics compared to the tissue-
based simulator [43]. In a separate study by the
same group, this same proprietary mechanical
simulator also led to higher confidence scores
compared to a commercially available computer
simulator, the GI-Mentor II™ [44].

Simulators for ERCP training are widely used
in endoscopy workshops all over the world, but
their viability for standardized use in gastroen-
terology fellowship programs remains uncertain.
One study did evaluate the impact of mechanical
simulator training before starting ERCP training
by randomizing fellows to have a 6-h training
session tutored by an endoscopist or no train-
ing. The simulator-trained fellows had higher
rates of successful biliary cannulation with odds
ratio 2.89 (95% CI 2.21, 3.80, p<0.0001) com-
pared to fellows who did not have exposure to
the simulator [45]. Interestingly, more simulator
sessions by the fellows on their own did not fur-
ther improve their ERCP performance. Another
multicenter study using a mechanical simulator
randomized 16 novice trainees to practice on
the simulator versus no simulator use. After 16
weeks, fellows who had practiced on the simu-
lator demonstrated significantly shorter time to
cannulation (mean 4.7 vs. 10.3 min) and higher
rates of successful cannulation (70 vs. 47%). Of
note, the trainees participating in this study had
completed less than a mean of 30 ERCPs at the
onset of the study. Thus, the authors highlighted
these results as an encouraging development for
early training in ERCP, particularly given the
relatively steep learning curve and complexity
associated with ERCP [46]. Such results mirror
the simulator-driven improvements in proficien-
cy of esophagogastroduodenoscopy (EGD) or
colonoscopy [47]. The Accreditation Council for
Graduate Medical Education (ACGME) has for-
mally required the use of simulators during gas-
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troenterology fellowship [48]. It must be noted
that there is a paucity of data concerning benefit
to novice endoscopists learning ERCP on simu-
lators, and cost remains a major issue as well.
Even if those issues were overcome, a paradigm
shift in the approach to ERCP training will be
necessary for simulators to attain widespread ac-
ceptance [8].

Posttraining Competence and Quality
Indicators in ERCP

As mentioned multiple times throughout this
chapter, ERCP is widely recognized as one of
the most technically demanding and highest risk
procedures performed by a gastroenterologist.
As such, scrutiny on the process of ERCP train-

ing has been coupled with a growing emphasis
on standards for competence and benchmarks
of quality in ERCP following the conclusion of
training. The ASGE/ACG Taskforce on Quality
in Endoscopy outlined a set of quality indicator
guidelines in 2015, as shown in Table 1.2 [49].
Intraprocedural quality indicators—cannula-
tion rates, extraction of common bile duct stones,
biliary stent placement—have been the subject
of particular analysis and research, as these are
essentially measures of basic ERCP skills which
must be attained during supervised procedural
training and cannot be taught in solely didactic
or self-driven learning. A comprehensive survey
of the literature to substantiate the specified stan-
dards is beyond the scope of this chapter. A recent
meta-analysis assessed current ERCP perfor-
mance in the published literature and compared

Table 1.2 Summary of quality indicator for ERCP proposed by ASGE/ACG Taskforce (Adapted from [49])

Quality indicator Grade of Performance Target (%)
recommendation®
Preprocedure
1. Appropriate indication documented* 1C >90
2. Documentation of informed consent 1C >98
3. Prophylactic antibiotics 2B >98
4. Appropriate credentialing of endoscopist 3 >98
5. Recorded yearly volume of endoscopist 1C >98
Intraprocedure
6a. Documentation of cannulation of desired duct 1C >98
6b. Rate of cannulation of desired duct (native papillae)* 1C >90
7. Documentation of fluoroscopy time 2C >98
8. Extraction of common bile duct stones <Icm* 1C >90
9. Biliary stent placement for obstruction below bifurcation* 1C >90
Postprocedure
10. Appropriate documentation in procedure report 3 >98
11. Documentation of complications 3 >98
12. Rate of post-ERCP pancreatitis* 1C N/A
13. Rate of perforation 2C <0.2
14. Rate of post-ERCP hemorrhage 1C <1
15. Rate of contacting patients > 14 days after ERCP to detect 3 >90

delayed complications

ERCP endoscopic retrograde cholangiopancreatography, ASGE American Society for Gastrointestinal Endoscopy,

ACG American College of Gastroenterology
? Definitions of grades of recommendation:

1C (clear benefit, based on observational studies, intermediate-strength recommendation, may change when stronger

evidence available)

2B (unclear benefit, based on randomized trials with important limitations, weak recommendation, alternative

approaches may be better under some circumstances)

2C (unclear benefit, based on observational studies, very weak recommendation, alternative approaches likely to be

better under some circumstances)

3 (unclear benefit, based on expert opinion only, weak recommendation, likely to change as data becomes available)

* Priority indicators
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it to the targets set by the previous ASGE/ACG
Taskforce from 2006, which included cannula-
tion, biliary stone extracton, and nonhilar stent
placement rates over 85% and precut use less
than 15%. Including 52 articles among the 8005
reviewed articles, the meta-analysis demonstrat-
ed overall ERCP quality to meet the established
standards with the following success rates: bile
duct cannulation 89.3% (95% CI 0.866—0.919),
pancreatic duct cannulation 85.0% (95% CI
0.813-0.886), common bile duct stone extrac-
tion 88.3 % (95% CI 0.825-0.941), and nonhilar
biliary stenting 97.5% (95% CI 0.967-0.984)
[49]. Precut utilization rate was 10.5% (95 % CI
0.087—-0.123). While the study group acknowl-
edged the over-representation of academic cen-
ters in the meta-analysis pool, another study did
examine real-world ERCP performance using a
voluntary anonymous Internet-based database
through which endoscopists reported details of
ERCP cases. Preliminary results encompassing
over 18,000 procedures by 63 endoscopists over
3 years demonstrated results comparable to the
meta-analysis of the literature, though variability
was seen, as one might expect. Mean deep biliary
cannulation rate was 97 %, with 15 participants at
less than 90% [51]. An analysis of complication
rates and their associated factors is discussed in
Chapter 3.

The debate regarding the procedural vol-
ume needed for trainees to reach these qual-
ity standards has been highlighted previously
in this chapter. Of note, there is a paucity of
data regarding how competent trainees are as
they complete fellowship and begin practice
in ERCP. One very revealing study surveyed
third year trainees at 155 general gastroenterol-
ogy fellowship programs across the US. Among
the 69 respondents, it was found that 64 % did
not achieve competence defined by having 180
ERCPs, and 33 % did not feel their training was
adequate; yet, 91 % planned to perform ERCP
independently in practice following comple-
tion of fellowship. These fellows performed
a median of 140 ERCPs and 35 sphincteroto-
mies during training, with an associated medi-
an comfort level for independently performing
sphincterotomy of 7.5 on a scale of 1 to 10. The

median estimated success rate for independent
free cannulation was 75% [9]. This study did
not account for dedicated advanced endoscopy
trainees. However, it raises concerns regarding
competence and quality in ERCP upon comple-
tion of training. Tools for assessment of compe-
tency in ERCP during training are in the early
stages of development and validation, and they
may play a larger role as the sophistication and
standardization of ERCP training continues to
evolve [15, 52].

Credentialing is the process of assessing and
validating the qualifications of a physician to
provide patient care by evaluating the person’s
medical license, training, experience, knowledge
base competence, and ability to perform the pro-
cedure requested independently. The ASGE pub-
lished guidelines for credentialing and granting
hospital privileges to perform gastrointestinal
endoscopy [53]. Determining competency and
qualifications for credentialing can be challeng-
ing. Meeting the intraprocedural quality indica-
tors discussed above in addition to assessing the
quality indicators in Table 1.2 may provide some
guidance in evaluating the endoscopist’s compe-
tence. As with credentialing in general gastro-
intestinal endoscopy, competency is ultimately
assessed by the training director or other inde-
pendent proctor.

Importantly, no standardized criteria exist for
credentialing specifically in ERCP, and guide-
lines for maintaining ERCP privileges vary
across institutions. The goal of renewing privi-
leges is to ensure clinical competence while pro-
moting quality improvement and maintaining
patient safety. The ASGE has provided useful
guidelines for renewing endoscopic privileges
[54]. However, each institution must develop and
maintain its own guidelines for granting and re-
newing privileges as well as the minimum num-
ber of procedures necessary for renewal. This
number must reflect both the cognitive and tech-
nical skills required for ERCP. The British Soci-
ety of Gastroenterology recommends a minimum
of 75 ERCPs per year [55]. Of particular concern
is a survey study of 1000 ASGE members which
revealed that 40 % were performing less than 50
ERCPs per year [56]. If the endoscopist does not
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perform an ongoing volume of advanced proce-
dures, the quality of patient care may diminish,
potentially leading to adverse events [10]. En-
doscopists seeking to renew ERCP privileges
must document an adequate case load over a set
period of time. This should include objective
measures such as number of cases, success rates
of various techniques, and complications. Given
the higher level of risk undertaken in ERCP com-
pared to other gastrointestinal endoscopy proce-
dures, reported quality indicators (including the
intraprocedural standards discussed above) may
become factors in credentialing and renewing
privileges. Endoscopic privileges should be re-
newed every two years as per the Joint Commis-
sion on the Accreditation of Healthcare Organi-
zations (JCAHO) [57]. Contingency plans must
be in place when minimal competence has not
been demonstrated.

Conclusion

ERCP has evolved from its origins as a diagnos-
tic tool to a powerful primarily therapeutic mo-
dality, with an armamentarium of accessories that
has grown continually since the first sphincterot-
omies of the 1970s. Such therapeutic potential is
accompanied by a level of procedural challenge
that is unique, mandating rigorous and compre-
hensive training. Indeed, training in ERCP is a
multifaceted endeavor requiring a level of endo-
scopic skill and cognitive understanding beyond
that of traditional gastrointestinal endoscopy.
Such training encompasses mastering a diverse
set of maneuvers that have been highlighted here.
The exact number of ERCPs needed for compe-
tency may be debated, and the standardization of
instruction may evolve, even as the tools to mea-
sure a trainee’s mastery of ERCP skills mature.
However, what is under no debate is the focused,
dedicated training that is needed to become an
effective ERCPist, and for most, this will require
a dedicated year of advanced endoscopy training.
Simulators are adjunctive tools that show prom-
ise, and further studies will elucidate their role in
ERCP training.

Key Points

e ERCP has evolved over the past 40 years into
an increasingly complex and primarily thera-
peutic modality, which requires a high level of
expertise.

e The 4th year fellowship (or so-called advanced
endoscopy fellowship) has gained favor as
the approach to training in ERCP and other
advanced endoscopic procedures.

e The process of trainees’ acquisition of compe-
tency in ERCP is an area of growing research
interest, and to date, studies have focused pri-
marily on numbers of completed ERCPs. The
most recent ASGE guidelines have identified
180-200 ERCPs as the minimum number to
attain competency although absolute numbers
alone may be misleading in judging the com-
petence of a particular trainee.

e Appropriate training in ERCP is comprehen-
sive and multifaceted including cognitive,
technical, and periprocedural skills essential
to good ERCP practice.

e Technical aspects of ERCP training demand
an excellent understanding of the duodeno-
scope and associated tools, skill with varied
diagnostic and therapeutic maneuvers, and
accurate fluoroscopic image interpretation.

e Advanced techniques in ERCP are associated
with greater risk, and use of such maneuvers
requires specialized training at referral centers
under the tutelage of experienced operators.

e Use of simulators in ERCP training has shown
promise in recent reports and require further
study.

e Specific quality indicators for ERCP have
been established with particular emphasis on
success rates for biliary cannulation, stone
extraction, and biliary stenting. This coincides
with growing interest in standardization of
measures of quality and competence in ERCP.
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Indications for ERCP

Joseph K. Kim and David L. Carr-Locke

Introduction

ERCP was first introduced as a realistic endo-
scopic procedure in the early 1970s. Since then,
the diagnostic and therapeutic clinical applica-
tions have changed significantly in parallel with
improvements in noninvasive and invasive vi-
sualization of the biliary and pancreatic ductal
systems. What was once predominantly a com-
bined diagnostic endoscopic and radiographic
modality, ERCP has taken on new roles as a more
sophisticated diagnostic and therapeutic set of
procedures including direct visualization of the
ducts, tissue interrogation and sampling, and
treatment of a wide variety of biliary and pancre-
atic disorders (Fig. 2.1a, b, c,d, e, f, g, hand i). In
the USA, over 500,000 ERCPs were performed
in 2008. In 2009, there were an estimated 1.1—
1.3 million cases worldwide. The number of di-
agnostic ERCPs decreased 6 % while therapeutic
ERCPs increased by 12 % up to 2001 [1]. This in-
terventional shift is attributed to the introduction,
improvement, and acceptance of other diagnostic
modalities such as endoscopic ultrasound (EUS),
computed tomography (CT), and magnetic reso-
nance cholangiopancreatography (MRCP). EUS
combined with ERCP has become an appropriate
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alternative to percutaneous radiological access to
an obstructed duct when ERCP alone fails or is
not possible.

Despite these changes in the role and range
of therapeutic possibilities of ERCP, the basic
indications have not. These can be divided into
three main categories for the evaluation and
treatment of:

1. Stone disease (jaundice, biliary pain, cholangi-
tis, biliary pancreatitis, pancreatic duct stones)
2. Ampullary/papillary abnormalities (Sphincter
of Oddi dysfunction (SOD), ampullary cancer)
3. Biliary and pancreatic ductal abnormalities

(leaks, strictures, malignancies)

As we shall discuss later in this chapter, there
are significant complications of ERCP that one
must consider before considering this procedure.
Therefore, it is of paramount importance to have
an appropriate indication for proceeding.

Stone Disease
Choledocholithiasis

This is still the most common reason for under-
taking ERCP (Figs. 2.2, 2.3, 2.4, 2.5). Gallstone
disease affects approximately 20 million adults
in the USA with an estimated annual healthcare
cost of $ 5.8 billion [2]. Biliary stone disease is
responsible for a spectrum of clinical presenta-
tions from asymptomatic (detected by imaging) to
biliary obstruction, cholangitis, and acute biliary
pancreatitis. Choledocholithiasis is seen in up to
15% of patients with cholelithiasis, 10-20% of

L. S. Lee (ed.), ERCP and EUS, DOI 10.1007/978-1-4939-2320-5_2, 19
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9 h

Fig. 2.1 a Probe-confocal laser endomicroscopy (pCLE)
image of normal bile duct with reticular network of thin
dark branching bands and light gray background. b pCLE
image of bile duct malignancy with thick dark bands and
thick white band (two criteria for malignant stricture).
¢ Endoscopic retrograde cholangiography (ERC) showing
filling defect at the hepatic duct confluence. d Fluoroscopy

those undergoing cholecystectomy, and up to 21 %
presenting with gallstone pancreatitis [2, 3]. The
necessity of expediently diagnosing symptom-
atic choledocholithiasis is important, as the conse-
quences of failing to do so may result in unfavor-
able outcomes. Predictors of a high likelihood of
choledocholithiasis include jaundice, cholangitis,

showing cholangioscope advanced to the lesion in c. e Bi-
opsy of the lesion in c¢. f Tissue removed with biopsy for-
ceps (intraluminal cholangiocarcinoma) from lesion in ¢. g
Bilateral plastic stents in the same patient with hilar cholan-
giocarcinoma. h Anomalous union of the bile and pancreat-
ic ducts with type 1 choledochal cyst. i Mucus at the papilla
in main duct intraductal papillary mucinous neoplasm

severe pancreatitis, alkaline phosphatase (AP)
more than twice the upper limit of normal (ULN),
increased gamma glutamyl transferase (GGT),
and increased alanine aminotransferase (ALT)
and/or aspartate aminotransferase (AST) [4]. One
study categorized the likelihood of having ongo-
ing choledocholithiasis as “moderate,” “strong” or
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d e

Fig. 2.2 a Sequence from normal papilla. b ERC with distal CBD stones. ¢ Sphincterotomy. d, e Basket extraction of
stones. ERC endoscopic retrograde cholangiography

Fig. 2.3 a Sequence of ERC showing multiple stones fill-  cholangiogram with biliary stone extraction balloon inflat-
ing extrahepatic bile duct; b, ¢ Sphincterotomy in the 11  ed in distal CBD showing no residual stones. ERC endo-
o’clock direction; d balloon extraction; and e Occlusion  scopic retrograde cholangiography, CBD common bile duct
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a b

Fig. 2.4 a, b Large diameter balloon dilation of the papilla after sphincteromy with ¢, d basket extraction of stone

material

Fig. 2.5 a Stone in a cholecystocholedochal fistula, b causing biliary obstruction (Mirizzi syndrome) treated by CBD
and gallbladder stent placement preoperatively. CBD common bile duct

“very strong.” Those included in the “very strong”
category included visualized choledocholithiasis
on transabdominal ultrasound, clinical cholangitis,
and a total bilirubin >4 mg/dL. “Strong” indica-
tors included a dilated common bile duct (CBD)
> 6 mm and total bilirubin between 1.8-4 mg/dL.
“Moderate” indicators included abnormal liver
tests, age>55, and clinical gallstone pancreatitis
[5]. Based on several prospectively supported al-
gorithms, patients can be risk-stratified into “low,”
“intermediate,” or “high” risk for choledocholi-
thiasis [6]. Patients who are “high risk” benefit the
most from ERCP as opposed to other noninvasive
modalities. In support, the American Society for
Gastrointestinal Endoscopy (ASGE) recommends
that only patients meeting the criteria for high
suspicion undergo an ERCP for choledocholithi-
asis since it allows for immediate diagnosis and
treatment [7]. Sphincterotomy and stone extrac-
tion with or without lithotripsy can be performed
using the numerous tools now available in order

to relieve biliary or pancreatic ductal obstruction
caused by stones.

In 1988, Neoptolemos and Carr-Locke et al.
were the first to examine the role of early (less
than or equal to 72 h) ERCP in gallstone pan-
creatitis. Prior to this time, ERCP had been con-
sidered contraindicated in this setting. The study
demonstrated that only patients predicted to have
severe disease, by the modified Glasgow criteria,
benefited from ERCP. Although mortality was
not affected by early ERCP, overall complica-
tions were significantly decreased in the ERCP
group (24 %) compared to those who received
conventional supportive treatment (61 %) [8]. In
1993, Fan et al from Queen Mary Hospital, Hong
Kong, published a study of 195 patients random-
ized to either early ERCP within 24 h versus
conservative treatment. Morbidity in the ERCP
group was significantly decreased compared to
patients managed by conservative therapy (16 vs.
33%) [9].
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The latest American College of Gastroenter-
ology (ACG) guidelines published in 2013 state
that patients with acute pancreatitis and concur-
rent acute cholangitis should undergo ERCP
within 24 h of admission. However, the guide-
lines further state that “ERCP is not needed in
most patients with gallstone pancreatitis who
lack laboratory or clinical evidence of ongoing
biliary obstruction” [10]. Controversy remains
in this area concerning the absolute need for
concomitant cholangitis and evidence for biliary
obstruction, and there is inconsistency in guide-
lines for and against this inclusion.

Pancreatic Stones

Nearly always in the setting of chronic pancreati-
tis, pancreatic duct stones are treated in much the
same way as bile duct stones and with the same
accessories in symptomatic patients. The treat-
ment of asymptomatic nonobstructing pancreatic
duct stones is questionable but an argument can
be made for removing stones that are causing
complete main duct obstruction in order to im-
prove exocrine function although such patients
are not truly asymptomatic. There are differences
in approach from biliary stones since the pancre-
atic duct is a more fragile and tortuous structure,
may carry strictures as part of the spectrum of
chronic pancreatitis, the stone(s) may be located
in the duct and may be impacted, all of which
renders the successful extraction of pancreatic
stones more problematic compared to their bili-
ary counterparts. Extracorporeal shock wave
lithotripsy (ESWL) is a useful adjunct and, if not
available, may significantly influence the choice
of endoscopic, which may need to be sequential,
or surgical therapy.

Ampullary/Papillary Abnormalities
Sphincter of Oddi Dysfunction
The modified Milwaukee classification for bili-

ary SOD, used by many for more than two de-
cades, are:

23
Type I Biliary-type pain
Elevated ALT, AST, or AP on one occasion
Bile duct diameter >10 mm
Typell  Biliary-type pain
One of the other two criteria for type I
Type Il Biliary-type pain only

The approximate frequency of abnormal
sphincter of Oddi manometry (SOM) is 65-85,
65, and 59% for type I, II, and III respectively
in the post-cholecystectomy patient presenting
with presumed biliary pain [11]. Endoscopic
biliary sphincterotomy has largely replaced open
surgical sphincteroplasty. Regardless of whether
SOM is normal or abnormal, 90-95% of type 1
SOD patients experience pain relief. Therefore,
in type I patients, endoscopic sphincterotomy
is indicated. In type II SOD patients, the role of
endoscopic sphincterotomy is controversial. In
patients with suspected type II SOD with abnor-
mal SOM results, 85 % will have pain relief with
sphincterotomy, but in those with normal SOM
results, only 35 % will experience pain relief. Re-
gardless, most experienced biliary endoscopists
will offer type II SOD a biliary sphincterotomy
after discussion of the risks. In type III SOD pa-
tients, abnormal SOM has recently been shown
not to be predictive of outcome, and empiric
sphincterotomy (biliary with or without pancre-
atic) is not indicated and carries a significant risk.
The equivalent pancreatic SOD classification has
not been validated as an indication for pancreatic
sphincterotomy, but in patients with unexplained
recurrent pancreatitis, abnormal pancreatic and/
or biliary SOM is often used as an indication for
empiric dual sphincterotomy.

Ampullary Cancers/Adenomas

The major duodenal papilla, often interchange-
ably but erroneously called the ampulla of Vater,
can be the source of different types of tumor
including adenomas, adenocarcinomas, lipo-
mas, leiomyomas, lymphomas, neuroendocrine
tumors, and hamartomas. Adenomas occur spo-
radically in 0.04-0.12% of the general popu-
lation, but in those with hereditary polyposis
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Fig. 2.6 Ampullectomy for adenoma sequence: a Can-
nula injecting pancreatic duct with friable adenoma vis-
ible; b, ¢ Snare cautery en bloc resection of adenoma;

syndromes, the incidence of ampullary adenoma
increases to 40-90% [12]. Periampullary ad-
enomas have the potential for malignant trans-
formation into carcinoma at a rate of 30-50%
[12] in sporadic cases but the risk in polyposis
individuals is also high and this site represents
the second highest incidence of cancer after the
colon. Two decades ago, the primary treatment
of periampullary adenomas was pancreaticoduo-
denectomy. Due to the increased morbidity and
mortality associated with this procedure, espe-
cially for a benign disease, the surgery changed
to a transduodenal approach with local excision.
However, the recurrence rate ranged from 5 to
30% [12]. A review comprising 967 patients
undergoing endoscopic ampullectomy reported
a recurrence rate of 14% [12]. Endoscopic en
bloc ampullectomy causes pancreatitis in an un-
predictable manner. A prospective randomized
controlled trial demonstrated that the placement
of a prophylactic pancreatic duct stent conferred
a protective benefit against pancreatitis after en-
doscopic ampullectomy (Fig. 2.6) and should be
used in all cases when possible [13].

d Postresection with biliary orifice visible in upper left
corner (yellow stain); e Biliary and pancreatic duct stents
inserted with clips visible placed for bleeding

Cancers in this area can be palliated in the
same way as malignant pancreatobiliary stric-
tures (see below) (Fig. 2.7).

Biliary and Pancreatic Ductal
Abnormalities

ERCP is of great utility in the diagnosis and man-
agement of biliary and pancreatic ductal abnormal-
ities including leaks and strictures. ERCP serves as
a platform to access the ductal systems, as it al-
ways has, for the purpose of ductography but also
to allow sampling by brushing and biopsy. It also
permits direct cholangioscopy and pancreatoscopy
which further facilitates sampling by directed for-
ceps biopsy and interrogation by confocal laser
endomicroscopy and intraductal ultrasound.

Leaks

Leaks from the ductal systems can be treated
endoscopically in carefully selected patients.
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Fig. 2.7 a Two wires placed into dilated CBD and PD with distal strictures in patient with ampullary cancer. b Metal
biliary stent and plastic pancreatic duct stent placed. CBD common bile duct, PD pancreatic duct

Continuity of the duct to be evaluated and treated
is the most important factor determining the fea-
sibility of managing the leak endoscopically [14,
15]. If the bile duct is completely transected or
when there is no continuity between the injured
segments, endoscopic management is usually
not possible. Once duct continuity has been con-
firmed by cholangiography or pancreatography,
the leak can be managed by deploying a stent ei-
ther across the papilla to reduce intrabiliary pres-
sure in the case of a postoperative biliary leak
in an otherwise normal duct, or across the leak
itself as in the case of a pancreatic disruption or
injury (Fig. 2.8). The types of stent used in these
situations continue to evolve as stent technol-
ogy changes. Two studies performed by Traina

et al and Kahaleh et al. reported resolution of
the majority of bile leaks after the use of self-ex-
pandable metal biliary stents [16, 17]. However,
there were instances of stent migration and stric-
ture formation with the use of these metal stents
and cost-effectiveness is questionable. It is hy-
pothesized that the success of biliary stenting in
the setting of leaks is attributed to the reduction
of transpapillary biliary pressure gradient. The
reduction in this pressure gradient diverts flow
from the leak site to the intact biliary tree and ul-
timately into the duodenum. Pancreatic duct (PD)
leaks are a result of acute or chronic pancreatitis,
trauma, malignancy, and surgery. Varadarajulu
et al. demonstrated that successful resolution of
a PD disruption was dependent on the type of

Fig. 2.8 a, b PD head stricture and tail disruption (arrow and bracket) with ascites, ¢ treated by stent placement. PD
pancreatic duct
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disruption and the ability to bridge the disruption
[18]. A study investigating the role of PD stent-
ing in ductal disruption demonstrated that in 21
out of 28 patients with partial PD disruption who
were treated with PD stent alone, the disruption
resolved. In six out of eight patients with com-
plete PD disruption, the disruption resolved with
PD stenting alone as well [19].

Benign Strictures

The diagnosis of a benign stricture is not always
straightforward and usually involves the imple-
mentation of the diagnostic sampling tools men-
tioned above. Once the stricture has been desig-
nated as benign and endoscopic therapy chosen
as the management plan, either balloon dilation
plus stenting or simply stenting alone may be em-
ployed. In the case of benign biliary strictures,
placement of multiple large bore plastic stents
side by side has resulted in good long-term out-
comes, [20] but the outcome of self-expandable
covered metal stents is being evaluated [21].
Pancreatic duct strictures in the setting of
chronic pancreatitis or injury (Fig. 2.9) may
also be amenable to endoscopic therapy using
the same tools as in biliary applications, but the

Fig. 2.9 Traumatic PD stricture (arrow) from seat belt
injury with mild upstream dilation. PD pancreatic duct

pancreatic duct does not necessarily respond in
the same way and a plan of sequential pancreatic
endotherapy needs to be discussed at the outset.
Stents specifically designed for use in the pancre-
atic duct are available.

Malignant Strictures

In the last 30 years, endoscopic decompres-
sion through stent deployment has emerged as
the therapeutic procedure of choice in the tem-
porary or permanent palliative management of
malignant biliary obstruction (Figs. 2.10, 2.11
and 2.12). Lower hospital costs, shorter hospital
stays, and lower morbidity when compared to
surgical palliation of malignant biliary stric-
tures have been demonstrated [22]. Biliary de-
compression can palliate the consequences of
obstruction including jaundice, weight loss,
cholangitis, secondary cirrhosis, and pruritus
thus improving quality of life. Biliary stent
therapy, however, has not been shown to have
significant survival benefit [23, 24]. Although
short-term preoperative biliary drainage with
plastic stents is not indicated, metal stents may
be cost-effective and, in the potentially resect-
able patient and/or those undergoing neoadju-
vant chemoradiation therapy who have a signifi-
cant delay between diagnosis and surgery, metal
stent placement is indicated.

When is ERCP Not Indicated or Contra-
indicated?

Like any invasive procedure, there are circum-

stances in which ERCP should not be performed.

Relative contraindications include:

1. Portal hypertension with esophageal and/or
gastric varices

2. Acute pancreatitis except gallstone pancreati-
tis (this may change)

3. Recent myocardial infarction and/or severe

cardiopulmonary disease unless the procedure

is life-saving (e.g., cholangitis)

Repeated failed attempts at ERCP therapy

when alternatives are available

>
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Fig. 2.10 a Pancreatic cancer with diffuse intrahepatic biliary dilation on abdominal CT, b confirmed by cholangio-
gram showing distal biliary stricture, ¢, d treated by metal biliary stent placement. CT computed tomography

Fig. 2.11 a Malignant duodenal stricture treated by metal enteral stent placement and percutaneous biliary drain, b
exchanged for metal biliary stent

Fig. 2.12 Hilary malignancy treated by bilateral metal hepatic duct. ¢ Second metal stent placed alongside into
biliary stent placement. a Two wires advanced into bilat-  left main hepatic duct
eral hepatic ducts. b Metal stent placed into right main

5. Patient cannot be adequately sedated. Absolute contraindications are the following:
6. Anaphylactic reaction to radiographic con- 1. Pharyngeal or esophageal obstruction (unless
trast although this usually refers to reactions these can be treated simultaneously)

after intravenous contrast and there is little to 2. Severe uncorrected coagulopathy
no evidence that ERCP carries the same risk. 3. Inadequate indication, e.g., abdominal pain of
Local policies will guide this. unknown cause
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Fig. 2.13 a ERC after Roux-en-Y gastric bypass using
a colonoscope, b showing a normal major papilla, ¢ and
stone in distal CBD with long guidewire placed. d, e Bal-

4. Altered anatomy (Roux-en-Y, Billroth II, and
pancreaticoduodenectomy) without the neces-
sary skills and tools available (Fig. 2.13)

5. Known or suspected perforation

6. Consent cannot be obtained, unless deemed an
emergency

7. The risks of the procedure outweigh the po-
tential benefits

Where Do EUS and MRCP Fit
in with ERCP?

EUS and MRCP have emerged as diagnostic mo-
dalities to aid, or in many cases, completely re-
place diagnostic ERCP. Both have become well
accepted as less invasive and safer diagnostic
procedures compared to ERCP that can provide
the same information as ERCP without the risks.

MRCP, first developed in 1991, uses heavily
T2-weighted sequences to return a high signal
from fluid in the biliary and pancreatic ducts,
which have long T2 relaxation times [25]. One of
the advantages of MRCP is that there is no use of
ionizing radiation nor iodinated contrast material

loon dilation of the papilla performed, f followed by stone
extraction using a biliary stone extraction balloon

[25]. Another advantage is that MRCP allows for
visualization of ductal abnormalities extending
into the smaller caliber intrahepatic ducts com-
pared to EUS. Spatial resolution of MRCP com-
pared with ERCP is, however, inferior. Therefore,
pathology in nondistended pancreatic side branch
or peripheral intrahepatic ducts may be missed
[25]. Furthermore, early changes of conditions in
chronic pancreatitis and primary sclerosing chol-
angitis may be missed on MRCP as opposed to
ERCP [25].

Where EUS is not readily available, MRCP
has become the test of choice in the diagnosis
of choledocholithiasis. One study demonstrated
that the sensitivity and specificity of diagnos-
ing choledocholithiasis was 100 and 91 % in the
EUS group while it was 90 and 100% in the
MRCP group, respectively [4]. Some studies
suggest that MRCP is less accurate in detecting
smaller diameter stones. For instance, one study
reported that the sensitivity of MRCP in the de-
tection of choledocholithiasis decreases from
71 to 33 % as stone diameters fell below 6 mm
[2]. Kondo et al. corroborated this by stating
that the performance of EUS was superior to
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MRCP for detecting common bile duct stones
<5 mm in size [26, 27]. There has been a debate
whether the accuracy of MRCP for the detection
of choledocholithiasis varies with ductal diam-
eter. This discussion needs further clarification
as studies on this topic seem to contradict. For
instance, one group concluded that there were
no significant differences in the performance of
EUS and MRCP in the diagnosis of malignancy
and choledocholithiasis in patients with both di-
lated and nondilated bile ducts [4].

A systematic review of five randomized, pro-
spective trials comparing EUS and MRCP in the
diagnosis of pancreatobiliary diseases showed
no significant differences in sensitivities, speci-
ficities, positive and negative predictive values,
and likelihood ratios [28]. When choosing be-
tween the two modalities, one should consider
other factors including resource availability,
experience, costs, and patient requirements. For
instance, in high-risk populations such as the el-
derly or severely ill patients, MRCP would be
the better test due to the noninvasive nature of
the test [28]. Nevertheless, MRCP is time con-
suming and requires a high level of patient co-
operation. Furthermore, it is not well tolerated in
up to 5% of patients due to claustrophobia [28].

EUS combines both endoscopy and ultrasound
to provide images of the pancreatobiliary system
in radial or linear array without the interference
of bowel air or subcutaneous fat [6]. Literature
review comparing EUS to ERCP, intraopera-
tive cholangiography and surgical exploration
in the ability to detect choledocholithiasis have
varied significantly with sensitivities reported
from 71 to 100% and specificities of 67—-100 %.
These variations were attributed to factors such
as patient selection, operator expertise, and study
design [6]. Nine studies including 601 patients
have compared EUS to ERCP in the detection of
choledocholithiasis. This review demonstrated
that EUS was more sensitive and accurate than
cholangiography in the detection of stones small-
er than 4 mm. The diagnostic limitation of chol-
angiography in detecting small stones was partly
explained by loss of sensitivity in dilated ducts
[26, 28, 29]. EUS offers very high-resolution
images (0.1 mm), thus allowing the detection of

very small diameter stones [6]. In contrast to re-
ports of CT and MRCP, the accuracy of EUS is
not diminished in the setting of small stones or a
nondilated bile duct [30].

EUS, where available, has become the test
of choice in low to moderate suspicion of cho-
ledocholithiasis. If stones are detected on EUS,
therapeutic ERCP can potentially be performed
immediately while the patient is still sedated.
This offers a convenient and safe management
of these patients who would otherwise have un-
dergone the risks of a diagnostic ERCP or the
delay in proceeding to a therapeutic ERCP after
a positive MRCP finding. In addition, when
MRCP, CT, or ERCP studies are unable to iden-
tify the etiology of a bile duct or pancreatic duct
stricture, EUS has also been used to exclude an
underlying malignancy. If a mass is identified,
EUS allows for sampling through fine needle
aspiration. Furthermore, EUS is helpful in stag-
ing ampullary tumors to ensure that endoscopic
ampullectomy is appropriate.

Despite the minimally invasive manner in
which EUS provides valuable information for
a variety of pancreatobiliary diseases, EUS has
several limitations. EUS is not readily available
in many community hospital settings, (1) and
it is operator-dependent. If the echoendoscope
cannot be advanced into the duodenum for rea-
sons including pyloric stenosis, ulcer disease or
surgically-altered anatomy, then EUS cannot be
effectively considered an option for excluding
choledocholithiasis, malignancy, and strictures
of the distal CBD and ampulla. Furthermore, like
any endoscopic procedure the risk of perforation,
albeit small, is still present considering the larger
diameter and oblique angle of the endoluminal
view.

In addition, EUS has the great potential to pro-
vide therapy where ERCP is not possible or fails
(Figs. 2.14 and 2.15 and see Chap. 34).

Complications

The best way to prevent or reduce post-ERCP
complications is to avoid performance of unnec-
essary ERCP.
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Fig. 2.14 a Sequence in a patient with pancreas divisum
and postoperative stenosis, b showing antegrade access to
the PD by EUS using a 719G needle with guidewire place-

ment, ¢ rendezvous ERP, d and stent placement, e with
follow-up MRCP demonstrating resolution of stricture.
(Courtesy Dr Petros Benias)

Fig.2.15 a Direct EUS cholangiography through the duodenal bulb, b and metal biliary stent placement for malignant

biliary obstruction. (Courtesy Dr Petros Benias)

Pre-ERCP Considerations

One of the most important aspects of perform-
ing ERCP is patient selection. An anesthesiolo-
gist may be the best consultant in this situation as
cardiopulmonary depression is the most common
complication associated with endoscopy. Up to
50% of overall complications are associated with
sedation [31]. Hypoxic events occurring at an

incidence of 7-40 % and aspiration are associated
with increased age, chronic illnesses, depressed
mental status, supine positioning, and sedation
[31].
Questions to ask prior to ERCP include:
1. Is this procedure justified?
2. Is SOD suspected? If so, am I ready to use
methods for pancreatitis prophylaxis (pan-
creatic duct stent, rectal indomethacin)?
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3. Is my patient optimized in terms of cardio-
pulmonary condition?

4. Should I recommend intubation versus con-
scious sedation?

5. When did the patient last eat and does the
patient have a history of gastroparesis or
gastric outlet obstruction?

6. What position is safest for the patient?

7. Is the patient of child-bearing age in
which pelvic radiation protection must be
provided?

8. Is the patient pregnant?

9. Does the patient have any allergies to medi-
cations including contrast?

10. Does the patient have any spontaneous or
iatrogenic coagulopathies?

11. Does the patient have a history of post-
ERCP pancreatitis or other complications?

12. Has this patient undergone a previous
ERCP? If so, what were the difficulties and
findings?

13. Is all necessary equipment ready to perform
the planned ERCP?

Intra- and Post-Procedural
Considerations

Complications during these stages include car-
diopulmonary events, perforation, bleeding, drug
reactions, pancreatitis, hemorrhage, cholangitis,
cholecystitis, stent-related complications, and
other miscellaneous adverse events. The major
adverse events of ERCP are pancreatitis, bleed-
ing, perforation, and infection which are briefly
discussed below. See Chap. 3 for an extensive
discussion on complications following ERCP.
Appropriate management requires recognition of
an adverse event, its accurate definition, and its
prompt treatment.

Post-ERCP Pancreatitis

The pathophysiology of post-ERCP pancreatitis
(PEP) is multifactorial including mechanical,
chemical, hydrostatic, enzymatic, and thermal
causes [31]. PEP is the most common adverse
event with reported rates ranging from 1 to
40% [32]. The most cited rate of PEP is 5%.

Multivariate analyses support the following risk
factors for PEP: suspected SOD, young age,
history of PEP, difficult or failed cannulation,
pancreatic duct injection, pancreatic sphincter-
otomy, balloon dilation of intact biliary sphinc-
ter in the West and access papillotomy (precut
sphincterotomy). The factors that “may” con-
tribute to PEP include: female sex, normal bili-
rubin, pancreatic acinarization, absence of CBD
stone, low ERCP case volume, and trainee in-
volvement. Factors that do not cause PEP are:
small CBD diameter, SOD manometry, and
biliary sphincterotomy [32].

An array of technical methods is known to
decrease the risk of PEP. A randomized trial
showed significant reduction of PEP when a
guidewire was used in conjunction with a papil-
lotome compared to papillotome alone [33]. Pan-
creatic duct stent placement (Fig. 2.16) reduces
the risk of PEP significantly and its severity in
high-risk ERCPs, such as biliary sphincterotomy
for SOD, SOD with normal manometry, pancre-
atic sphincterotomy, access papillotomy (precut
sphincterotomy), ampullectomy, and difficult
cannulation [13, 34-36]. Reduction in rate of
post-ERCP pancreatitis from 17 % in the control
group to 9% in the treatment group using rec-
tal indomethacin 100 mg suppositories has also
been documented [37].

Fig. 2.16 Prophylactic pancreatic stent after sphincter-
otomy
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Fig. 2.17 a Sequence of MRCP showing multiple distal
biliary stones, b followed by sphincterotomy and balloon
extraction complicated by retroperitoneal perforation seen

Post-ERCP Hemorrhage

Bleeding occurs in approximately 1-2% of pa-
tients during or after sphincterotomy [31]. If the
bleeding site is visible, address the problem using
either injection with epinephrine (1:10,000) and/
or clip placement. Alternatively, one can also use
balloon tamponade. The need for angiography
and emergency surgery has diminished with the
improved success of endoscopic management
and appropriate patient selection.

Post-ERCP Perforation

Perforation is reported in less than 1% of ERCP
and sphincterotomies [38]. Perforations range
from micro-perforations after sphincterotomy to
frank perforations of the gut and may be retro-
peritoneal, intraperitoneal, or both. Each perfora-
tion must be assessed and managed individually.
Risk factors for perforation include: performance
of sphincterotomy, presence of altered surgical
anatomy, stricture dilation, and long duration
of the procedure [39, 40]. The key to managing
post-ERCP perforations is early detection and ac-
tion in parallel with experienced surgical consul-
tation (Fig. 2.17).

Post-ERCP Cholangitis

Adequate pancreatic and biliary drainage of ob-
structed and contaminated ducts is the key to
treatment and avoidance of sepsis. Pre-ERCP
planning by MRCP and EUS of obstructed ducts
is now routine.

on fluoroscopy (b, arrows point to extraluminal air) and ¢
abdominal CT scan treated conservatively

Medico-Legal Issues

The art and practice of medicine are not perfect.
The goal of restoring human biology to its origi-
nal state is often prohibited by adverse events as
a consequence of treatment (iatrogenic) as briefly
discussed earlier for ERCP. These complications
result in decreased quality of life, disabilities,
high medical costs, extended hospitalizations
and an inability to partake in life’s normal ac-
tivities. Whether these complications are pre-
dictable or not, patients may place blame on the
physician or facility and seek compensation [41].
Such lawsuits have widespread impact, not only
on the accused but also on the criminal justice
systems, the community, family members, and
public health. The current medico-legal environ-
ment has changed the landscape of how we now
provide healthcare. Each state has its own laws
governing medical malpractice.

The Physician Insurers Association of Amer-
ica (PIAA) database from 1985 to 2005 showed
that only 1.8% of claims involved gastroenter-
ologists [41]. In more recent years, a large li-
ability insurer showed that gastroenterologists
ranked 5th out of 25 specialties in claims and
outcomes [41]. ERCP is one of the more inva-
sive procedures associated with more frequent
adverse events. Therefore, it is easy to imagine
that ERCP would account for a disproportionate
number of legal claims. However, in 1995, the
risk of litigation from ERCP was substantially
less than other procedures [41]. The relative risk
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of litigation from ERCP is less than twice that of
simpler procedures including flexible sigmoid-
oscopy or gastroscopy [42]. In Canada, ERCP is
only associated with 6% of Gl-related lawsuits
whereas in Japan, ERCP is the most common rea-
son for endoscopy-related claims. In Peter Cot-
ton’s analysis of 59 ERCP lawsuits, the primary
allegations in 32 cases were “marginal indica-
tions and poor communication” [43]. Hence it is
essential to have firm evidence to justify the risks
of performing ERCP as described here earlier.

Aside from having the correct clinical indi-
cations for ERCP, the endoscopist should also
be properly trained and maintain a level of pro-
ficiency to provide the best possible outcome.
Undertaking a dedicated advanced endoscopy
fellowship has been suggested to decrease the
risk of complications during ERCP, but this is
controversial. Less than 200 ERCP procedures
during training are not considered adequate to
attain competence [5]. The ASGE has created
guidelines to ensure adequate training. Data sug-
gest that at least 180 to 200 cases is necessary
to achieve competence in ERCP [44, 45]. Fur-
thermore, hospitals also take responsibility since
they grant privileges to endoscopists who wish to
perform ERCP [46, 47].

Conclusion

In summary, when attempting to map out the
biliary and pancreatic ductal systems, ERCP,
although very sensitive and specific, carries sig-
nificant risks. When the suspicion for choledo-
cholithiasis is high, proceeding directly to ERCP
should not be questioned. In a patient considered
high risk with multiple co-morbidities, if she or
he demonstrates clinical signs of deterioration
secondary to presumed biliary obstruction (chol-
angitis, gallstone pancreatitis), ERCP can justi-
fiably be undertaken [48]. In the low to moder-
ate risk patient with low to moderate suspicion
of choledocholithiasis, the clinician can choose
between EUS and MRCP depending on availabil-
ity followed by ERCP as indicated. For bile and
pancreatic duct strictures, ERCP is the diagnostic
and therapeutic procedure of choice. However,

if ERCP is unable to identify the etiology of the
stricture, MRCP and EUS are indicated. If both
are available, one must consider what and where
the possible pathology may be. If the suspicion
is for an intrahepatic duct pathology, an MRCP
would be best. If extrahepatic bile duct or pan-
creatic ductal abnormality is anticipated, EUS
confers both diagnostic imaging and sampling
benefits. EUS is also beneficial to staging ampul-
lary lesions prior to endoscopic ampullectomy.

Key Points

e Always have a solid indication for performing
ERCP and ask yourself: “What if this patient
has a serious complication, can I justify what
I/we did?”

e Ensure that the therapeutic indication is the
best of all alternatives.

e Be familiar with all general and specific risks
of ERCP.

e Know your own skill limitations and when to
ask for help.

e Be prepared to manage complications as a team.

e Document what you do.

e Be aware that lawsuits mainly arise from situ-
ations where the indication was inappropriate
or unclear, the consent was not informed, and/
or where there was poor communication after
the event.

e Utilize EUS and MRCP judiciously to com-
plement ERCP.
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Introduction

Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is a commonly performed proce-
dure. Its role as a diagnostic procedure is obso-
lete and is largely replaced by other less invasive/
noninvasive procedures. Ductography (images
of pancreatic and bile ducts) can be obtained by
magnetic resonance imaging/magnetic resonance
cholangiopancreatography (MRI/MRCP) and en-
doscopic ultrasound (EUS). Detailed information
of the pancreatic parenchyma and other struc-
tures surrounding the gastrointestinal (GI) lumen
is readily obtainable by EUS and MRCP. ERCP
still has a dominant role in therapeutic interven-
tions and the scope of interventional procedures
is expanding with increased understanding of
the pathophysiology, available instruments, in-
creasing expertise, awareness, and treatment of
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complications. The indications for the procedure,
techniques, etc., are described elsewhere.

Adverse events, unplanned events, and com-
plications are terms that are often used inter-
changeably. Whatever they are called, they result
in significant morbidity and occasional mortality.
Understanding and minimizing risk is the key
with any interventional procedure, and especially
with ERCP which has a significantly increased
risk relative to other endoscopic techniques.

The most common complications of ERCP are
pancreatitis, hemorrhage (especially postsphinc-
terotomy), perforation, cholangitis, cholecystitis,
and others (Table 3.1). These topics have been
extensively investigated in various prospective
studies [1, 2]. An aspect that has not been well
studied are the consequences and costs associ-
ated with failed cannulation and hence failed
intervention, therapeutic failure, and repeat in-
terventions due to failures as well as the direct
consequences of the complications. Also to be
emphasized, although beyond the scope of this
chapter, is the importance of qualification, train-
ing, and expertise to perform ERCP.

Post-ERCP Pancreatitis

Post-ERCP pancreatitis (PEP) is the most com-
mon complication of ERCP. It has been report-
ed to occur after 5-30% of ERCP, depending
on patients, procedures, study definitions, and

L.S. Lee (ed.), ERCP and EUS, DOI 10.1007/978-1-4939-2320-5_3, 37
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Table 3.1 Complications of ERCP

Complication Frequency
Pancreatitis 5-25%
Bleeding 1-2%
Perforation <1%
Cholecystitis <1%
Cholangitis Rare
Death Rare

ERCP Endoscopic retrograde cholangiopancreatography

methodology. Most studies report incidence of
PEP of about 7% [3]. Risk factors for PEP have
been well defined and are discussed below. When
more than one risk factor is present the risk is
typically compounded rather than simply addi-
tive. Understanding risk factors is a critical piece
in reducing incidence of complications and im-
proving outcomes.

Definition

Uniform standards in diagnosis of pancreatitis
are essential. The Atlanta criteria-based defini-
tion of pancreatitis is widely accepted: [4] two of
three criteria are required to diagnose pancreati-
tis, including (1) abdominal pain in the epigastric
region with or without radiation to the back, (2)
at least threefold elevation of serum amylase and
or lipase, and (3) imaging features suggestive of
pancreatitis. These criteria are very similar to the
original Cotton criteria with the addition of great-
er than three times elevation of serum lipase.
Some clinicians routinely check serum amylase
and/or lipase following ERCP, and elevations of
serum enzyme levels may occur in the absence
of pain. This does not represent pancreatitis, and
is often referred to as “biochemical pancreatitis”;
clinically these patients generally do well with no
further intervention. In the setting of postproce-
dure pancreatitis, routine cross-sectional imaging
to confirm the diagnosis is not necessary unless
imaging is required for other reasons. Severe
pain in the absence of significant elevation of
serum lipase and/or amylase should be carefully
evaluated and prompt a search for other compli-
cations such as perforation. It is not uncommon
for some patients to complain of postprocedural
pain in the absence of any detectable complica-

tion. The most problematic to assess are patients
with preprocedure pain and equivocal enzyme
rises post-ERCP, such as more than three times
lipase elevation and less than three times amylase
elevation, which is a common scenario.

Post-ERCP pancreatitis can range from mild
interstitial to severe necrotizing with multi-
organ failure and even death. The severity of
post-ERCP pancreatitis is graded according to
consensus definitions depending on the duration
of hospitalization and need for intervention [4,
5]. Pancreatitis is considered mild if hospitalized
for 23 days, moderate for 4-10 days, and severe
for >10 days hospitalization, development of
necrosis or pseudocyst, and/or performance of a
drainage procedure or surgery.

What are Potential Mechanisms of
Post-ERCP Pancreatitis?

The exact mechanism by which the pathway of
inflammation is initiated is unclear. There are
several possible explanations and some of the
strategies for prevention of postprocedural pan-
creatitis are based on these postulates. There is
some indirect evidence that the following factors
play a role:

1. Mechanical outflow obstruction: It is known
from clinical data that instrumentation causes
ampullary edema and likely mechanical out-
flow obstruction of pancreatic ductal drain-
age. This led to the concept of pancreatic duct
stenting for prophylaxis which has resulted in
significant reduction in post-ERCP pancreati-
tis.

2. Ductal injury/trauma: Pancreatic ductal ma-
nipulation including passage of guidewires
into the main pancreatic duct or side branches
results in increased risk of pancreatitis. Any
pancreatic ductal intervention appears to in-
crease the risk. It is likely that ductal injury
triggers the inflammatory cascade.

3. Thermal injury: Pancreatic sphincterotomy in-
creases the risk of pancreatitis. Access/precut
sphincterotomy is also a risk factor, suggest-
ing that thermal injury can initiate the inflam-
matory cascade.
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4. Hydrostatic injury: There appears to be a re-
lationship between the perfusion of the duct
and pancreatic inflammation. Pancreatic duct
manometry with a perfusion catheter and
no aspiration carries a high risk of post-ER-
CP pancreatitis. Repeated duct injections,
depth of pancreatic duct injections, force-
ful injections/““acinarization” have all been
implicated.

Other causes that have been postulated include

the introduction of gut flora into the pancreatic

duct and hence the “infectious theory,” and chem-
ical injury or allergic response from contrast.

While the exact inflammatory pathway is un-
clear, there seems to be a significant interplay of
mechanisms. Prevention of pancreatitis is aimed
at halting one or more of these processes to re-
duce the severity, if not completely prevent pan-
creatitis. Pharmacological interventions target
the blockage of inflammatory chemokines. One
category of drug that has shown promising re-
sults is NSAIDs.

How Are Risk Factors Defined?

Several prospective studies have advanced our
knowledge of risk factors for PEP. Risk has been
stratified as definite, indefinite, or no risk based
on the evidence. Definite risk factors have been
confirmed by multivariate analysis in studies
involving greater than 500 patients and proven
statistically significant in more than one study or
meta-analyses. Indefinite risk factors are those
that were significant on univariate analysis in

multiple studies or by multivariate analysis in
a single study. If there is no evidence based on
multivariate analysis and the data are inconsis-
tent based on univariate analysis, these factors
are thought to pose no additional risk (other than
the baseline or background risk) [3].

What Are Risk Factors for Post-ERCP
Pancreatitis?

1. Patient-related risk factors
2. Procedure-related risk factors
3. Operator-related risk factors

Patient-Related Risk Factors

There are certain groups of patients who are at
the highest risk of developing pancreatitis after
ERCP, as confirmed by multiple cohort studies.
Most clearly at risk are women with abdominal
pain in the absence of common duct stones or
other identifiable pathology, fitting into the cat-
egory of “suspected sphincter of Oddi dysfunc-
tion (SOD).” There is no evidence that type III
SOD (pain only) are at any more risk than II or I
SOD (those with dilated bile ducts or/and abnor-
mal liver chemistries). Those with a prior history
of post-ERCP pancreatitis also have a higher risk
(Table 3.2).

Procedure-Related Risk Factors

Difficult cannulation is a known risk factor, prob-
ably because of induced papillary edema. Other
risk factors include multiple pancreatic duct
contrast injections. Data support that the extent

Table 3.2 Patient-related risk factors for post-ERCP pancreatitis

Definite? Probable

Young age Absence of CBD stone
Female Normal serum bilirubin
Suspected SOD

Recurrent acute pancreatitis
Absence of chronic pancreatitis
History of post-ERCP pancreatitis

No risk

Normal/small CBD diameter
Periampullary diverticulum
Pancreas divisum

Allergy to contrast medium

SOD Sphincter of Oddi dysfunction; CBD Common bile duct; ERCP Endoscopic retrograde cholangiopancreatography

2 See text for stratification of risk
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Table 3.3 Procedure-related risk factors for post-ERCP pancreatitis

Definite Probable
Pancreatic duct injection
Pancreatic sphincterotomy
Balloon dilation of intact sphincter Pain during ERCP
Difficult/failed cannulation

Precut sphincterotomy
ERCP Endoscopic retrograde cholangiopancreatography

of injection corresponds to the incidence of pan-
creatitis. Deep passage of a guidewire into the
pancreatic duct has been shown to be a power-
ful risk factor [6]. Certain high-risk procedures
including precut sphincterotomy or access pa-
pillotomy, balloon dilation of the bile duct es-
pecially without a biliary sphincterotomy, pan-
creatic sphincterotomy, and any pancreatic duct
interventions are consistently associated with in-
creased risk by multivariable analyses. Although
there has remained concern over increased rates
of pancreatitis with metal biliary stent placement,
several studies including a small randomized
trial failed to confirm this with uncovered and
partially covered metal stents, [7-9] and biliary
sphincterotomy before stent placement did not
impact PEP. Despite these data, concern remains
over potentially increased pancreatitis with use
of fully covered metal stents. A small retrospec-
tive series reported that nonpancreatic cancer and
injection of the pancreatic duct were risk factors
for pancreatitis in patients with partially and fully
covered metal stents placed [10]. The strength or
osmolarity of the contrast plays no significant
role in increasing the risk of pancreatitis. Degree
of pancreatic opacification has shown to increase
the risk. Despite popular opinion, acinarization
of the pancreas did not pose any significant risk
by multivariate analyses (Table 3.3) [11, 12].

Physician (Operator)-Related Risk Factors

Data from various studies suggest that endos-
copist case volume and experience is inversely
proportional to the risk of complications [13].
One study showed that trainee involvement was
associated with increased risk [14]. Presence of
multiple risk factors in a single patient has a com-
pounding effect on risk. Thus a young woman
with suspected SOD, normal liver functions and

Pancreatic acinarization
Pancreatic brush cytology

No risk

Intramural contrast injection
Diagnostic vs. therapeutic
Biliary sphincterotomy
Prior failed ERCP

Sphincter of Oddi manometry (esp. aspiration
catheter)

normal common bile duct diameter would have
the highest risk [15]. The odds ratios for post-
ERCP pancreatitis of some common risk fac-
tors as calculated based on various prospective
studies and meta-analyses are summarized in
Table 3.4.

How to Prevent Post-ERCP Pancreatitis

Careful Patient Selection

Diagnostic ERCP or ERCP for “suspicion” of
most diseases is now obsolete and should be
avoided. As an example, noninvasive or less in-
vasive techniques including MRCP, endoscopic
ultrasound, and intraoperative cholangiography
during cholecystectomy provide similar informa-
tion, which may obviate the need for ERCP. On
the other hand, if there is biochemical, radiologi-
cal, and/or clinical support for choledocholithia-
sis, then an ERCP first followed by cholecystec-
tomy is a reasonable approach.

Table 3.4 Common risk factors and odds ratios for pan-
creatitis based on available data

Risk factor Odds ratio (95% CI)
Female gender 2.23 (1.75,2.84)
Suspected SOD 4.09 (3.37, 4.96)
History of recurrent acute ~ 2.46 (1.93, 3.12)
pancreatitis

Pancreatic duct injection
Pancreatic sphincterotomy

2.20 (1.60, 3.01)
3.10 (1.60, 5.80)
2.71 (2.02, 3.63)
4.50 (1.50, 13.5)

Precut sphincterotomy
Balloon dilation of intact
sphincter

SOD Sphincter of Oddi dysfunction, C/ Confidence
interval
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Appropriate Physician (Operator)
Experience

The endoscopist should be familiar with his or
her own limitations and the type of therapeu-
tic procedure that is required. The endoscopist
must be capable of recognizing and handling
unplanned events. Ability to place prophylactic
pancreatic stents is a prerequisite of ERCP [16].
Consistent placement of pancreatic stents often
requires use of small diameter wires (0.018",
0.021", or 0.025").

Careful Procedure Techniques

It is recommended to avoid or minimize the ex-
tent of pancreatic duct opacification. Any con-
trast injection should be done under fluoroscopic
guidance, and contrast should be gently injected
a small amount at a time especially if opacifying
the pancreatic duct inadvertently or unintention-
ally (Table 3.5).

Guidewire Cannulation

Guidewire cannulation was proposed as a way to
minimize contrast injection and reduce the risk of
pancreatitis. Cannulation techniques have been
described elsewhere in the book. By using the
guidewire instead of contrast, one can advance
the wire into the desired duct. If the wire crosses
over the spine, it is thought to be in the pancre-
atic duct while if the wire advances up along the
spine, it is believed to be in the bile duct. Once
the wire is passed in the direction of the bile duct,
the cannula is advanced into the duct and contrast
injected. There are at least 12 randomized con-
trolled studies comparing guidewire cannulation

to the standard technique using contrast. A recent
meta-analysis of these published trials suggests
that the guidewire cannulation technique reduces
the risk of PEP with a risk reduction ratio (RR) of
0.51 [95% confidence interval (CI) 0.32-0.82].
Cannulation success was also more successful
with guidewire cannulation [17]. Guidewire can-
nulation appears to reduce risk of pancreatitis
not only by avoiding contrast injection into the
pancreatic duct but also by likely reducing papil-
lary trauma owing to the smaller diameter of the
wire compared to the cannula used for cannula-
tion. The problem with the published studies of
guidewire cannulation is that the control groups
used a technique of cannulating and injecting
contrast without use of a guidewire, which is
long antiquated and does not represent a realistic
alternative. Guidewire cannulation also does not
ensure safety. There are concerns for intramural
dissection, ductal injury, trauma, or perforation,
especially of the side branches. Care should be
taken not to push wires, especially if passage is
difficult. It is reasonable to inject a small amount
of contrast to delineate the duct when in doubt as
to the location of the tip of the wire, rather than
to cause ductal injury or dissection by forcefully
advancing the wire [18, 19]. If biliary access is
the goal, but repeated passage of the guidewire
occurs into the pancreatic duct, or even perhaps
once in a high-risk patient, it is ideal to leave the
wire in the pancreatic duct and cannulate the bile
duct alongside this wire (dual guidewire cannu-
lation technique). Double wire access should be
followed by prophylactic pancreatic duct stent
placement, as shown in a randomized trial [20].

Table 3.5 How to minimize risk of post-ERCP pancreatitis [3]

Patient selection

Avoid ERCP for marginal/weak
indication—consider alternatives
including EUS/MRCP/IOC

Technical considerations

Efficient cannulation (including judicious
use of guidewires)

Pharmacological methods
Rectal indomethacin/diclofenac?®

Avoid unintended pancreatic duct

cannulation/opacification

Placement of pancreatic stents prophy-

lactically (preferably small bore and soft

stents) for high-risk patients
ERCP Endoscopic retrograde cholangiopancreatography, EUS endoscopic ultrasound, MRCP magnetic resonance
cholangiopancreatography, /OC intraoperative cholangiogram
2 No data at the current time to use rectal NSAID alone. Generally used in conjunction with pancreatic duct stents
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Table 3.6 Pancreatic stent placement: when and when not
Indicated (based on evidence)

Sphincter of Oddi dysfunction (suspected or docu-
mented, regardless of manometry findings)

Difficult cannulation involving pancreatic instrumenta-
tion or injection

Aggressive instrumentation of pancreatic duct (e.g.,
brush cytology)

Pancreatic guidewire placement during biliary
cannulation

Pancreatic sphincterotomy (major or minor papilla)
Precut sphincterotomy starting at papillary orifice
Balloon dilation of intact biliary sphincter
Prior post-ERCP pancreatitis
Endoscopic ampullectomy

ERCP Endoscopic retrograde cholangiopancreatography

Prophylactic Pancreatic Duct Stent
Placement
Pancreatic duct stents have been proven effec-
tive at reducing risk of post-ERCP pancreatitis.
It is thought that papillary edema from ERCP
can impede the flow of pancreatic secretions.
The hypothesis is that placement of a stent across
the pancreatic sphincter would preserve flow of
pancreatic secretions and thereby minimize the
risk of post-ERCP pancreatitis. Since the initial
reports demonstrating the benefits of pancreatic
duct stenting in high-risk patients, numerous
well designed studies and meta-analyses have
assessed the value of prophylactic stenting, and
currently stenting has the best evidence as a strat-
egy to reduce risk of PEP [21, 22]. In the latest
meta-analysis including 14 studies, pancreatic
duct stent placement was associated with a sta-
tistically significant reduction of PEP (RR 0.39;
95% CI10.29-0.53; p<0.001). Subgroup analysis
stratified according to the severity of PEP showed
that a stent was beneficial in patients with mild
to moderate PEP (RR 0.45; 95% CI 0.32-0.62;
»<0.001) and in patients with severe PEP (RR
0.26; 95%CI 0.09-0.76; p=0.01) [23-25].
Patients shown to benefit from pancreatic
stents include those with one of the following
characteristics: sphincter of Oddi dysfunction
(suspected or documented, regardless of manom-
etry findings); difficult cannulation involving
pancreatic instrumentation or injection; aggres-
sive instrumentation of the pancreatic duct (e.g.,

Not indicated

Lower-risk patients (older or with obstructed pancreatic
duct) undergoing a low-risk procedure

Pancreatic duct not injected with contrast material and
limited guidewire manipulation in low-risk patient

Needle-knife precut or fistulotomy starting above the
orifice in absence of other risks

Doubttul feasibility of successtul pancreatic wire access
and stent placement

Biliary therapy in patients with pancreas divisum

brush cytology); pancreatic guidewire placement
during biliary cannulation; pancreatic sphincter-
otomy (major or minor papilla); precut sphinc-
terotomy starting at papillary orifice; balloon
dilation of intact biliary sphincter; prior post-
ERCP pancreatitis; and endoscopic ampullec-
tomy (Table 3.6). While there is overwhelming
evidence for placement of stents in those with pa-
tient- and procedure-related risk factors, there are
only two studies to assess the utility of pancreatic
duct stenting for low-risk patient and procedures:
interestingly, both showed a positive effect [22].

There are clear downsides to pancreatic stent
placement (Table 3.7). Not all endoscopists are
trained or familiar with pancreatic duct stent-
ing both in terms of indications and techniques.
Training/simulation models for practicing place-

Table 3.7 Challenges to pancreatic duct stent placement
Education of endoscopists regarding indications and
applications
Need for training in techniques of pancreatic stent
placement

Familiarity with specialized guidewires and pancreatic
stents

Enhanced understanding of pancreatic duct anatomy

Appropriate follow-up to ensure stent passage or
removal

Awareness of potential complications

Failed placement

Guidewire/stent-related ductal perforation

Inward delivery or stent migration

Stent-induced pancreatic duct or parenchyma injury
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ment and removal of pancreatic stents might be
useful. Familiarity with specialized guidewires
and pancreatic stents and enhanced understand-
ing of pancreatic duct anatomy are required. The
endoscopist must be aware of potential compli-
cations associated with either stent placement or
failed attempts at prophylactic pancreatic stent
placement. Failed placement is associated with
increased risk. When placing pancreatic stents,
guidewire or stent-related ductal perforation is
possible. Inward delivery or stent migration may
occasionally occur. Finally, stent-induced pan-
creatic duct or parenchymal injury may occur,
even occasionally following short-term pancre-
atic duct stenting for prophylaxis [26].

Technique of Pancreatic Stent Placement
When placing a pancreatic stent, vigorous ma-
nipulation of the wire in the pancreas should be
avoided, since it can lead to side branch perfo-
ration and thus increase risk of pancreatitis. Al-
though many endoscopists use 0.035-in. wires
for general use, many experts use a 0.018-0.021-
in. guidewire for pancreatic stent placement, and
these are a prerequisite for small-caliber (3F)
stent placement. Although a randomized trial
failed to demonstrate that 3F stents were superior
to 5F stents [27], 0.018-in. wires necessary for
3F stent placement were only passed after ran-
domization. In addition, 0.035-in. wires may not
be suitable for tiny or tortuous pancreatic ducts.
The authors do not recommend passage of large-
bore wires and placement of large-bore stents
especially in small-caliber or tortuous pancreatic
ducts.

Stents are made of different materials with
some stents being softer than others. Intuitively
softer stents without inner flanges should con-
form to the ductal configuration and cause less
trauma and ductal injury than rigid flanged
stents, although they have never been formally
compared. Data are clear that larger stent diam-
eter is associated with a significantly higher risk
of ductal injury [28]. For prophylactic stents in
high-risk patients, the authors recommend either
short (2-3 cm), soft 4-5Fr, inner flanged stents
or long (9—-11 cm) soft 3F or 4F unflanged stents
with a single pigtail. Patients should have an

abdominal radiograph within 2—4 weeks, which
preferably should be checked by the gastroen-
terologist since inexperienced radiologists may
not readily recognize small pancreatic stents. If a
stent remains at follow-up, it should be removed
endoscopically. There are rare reports of pancre-
atitis following removal of pancreatic stents but
this occurred mostly with stents having internal
flanges.

One special situation occurs when the pan-
creatic duct takes a 360° loop in the head of the
pancreas, the so-called ansa loop. In these situa-
tions and similar difficult ductal configurations,
it is not possible to pass the wire deep into the
duct (Video 3.1). If one can use a small-caliber
0.018-in. guidewire and create a “knuckle” or
a “j” shaped intentional hook to the wire which
is inserted as little as 2 cm into the duct, a 2 cm
long 4 or 5Fr stent, preferably of soft material
with an inner flange to avoid immediate outward
migration, can be inserted. Immediate removal
or passage of a pancreatic stent at the end of the
procedure does not protect against post-ERCP
pancreatitis compared with a stent that remains
within the duct for at least a few days [29].

Can a Pill Prevent Post-ERCP Pancreatitis?
Many pharmacologic agents have been tested
that could potentially work at various stages of
the inflammatory cascade leading to pancreatitis.
To date, at least 48 randomized controlled studies
have been reported utilizing 15 different agents
with most studies including patients at average or
mixed risk for post-ERCP pancreatitis. At least
six studies included high-risk patient populations
[30]. Drugs that have been evaluated and their ef-
ficacy are listed in Table 3.8.

Medications that have been tried include
those aimed at reduction of sphincter spasm
like calcium channel blockers, topical lidocaine,
and nitroglycerin. Calcium channel blockers
and topical lidocaine are ineffective. There are
some data suggesting that topical nitroglycerin
might be beneficial. Based on a recent network
meta-analysis of very limited data involving di-
agnostic ERCP, topical epinephrine may reduce
post-ERCP pancreatitis [30].
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Table 3.8 Pharmacological prevention of post-ERCP pancreatitis

Effective Ineffective Possibly effective
Rectal NSAIDs Calcium channel blockers Topical nitroglycerine
Gabexate infusion (> 12 h) Topical liodcaine Nafamostat
Corticosteroids Antibiotics
Allopurinol Somatostatin (12-24 h infusion)
PAF inhibitors Topical epinephrine®
IL-10
Heparin derivatives
Octreotide
Ulinastatin

Risperidone +ulinastatin
ERCP endoscopic retrograde cholangiopancretography, PAF platelet-activating factor, NSAI/Ds Nonsteroidal anti-

inflammatory drugs

4 Based on a neural network meta-analysis topical epinephrine is effective [26]. Original studies not done in high-risk
population. No randomized controlled trials done in high-risk population

Nonsteroidal anti-inflammatory drugs (NSAIDs)
represent the most promising class of medications
for prevention of post-ERCP pancreatitis. A num-
ber of randomized controlled trials, including one
with high-risk patients, and several meta-analyses
have shown significant risk reduction. Initial studies
used rectal diclofenac, which is not available in the
USA. Rectal indomethacin is now the best studied
agent available in the USA. In a large, multicenter,
randomized study it was administered as a 100-mg
suppository immediately after ERCP with signifi-
cant reduction in PEP [31]. High-risk patients in this
study also had pancreatic duct stent placement (ap-
proximately 80 % of all patients), and these patients
experienced additional benefit from rectal indo-
methacin: 16.1-9.7% PEP with NSAID (p=0.04).
About 20% of the patients did not have a prophy-
lactic pancreatic stent either due to technical diffi-
culties or endoscopist decision, and use of rectal in-
domethacin alone reduced pancreatitis: 20.6-6.3 %
(p=0.049). NSAIDs have also reduced the severity
of pancreatitis, and the numbers needed to treat var-
ied from 21 to 6 depending on the number or risk
factors included.

NSAIDs Alone vs. Pancreatic Stent
Placement + NSAIDs

Currently clearly two interventions have been
shown to reduce post-ERCP pancreatitis. One
is the rectal administration of indomethacin and

the other is placement of a pancreatic duct stent.
Placement of pancreatic duct stents is not with-
out problems as discussed above. Pancreatic
duct stent insertion requires facility with use of
smaller diameter guidewires into the pancreatic
duct and with placement of stents. In some cases
ductal anatomy may render deep passage of a
wire and placement of a stent very difficult. The
consequences of failed stent placement after mul-
tiple attempts are not favorable as the risk of pan-
creatitis is significantly higher [32]. On the other
hand, rectal NSAIDs are easy to administer with
a reasonable safety profile, require no expertise,
and are relatively inexpensive. A recent network
meta-analysis [33] suggested that rectal NSAIDs
alone are superior to pancreatic duct stents alone
in preventing post-ERCP pancreatitis, and should
be considered first-line therapy for selected pa-
tients. However, these findings were limited by
the small number of studies assessed (only 29
studies), lack of inclusion of high-risk patients in
most NSAID studies, potential publication bias,
and the indirect nature of the comparison. For the
time being, it is reasonable to use rectal NSAIDs
in all patients at high risk, but not as a replace-
ment for pancreatic stents until further data are
available. Whether NSAIDS should be given to
the average and low-risk population or whether
higher doses are more effective are both under
investigation.
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Case 1

A 73-year-old female was admitted with cholan-
gitis and findings of a large bile duct stone. She
had recently undergone carotid artery stenting
for a stenotic artery causing transient ischemic
attacks (TIAs), and had been on aspirin, Plavix,
and anticoagulation with Coumadin. Following
normalization of international normalized ratio
(INR) and holding of the heparin bridge, the pa-
tient underwent ERCP with sphincterotomy plus
large balloon dilation and extraction of a 12-mm
bile duct stone. After consultation with neurolo-
gy and internal medicine, the decision was made
to restart anticoagulation with Lovenox 48 h
after sphincterotomy. The patient was discharged
to a transitional care facility, but on day 5 post-
sphincterotomy was readmitted with hypovole-
mic shock and hemoglobin 6 mg/dL. The patient
was resuscitated, transfused, INR normalized
with fresh frozen plasma, and emergent ERCP
was performed under general anesthesia. Inspec-
tion of the sphincterotomy site showed active
bleeding from under a fresh clot (Fig. 3.1). What
should be done?

Bleeding

What Are the Risk Factors and How
Should They Be Managed?

Bleeding may occur immediately during a proce-
dure, but if controlled and without clinically sig-
nificant blood loss, it is not generally considered
to be a complication. Delayed or clinically sig-

Table 3.9 Risk factors of postsphincterotomy bleeding

Fig. 3.1 Active bleeding at the sphincterotomy site

nificant hemorrhage is an increasingly rare com-
plication of sphincterotomy which can occur up
to a week or more after the procedure. Data from
older large multicenter studies suggest that sig-
nificant hemorrhage was typically seen in 1-2%
of cases postsphincterotomy [1, 34-36].

Risk factors for postsphincterotomy hem-
orrhage have been well defined. They include
bleeding during the procedure, acute cholangi-
tis, coagulopathy, and reinstitution of antico-
agulation within 3 days after sphincterotomy
(Table 3.9) [37].

Bleeding during sphincterotomy can usually
be treated with injection of dilute epinephrine
at the apex and edges of the sphincterotomy.

Definite? Probable® No added risk®
Coagulopathy Cirrhosis Aspirin/NSAID use
Anticoagulation <3 days of sphincterotomy  Dilated CBD Ampullary tumor

Cholangitis prior to ES
Low-volume center
Bleeding during initial ES

Periampullary diverticulum
Precut sphincterotomy
Choledocholithiasis

Long sphincterotomy
Extension of prior sphincterotomy

ES Endoscopic sphincterotomy; CBD Common bile duct; NSA/DS Non-steroidal anti-inflammatory drugs

2 Significant by multivariate analysis
b Significant by univariate analysis
¢ Not significant by multivariate analysis



46

N. M. Guda and M. L. Freeman

Injection is easiest to perform with a flexed pa-
pillotome or catheter impacted into the wall
rather than a sclerotherapy needle although spe-
cial needles designed for duodenoscopes are
routinely available. Despite concerns for using
epinephrine as monotherapy for hemostasis in
treatment of bleeding from peptic ulcer disease,
epinephrine injection alone for sphincterotomy
bleeding is successful in 96-100 % of cases [38,
39]. Injecting close to the pancreatic duct orifice
should be avoided. If epinephrine injection fails
to control bleeding, very careful use of bipolar
coagulation or endoscopic clips is possible, but
care must taken to avoid injuring the pancreatic
orifice, causing perforation, and occluding the
sphincterotomy or pancreatic orifice. Deploying
clips through a duodenoscope can be challeng-
ing. If using a clip with an outer sheath, the clip
should be advanced to the tip of the sheath before
inserting it down the working channel to avoid
kinking the sheath when it passes over the el-
evator. Some endoscopists routinely remove the
outer sheath although this is not recommended
by the manufacturers, and in our opinion pre-
vents deployment through a duodenoscope. One
should maintain a position as far away from the
papilla as possible in order to visualize the clip.
As the clip is advanced out of the duodenoscope,
care should be taken to relax the elevator, and
sometimes the scope dials need to be in a neutral
position.

If bleeding is severe, balloon tamponade
across the biliary sphincter may slow or stop
bleeding and allow better visualization of the
bleeding site. Temporary placement of fully cov-
ered self-expanding metallic stents is another
option. If bleeding cannot be controlled by these
techniques, hemostasis may be achieved by angi-
ography and selective embolization of the feed-
ing vessel. If a hemoclip was placed, this can
often be used by the radiologist to identify the
feeding vessel in the absence of significant on-
going bleeding. Bleeding can virtually always
be controlled by the above techniques such that
surgical intervention is rarely, if ever, needed. No
data support the use of intravenous proton pump
inhibitors to achieve hemostasis although this is
often done. Similarly, no data confirm the util-
ity of routinely using octreotide infusions to de-
crease splanchnic circulation and hence achieve
hemostasis, though in rare instances this could be
tried.

Case Continued

After vigorous irrigation and mechanical dis-
lodgement of the clot using the papillotome, ac-
tive oozing at the apex of the sphincterotomy,
which was adjacent to a large diverticulum, was
seen (Fig. 3.2). The bile duct was cannulated, and
as the flexed papillotome was slowly withdrawn,

Fig. 3.2 Irrigation and visualization of the bleeding site adjacent to the diverticulum
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Fig. 3.3 Injection of epinephrine with the tip of the
sphincterotome resulting in temporary hemostasis

the site of bleeding at the apex was impacted
and injected with 1:10,000 epinephrine until
the bleeding stopped (Figs. 3.3 and 3.4). The
sphincterotomy was gently dilated with an 8-mm
wire guided balloon to better visualize and ac-
cess the bleeding point, and separate the left and
right walls of the sphincterotomy. This was per-
formed to provide tamponade at the bleeding site
and to better visualize the bleeding point since
epinephrine injection would only provide tem-
porary vasoconstriction and tamponade effect in
this patient who had to resume anticoagulation.
Additional mechanical hemostasis was achieved
by placing a clip over the bleeding site around
the left apex of the sphincterotomy, and deployed
to avoid the pancreatic orifice (Fig. 3.5). The pa-
tient had no further bleeding but suffered a stroke
2 days later, despite reinstitution of Plavix.

How Can Bleeding Be Prevented?
As with any endoscopic intervention, preproce-

dure assessment of risk factors is essential. It is
always advisable to discuss the risks and benefits

Fig. 3.4 Hemostasis following epinephrine injection

with the patient. One should carefully evaluate
the patient for any risk factors including the use
of antiplatelet agents and anticoagulants. Risk
factors for thromboembolism and management
of anticoagulation have been described by the
American Society of Gastrointestinal Endoscopy
(ASGE) based on the current evidence. High-risk
conditions for thromboembolic events include:
atrial fibrillation associated with valvular heart
disease, mechanical mitral valve, and history
of prior thromboembolic event in the presence
of any mechanical valve. Low-risk conditions
include history or presence of deep vein throm-
bosis, bioprosthetic valve, mechanical aortic
valve, and uncomplicated or paroxysmal atrial
fibrillation. In high-risk cases, it is advisable to
manage anticoagulants in conjunction with the
cardiologist to assess and minimize risk. By
ASGE guidelines, in high-risk patients warfa-
rin should be discontinued 3—5 days prior to the
procedure and heparin used as a bridge therapy
while INR is below therapeutic level. Heparin
may be resumed post-procedure with warfarin
restarted 72 h post-sphincterotomy. In low-risk
patients, anticoagulation can be stopped 72 h
prior to the procedure and resumed 72 h post-
procedure. Data on use of aspirin and NSAIDs
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Fig. 3.5 Placement of a hemoclip over the left wall of sphincterotomy at site of the bleeding vessel. To deploy the clip,
one should relax the elevator of the duodenoscope and sometimes gentle manipulation of the catheter should be done with
back and forth motion of the sheath or clip. If a sheath is present, the clip should be advanced to the tip of the sheath so it
does not bend when passing over the elevator. Newer clips are specifically designed to work well through a duodenoscope

suggest that these may be continued or resumed
immediately postprocedure. However, data are
unclear on the use of newer anticoagulants and
antiplatelet agents including clopidogrel. Cur-
rently most clinicians hold these agents for 5-7
days. Patients with renal dysfunction tend to have
an increased risk of bleeding. This risk is multi-
factorial and increased bleeding time is believed
to correlate with platelet dysfunction. Clinically
desmopressin acetate (DDAVP) or estrogens can
be administered or hemodialysis performed to
improve platelet function. Underlying anemia
can be corrected with transfusion. One should
be careful in patients with liver failure, malnutri-
tion, or jaundice and check the prothrombin time.
If prothrombin time is greater than 1.4, vitamin
K or fresh frozen plasma can be administered to
correct the coagulopathy. Ideally platelet count
should be at least 50,000, and platelet transfusion
considered for low counts [40]. Finally, in cer-
tain high-risk situations sphincterotomy can be
avoided, substituting, balloon dilation (“balloon
sphincteroplasty”) to reduce the risk of bleeding.
Balloon dilation without sphincterotomy should
be accompanied by placement of a pancreatic
stent, due to otherwise high risk of pancreatitis in
the Western population.

Case 2

A 39-year-old woman was transferred to our cen-
ter 1 day after ERCP with biliary sphincterotomy
complicated by a retroperitoneal perforation at a
community hospital. Initial indication for ERCP
was recurrent post-cholecystectomy right upper
quadrant pain associated with transiently ab-
normal liver chemistries. MRCP had shown no
evidence of bile duct stone. During initial ERCP,
pancreatic and bile ducts were both accessed with
guidewires, a pancreatic duct stent was placed,
and a biliary sphincterotomy was performed.
After the sphincterotomy, the wire was lost from
the bile duct, and the endoscopist had difficulty
re-accessing the bile duct. The procedure was
terminated. Shortly afterward, the patient devel-
oped severe abdominal pain. Serum lipase and
amylase were mildly elevated, but CT scan of
the abdomen showed extensive retroperitoneal
and intraperitoneal air with some retroperitoneal
fluid. The general surgeon on call took the pa-
tient to the operating room, found bile spillage,
but despite extensive exploration could not find
the source of the leak and placed retroperitoneal
and intraperitoneal drains. The next morning, the
patient was still draining substantial bile from the
retroperitoneal drain. The local endoscopist was
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approached to repeat ERCP for biliary stenting,
but opted to transfer the patient to our center.

On arrival, the patient was hemodynamically
stable. Hepatobiliary iminodiacetic acid (HIDA)
scan showed extensive ongoing retroperitoneal
bile leak. That day the patient underwent emer-
gent ERCP.

Perforation

Mortality up to 10% has been reported with per-
foration, especially if not recognized and treated
early. Mortality seems to be related to delayed
recognition, onset of signs of peritoneal inflam-
mation, and/or systemic inflammatory response
[41]. Perforations can be caused by several
mechanisms. The most common are endoscopic
sphincterotomy, guidewire passing through the
duct or duodenal wall, duodenoscope passage
tearing the duodenal wall, or mechanical injury
by stents. Several classifications have been pro-
posed. The first system describes perforations as
(1) duodenal wall perforation, (2) bile duct per-
foration, and (3) periampullary perforation [42].

A more recent classification takes etiology
and location of perforation into account to help
guide management. Type 1 perforations are re-
lated to trauma from the scope and occur away
from the ampulla. These have traditionally re-
quired surgical repair, but are increasingly pos-
sible to close using endoscopic clips, stents, and/
or sutures. CT with contrast is useful for diagno-
sis and also for monitoring closure of the leak.
Type 2 perforations are periampullary and arise
after sphincterotomy in the intraduodenal seg-
ment of the bile duct or rarely following balloon
sphincteroplasty, especially if the ampulla is di-
lated beyond the size of the common bile duct
or pancreatic duct. CT with contrast is useful for
diagnosis. Type 3 perforations occur in the duct
from either guidewires or catheters and can be
managed conservatively by stenting beyond the
leak or by decompressing the duct in other ways.
Type 4 is the presence of free air without any
obvious perforation or contrast extravasation on
CT, and is managed conservatively [43, 44].

Early recognition of perforation is key to sal-
vaging a reasonably good outcome. If perforation
is suspected at the apex of a sphincterotomy, care-
ful fluoroscopy searching for extraluminal gas,
and injection of a small amount of contrast while
pulling the catheter through the incision over a
guidewire will confirm or reasonably exclude ex-
travasation. If perforation is suspected, proactive
treatment is essential. Endoscopic clipping may
be attempted, but can be very difficult with a du-
odenoscope or a deeply retracted sphincterotomy
[41]. In most cases, a biliary and if appropriate
pancreatic stent or naso-ductal drains should be
placed. For biliary sphincterotomy perforation,
the most technically feasible approach is to place
a fully covered self-expanding metallic stent to
drain the bile duct and occlude the leak. Regard-
less of endoscopic therapy, the patient is gener-
ally treated with nasogastric suction, intravenous
antibiotics, strict fasting, surgical consultation,
and in-hospital observation. A CT scan of the ab-
domen should be obtained to assess for contrast
leakage and any retroperitoneal or intraperitoneal
air. If the leak is sizeable and ongoing as sug-
gested by contrast extravasation or the patient’s
clinical condition deteriorates, prompt drainage
via surgery or the percutaneous route is advis-
able. The importance of early recognition and en-
doscopic management of suspected perforations
is supported by the observation that nearly all
patients with immediate recognition and endo-
scopic drainage do well with conservative man-
agement compared with poor outcomes includ-
ing multiple surgeries, complicated protracted
hospital course, and increased mortality in pa-
tients with delayed recognition [42]. If the per-
foration is not discovered or suspected during the
ERCP, but there is concern for a perforation fol-
lowing the procedure, a CT should be obtained.
Plain films will miss small perforations because
sphincterotomy-associated perforations are typi-
cally retroperitoneal and not intraperitoneal, and
thus not visible under the diaphragm.

Risk factors for perforation include perfor-
mance of sphincterotomy, presence of altered
surgical anatomy, stricture dilation and long du-
ration of the procedure [34]. An important tech-
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Fig. 3.6 Cholangiogram with extravasation of contrast
outside the bile duct into the retroperitoneum (images
courtesy of Rajeev Attam MD)

nique during sphincterotomy is to use just the
“nose” or only a small segment of the cutting wire
in contact with the ampullary tissue. Prolonged
contact with the cutting wire should be avoided.
Automated current generators should be used to
prevent a “zipper cut.” Needle knife sphincter-
otomy should only be performed in a controlled
fashion. Following larger sphincterotomies, it is
advisable to perform a cholangiogram of the dis-
tal duct to look for any contrast extravasation. A
scout film should be obtained before and after the
procedure for such comparisons. Whether use of
carbon dioxide insufflation would minimize vi-
sualization of or symptoms from a perforation is
not known; it is possible that small or self-limited
perforations are better tolerated with carbon di-
oxide than with room air.

Case Continued

ERCP was performed under general anesthesia
using CO, insuftlation. Scout film showed exten-
sive retroperitoneal air; inspection of the major
papilla showed a patulous sphincterotomy with

Fig. 3.7 With the wire in the bile duct, the pancreatic
duct was cannulated alongside and a pancreatogram was
obtained

a small rim of space just above the bile duct.
Cholangiogram revealed a normal small caliber
bile duct with active contrast leak into the retro-
peritoneum just inside the duct (Fig. 3.6). After
a wire was placed into the bile duct, the pancre-
atic duct was accessed using a 4F tip papillotome
(Fig. 3.7) and 0.018-in. guidewire; with difficulty,
the knuckled wire was pushed around a tight ansa
loop (Fig. 3.8) to the tail of the pancreatic duct
(Fig. 3.9). With wires in both ducts, a 4F 11 cm
soft material unflanged stent was placed into
the pancreatic duct, and a 10 mm =60 mm fully
covered outer-flanged metallic stent was inserted
into the bile duct and deployed across the biliary
sphincter. Endoscopic views of the same sequence
are shown in Figs. 3.10, 3.11, 3.12: bile duct ac-
cessed with the rim of space above the bile duct
(Fig. 3.10), pancreatic stent in place (Fig. 3.11),
and deployed metallic stent compressing closed
the sphincterotomy with pancreatic drainage pro-
tected by the pancreatic stent (Fig. 3.12). Metal-
lic biliary stent placement may be an independent
risk factor for post-ERCP pancreatitis; this patient
could ill afford an additional complication.
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Fig. 3.8 Attempts were made to pass a guidewire deep
into the pancreatic duct to place a pancreatic stent

Fig. 3.9 The tip of the wire was “knuckled” and the
loop advanced to the tail of the pancreas

Fig.3.10 Endoscopic image of biliary cannulation with a small rim around the sphincterotomy

She had immediate closure of the retroperito-
neal leak and no post-ERCP pancreatitis, but she
had a protracted hospital stay with the develop-
ment of a retroperitoneal right flank abscess re-
quiring prolonged percutaneous drainage. She
required a peripherally inserted central catheter
(PICC) line for hydration and several hospital
admissions for failure to thrive and dehydration
over the next 6 weeks. Eventually the biliary
metallic stent and percutaneous drains were re-
moved. The pancreatic duct stent migrated spon-
taneously.

Cholangitis and Cholecystitis

Cholangitis typically occurs after ERCP with in-
complete biliary drainage or increasingly after
intraductal cholangioscopy with continuous ir-
rigation. A new and greatly concerning phenom-
enon is transmission of resistant bacteria from
incompletely decontaminated duodenoscopes.
Particularly prone to cholangitis are patients with
previous colonization due to occluded stents and
those with hilar strictures. In patients with sus-
pected or known cholangiocarcinoma or hilar
obstruction, a pre-procedure MRCP or at least



52

N. M. Guda and M. L. Freeman

Fig. 3.11 Placement of 4Fr pancreatic duct stent while
maintaining wire in the bile duct

coronal CT is advised to plan selective drainage,
rather than opacifying the entire intrahepatic bili-
ary system under pressure [45]. Cholangitis can
generally be avoided by minimizing injection
in patients with instrumented or stented ducts,
providing complete clearance of stones, and if
in doubt placing stents to allow complete biliary
drainage. In cholangioscopy, minimizing irriga-
tion is key. Although routine antibiotics are not
recommended for all ERCP, prophylactic anti-
biotics are indicated with anticipated or definite
incomplete biliary drainage (primary sclerosing
cholangitis, hilar stricture, or retained contrast),
cholangioscopy, presence of cyst communicating
with pancreatic duct, pseudocyst drainage or ne-
crosectomy, and posttransplant patients [46].
Cholecystitis is an uncommon complication
and typically occurs after biliary stent placement,
especially through tumors that involve the cystic
duct takeoff. Data are conflicting as to whether
fully covered metallic stents pose any greater
risk than uncovered metal or plastic stents. For
patients with distal biliary obstruction/stricture
with gallbladder in situ, it is generally prefer-
able to place an uncovered metal stent. For pa-
tients with biliary pancreatitis and simultaneous

Fig. 3.12 Placement of fully covered metal biliary stent
with pancreatic stent in place

cholecystitis, ERCP should be done only if there
is concern for cholangitis or ongoing biliary ob-
struction. In patients who are poor candidates for
surgery, a long (up to 20 cm) gallbladder stent
can be placed via a transpapillary route to treat
acute cholecystitis.

A recently recognized and very concerning
complication is infection resulting from incom-
plete cleaning of duodenoscopes. Recently, a
number of serious and fatal infections resulting
from incomplete disinfection of resistant bac-
teria, including CRE (Carbapenem-Resistant
Enterobacteriaceae), as well as sporadic clusters
of ESBL (extended spectrum beta-lactamase),
VRE (vancomycin resistant enterococcus), and
pseudomonas have been reported. These infec-
tions have occurred despite following manufac-
turers recommendations for cleaning, and are
thought to be the result of difficulty removing
particles of debris related to the elevator in duo-
denoscopes. The problem is being actively ad-
dressed by the FDA, the ASGE, the AGA, and
duodenoscope manufacturers. In the meantime,
careful attention to disinfection and quarantining
of endoscopes thought to be involved in cases
with nosocomial infection are recommended [47,
48].
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Cardiopulmonary Complications

As with any intervention requiring sedation or
anesthesia, there is a risk of cardiopulmonary
complications. These are rare and in carefully se-
lected patients should account for less than 1%
of procedures. Unlike post-ERCP pancreatitis,
risk of cardiopulmonary complications increases
with age and comorbid conditions. With increas-
ing complexity of therapeutic ERCP procedures
often involving EUS, there is a rising trend to in-
volve anesthesia to deliver monitored anesthesia
care (MAC) or general anesthesia with endotra-
cheal intubation [49, 50].

Air embolism is a very rare but often fatal
complication with ERCP, and particularly en-
doscopic transluminal necrosectomy. At least 26
cases have been reported so far. The presenting
symptom is usually a sudden change in cardio-
respiratory or neurological status and often de-
tected during or immediately after the procedure
when the patient is turned from a prone to su-
pine position. Most patients had a prior history of
surgery, manipulation of the bile duct for stones,
placement of metal stents, cholangioscopy, or
endoscopic necrosectomy. Patients with prior
shunts are particularly at risk. Immediate rec-
ognition is the key to salvaging the outcome.
Bedside echocardiography can identify air in the
right ventricle, which can be aspirated by using a
central venous catheter [51]. The increasing trend
towards using carbon dioxide instead of room air
for insufflation may reduce risk and/or severity
of air embolism.

Late Complications of ERCP

Most complications with ERCP occur within
days or a week after the procedure. Delayed
complications of the biliary tract include stent
occlusion or perforation, formation of stones
and debris around stents, restenosis of sphinc-
terotomy, recurrent choledocholithiasis and oth-
ers. Restenosis of the sphincter may result from
incomplete sphincterotomy and fibrosis with
healing. Pancreatic duct stents, especially when

inadvertently left in place over extended periods,
may be associated with ductal and parenchymal
pancreatic injury [26].

Endoscopist Experience and
Complications

Endoscopist experience is a critical factor in
complications of surgical interventions and has
been studied in surgical outcomes and certain
endoscopic procedures. The data are mixed in
terms of complications of ERCP and endosco-
pist experience. In an Austrian study by Kapral
et al. [52] endoscopists were considered high
volume if they performed more than 50 ERCPs
a year. Their data demonstrated that high volume
endoscopists had better diagnostic and thera-
peutic success (86.9 vs. 80.3 %, p<0.001) with
fewer complications (10.2 vs.13.6%, p=0.007)
than lower volume endoscopists. These results
are similar to a previous Italian study by Loper-
fido et al. in which complications were higher
(7.1 vs. 2.0%, p<0.0001) in centers with low
volumes (<200 ERCPs/year) [34]. In a US mul-
ticenter study, endoscopists who performed no
more than one sphincterotomy per week had
higher complication rates compared with their
peers who carried out higher volumes of sphinc-
terotomies each week [1]. These studies support
the concept that a lower case volume affects
outcomes adversely. In contrast, another recent
large UK multicenter study assessing risk factors
for ERCP complications found no difference in
overall complications among endoscopists with
differing caseloads or by hospital type [13]. The
only difference found was a decrease in the risk
of post-ERCP pancreatitis when the procedure
was performed at a university hospital compared
with a district hospital, which was interpreted to
reflect perhaps the better support staff and envi-
ronment available at university hospitals. Rea-
sons for the striking difference in findings be-
tween this study and the Austrian study, which is
quite similar in concept and design, are difficult
to postulate.

Most studies of post-ERCP pancreatitis, the
most common complication, have suggested that
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case mix is at least as important as technical fac-
tors in determining risk; any difference in techni-
cal expertise is overshadowed by the difference
in patient mix, which tends to be more complex
and high risk at more specialized centers. Taken
together, these studies demonstrate that each
endoscopist must perform a certain number of
ERCPs and sphincterotomies in order to both
minimize the risk and improve outcomes. Endos-
copist experience appears to be an underappreci-
ated risk factor. There are no harder data on out-
comes outside large multicenter studies where,
again, bias in reporting, complexity of the case
mix, and definitions of complications all play a
pivotal role in study results [13].

Key Points

e ERCP is associated with risk of complica-
tions including pancreatitis, perforation, post-
sphincterotomy bleeding, cholangitis, and
cholecystitis.

e Any adverse event should be immediately
investigated and supportive therapy initiated
to minimize sequelae.

e ERCP should not be performed solely for
diagnostic purposes in most cases. Other less
or noninvasive modalities are recommended
for initial evaluation.

e Risk factors are defined as patient-related,
procedure-related (types of intervention) and
physician/operator-related  (case  volume,
expertise).

¢ Pancreatic duct stenting and rectal indometha-
cin reduce the risk of post-ERCP pancreatitis
significantly.

¢ Cholangitis is usually iatrogenic and often due
to occluded stents. Prophylactic antibiotics
should be used only in select patients includ-
ing those with incomplete biliary drainage,
undergoing cholangioscopy, and a cyst com-
municating with the pancreatic duct.

e To minimize postprocedural bleeding,
patients should be risk stratified and care indi-
vidualized. Careful attention should be paid to
sphincterotomy and ERCP technique to pre-

vent bleeding, and knowledge of endoscopic
techniques to treat bleeding is critical.

e If perforation is suspected, obtain a CT scan
rather than or in addition to a conventional
plain radiograph, which can miss retroperito-
neal air.

Video Caption

Video 3.1 Placement of prophylactic small cali-
ber pancreatic stent in patient with tiny, tortuous
pancreatic duct using 0.018-in. guidewire and 4F
2-cm inner-flanged soft stent

This young woman had recurrent abdominal
pain associated with abnormal liver function tests
(LFTs) suggestive of sphincter of Oddi dysfunc-
tion type II. MRCP showed a normal bile duct
but a very tortuous small caliber ventral pancre-
atic duct. The plan was for ERCP with biliary
sphincterotomy and a protective pancreatic stent.
This type of pancreatic ductal anatomy leads to
virtual impossibility of stent placement using
conventional guidewires, as the wire will exit
side branches and potentially lead to ductal per-
foration, while not allowing stability to place a
protective stent. Therefore, the case was started
with a 5-4-3 cannula (Boston Scientific) loaded
with an 0.018” Roadrunner wire (Cook Medi-
cal). The major papilla was very small, adding
to technical challenge. The pancreatic duct was
cannulated and a very limited amount of contrast
injected, which showed the sharp angular turn in
the main pancreatic duct. The 0.018” wire was
intentionally knuckled inside the duct, so that the
platinum tip would remain intraductal and avoid
entering side branches. Normally, we would
leave a pancreatic wire and cannulate the bile
duct with a second wire. However, the stability
of this pancreatic wire was very precarious. As
a result, we placed the pancreatic stent before
attempting biliary access. With the wire pushed
only as far as the first turn, a 4F 2-cm soft mate-
rial, inner-flanged pancreatic stent (Hobbs Medi-
cal) was placed. The inner flange is critical to
avoid immediate outward migration. Then, using
the guidewire technique, an 0.025-in. wire was
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used to cannulate bile duct beside the pancreatic
stent, and a biliary sphincterotomy performed.

This approach prioritizes early and safe place-

ment of a protective pancreatic stent in a high-
risk patient with a very tortuous, small-caliber
pancreatic duct in whom conventional guidewire
techniques are very risky for ductal perforation or
failure to place a pancreatic stent. Additionally,
this video demonstrates use of a soft material
atraumatic stent to avoid pancreatic ductal injury
[32, 53].

References

10.

11.

Freeman ML, Nelson DB, Sherman S, et al. Compli-
cations of endoscopic biliary sphincterotomy. N Engl
J Med. 1996;335(13):909-18.

Kahaleh M, Freeman M. Prevention and man-
agement of post-endoscopic retrograde cholan-
giopancreatography complications. Clin Endosc.
2012;45(3):305-12.

Freeman ML, Guda NM. Prevention of post-ERCP
pancreatitis: a comprehensive review. Gastrointest
Endosc. 2004;59(7):845-64.

Banks PA, Bollen TL, Dervenis C, et al. Classifi-
cation of acute pancreatitis—2012: revision of the
Atlanta classification and definitions by international
consensus. Gut. 2013;62(1):102—11.

Cotton PB, Lehman G, Vennes J, et al. Endoscopic
sphincterotomy complications and their manage-
ment: an attempt at consensus. Gastrointest Endosc.
1991;37(3):383-93.

Wang P, Li ZS, Liu F, et al. Risk factors for ERCP-
related complications: a prospective multicenter
study. Am J Gastroenterol 2009;104(1):31-40.
Artifon EL, Sakai P, Ishioka S, et al. Endoscopic
sphincterotomy before deployment of covered metal
stent is associated with greater complication rate: a
prospective randomized control trial. J Clin Gastro-
enterol. 2008;42(7):815-9.

Isayama H, Komatsu Y, Tsujino T, et al. A prospective
randomised study of “covered” versus “uncovered”
diamond stents for the management of distal malig-
nant biliary obstruction. Gut. 2004;53(5):729-34.
Wilcox CM, Kim H, Ramesh J, Trevino J, Varadara-
julu S. Biliary sphincterotomy is not required for bile
duct stent placement. Dig Endosc. 2014;26(1):87-92.
Shimizu S, Naitoh I, Nakazawa T, et al. Predictive
factors for pancreatitis and cholecystitis in endo-
scopic covered metal stenting for distal malig-
nant biliary obstruction. J Gastroenterol Hepatol.
2013;28(1):68-72.

Cheon YK, Cho KB, Watkins JL, et al. Frequency
and severity of post-ERCP pancreatitis correlated
with extent of pancreatic ductal opacification. Gas-
trointest Endosc. 2007;65(3):385-93.

12.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

Johnson GK, Geenen JE, Bedford RA, et al. A com-
parison of nonionic versus ionic contrast media:
results of a prospective, multicenter study. Mid-
west Pancreaticobiliary Study Group. Gastrointest
Endosc. 1995;42(4):312-6.

. Guda NM, Freeman ML. Are you safe for your

patients—how many ERCPs should you be doing?
Endoscopy. 2008;40(8):675-76.

Cheng CL, Sherman S, Watkins JL, et al. Risk factors
for post-ERCP pancreatitis: a prospective multicenter
study. Am J Gastroenterol. 2006;101(1):139—47.
Freeman ML, DiSario JA, Nelson DB, et al. Risk
factors for post-ERCP pancreatitis: a prospec-
tive, multicenter study. Gastrointest Endosc.
2001;54(4):425-34.

Freeman ML. Pancreatic stents for prevention of
post-ERCP pancreatitis: for everyday practice or for
experts only? Gastrointest Endosc. 2010;71(6):940—4.
Tse F, Yuan Y, Moayyedi P, Leontiadis GI. Guide
wire-assisted cannulation for the prevention of post-
ERCP pancreatitis: a systematic review and meta-
analysis. Endoscopy. 2013;45(8):605-18.

. Freeman ML, Guda NM. ERCP cannulation: a

review of reported techniques. Gastrointest Endosc.
2005;61(1):112-25.

. Kobayashi G, Fujita N, Imaizumi K, et al. Wire-

guided biliary cannulation technique does not
reduce the risk of post-ERCP pancreatitis: multi-
center randomized controlled trial. Dig Endosc.
2013;25(3):295-302.

Ito K, Fujita N, Noda Y, et al. Can pancreatic duct
stenting prevent post-ERCP pancreatitis in patients
who undergo pancreatic duct guidewire placement
for achieving selective biliary cannulation? A pro-
spective randomized controlled trial. J Gastroenterol.
2010;45(11):1183-91.

Tarnasky PR. Mechanical prevention of post-ERCP
pancreatitis by pancreatic stents: results, techniques,
and indications. J Pancreas. 2003;4(1):58-67.
Freeman ML. Pancreatic stents for prevention of
post-ERCP pancreatitis: for everyday practice or for
experts only? Gastrointest Endosc. 2010;71(6):940—
4.

Mazaki T, Mado K, Masuda H, Shiono M. Prophy-
lactic pancreatic stent placement and post-ERCP
pancreatitis: an updated meta-analysis. J Gastroen-
terol. 2014;49(2):343-55.

Sofuni A, Maguchi H, Itoi T, et al. Prophylaxis of
post-endoscopic retrograde cholangiopancreatog-
raphy pancreatitis by an endoscopic pancreatic
spontaneous dislodgement stent. Clin Gastroenterol
Hepatol. 2007;5(11):1339-46.

Tsuchiya T, Itoi T, Sofuni A, et al. Temporary pancre-
atic stent to prevent post endoscopic retrograde chol-
angiopancreatography pancreatitis: a preliminary,
single-center, randomized controlled trial. J Hepato-
biliary Pancreat Surg. 2007;14(3):302-7.

Bakman YG, Safdar K, Freeman ML. Significant
clinical implications of prophylactic pancreatic stent
placement in previously normal pancreatic ducts.
Endoscopy. 2009;41(12):1095-98.



56 N. M. Guda and M. L. Freeman
27. Chahal P, Tarnasky PR, Petersen BT, et al. Short 41. Jin YJ, Jeong S, Kim JH, et al. Clinical course and
SFr vs. long 3Fr pancreatic stents in patients at risk proposed treatment strategy for ERCP-related duo-
for post-endoscopic retrograde cholangiopancrea- denal perforation: a multicenter analysis. Endoscopy.
tography pancreatitis. Clin Gastroenterol Hepatol. 2013;45(10):806—12.
2009;7(8):834-9. 42. Howard TJ, Tan T, Lehman GA, et al. Classification

28. Rashdan A, Fogel EL, McHenry L, Jr, Sherman S, and management of perforations complicating endo-
Temkit M, Lehman GA. Improved stent characteris- scopic sphincterotomy. Surgery. 1999;126(4):658—
tics for prophylaxis of post-ERCP pancreatitis. Clin 63.

Gastroenterol Hepatol. 2004;2(4):322-9. 43. Machado NO. Management of duodenal perforation

29. Conigliaro R, Manta R, Bertani H, et al. Pancreatic post-endoscopic retrograde cholangiopancreatogra-
duct stenting for the duration of ERCP only does not phy. When and whom to operate and what factors
prevent pancreatitis after accidental pancreatic duct determine the outcome? A review article. J Pancreas.
cannulation: a prospective randomized trial. Surg 2012;13(1):18-25.

Endosc. 2013;27(2):569-74. 44. Stapfer M, Selby RR, Stain SC, et al. Management

30. Akshintala VS, Hutfless SM, Colantuoni E, et al. of duodenal perforation after endoscopic retrograde
Systematic review with network meta-analysis: cholangiopancreatography and sphincterotomy. Ann
pharmacological prophylaxis against post-ERCP Surg. 2000;232(2):191-8.
pancreatitis. Aliment Pharmacol Ther. 2013;38(11—  45. Freeman ML, Overby C. Selective MRCP and CT-
12):1325-37. targeted drainage of malignant hilar biliary obstruc-

31. Elmunzer BJ, Scheiman JM, Lehman GA, et al. tion with self-expanding metallic stents. Gastrointest
A randomized trial of rectal indomethacin to pre- Endosc. 2003;58(1):41-9.
vent post-ERCP pancreatitis. N Engl J Med. 46. Banerjee S, Shen B, Baron TH, et al. Antibiotic
2012;366(15):1414-22. prophylaxis for GI endoscopy. Gastrointest Endosc.

32. Freeman ML, Overby C, Qi D. Pancreatic stent inser- 2008;67(6):791-8.
tion: consequences of failure and results of a modi- 47. Epstein L, Hunter JC, Arwady MA, Tsai V, Stein
fied technique to maximize success. Gastrointest L, Gribogiannis M, Frias M, Guh AY, Laufer AS,
Endosc. 2004;59(1):8-14. Black S, Pacilli M, Moulton-Meissner H, Rasheed

33. Akbar A, Abu Dayyeh BK, Baron TH, Wang Z, Alta- JK, Avillan JJ, Kitchel B, Limbago BM, MacCannell
yar O, Murad MH. Rectal nonsteroidal anti-inflam- D, Lonsway D, Noble-Wang J, Conway J, Conover
matory drugs are superior to pancreatic duct stents C, Vernon M, Kallen AJ. New Delhi Metallo-
in preventing pancreatitis after endoscopic retrograde B-Lactamase—Producing Carbapenem-Resistant
cholangiopancreatography: a network meta-analysis. Escherichia coli Associated With Exposure to Duo-
Clin Gastroenterol Hepatol. 2013;11(7):778-83. denoscopes. JAMA. 2014;312(14):1447-55.

34. Loperfido S, Angelini G, Benedetti G, et al. Major  48. ASGEcommunication. http://www.informz.net/infor-
early complications from diagnostic and therapeutic mzdataservice/onlineversion/ind/bWFpbGluZ2lu-
ERCP: a prospective multicenter study. Gastrointest c3RhbmNIaWQIMTkwM]jY 5SNCZzdWJzY3JpYm-
Endosc. 1998;48(1):1-10. VyaWQ90TMyNjecxMjU=doi:10.1001/jama.

35. Masci E, Toti G, Mariani A, et al. Complications of 2014.12720.
diagnostic and therapeutic ERCP: a prospective multi-  49. Garewal D, Powell S, Milan SJ, Nordmeyer J,
center study. Am J Gastroenterol. 2001;96(2):417-23. Waikar P. Sedative techniques for endoscopic retro-

36. Rabenstein T, Schneider HT, Hahn EG, Ell C. 25 grade cholangiopancreatography. Cochrane Database
years of endoscopic sphincterotomy in Erlangen: Syst Rev. 2012;6:CD007274.
assessment of the experience in 3498 patients. 50. Goudra BG, Singh PM, Sinha AC. Anesthesia
Endoscopy. 1998;30(9):A194-201. for ERCP: impact of anesthesiologist’s experi-

37. Freeman ML. Adverse outcomes of ERCP. Gastroin- ence on outcome and cost. Anesthesiol Res Pract.
test Endosc. 2002;56(6 Suppl):S273-82. 2013;2013:570518.

38. Leung JW, Chan FK, Sung JJ, Chung S. Endoscopic ~ 51. Donepudi S, Chavalitdhamrong D, Pu L, Draganov
sphincterotomy-induced hemorrhage: a study of risk PV. Air embolism complicating gastrointestinal
factors and the role of epinephrine injection. Gastro- endoscopy: a systematic review. World J Gastrointest
intest Endosc. 1995;42(6):550-4. Endosc. 2013;5(8):359-65.

39. Wilcox CM, Canakis J, Monkemuller KE, Bondora  52. Kapral C, Duller C, Wewalka F, Kerstan E, Vogel W,
AW, Geels W. Patterns of bleeding after endoscopic Schreiber F. Case volume and outcome of endoscopic
sphincterotomy, the subsequent risk of bleeding, and retrograde cholangiopancreatography: results of a
the role of epinephrine injection. Am J Gastroenterol. nationwide Austrian benchmarking project. Endos-
2004;99(2):244-8. copy. 2008;40(8):625-30.

40. Van Os EC, Kamath PS, Gostout CJ, Heit JA. Gas- 53. Freeman ML, Gupta K. Biliary access techniques for

troenterological procedures among patients with
disorders of hemostasis: evaluation and manage-
ment recommendations.  Gastrointest Endosc.
1999;50(4):536-43.

ERCP: from basic to advanced. Instructional DVD
#035, American Society for Gastrointestinal Endos-
copy, 2007 (63 min). www.asge.org



John Baillie

Introduction

There are many sources of information about
ERCP equipment and techniques. It is not my goal
to duplicate these readily available documents.
Instead, I would like to take the reader through
the whole ERCP “experience,” from clinic or in-
patient evaluation through preparation, execu-
tion of the procedure, and follow-up afterwards. I
tell my trainees that the ERCP procedure itself is
sometimes the least important part of the patient’s
management. Certainly, without other consider-
ations being addressed, it can be a meaningless
and dangerous undertaking. As a former mentor
of mine used to say, “ERCP is not a game: it is
dead serious.” ERCP should never be undertaken
lightly or hurriedly, because—literally—lives are
at stake. ERCP is arguably the most demanding of
all the procedures performed on a routine basis by
gastrointestinal endoscopists. Book chapters and
articles can frame the subject for you, but there is
absolutely no substitute for hands-on experience,
and preferably plenty of it. Since the landmark
Duke University ERCP training study published in
1996 [1], the “bar” for basic competence in ERCP
has been set at around 200 procedures. However,
much has changed in almost 20 years: in 1996,
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half the ERCPs were diagnostic; in 2014, almost
100% of ERCP is therapeutic, requiring a broad
spectrum of skills with endoscopes and accesso-
ries [2]. Real competence likely begins somewhere
around 400-500 cases, and expertise may emerge
around 1000 cases. It has been suggested that there
should be two tiers of ERCP training: a basic level
of training for “average” endoscopists who intend
to confine their practice to “basic” therapeutics and
an advanced level for specialists who are expected
to manage the full range of hepatobiliary and pan-
creatic disorders. Unfortunately, the difficulty of
ERCP cases cannot reliably be predicted ahead of
time: difficult anatomy can be encountered in the
most straightforward appearing cases.

At the present time, there are too many en-
doscopists learning ERCP [and endoscopic ul-
trasound (EUS)] in fellowship programs in the
United States, many with relatively low proce-
dure volumes. The days when every gastroenter-
ology fellow could expect to be trained in ERCP
are gone, although this is a relatively recent
change. There is still great pressure on program
directors to provide each fellow at least 25-50
ERCP procedures during their 3 years of general
gastroenterology fellowship. Unfortunately—but
predictably—this small experience is all-to-often
parlayed into credentials at community hospitals
to perform ERCP. For many years, just 25 was
the average number of cases required by hospital
credentialing committees to prove expertise and
obtain credentials to perform ERCP. Community
hospitals are under pressure from their surgeons
who want accessible ERCP when a problemat-
ic—usually post-cholecystectomy—case arises.
The inevitable consequences of inexperience
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in this area are failed cases and complications.
Having to perform a second or subsequent ERCP
when the first attempt fails is expensive and likely
accompanied by increased morbidity. At the very
least, a competent community endoscopist should
be able to access the duct of choice at least 80 %
of the time. It is often stated—correctly—that
skill at needle knife papillotomy (NKP) is neces-
sary to approach 100% success at accessing the
desired duct at ERCP. However, NKP training
has been restricted to the chosen few favored by
their skilled mentors. In a recent commentary, I
suggested that this has been an unfair barrier to
success for a large group of ERCP hopefuls [3].

Additionally, ERCP is not just about cannulat-
ing the duodenal papilla. The endoscopist should
be able to perform safe and effective biliary and
pancreatic sphincterotomy to access stones, pass
dilators, and place stents. Competence in ERCP
requires the ability to decompress an obstructed
biliary tree in a patient with acute cholangitis by
means of sphincterotomy, stone removal and/or
biliary stent or nasobiliary drain placement. A
competent ERCP endoscopist should also be able
to insert a biliary stent to manage post-cholecys-
tectomy bile leaks, and brush a biliary stricture
for cytology. In the past, many ERCP endosco-
pists avoided pancreatic endotherapy, limiting
their efforts to diagnosis and treatment of biliary
disorders. As placing a guidewire in the main
pancreatic duct (PD) and inserting a temporary
plastic stent over it has been shown to reduce
the risk of post-ERCP pancreatitis (PEP) [4],
all ERCP endoscopists need to be comfortable
working in the pancreas. Passing a small caliber
pancreatic stent usually requires familiarity and
dexterity with thin caliber guidewires, some as
thin as 0.018 in. in diameter. Finally, ERCP en-
doscopists cannot work in a vacuum, but must be
part of a multidisciplinary team managing hepa-
tobiliary and pancreatic disorders.

Evaluation

Patients who are being considered for ERCP
should undergo unhurried evaluation before the
procedure. In a busy academic center where |
worked many years ago, it was common for the

fellows to see “add-on” ERCP patients between
procedures, or during a lunch break. They would
report their findings to the faculty member run-
ning the endoscopy list, and if he or she agreed
the patient would be made an “add-on.” This
meant that the first time these patients saw the en-
doscopist was in a preparation bay in the endos-
copy unit. Consent for the procedure was often
left to the trainees, further limiting pre-procedure
contact between the patient and the endoscopist.

If relatives were not on site to accompany the

patient to Endoscopy, there was no opportunity

to meet them and answer questions. This rush to

ERCP was often justified by the urgency of the

case, although in truth the urgency was usually

more for convenience (e.g., to improve patient
turnover) than to address a truly urgent problem.

So, what’s wrong with this picture? It is a sce-

nario that is still common in busy academic en-

doscopy units. Actually, there are several poten-
tial problems with this model of same-day ERCP
scheduling. Let’s look at some specific issues:

1. The endoscopist receiving highly selective,
second-hand information about the patient’s
need for ERCP risks missing “the big picture.”
Perhaps the trainee left out some small, but
important, detail, like the patient’s near-fatal
anaphylaxis after receiving intravenous con-
trast medium for a computed tomography (CT)
scan in the past, or a history of technically dif-
ficult endotracheal intubation following radia-
tion therapy for a throat cancer. In this situa-
tion, the endoscopist is literally at the mercy of
the trainee regarding the quality of the medical
information provided. The endoscopist should
personally see the patient and review the rel-
evant records (including radiology images)
before agreeing to proceed with ERCP.

2. Consent for ERCP ideally should be obtained
well before the procedure, to allow the patient
and/or the family, legal guardian, etc. time to
process the information and ask questions.
Obtaining consent from an anxious patient
15 min before the procedure may meet the
legal requirement, but it is far from ideal that
the patient be expected to comply with strang-
ers’ expectations to proceed with the ERCP.
Indeed, a patient who declines to proceed at
this stage would likely be considered a dif-
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ficult patient. In a true emergency like acute
cholangitis in a confused and hypotensive pa-
tient, we do not have the luxury of discussing
the pros and cons of the procedure in a calm
and relaxed environment. But such emergen-
cies are few and far between. Whenever pos-
sible, patients being scheduled for inpatient
ERCP should be seen the evening before the
test, and those coming as outpatients, 24 h
or more ahead of time. Understanding of the
procedure and its risks and benefits is greatly
aided by pamphlets and other written mate-
rials, which are inexpensive and can be pur-
chased in bulk from our professional societ-
ies. It is important for all of us, but especially
trainees, to understand that a hurried consent
may be considered worthless in a court of law
at a later date, should the patient suffer an
adverse outcome and litigation follow. It has
often been said, and it bears repeating, that
a well-executed informed consent is the phy-
sician’s best defense in a court of law when
disputes arise regarding the appropriateness
of a procedure and the risk of a complication.
In many states in the United States, there is
no legal requirement for informed consent to
be in writing, but as lawyers like to say, “if
it’s not in writing, it wasn’t done.” As medi-
colegal cases may take several years to reach
trial, neither the patient nor the physician will
remember specifics of the consent discus-
sion. Therefore, all informed consent should
be documented in writing, and ideally wit-
nessed by an independent observer. Obtain-
ing informed consent should not be delegated
to nurses or other physician extenders. I is
the responsibility of the physician doing the
procedure to obtain the consent. Particular
care must be taken when obtaining consent
for ERCP to identify the indication, explain
the alternatives, and list the common com-
plications. These would include post-ERCP
pancreatitis, infection, bleeding, and perfora-
tion. Anesthetic risks are usually addressed in
separate consent forms now that the majority
of cases are being done using monitored an-
esthesia care (MAC) or general anesthesia.
However, if ERCP is being performed under
moderate sedation with intravenous conscious

sedation, the endoscopist should include the
risks of the agents used as part of the informed
consent for the whole procedure. Emergency
exceptions exist to allow urgent procedures to
proceed without the consent of the patient or
relatives (typically, two physicians must agree
that the procedure is necessary to save a life),
but these circumstances are rare. If a next-of-
kin or designated power-of-attorney cannot
be identified at short notice, the procedure
should be delayed, if it is safe to do so, until a
suitable signatory is identified.

. Rushing to do a procedure usually means that

pre-anesthetic evaluation has to be abbrevi-
ated. One of the great advances in ERCP in the
last decade has been the recognition that it is
safer and more comfortable for the patient to
have the procedure done under MAC sedation
or general anesthesia, typically with an anes-
thesia provider present. Pre-anesthetic evalua-
tion allows reversible problems, ranging from
bronchospasm in chronic obstructive airways
disease and poorly controlled cardiac dysrhyth-
mias to previously unrecognized conditions,
such as sleep apnea, heart failure, carotid steno-
sis, and hyperglycemia, to be investigated and
treated before a procedure requiring sedation.
The pre-anesthetic assessment should include
an estimate of the patient’s risk as determined
by the American Society of Anesthesiologists
(ASA) classification (grade I-1V).

. Pre-procedure fasting may result in the pa-

tient being significantly dehydrated by the
time they arrive for ERCP. In many endoscopy
units, ERCP patients routinely receive 500—
1000 cc of intravenous fluid (provided they
are not at increased risk from fluid overload)
as a pre-procedure maneuver to compensate
for this. There may not be time to do this if the
preparation period is curtailed.

. The patient s pre-procedure evaluation should

include review of the need for intravenous an-
tibiotics as prophylaxis for infection risk (e.g.,
when instrumenting an obstructed bile duct).
The need for steroid prophylaxis for contrast
(iodine) allergy is guided by local policies and
should be identified at least the day before
ERCP for maximal benefit. Anticoagulation
status also needs to be addressed, especially in
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this era of aggressive anti-platelet therapy with,
for example, clopidogrel bisulfate (Plavix™)
and dabigatran etexilate (Pradaxa™). Endo-
scopic sphincterotomy carries increased risk
of bleeding when performed with the patient
fully anticoagulated with these agents or war-
farin (Coumadin). For an urgent procedure in a
patient who is fully anticoagulated, alternative
strategies are necessary. For example, a biliary
stent can be placed to allow bile to flow past
biliary stones into the duodenum, relieving
infection and jaundice. In the non-emergency
setting, when required anticoagulation must
be reversed to allow sphincterotomy or other
therapy, the antiplatelet agent can be stopped
for 7 days, or warfarin withdrawn 3-5 days
before ERCP with or without daily injection
of a short-acting agent like enoxaparin so-
dium (Lovenox™) to allow a period of time
during which the patient’s coagulation reverts
to normal. Aspirin is often substituted for the
stronger antiplatelet agents. The risk of throm-
botic events is considered minimal if the an-
ticoagulation is fully reversed for no longer
than 24 h. Over-anticoagulated patients may
require administration of fresh frozen plasma
to normalize their prothrombin time. Concen-
trated platelets can be administered to reverse
platelet aggregation-inhibiting drugs, such as
clopidogrel, but as platelet transfusions are ex-
pensive, they should be used sparingly. For de-
tailed recommendations on the management of
anticoagulation in patients requiring therapeu-
tic procedures, such as ERCP, readers should
consult the recent excellent guidelines promul-
gated by the American Society for Gastrointes-
tinal Endoscopy (ASGE) and consult with the
patient’s cardiologist or neurologist [5].

Preparation

Fasting is required to ensure that the patient’s
stomach is empty of food and liquid before seda-
tion or anesthesia. Prolonged fasting is unpleasant
for the patient. For routine ERCP, a fast of 4-6 h
before the procedure is typical. Patients with
known or suspected gastroparesis (especially dia-
betics and chronic narcotic users) may require a

longer fast, and if doubt exists regarding the pos-
sibility of retained gastric contents, a nasogas-
tric tube may need to be placed pre-procedure to
check. If the procedure is delayed, the patient’s
hydration should be addressed with intravenous
fluid replacement. Mouth discomfort from dryness
may benefit from sucking on a moist sponge on
a stick, and some anesthesia providers will allow
the patient to chew ice chips to avoid a sore throat.
The alert endoscopist always assesses for gastric
fluid retention as he or she passes the endoscope,
and will make aspirating that fluid through the en-
doscope a priority before proceeding with ERCP.
To reduce the risk of intentional or unintentional
consumption of liquids and/or solids during the
fasting period, you should explain to the patient
and family why fasting is necessary.

Positioning Before the patient is placed on the
fluoroscopy table for ERCP, the patient’s posi-
tion should be agreed upon and understood by
the anesthesia provider, the endoscopist and the
nurses and/or technical assistants. Historically, the
standard position for ERCP has been face-down
(prone), which creates a favorable orientation for
X-rays to pass through the patient between the
fluoroscopy source and the detector. However,
this may be a difficult position for anesthesiolo-
gists to maintain a patent airway. 4 compromise
that works for both the endoscopist and the anes-
thesia provider is a semi-prone position, with the
right chest elevated off the table using a rubber
bolster (aka “jelly roll”) (Fig. 4.1). The patient’s

Fig. 4.1 Patient being positioned semi-prone in the oper-
ating room for ERCP
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arms should be positioned to avoid interference
with the endoscopist’s access; this often involves
taping arms to brackets (padded extensions of the
fluoroscopy or operating table).

Other positions that are used for ERCP in-
clude left lateral and supine. Although the left
lateral position is preferred for esophagogastro-
duodenoscopy, it is not ideal for ERCP due to the
unusual projection of the radiologic image ob-
tained during fluoroscopy. The directions taken
by the opacified bile and pancreatic ducts are un-
familiar in the left lateral projection; the author
confesses to once having placed a stent in the bile
duct when he thought it was in the main pancre-
atic duct. The left lateral position has one par-
ticular use that is worth remembering: if a large,
J-shaped stomach makes it difficult to access
and intubate the pylorus with the duodenoscope,
repositioning the patient to the left lateral posi-
tion will often work. After the tip of the scope is
safely in the second part of the duodenum and the
control wheels locked to maintain that orienta-
tion, the patient should be returned to the previ-
ous semi-prone/prone position for a more famil-
iar view of the papillary fold. The supine position
is the most difficult position in which to access
the descending duodenum for ERCP. The supine
position may be requested by the anesthesia pro-
vider for a morbidly obese patient because in the
event of respiratory depression or a code, it is dif-
ficult to roll a very obese patient from prone to
supine quickly for resuscitation. With the patient
supine, and the endoscopist facing the patient and
the endoscopy monitor in the usual fashion, the
control section of the duodenoscope is rotated
180° from its normal position, which is an un-
familiar and uncomfortable way to do ERCP for
many. However, if the endoscopist rotates 90 de-
grees to the right (i.e., away from the patient),
he or she can hold the duodenoscope in the more
familiar and comfortable position. If the patient
is undergoing surgery immediately before ERCP,
then the supine position is inevitable. However,
if ERCP is performed first, the option exists to
position the patient as you prefer. This requires
the agreement and cooperation of the operating
room staff, including the surgeon. In my experi-

ence, the best results are obtained when the pa-
tient undergoes ERCP in the semi-prone position.

If the patient is having a prolonged procedure
under anesthesia, hypothermia may be a prob-
lem, especially if the room is cold as many oper-
ating rooms are intentionally kept cool. A heating
blanket helps prevent this problem. If the patient
is under general anesthesia, the endotracheal tube
(ET) may be conveniently routed through a side
hole in the bite block, which slides over it. For this
maneuver, the ET is briefly disconnected from
the bag or machine being used to ventilate the
patient. The ET should not apply pressure to the
lip or the corner of the mouth. Your patient will
not thank you for a swollen lip or another sore
place in their mouth after ERCP! Care should be
taken to ensure the correct positioning of the bite
block, so that the teeth are gently holding it in
place. The pre-procedure evaluation should have
included careful inspection of the teeth, but this
should be repeated at the time of placing the bite
block. Loose, usually carious, teeth create a risk
for aspiration should they be dislodged during in-
strumentation. If loose teeth are detected at pre-
procedure screening in clinic, the patient should
be asked to have them removed by a dentist be-
fore returning for ERCP. Unfortunately, patients
with poor dentition may be uninsured and unable
to pay for dental extractions. A social worker or
other patient advocate may help identify indigent
dental care locally to address this problem. Com-
plete or partial dentures that are not “cemented”
in place should be removed before endoscopy.
Finally, many anesthesia providers like the pa-
tient’s head supported by a foam block.

The electrocautery grounding pad should be
applied to an area of skin well away from any
metallic implants like a hip prosthesis or pace-
maker and connected to the electrosurgical unit
in preparation for use during the procedure. It is
recommended that the active cord (often a red or
black cord linking the electrosurgical unit to the
accessory) not be connected until the endoscopist
is ready to use the device. This reduces the risk
of unintended activation of electrocautery by,
for example, the endoscopist stepping on a foot
pedal that he or she thinks controls fluoroscopy
rather than electrocautery.
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Until 1990, when the author and colleagues
from Duke University published the first small
case series of pregnant women undergoing ERCP
[6, 7], this procedure was considered too risky
to attempt (Chap. 19). There was concern that
complications of ERCP, especially pancreatitis,
could put the lives of both the mother and fetus
at risk. In the last 25 years, it has been demon-
strated repeatedly that if the patients are chosen
carefully, for appropriate indications, ERCP in
pregnancy is safe and effective. Appropriate pre-
cautions must be taken to screen the fetus from
X-rays used for fluoroscopy. This is achieved
by shielding the mother’s abdomen with a lead
apron, which needs to be pulled up at least to the
level of the top of the uterine fundus. Minimal
fluoroscopy is used to confirm positioning of the
catheter in the bile duct, and taking pictures is
avoided as this will add to radiation exposure. A
radiation dosimeter can be placed over the uterus
under the lead apron to measure fetal exposure
during ERCP; this should be minimal. Pregnant
women in the second and third trimesters should
NOT be placed in the supine position for ERCP.
Lying on the gravid uterus may compress the in-
ferior vena cava, reducing venous return to the
heart, and result in supine hypotension syndrome
that causes syncope and sometimes seizures
(Fig. 4.2) [8]. It is best to perform ERCP with
the mother in the left lateral position during the
second and third trimesters, which is not ideal for
imaging but a necessary compromise for safety
and comfort.

Fig. 4.2 Inferior vena cave (/V'C) compression by third
trimester gravid uterus in supine position (schematic)

Equipment All the equipment required for the
procedure should be available at the beginning.
It is inefficient, time-consuming and frustrating
for all concerned when your assistants must leave
the room to find missing accessories. Time-outs
are invaluable, but planning for ERCP has to start
well before the endoscope is passed. You should
meet with your ERCP room staff at the begin-
ning of a list of procedures to discuss the cases
and identify specific needs you anticipate, such
as having a mechanical lithotripter or a metal
stent available. Where I currently work, we have
a mobile cart for endoscopic accessories that is
easily moved from room to room. Your cannula
of choice should be removed from its package
and prepared for use by flushing with contrast
medium that has already been drawn up. In addi-
tion to having an automated water jet (activated
by a foot pedal) connected to the duodenoscope, I
like to have a 60 cc syringe with a metallic tip that
fits snugly in the instrument channel for applying
high pressure lavage. The ERCP nurse or tech-
nician should ensure that the duodenoscope is
fully functional before handing it to you. If nec-
essary, they should use a check list to ensure that
a suction source is attached and operating, air
and water are available for insufflation and lens
cleaning, the light source has been switched on,
and the elevator is functional. It is also impor-
tant that electrocautery connections are checked
before the start to avoid delays when sphincter-
otomy is needed. Accessories that may be used,
but not definitely, should be nearby in their pack-
aging. As most ERCP accessories including cath-
eters, wires, baskets, stents are expensive and
single-use, opening but not using them is a waste
of money. Some devices are reusable, but must
be re-sterilized first. Ensure that equipment you
use is replaced. Many endoscopic accessories are
expensive enough that they are often bought one
at a time to avoid large inventories. The use of an
expandable metal stent (or a nasobiliary drain or
a needle knife papillotome, etc.) should trigger a
same-day order preferably by overnight or 2-day
express delivery for replacement. Most accessory
manufacturers are happy to set up a reordering
mechanism to accommodate these requests. It



4 ERCP from Soup to Nuts: Evaluation, Preparation, Execution, and Follow-Up 63

is helpful to review the ERCP accessory inven-
tory regularly with your endoscopy staff. Most
endoscopists have a relatively small number
of accessories that they use on a regular basis.
Although it is necessary to have a range of stent
lengths and calibers to address different uses and
types of strictures, maintaining a large inventory
is wasteful and expensive. When devices reach
their sell-by date, they can no longer be used
for patient procedures or be returned for credit.
It is common practice now in larger endoscopy
units for new devices and accessories to undergo
committee review before they are approved for
purchase. A new device that is significantly more
expensive than the existing one must demonstrate
some additional benefit in terms of safety and/or
efficacy to justify the added expenditure. Many
endoscopists find such restrictions irksome, as
they like to have the latest and greatest equip-
ment available. However, the fiscal reality is that
ERCP frequently loses money for institutions,
making financially responsible choices impera-
tive when it comes to purchasing equipment.

Special tools for ERCP, such as choledocho-
scopes, intraductal ultrasound probes, and biliary
manometry systems, are expensive items. It is
difficult to justify their purchase if they will only
be used a few times each year. In the commu-
nity, who has the latest ERCP technology appears
more important than the skill level of the operator
when it comes to directing referrals. Tertiary cen-
ters with deep pockets (a rarity these days) may
have the volume of challenging cases to justify
these purchases, especially if their use generates
additional revenue.

The middle of a complex procedure is not the
time for assistants to learn how to deploy a new
(unfamiliar) stent, or assemble a lithotripsy de-
vice for the first time. If an experienced assistant
cannot be available, it is wise to request an in-ser-
vice from the equipment company representative
ahead of time. Unfortunately, in my experience
one in-service may be inadequate as it may take
your assistants repeated use of a new device to
become familiar and comfortable using it. /¢ is
very important to develop a cadre of experienced
assistants for ERCP work. If you have to perform

ERCPs in a surgical operating room with duty
surgical technicians assisting, at certain times of
day and especially during weekends, no one with
ERCP experience may be on duty. In that event, it
may be better to transfer a sick patient requiring
urgent ERCP to a referral center which is suitably
staffed rather than attempt a difficult procedure
without experienced support staff.

An important piece of equipment for all en-
doscopy units is an electronic reporting system to
generate endoscopy reports. A number of these
are available for purchase, several through major
endoscope suppliers. Electronic record keeping
is here to stay, especially with the introduction of
the Affordable Care Act. However, many small
endoscopy units still rely on physician dictations
and printouts of endoscopic images. This is not
a sustainable mechanism for producing medical
records. Not only is it difficult to search these
records, but prospective or retrospective review
of large numbers for quality assurance becomes
a daunting task. Carbon dioxide (CO2) used for
insufflation during endoscopy reduces gaseous
distension of the bowel from prolonged proce-
dures and hastens recovery [7]. It is common for
patients who have undergone long ERCP proce-
dures to have significant gaseous distention of
the bowel, resulting in post-procedure pain and
delayed recovery. This pain may masquerade as
PEP in evolution. Substituting CO2 for air for in-
sufflation effectively addresses this problem, as
unlike air CO2 rapidly diffuses across the bowel
wall into the circulation for rapid excretion by
the lungs. For a relatively small investment in a
CO2 tank connected to the air pump, post-pro-
cedure recovery times after endoscopy can be
significantly shortened. Early concerns that CO2
insufflation of this type might lead to problems
with hypercapnia have proved groundless. When
ERCP is performed in the operating room imme-
diately before laparoscopic cholecystectomy for
suspicion of a retained bile duct stone, gaseous
distension of the small bowel can create prob-
lems for the surgeon. CO2 insufflation prevents
this problem.
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Execution: The Procedure
Passing the Duodenoscope

Modern duodenoscopes are sophisticated devices
that have undergone considerable evolution since
ERCP was first introduced in the late 1960s. The
current duodenoscopes are much more flexible
with a smaller external diameter but a larger cali-
ber instrument channel than their predecessors.
The “quantum leap” in endoscopic imaging ar-
rived with the change from fiberoptics to elec-
tronic [charge coupled device (CCD)] technol-
ogy [8]. The only part of a modern endoscope
that employs fiberoptics is the light guide used
for illumination. It may be a cliché, but it is not
an exaggeration to say that the original duodeno-
scopes were primitive and crude compared to the
precision tools of today (in terms of automotive
development, Model T Fords compared to Rolls
Royces!) Part of the unavoidably long learning
curve required for ERCP involves gaining fa-
miliarity and comfort handling duodenoscopes,
which are decidedly differently from all other
endoscopes. Detailed descriptions of the mod-
ern duodenoscope are available elsewhere [9].
What matters most when passing the duodeno-
scope into the duodenum is an understanding of
the various axes of motion of the scope, and how
they are used to obtain the best position for can-
nulating. The axes of motion are push-pull, twist
(torque on the shaft) right and left, and tip de-
flection (up/down and right/left, controlled by the
dials on the control head). In addition, the “angle
of attack” of the catheters and other accessories
passed through the instrument channel can be
varied using the elevator, a small moveable ramp
at the bottom of the instrument channel con-
trolled by a lever on the control head. Position-
ing the duodenoscope tip in front of the papillary
fold on the medial wall of the second part of the
duodenum is achieved by advancing it through
the hypopharynx into the esophagus, through the
stomach, exiting out of the pylorus and passing
into second/third part of the duodenum. At this
point the duodenoscope is in the long position,
which is unfavorable for cannulation. To achieve
correct orientation, the right—left control wheel

is locked in the full-right position and the scope
gently pulled back to remove the gastric loop.
When done correctly, the major duodenal papilla
almost always pops into view directly ahead with
this shortening maneuver. Small adjustments are
usually necessary to fine tune the position, and
a motility-control agent, such as glucagon, may
have to be administered to inhibit peristalsis.
Passing the duodenoscope through the pa-
tient’s mouth into the hypopharynx and then
through the upper esophageal sphincter (UES)
into the esophagus merits further review. The
tip of the duodenoscope is rounded, so it can be
passed “blind” with modest pressure. Experi-
enced ERCP endoscopists can interpret the side-
viewing images during intubation, but they usu-
ally confuse beginners, who are determined to see
where the duodenoscope is going. I tell my train-
ees not to overthink the process. Provided that
the lubricated duodenoscope tip is passed over
the back of the tongue and maintains a posterior
track, it will almost always pass smoothly through
the UES into the esophagus. Some endoscopists
teach their trainees to lock the tip controls for in-
tubation to maintain curvature on the end of the
duodenoscope, but I consider this a potential risk
for injury and discourage it. Modest—but not
major—forward pressure on the duodenoscope
shaft is needed to advance the instrument. If re-
sistance is encountered, it is always best to pull
back and try again rather than risk traumatizing
the fragile hypopharynx. Neck positioning may
influence the ease or difficulty of scope passage,
and occasionally cervical spine bone spurs may
provide resistance. If a few gentle attempts to
pass the duodenoscope fail, [ recommend passing
a standard gastroscope to assess the local anato-
my. If no obvious cause for failing to pass the du-
odenoscope is identified, you can try to advance
it over a guidewire. A long 0.035-in. guidewire
can be placed into the stomach using the gastro-
scope, which is then removed while maintaining
the wire position. The wire is captured into a can-
nula advanced down the instrument channel of
the duodenoscope, and finally the duodenoscope
is advanced over the wire into the esophagus. |
have used this technique successfully a number
of times. Another option is to pass the duodeno-
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scope using the blade of a laryngoscope for visu-
alization and guidance. Anesthesia providers are
happy to assist you with a laryngoscope. Patients
who have had prior head and neck surgery for
cancer (and often radiation therapy) require par-
ticular care, as they often have altered anatomy
that makes passing adult caliber duodenoscopes
difficult or impossible. Unsuspected esophageal
webs, rings, and strictures can all interfere with
duodenoscope passage, as well as the possibility
of a Zenker’s diverticulum catching the duode-
noscope tip.

Negotiating the pylorus is often an adventure
too! In patients with a large, J-shaped stomach, it
is usual to run out of duodenoscope before reach-
ing and traversing the pylorus due to the forma-
tion of a large loop in the stomach. The way to
manage this is first to remove as much air as pos-
sible (consistent with maintaining an adequate
view) in order to collapse the stomach. If this
does not allow the duodenoscope tip to access the
pylorus, move the patient from semi-prone into
the left lateral position (warning: this may make
you unpopular in the operating room, where the
patients are usually taped or strapped tightly in
position, but it is necessary!). In most cases, this
maneuver allows you to intubate the duodenum
through the pylorus. The patient can then be re-
positioned semi-prone and the shortening maneu-
ver undertaken to visualize the major papilla.

Accessing the major duodenal papilla is ren-
dered difficult by benign or malignant stenoses
of the gastric outlet or duodenal sweep, as may

Fig. 4.3 Malignant stenosis at junction of Ist and 2nd
part of duodenum preventing access to duodenal papilla
for ERCP

occur in cancers of the duodenum and head of the
pancreas (Fig. 4.3). Dilation of strictures with or
without subsequent metal stenting may be nec-
essary to access the papilla. EUS-guided biliary
access techniques may be used to overcome ste-
noses involving the vicinity of the major duode-
nal papilla: for example, a dilated bile duct may
be accessed through the duodenal bulb by EUS-
guided needle puncture and subsequent guide-
wire placement (Fig. 4.4a, b, ¢, d and Chap. 34)
[10]. However, this remains an experimental
technique for experts only at present, due to the
risk of retroperitoneal leaks and perforations
[11]. It is anticipated that EUS-guided biliary
access will become more widely available when

a Cc

Fig. 4.4 Endoscopic ultrasound (EUS) access for diffi-
cult biliary cannulation. a After needle puncture through
the posterior duodenal bulb, a contrast cholangiogram is
obtained. b Using the same needle, a 0.025-in.-diameter
guidewire is passed down the bile duct and into the duo-

denum. ¢ Endoscopic view of the papillary area showing
the guidewire exiting. d Using the guidewire, which is
grasped with a basket and pulled up the instrument chan-
nel of the EUS scope, an expandable metal mesh biliary
stent was placed in the standard fashion
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Fig. 4.5 External-internal biliary drain placed as prelude
to a combined radiologic-endoscopic (“rendezvous”) pro-
cedure

suitable tools have been developed to minimize
these risks. Combined radiologic-endoscopic
procedures (“rendezvous”) were used to deal
with difficult cannulation situations 20 years ago,
but have gone out of fashion due to the increased
morbidity associated with them (Fig. 4.5) [12].
Endoscopists try very hard to avoid subjecting
their patients to percutaneous biliary procedures,
because of the inevitable inconvenience and dis-
comfort associated with them. Unfortunately,
these combined procedures were frequently used
as an alternative to skill at biliary cannulation, to
the patients’ detriment.

Altered surgical anatomy, including Billroth 11
(BII) partial gastrectomy and Roux-en-Y diver-
sions, creates other difficulties (Chap. 17). Pro-
vided that the afferent limb of the BII anatomy
is relatively short, most experienced ERCP en-
doscopists have little difficulty finding it. This
requires a special technique for retrograde (com-
pared to the usual route) access to the papilla up
the blind-ending afferent limb. The major duode-
nal papilla is upside down from the perspective
of the endoscopist, which requires modification
of cannulation technique. If the tip of the duo-
denoscope cannot be torqued into a position in
which a papillotome, which has a gently curved

tip, can be advanced into the duct of choice, a
straight catheter may work better. The need to
access a surgical Roux limb of small bowel has
increased considerably recently with the intro-
duction of bariatric surgery. The most common
type of Roux diversion currently in vogue creates
considerable difficulty for ERCP, as the Roux
limb is usually too long for a standard duodeno-
scope. Even when the papilla is reached using a
colonscope or enteroscope and special long ac-
cessories, it can be technically very difficult to
perform the standard therapeutic ERCP maneu-
vers using an endoscope without an elevator. An
alternative approach involves shortening the dis-
tance needed for duodenoscope insertion by by-
passing the esophagus. This can be accomplished
by creating a gastrostomy track with percutane-
ous endoscopic gastrostomy (PEG) [13] or using
a laparoscopic trochar. The disadvantage of the
PEG technique is that 6 weeks are required to
allow the gastrostomy track to mature, so this
approach does not help when the patient needs
urgent ERCP. A more elegant approach is to com-
bine laparoscopic access to the gastric remnant
with ERCP performed through the laparoscopy
trochar [14]. Following laparoscopic puncture
of the gastric remnant by the surgeon, the can-
nula of the trochar is removed and replaced with
the duodenoscope, which is just small enough
in caliber to pass through it. The papilla can be
reached through the pylorus after which ERCP
is performed in the standard fashion. I have per-
formed this procedure on numerous occasions
and found it a nice solution to a difficult problem
in patients with post-bariatric surgery anatomy
needing urgent ERCP.

So I'm at the Papilla: Which Tool
for the Job?

There is a dizzying array of catheters, guidewires,
and guidewire retention devices available to the
ERCP endoscopist. Detailed description and
comparison of individual devices is beyond the
scope of this chapter. Interested readers should
consult the excellent ASGE Technology Com-
mittee reviews on ERCP cannulation and sphinc-
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terotomy devices [15] and Short-Wire ERCP
Systems [16]. Short guidewire-based systems
were introduced to address perceived and actual
limitations of long wires for ERCP procedures.
The most widely used devices used in the US are
FUSION™ (Cook Medical, Bloomington, IN),
the V-System™ (Olympus Corporation, Tokyo,
Japan), and the Rx System™ (Boston Scientific,
Marlborough, MA). All short-wire systems have
three elements in common: a mechanism to lock
the guidewire in position during accessory ex-
changes, the short guidewire itself (decreasing
standard wire length by as much as 270 ¢cm) and
some open or closed “tear-away” mechanism on
compatible accessories. One of the many benefits
of short-wire systems touted by the manufacturers
is improved physician-controlled guidewire can-
nulation of the desired duct at ERCP. However,
doubt has recently been cast on the supposed re-
duction in risk of PEP when guidewires are used
for cannulation rather than contrast injection. Are
endoscopists who cling to long-wire techniques,
which require skilled nursing or technician assis-
tance, ERCP dinosaurs? I certainly understand the
reluctance of those who have honed their skills
over many years using long-wire systems to make
changes just for the sake of change. Skilled ERCP
assistants contribute significantly to the success
of complex procedures, and without exception
they take great pride in doing so. But the reality
is that increasingly endoscopists find themselves
working with shared support staff who lack ex-
perience with catheter exchanges and other im-
portant ERCP skills. For endoscopists who do not
have the luxury of experienced assistants for their
procedures (e.g., community gastroenterologists
doing ERCP in the operating rooms of small hos-
pitals), short-wire technology confers undoubted
benefits. Training programs should provide their
ERCP fellows experience with short-wire sys-
tems that they will likely encounter in community
practice. Equipment representatives are always
pleased to provide bench-top demonstrations of
these and other devices for potential future cus-
tomers. Although short-wire ERCP systems have
been touted as reducing procedure times, fluoros-
copy exposure, physician fatigue, and cost, these

outcomes have not been consistently confirmed in
clinical studies.

The duodenal papillae are delicate structures
and must be treated with care and respect. 1ll-
considered poking and other amateurish attempts
to cannulate the papilla often fail, and may be
complicated by acute pancreatitis, the most feared
complication of ERCP. It is my personal prefer-
ence to use a papillotome with a tapered tip to
cannulate both the main and accessory duodenal
papillaec. However, a straight metal-tipped nee-
dle cannula (ERCP-1-Cramer™, Cook Endos-
copy, Bloomington, IN) may be the most effective
tool to access the minor papilla when rendered
necessary by a challenging duodenoscope posi-
tion (Video 4.1). When using a straight catheter
to cannulate the bile duct, a rounded (ball) tip is
preferable, as this is less traumatic to the papilla.
Straight catheters are also useful with aberrant
or post-surgical anatomy, such as the “upside-
down” papilla found in Billroth II gastrectomy.

Papillotomes come in many varieties with
different length cutting wire, number of lumens,
tip length (distance from tip of papillotome to
distal attachment of the cutting wire); some hav-
ing a rotatable tip, and some having a protective
coating on the proximal end of the cutting wire.
Some commercially available papillotomes now
come pre-loaded with a guidewire in the 0.021—
0.035 -in.-diameter range. However, all papillo-
tomes allow sphincterotomy to be performed via
electrical current through the cutting wire and
flexing the cutting wire enables manipulation of
the tip direction to facilitate cannulation.

Cannulas also come in different varieties
with different diameter of the tip, tip configura-
tion, and number of lumens (single, double, and
triple). Specialty cannulas include the swing tip
cannula with a wire running the entire length of
the cannula and connected to the control handle,
thereby allowing tip deflection; ultra tapered tip
cannulas accepting only 0.018 or 0.025 in. wires;
and the blunt metal-tipped needle cannula spe-
cifically used for minor papilla cannulation. This
latter cannula only allows contrast injection.

Guidewire-assisted cannulation increases
the success rate, and positioning the wire deep
in the biliary tree ensures that cannulation is
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not lost if the catheter slips out. Many different
guidewires are available that vary in diameter
(0.018-0.038 in.), length (260-600 cm), tip de-
sign (straight, angled, J-shaped, or tapered), inner
core material (stainless steel or nitinol), and outer
coating (Teflon, PTFE, polyurethane, hydrophilic
coating). The electrically neutral coating, which
is often colored for ease of identification, is re-
quired when performing electrocautery. Barber-
shop striped pole design of the coating makes it
obvious when the wire is in motion: if the stripes
are not moving, the wire is locked in position.
Many guidewires have a radiopaque tip to en-
hance visualization during fluoroscopy. A torque
device, which is clamped onto the wire outside
the duodenoscope, can be used with angled wires
to change the direction of the tip. Several wires
only have hydrophilic coating at the tip. Hydro-
philic wires can be difficult to use because they
must be kept continuously moist to avoid drying
and sticking which prevents exchanges from oc-
curring; however, some prefer the “feel” of these
wire when cannulating.

Large-caliber guidewires (e.g., 0.035-in. di-
ameter) tend to be stiff. While this is an advan-
tage when placing large stents and negotiating
some strictures, it is a distinct disadvantage when
trying to advance the wire around bends. On the
other hand, the thinnest commercially available
guidewire, 0.018 in. in diameter, is very floppy
and is easily displaced from catheters and ducts.
The tip is sharp and can cause trauma, espe-
cially when used in the pancreatic ducts. Great
care should be taken to avoid side-branch trau-
ma (often at the genu of the main PD) from the
guidewire tip during stenting for post-ERCP pan-
creatitis prophylaxis. The smallest stents used for
this purpose are 3 French (Fr) gauge (just under
1 mm internal diameter) and require the 0.018-in.
wire. Side-branch perforation results in leakage
of corrosive pancreatic juice and almost guaran-
tees that the patient will develop post-procedure
pancreatitis! ERCP endoscopists should become
familiar and comfortable with a few different
guidewires that address their needs.

Cannulate like a Pro(fessional)

Setting the scene for an expert cannulation starts
with good sedation and appropriate patient po-
sitioning on the fluoroscopy table. Comfort with
passing the duodenoscope and positioning it in
front of the main duodenal papilla is next. With
experience, the landscape of the medial wall of
the duodenum becomes very familiar. Subtle—
often subliminal—clues make it increasingly
easy with experience to recognize the papillary
fold, and the biliary and pancreatic orifices. This
applies to the minor duodenal papilla as well,
which can be highlighted with supravital staining
(Video 4.1) or caused to swell and exude fluid by
intravenous secretin injection [17]. The optimal
position for biliary cannulation is a little below
the major papilla which allows the catheter to
curve up in the direction of the bile duct, where-
as the PD is more easily cannulated (especially
with a papillotome) from at or slightly above so
that the cannula tip ends up meeting the orifice
“head on” as the pancreatic duct usually courses
straight in. When positioned en face before the
papilla, the bile duct lies in the left upper corner
of the papilla and courses to the left and up along
the direction of the intraduodenal portion of the
bile duct. Mentally, the projected path of the bile
duct should be traced from the papilla along the
intraduodenal segment, and subsequent cannula-
tion efforts should focus on aligning the catheters
and wires along this line. The pancreatic duct, on
the other hand, lies between 1-5 o’clock on the
papilla and runs to the right in a more straight
direction.

Taking the time to inspect and position in front
of the main duodenal papilla prior to instrumen-
tation pays dividends. The rush to cannulate as
quickly as possible should be resisted. Poking
blindly at the papilla is unlikely to result in suc-
cessful cannulation, and risks causing bleeding
and PEP. Catheters with sharp, pointed tips are
more likely to cause trauma and should generally
be avoided. Rounded (ball) tip catheters are less
traumatic. If the orifice of the bile or pancreatic
duct is not apparent, gentle probing with a blunt
catheter tip can expose it. Blind injection of con-
trast into the papilla in the hope of opacifying a



4 ERCP from Soup to Nuts: Evaluation, Preparation, Execution, and Follow-Up 69

Fig. 4.6 Suprapapillary fistula: small opening (arrow)
above main duodenal papilla

duct should be avoided, because an unintended
submucosal injection will render subsequent deep
cannulation more difficult, or impossible, and in-
crease the likelihood of PEP. Biliary cannulation
is made easier by finding a suprapapillary fistula
(Fig. 4.6), which may result from spontaneous
stone passage or (more often) dilator trauma dur-
ing common bile duct exploration at the time of
laparoscopic cholecystectomy. Prior biliary and/
or pancreatic sphincterotomy also makes can-
nulation easier, which is why the guidelines of
several national societies require ERCP on native
papillae only for credentialing purposes. Follow-
ing sphincterotomy, the biliary orifice is located
superiorly while the pancreatic orifice is usually
inferior and to the right.

The only type of cannulation that counts is
deep cannulation with the placement of the cath-
eter and often subsequently a guidewire deep in
the desired duct, usually with the intention of
performing a therapeutic intervention. Typically
cannulating close or moderately close to the pa-
pilla is recommended. If too close though and
using a sphincerotome, the cutting wire cannot
be advanced far enough out from the accessory
channel for bowing to occur. If too far away, the
mechanical advantage of the accessories will
be diminished. Deep cannulation is assisted by
gentle probing of the orifice of the desired duct
using the tip of a guidewire. Every endoscopist
seems to have his or her own trick for doing this,
such as using an angled wire, or one of the thin-
ner caliber varieties. As indicated elsewhere, jabs

with the wire tip (“poking”) should be avoided
because these are traumatic. Instead, gentle prob-
ing and pressure with a centimeter or two of wire
protruding from the catheter tip are more likely to
achieve the desired outcome. Once the wire and/
or catheter tip are superficially seated, deeper
biliary cannulation can be achieved by remem-
bering that the bile duct curves in a more upward
direction. This may be facilitated by turning the
large knob towards you, pulling the scope out
a little, and/or partially relaxing the sphinctero-
tome. Fluoroscopy may help with angling the
catheter in the projected direction of the desired
duct.

If biliary cannulation is desired, but the PD is
repeatedly entered, consider using the guidewire
already there to place a small caliber (e.g., 5 Fr)
plastic stent in the PD, over which biliary can-
nulation can be attempted. The orientation of the
stent may help determine the direction of the bile
duct, and the stent may occlude the opening to
the PD to prevent ongoing unintentional pancre-
atic cannulation. Alternatively, two wires can be
passed through the instrument channel, one left
in the PD and the other maneuvered into the com-
mon bile duct over it. Cannulation over a wire or
a stent placed for this purpose is frequently suc-
cessful when the standard technique fails (Video
4.2). 1 favor stent placement because it adds
a layer of protection against PEP, especially in
high-risk settings including needle knife papil-
lotomy, snare papillectomy, and biliary manom-
etry for possible sphincter of Oddi dysfunction.
As already stated, basic pancreatic endotherapy,
such as PD stent placement, is part of the skill
set necessary for the modern practice of ERCP.
Needle knife papillotomy is another technique
for gaining access to the bile duct, which will be
discussed further in the next section.

Sphincterotomy/Papillotomy

Access to the biliary tree and pancreatic ductal
systems is facilitated by sphincterotomy, a basic
therapeutic skill for all ERCP endoscopists.
Strictly speaking, incision of a true sphincter
is sphincterotomy, whereas incision of the pa-
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Fig. 4.7 Pull papillotome or sphincterotome

pilla (major or minor) is papillotomy. The terms
sphincterotome and papillotome tend to be used
interchangeably. The commonest type of sphinc-
terotome is the so-called pull variety (sometimes
also referred to as an Erlangen catheter, for its
city of origin in Germany) (Fig. 4.7). There are
long- and short-wire pull sphincterotomes; how-
ever, 20 mm is generally the preferred length.
The longer wire will allow greater flexion, but
needs to be advanced further out of the scope
channel. It is important to realize that only a
small length of wire is needed to perform sphinc-
terotomy (Video 4.3). The current density at the
point of contact is inversely related to the length
and area of wire in contact with tissue. A com-
mon mistake is to have too much wire inside the
duct when starting biliary or pancreatic sphinc-
terotomy. When not much appears to be happen-
ing, turning up the power is a mistake. This may
still not result in effective cutting. If the wire is
intentionally or accidentally pulled back at this
point, there will be an exponential increase in
current density during power application, often
resulting in a large, very rapid cut (a so-called
“zipper cut”). This is dangerous because it risks
both perforation and bleeding. Pick one setting
for your sphincterotomies and do not change
this. Biliary sphincterotomy should occur in the
11-1 o’clock direction which may be difficult to

achieve as the cutting wire often naturally orients
towards 3 o’clock. Turning the small knob all the
way towards you in addition to applying counter-
clockwise torque and pushing the duodenoscope
into a slightly long position may help achieve the
correct direction.

Modern electrosurgical generators provide
options for delivering pure cutting current, pure
coagulating current, and a variety of blended
waveforms that combine cutting and coagula-
tion. Which type of electrocoagulation should be
used for sphincterotomy? Despite over 40 years
of experience, the ERCP community has still not
reached a consensus on the optimal approach.
Pure cutting current, a sawtooth waveform, cre-
ates a rapid cut with minimal coagulation. The
theoretical advantage is less risk of acute pan-
creatitis from sphincterotomy, but at the cost of
an increased risk of bleeding. A pure coagulating
current (a sinusoidal waveform) causes a “slow
cook” with blanching of the tissue. While this is
desirable when removing a pedunculated polyp
in the colon before complete transection with a
snare, “cooking” the duodenal papilla runs the
risk of provoking acute pancreatitis. Blended
currents provide a middle-of-the-road alterna-
tive to these two extremes and are popular for
this reason. Certain electrosurgical generators
are designed to provide regular pulses of current
that take the guesswork out of sphincterotomy;
in particular, they prevent the occurrence of an
overly rapid cut with pure cutting current, the
rightly feared “zipper” effect. For the record, I
like to use pure cutting current alone for small
(access) sphincterotomies, and a combination
of pure cutting followed by blended current for
larger ones. The use of blended current some dis-
tance from the ampulla of Vater keeps heat away
from the pancreas, and in my experience appears
to reduce the risk of pancreatitis.

Regarding standard biliary sphincterotomy,
how far should one cut? It is notoriously difficult
to accurately measure the length of a sphincter-
otomy cut using the naked eye. The size of the
incision must bear some relation to the size of the
duct: a 15-mm incision that is safe when the bile
duct measures 20 mm in diameter may risk per-
foration when applied to a 5-mm-diameter bile
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Fig. 4.8 a It is safer to perform a small sphincterotomy first (shown here) before extending the opening with gentle
balloon dilation. b Balloon sphincteroplasty for biliary access to retrieve stones

duct. A 15-mm incision is generally considered
the upper limit for safe biliary sphincterotomy.
For removing stones, you want the opening to be
as big as—or bigger than—the diameter of the
largest stone, unless you plan to perform litho-
tripsy to fragment the stones before pulling them
out. A small sphincterotomy may suffice before
stent insertion.

If you have to choose just one accessory for
your ERCP, a pull papillotome is probably the
most cost-effective. Get comfortable with one or
two types and stick with them. Do not change
power settings during sphincterotomy: the need
to do this usually reflects poor technique rather
than a problem with power transmission. Adjust-
ing the length of wire within the papilla to in-
crease current density is more effective. Never
cut a sphincter in a hurry. Small, incremental
cuts allow more control than a single rapid cut,
which risks perforation and bleeding. Do not per-
form sphincterotomy in a fully anticoagulated
patient. Take particular care in patients on plate-
let aggregation inhibitors like dabigatran etexi-
late (Pradaxa™) and clopidogrel (Plavix™). I
have seen more significant post-sphincterotomy
bleeding in patients on these agents than in those
fully anticoagulated with warfarin.

Other techniques may achieve biliary sphinc-
terotomy. Needle knife papillotomy is a useful
tool in experienced hands. Formerly, it was re-
served for failed cannulation, but increasingly it

is employed as a quick way to access the duct
of choice if cannulation difficulty is anticipated
[20]. The needle knife is a bare wire exiting from
a plastic sleeve through which electrocautery is
applied to tissue (Fig. 4.10). NKP is considered
a relatively uncontrolled cutting procedure due
to the catheter not being seated within a duct
before the cut. The current density at the tip of
the needle knife is huge due to the small area in
contact with tissue, so light strokes are used and
never pressure to make a cut. Indeed, the optimal
technique for NKP has been compared to strokes
with a paint brush on a canvas. NKP should be
taught under supervision and not self-taught, as
has been the tradition in the past. Recognizing
what the bile duct wall looks like when it is ex-
posed by incising the overlying mucosa is a skill
rarely taught, but actually the key to your success
(Fig. 4.11). Have a skilled mentor show you the
relevant structures during some NKPs.

Before beginning NKP, as with cannulation,
the direction of the bile duct should be visualized
and even traced with the needle knife before initi-
ating the cut. One approach with NKP is to insert
the needle knife into the papillary orifice and cut
in the 11 o’clock direction with superficial cuts
repeated in the same direction until the biliary or-
ifice is exposed which appears whitish. If oozing
occurs, epinephrine can be sprayed to the area as
maintaining visualization is important.



72

J. Baillie

Fig. 4.9 Needle knife papillotomy (NKP): cutting down
on to a plastic stent

Fig.4.10 One model of needle knife papillotome

NKP down on to a biliary or pancreatic duct
stent can be used to perform biliary sphincter-
otomy. This is a quick and relatively safe way
to perform NKP when there is already a stent in
place (e.g., if a patient had a stent placed to man-
age bile duct stones that could not be removed
during the initial procedure, perhaps due to unre-
versed coagulopathy). The plastic stent protects
the pancreas beneath from unintentional burns or
incisions (Fig. 4.9). After papillotomy, the biliary
stent is removed and stone retrieval conducted in
the usual fashion. A pancreatic stent may be left
in place as prophylaxis against PEP.

Fig. 4.11 Recognizing the bile duct when it is revealed
by NKP

Fistulotomy is the creation of an opening
into a duct, usually the bile duct and prefer-
ably a dilated one, above the papillary orifice
(Fig. 4.12a, b). A fluctuant (“pillowy”) duodenal
papillary fold is a tempting target for fistuloto-
my if standard sphincterotomy fails. Provided it
is performed sufficiently cephalad to the papil-
lary opening, the risk of PEP is low. If you are
performing fistulotomy, you should be nowhere
near the sphincter muscle. Prior imaging with
CT, MRI, and/or EUS to confirm the presence
of a dilated bile duct increases the endoscopist’s
confidence that this is a suitable environment
for needle knife fistulotomy. Once the opening
is created (usually heralded by a sudden burst of
bile flow), it may be extended cephalad using the
needle knife, although it is safer to do this with
a standard wire-guided papillotome which pro-
vides more directional control.

The Goff Technique [19] (named for US
endoscopist, Dr John Goff) or transpancreatic
septotomy is a cutting procedure with the tip of
the sphincterotome in the pancreatic duct over a
guidewire and the cutting wire oriented in the di-
rection of the bile duct at about 11-12 o’clock.
The cut begins in the roof of the pancreatic duct,
extending through the septum and continuing
through the roof of the bile duct. The sphincter-
otomy is extended through the septum between
the pancreatic duct and bile duct until both are
exposed. There were concerns when this tech-
nique was first reported that it would be associ-
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Fig.4.12 a/b Fistulotomy of a choledochocele ( Type 11l choledochal cyst) using a needle knife

ated with a high risk of pancreatitis, but this has
not consistently proven true. Making the cut over
a small caliber stent placed in the main PD may
further reduce the risk.

Stone Removal After Sphincterotomy

When removing a column of bile duct stones
with a basket or balloon catheter, try to capture
the most distal one first. Attempting to pull out
numerous stones all at once may cause them to
bunch up and impact at the sphincterotomy site.
It is important to estimate whether or not the
sphincterotomy site is large enough to remove
the stones without prior lithotripsy. Options in-
clude leaving a temporary stent and coming back
another day, using mechanical, electrohydraulic
or laser lithotripsy (with or without choledochos-
copy), or performing balloon dilation. Combined
sphincterotomy and balloon sphincteroplasty has
been used with good effect for removing large
bile duct stones. With this technique, a small
(5-10 mm) initial incision is enlarged using a
dilating balloon (Fig. 4.8a, b) [18]. Generally,
dilating a biliary or pancreatic sphincter without
prior incision should be avoided, as this carries
increased risk of pancreatitis. However, gentle
dilation of the biliary orifice for access may be
justifiable when a patient with unreversed coagu-
lopathy needs therapeutic access.

A study from Racine, Wisconsin, USA, almost
30 years ago found that softening the surface of
bile duct stones with the choleretic agent, ursodi-
ol (Actigall™), for some weeks facilitated subse-
quent stone extraction [21]. This has not been ev-

eryone’s experience, and certainly not mine, with
oral bile acid treatment. Presumably, the results
are best with predominantly cholesterol stones.

Follow-Up: Post-Procedure Care

Following ERCP, the patient must be carefully
monitored for potential complications, including
pancreatitis, bleeding, perforation, sepsis, and
respiratory depression. Typically, outpatients are
kept no longer than 1-2 h for observation after
ERCP. Unfortunately, one third of patients who
develop post-ERCP pancreatitis develop the
signs and symptoms of this condition more than
2 h post-procedure. If the patient develops acute
abdominal pain, nausea, and/or vomiting hours
after leaving the hospital, he or she may end up
in the emergency room of a hospital 100 miles
away, with all of the attendant disadvantages.
In the days when I was doing a lot of outpatient
ERCP, I routinely encouraged patients who had
traveled a considerable distance for their proce-
dure to book a hotel room for the night after as
their insurance would not pay for overnight ob-
servation in the hospital. This ensured that they
would still be in town and near our hospital if
they became unwell. Patients and their relatives
need oral and written instructions about what to
do in the event of becoming ill after ERCP. These
instructions should include an accessible pager
or cellphone number of the gastroenterologist
covering for emergencies. The signs and symp-
toms of the ERCP complications identified above
should be described, and the patient or their rela-
tives encouraged to call to discuss any concerns,
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day or night. A printed copy of the ERCP report
should be given to the patient—with the endos-
copist’s contact number—in case they end up
in an emergency room elsewhere. I have a low
threshold for admitting patients for overnight
observation after ERCP. Patients who are slow
to awaken from sedation should be kept until
they are fully alert; this may require transfer to a
short-stay unit in the hospital. Repeated requests
for narcotic analgesia and/or antiemetic agents in
the recovery period suggest that the patient may
be developing PEP. Persistent or worsening ab-
dominal pain despite narcotic analgesia should
be investigated with a non-contrast abdominal
CT scan to rule out perforation. A 2-h serum amy-
lase level > 1000 iu/l is strongly predictive of the
onset of PEP, with increasing sensitivity at 4 h.
Urine amylase levels can also be used, but these
take longer to become positive and are less sensi-
tive than serum values. In keeping with the latest
guidelines for management of acute pancreatitis,
patients suspected of developing PEP should re-
ceive a 500-1000 cc bolus of Ringers Lactate
solution intravenously followed by 250-300 cc/
hr for the first 24 h, to reduce the risk of necrotiz-
ing pancreatitis [22]. Their urine output should
be carefully monitored, if necessary using a uri-
nary catheter, to ensure the production of at least
50-100 cc of urine per hour. If you admit a post-
ERCP patient for inpatient observation, it is es-
sential to communicate your management recom-
mendations to the responsible physician if that is
not you. Many hospital inpatient services are now
run by hospitalists working shifts. A busy hospi-
talist, especially one single-handedly responsible
for a large number of patients overnight, may
not have sufficient time (or interest) to manage
a patient becoming severely ill after ERCP. For
this reason, you should plan your ERCP sched-
ule so that you will be in town and available for
after-hours calls about your patients. Remember,
no one cares as much about your patients as you
do! An overloaded or disinterested colleague
covering your patients is your worst enemy. |
have cancelled trips out of town and missed fam-
ily vacations in order to personally monitor sick
patients after ERCP. If you cannot postpone or
cancel your trip, and your ERCP patient is sick,

formulate and document a management plan with
the responsible physician before you leave, and
call in for daily updates. Write your cellphone
number in the progress notes and clearly indicate
that you are available “24/7” for consultation.
Not only will this help your less-experienced col-
leagues manage a potentially complex problem,
but it will be evidence later of your interest in the
patient should a negative outcome lead to litiga-
tion.

A Final Word: The Prevention of
Post-ERCP Pancreatitis

PEP is rightly the most feared complication of
ERCP (Chap. 3). Every effort should be made
to minimize the risks. It has been said that those
most at risk from ERCP are those who need it
least [23]. These include young women with non-
specific abdominal pain, normal liver enzymes,
and a non-dilated bile duct being investigated for
supposed sphincter of Oddi dysfunction. ERCP
endoscopists should review the literature on
risk factors for PEP and memorize the high-risk
categories. Of course, the best way to prevent
PEP is not to perform ERCP in the first place.
When ERCP is necessary, multiple studies have
demonstrated that the placement of a prophylac-
tic, small-caliber pancreatic stent in high-risk
situations significantly reduces the risk of PEP
and almost eliminates severe necrotizing PEP
(Fig. 4.13) [4]. Failure to consider placing such

Fig. 4.13 5 French gauge, dual-flanged, plastic pancre-
atic duct stent
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a stent in a high-risk situation may invite litiga-
tion in the event of an adverse outcome. Another
intervention that is relatively simple, but poten-
tially effective, for reducing PEP is the adminis-
tration of indomethacin 100 mg by suppository
at the end of the procedure [24]. Whether this
treatment should be given to all ERCP patients or
only to a select few with high risk for PEP has not
been established, but as there is so little downside
to using this inexpensive drug, like many of my
colleagues I use it routinely.

Key Points

e A competent community endoscopist should
be able to access the duct of choice at ERCP at
least 80 % of the time.

e The ability to place a guidewire in the main
pancreatic duct and position a temporary plas-
tic stent over it is key to limiting the risk of
post-ERCP pancreatitis (PEP) in high-risk
cases.

e Patients being considered for ERCP should
undergo unhurried evaluation before the pro-
cedure.

e The endoscopist should personally see the
patient and review the relevant records,
including imaging, before agreeing to proceed
with ERCP.

e Consent for ERCP should be obtained well
before the procedure, to allow time for reflec-
tion, discussion with loved ones, and the
opportunity to ask questions.

o [f the patient has had a prolonged fast before
ERCP, consider fluid loading with a 500—
1000 cc bolus of Ringers Lactate solution to
address dehydration close to the start of the
procedure as this may reduce the risk of post-
ERCP pancreatitis.

e Patients with gastroparesis may require a lon-
ger-than-normal fast before endoscopic proce-
dures, including ERCP, to reduce the risk of
aspiration.

e The semi-prone position is preferred for
ERCP, but this should be modified for special
situations, such as morbid obesity, pregnancy,
and ERCP during surgery.

o If gentle attempts to pass the duodenoscope
fail, stop and evaluate the local anatomy with
a gastroscope to ensure that a web, ring, stric-
ture, or Zenker’s diverticulum is not the prob-
lem.

e The major and minor duodenal papillac are
delicate structures and must be treated with
care and respect!

e Blind injection of contrast into the papilla in
the hope of identifying a duct that you have
failed to cannulate deeply should be avoided.
The only type of cannulation that counts is a
deep cannulation.

o One third of patients who develop post-ERCP
pancreatitis present the signs and symptoms
more than 2 h after the end of the procedure.
Prophylactic pancreatic stenting and post-
procedure NSAID suppositories have been
shown to reduce PEP.

Video Captions

Video 4.1 a straight metal-tipped needle cannula
(ERCP-1-Cramer™, Cook Endoscopy, Bloom-
ington, IN) may be the most effective tool to ac-
cess the minor papilla when rendered necessary
by a challenging duodenoscope position

Video 4.2 Cannulation over a wire or a stent
placed for this purpose is frequently successful
when the standard technique fails

Video 4.3 It is important to realize that only a
small length of wire is needed to perform sphinc-
terotomy
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Introduction

Choledocholithiasis is a frequently encountered
problem and is potentially associated with com-
plications such as cholangitis, sepsis, and death.
About 5-10% of patients undergoing cholecys-
tectomy for cholelithiasis and 18-33% of pa-
tients with acute biliary pancreatitis have cho-
ledocholithiasis.[1]. Management is determined
by risk stratification for the likelihood of finding
common bile duct (CBD) stones using clinical
parameters, liver tests, and imaging. Patients with
very high or high probability of stones are man-
aged by endoscopic retrograde cholangiopan-
creatography (ERCP). Patients with intermedi-
ate probability are further evaluated by magnetic
resonance cholangiopancreatography (MRCP) or
endoscopic ultrasound (EUS) to determine the
need for ERCP.

The natural history of choledocholithiasis is
not well known. Approximately one out of five
stones pass spontancously within 1 month. Small
stone size (<5 mm) was determined to be an in-
dependent factor for spontaneous passage of the
stone [2]. On the other hand, stones that do not
pass spontaneously can cause further complica-
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tions including acute pancreatitis, acute biliary
colic, cholangitis, secondary biliary cirrhosis
with subsequent sequelae of sepsis, portal hy-
pertension, and possibly death. Hence, suspected
choledocholithiasis should be further investi-
gated and once confirmed, stones should be ex-
tracted.

Most stones can be extracted using conven-
tional techniques involving sphincterotomy, bal-
loon dilation, and balloon or basket extraction
with high success rates averaging 90-95 %. How-
ever, factors increasing the difficulty of stone
management include abnormal and postsurgical
anatomy, large stones (greater than 15-20 mm),
cystic duct stones with Mirizzi’s syndrome, and
intrahepatic stones. Development of instruments
and techniques such as endoscopic sphincter-
otomy with large balloon dilation of the sphinc-
ter (ESLBD), mechanical lithotripsy, electrohy-
daulic lithotripsy, laser lithotripsy has enabled
successful clearance of the biliary tract in dif-
ficult cases with rates ranging from 77 to 98 %.
Intraductal ultrasound (IDUS) can be a valuable
tool to ensure complete clearance of the CBD of
stones in equivocal cases where the cholangio-
gram is not definitive.

Case Study

A 45-year-old female presented with RUQ pain
and jaundice. Labs were notable for total biliru-
bin 7.8 mg/dl, AST 80 IU/L, ALT 60 IU/L, and
alkaline phosphatase 235 IU/L. An abdominal
ultrasound showed multiple gallstones within
the gallbladder. The CBD measured 8 mm but no
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stones were seen in the CBD. What is the next
best step?

How Are Patients Risk Stratified for
Possible Choledocholithiasis?

The initial workup for suspected choledocholi-
thiasis should be least invasive and cost-effective
and consequently includes liver biochemical tests
and a transabdominal ultrasound (US). Liver bio-
chemical tests have a low positive predictive
value (15 %) but a high negative predictive value
(95 %) and hence are useful in ruling out choled-
ocholithiasis [3]. Higher levels of bilirubin and
alkaline phosphatase occur with longer duration
and severity of biliary obstruction, and thus are
more predictive of the presence of CBD stones.
The US has a low sensitivity (less than 50 %) but
a very high specificity (100 %) in the detection of
choledocholithiasis. Thus, the presence of a stone
confirms the diagnosis but the absence of a stone
does not rule out choledocholithiasis. However,
the US finding of a normal sized CBD (<6 mm
in patients with intact gallbladder) has a high
negative predictive value of 95% and is conse-
quently helpful in excluding stones [4]. Thus, the
combination of normal liver biochemical tests
and a normal sized CBD on US with a negative
predictive value of 95 % are useful in ruling out
choledocholithiasis.

Risk stratification to determine the presence
of choledocholithiasis helps avoid unnecessary
procedures and streamlines the management
in an efficient manner. The ASGE standards of
practice committee has guidelines to risk strati-
fy patients with symptomatic cholelithiasis into
three groups based on the probability of cho-
ledocholithiasis: high risk (>50 %), intermediate
(10-50%), and low risk (<10%) [1]. The pres-
ence of any very strong clinical predictor (clini-
cal ascending cholangitis, ultrasound showing a
stone, or total bilirubin >4 mg/dl) or both strong
predictors (US showing a dilated CBD and total
bilirubin 1.8 mg/dl-4 mg/dl) places the patient at
high risk of having choledocholithiasis with rec-
ommendations to proceed with ERCP for further
management. The absence of any clinical pred-
icators places the patient at low risk of having

choledocholithiasis. These patients can proceed
with cholecystectomy with no further testing. All
other patients have an intermediate risk of hav-
ing choledocholithiasis and should proceed with
either EUS or MRCP preoperatively or an intra-
operative cholangiogram (IOC) during cholecys-
tectomy. In a recent study, IOC, when attempted
routinely in patients undergoing cholecystecto-
my, was successful in 95% with a sensitivity of
97% and specificity of 99 % [5]. However, [OC
is highly operator dependent, adds to procedure
time, and may not be feasible in cases of severe-
ly inflamed gallbladder. If a stone is confirmed
on the IOC, it can be removed via laparoscopic
CBD exploration (LCBDE) or via postoperative
ERCP. An advantage of performing preoperative
confirmatory studies (EUS/MRCP) in this group
is that the stone can be removed during preopera-
tive ERCP, and if ERCP is unsuccessful, LCBDE
can be performed to remove the stone during
cholecystectomy. However, proceeding with a
cholecystectomy and IOC would not be unrea-
sonable when surgical expertise is available, thus
avoiding the risk of possible complications asso-
ciated with ERCP which may delay the cholecys-
tectomy.

EUS in selected patients has been shown to
decrease the need for ERCP by 70 % and adverse
events related to the ERCP by 65% [6]. EUS
has been compared to MRCP for the detection
of choledocholithiasis and has a higher sensitiv-
ity (93 vs 85%), specificity (96 vs 93 %), posi-
tive predictive value (93 vs 87%), and negative
predictive value (96 vs 92 %) but the differences
were not statistically significant [7]. The sensitiv-
ity of MRCP decreases with smaller stone size
and approaches 70 % when evaluating for stones
<5 mm but has the advantage of being noninva-
sive [8]. Thus, the choice between these modali-
ties should be based on local availability, exper-
tise, patient characteristics, and preference.

Tips for Preparation and Technique
of Cholangiogram During ERCP

Obtaining a comprehensive history and review of
previous imaging and records is essential for pro-
viding optimal care and avoiding unanticipated
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roadblocks during the procedure. Reviewing
previous diagnostic imaging also provides a
roadmap for performing the ERCP. Antibiotics
are continued in patients with acute cholangitis
until the procedure and after if complete drain-
age is not achieved. Patients with sepsis related
to the cholangitis should be resuscitated prior to
the procedure. After cannulation of the bile duct
and deep advancement of the wire, aspiration of
bile prior to injecting contrast helps minimize the
hydrostatic pressure of injection and over disten-
sion of the bile duct, thereby decreasing the risk
of bacteremia in the setting of cholangitis. A good
cholangiogram should be obtained to identify the
stone burden, location and size of the stones, size
of the duct, and any strictures that will have an
impact on the stone extraction strategy as will be
discussed further below. We inject half strength
contrast starting at the distal aspect of the CBD
and carefully evaluate for any filling defects as
the contrast extends proximally into the bifur-
cation of the right and left hepatic ducts. Care
should be taken not to overdistend the biliary
system as it predisposes to cholangitis. The cystic
duct is opacified to ensure patency. The gallblad-
der should not be overfilled as this causes pain
and may predispose to cholecystitis. A balloon
occlusion cholangiogram is performed after re-

Fig.5.1 a. ERCP witha
smooth eccentric narrow-
ing (arrows) in the distal
biliary tree without evi-
dence of a mobile filling
defect or a distinct stone.
b. Stent is placed

moval of all stones to ensure complete clearance.
Nonopacification of the cystic duct during the
occlusion cholangiogram is evidence of cyst duct
blockage and makes a case for cholecystectomy.

Case Continued

Because the patient was at high risk for CBD
stone, an ERCP was performed which revealed
a smooth narrowing in the distal biliary tree. A
sphincterotomy was performed but a balloon
sweep showed no stone and a stent was placed
(Fig. 5.1a, b). A laparoscopic cholecystectomy
was then performed. She returned for a second
ERCP, which revealed a persistent narrowing,
and the stent was replaced. She was then referred
for further management.

How Are Uncomplicated Stones
Retrieved During ERCP?

Among other factors, stone size is an important
determinant of successful endoscopic removal
after a sphincterotomy (Fig. 5.2). As a general
rule, stones smaller than 10 mm can be success-
fully removed following a sphincterotomy [9].
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Fig.5.2 Algorithm for
management of established
bile duct stones. EST=en-
doscopic sphincterotomy;
BD=balloon dilation;

ESLBD=endoscopic
sphincterotomy and large
balloon dilation; ML=me-
chanical lithotripsy;
EHL=celectrohydraulic
lithotripsy

As such if a stone appears smaller than the di-
ameter of the scope, it can be extracted with a
balloon catheter or a basket without difficulty
after sphincterotomy. In the setting of a dilated
bile duct with small stones, a basket is more help-
ful in extraction as the stones tend to slide by the
balloon within the large duct during removal.
Any stones impacted in the lower CBD should
be pushed up into the proximal duct to avoid in-
advertent rupture of the duct. During retrieval of
stones using a basket, the stone is first engaged
within the basket by to and fro motion around the
stone, and the stone is extracted without closing
the basket. This is to prevent inadvertent impac-
tion of the stone within the basket and subse-
quent inability to remove the basket containing
the stone through the papilla due to a mismatch
between the size of the stone and the papillary
orifice. When multiple stones are present, they
should be removed one at a time starting with
the most distal stone first to avoid impaction. As
a general rule, the balloon or basket containing
the stone is withdrawn until at the papilla and
locked in this position at the biopsy port with
the left hand while simultaneously pushing the
big dial away and gently advancing the scope
using clockwise torque with the right hand. This
technique of stone removal aligns the vector of
the extraction force with the axis of the bile duct
while maintaining visualization of the papilla to
confirm stone extraction.

Some factors which make stone extraction dif-
ficult include the following:
Large stones (>1.5-2 cm)
Impacted stones
Cystic duct stones causing Mirizzi’s syndrome
Stones in the intrahepatic ducts
Concomitant presence of a downstream stric-
ture.

kb=

When to Perform Sphincterotomy,
Balloon Dilation or Both?

Endoscopic sphincterotomy (EST) has a high
success rate of stone extraction approaching
85-98%, but can be associated with a risk of
bleeding, perforation and pancreatitis [10]. The
risk of postsphincterotomy bleeding is increased
in patients with coagulopathy either due to intrin-
sic liver disease or from the use of anticoagulants
and antiplatelet agents [11]. EST also leads to
permanent loss of the sphincter function with a
theoretical risk of free bacterial access to the bile
duct leading to recurrent stone formation [12].
Endoscopic balloon dilation of the native papilla
(EBD) was initially developed as an alternative
to EST to minimize the risk of adverse events and
also preserve the sphincter function [13]. Balloon
dilation of the papilla can be performed using
balloons ranging from 4 to 8 mm. Although one
meta-analysis showed lower efficacy of stone
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clearance with EBD compared to EST [14], other
studies have demonstrated high success rates of
91-97% for stone extraction with EBD, compa-
rable to that of EST [15-17]. Equal efficacy of
EST and EBD for extraction of small to medium-
sized stones up to 8 mm has been shown in ran-
domized controlled trials (RCT) [15, 16]. A me-
ta-analysis by Baron et al confirmed comparable
efficacy for stone removal with both techniques,
albeit with a lower risk of pancreatitis in patients
undergoing EST [17]. A few studies have re-
ported an increased risk of serious complications
including severe pancreatitis with EBD, with one
RCT terminated prematurely due to complica-
tions and two deaths related to severe pancreati-
tis in the EBD group [15]. Thus, EBD has fallen
out of favor as a primary choice for stone extrac-
tion. With its lower risk of bleeding and perfora-
tion, EBD has been recommended as an option
for stone removal in patients with coagulopathy
[15-17]. Therefore, for small to medium-sized
stones, EST would be the preferred method to fa-
cilitate stone extraction with EBD used sparingly
in patients with coagulopathy that cannot be cor-
rected, altered anatomy where sphincterotomy
cannot be achieved, or periampullary diverticu-
lum that makes sphincterotomy difficult.

Large stones (> 1.5 cm) may require lithotrip-
sy to deliver the stone following EST or EBD.
An alternative combines an initial small to less
than maximal sphincterotomy followed by large
balloon dilation (10-20 mm), which is termed
endoscopic sphincterotomy with large balloon
dilation (ESLBD) and was first described by
Ersoz et al. [18]. Subsequently, several studies
have demonstrated successful extraction of com-
plex stones with this procedure [19, 20]. This
technique of initial sphincterotomy separates the
biliary and pancreatic sphincters and helps direct
the controlled tear of the sphincter by the large
balloon dilation away from the pancreatic duct,
thus theoretically minimizing the risk of pancre-
atitis [21]. A meta-analysis by Feng et al com-
paring ESLBD with EST to facilitate removal
of large stones showed fewer complications and
decreased need for mechanical lithotripsy in
the ESLBD group [22]. A RCT comparing me-
chanical lithotripsy following EST to ESLBD

demonstrated equal efficacy in stone removal but
a higher rate of complications in the lithotripsy
group [23]. ESLBD also decreases the need for
mechanical lithotripsy, fluoroscopy time, total
procedure time, [24], and total hospital cost [25].
The rate of pancreatitis following ESLBD is
lower than 5 %, which is comparable to EST and
lower than EBD [26]. Rare but serious perfora-
tions and occasional bleeding have occurred fol-
lowing ESLBD. Care should be taken to match
the size of the balloon with the diameter of the
native distal CBD to avoid perforation.

The currently available balloons for large dila-
tion were intended for use in the luminal GI tract,
and due to their length may present some prob-
lems if the CBD has numerous stones (Fig. 5.3).
The stones need to be either pushed upstream or
the balloon placed very distal in the CBD just
enough to dilate the papilla without lying beside
stones (Fig. 5.4a, b). This is important as inflat-
ing the balloon beside a stone may carry a risk
of perforation, especially if the stone is angu-
lated rather than smooth. Regarding how long
to dilate, a nonblinded RCT comparing 1 versus
5 min dilation of the papilla without EST showed

Fig.5.3 ERCP cholangiogram with multiple CBD stones
down to the distal CBD
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Fig.5.4 a. Balloon
inserted with minimal
balloon above the major
papilla. b. The radiograph-
ic view showing a waist

in the balloon (arrows) at
the papilla with minimal
balloon upstream

Fig.5.5 a. Ampulla
postdilation. b. Stone
extracted postdilation

significantly higher technical success for stone
extraction (80 vs 93%) and lower rate of pan-
creatitis (15 vs 5%) in the group that underwent
5 min dilation[27]. However, the control group
(1 min dilation) had a much lower rate of tech-
nical success than generally expected (80%),
which may have overinflated the difference in
success between the two groups. We tend to se-
quentially dilate the papilla for 1 min at each level
of the balloon thus totaling 3 min. Once the dila-
tion is complete, the stone can be extracted with
a balloon or basket (Fig. 5.5a, b). Thus, ESLBD
combines the best of both worlds with lower rates
of pancreatitis than EBD and decreased need for
mechanical lithotripsy compared to EST in the
extraction of large stones (up to 2 cm), provided

the distal CBD is dilated enough to accommodate
the large balloon.

During stone extraction using a basket, it is
prudent to have a rescue lithotripter system avail-
able such as a Soehendra lithotripter (Cook Med-
ical, Bloomington, IN) or an Olympus reusable
emergency lithotripter (Olympus, Center Valley,
PA) because stone/basket impaction is a potential
complication with possible significant repercus-
sions if not resolved (Fig. 5.6a). A technique for
resolution is to cut the handle and remove the
sheath from the basket and the endoscope from
the patient. Next insert the metal sheath of the
lithotripter over the broken wires of the basket,
place the wires in the handle, advance the litho-
tripter under fluoroscopic guidance, and crush the
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Fig. 5.6 a. Endoscopic view of basket wire with plastic
sheath covering removed after failed stone extraction. b.
The endoscope has been removed and the “rescue” litho-

impacted stone (Fig. 5.6b, c). Some rescue litho-
tripters operate through the scope channel while
others require removal of the duodenoscope.

Lithotripsy

Mechanical lithotripsy was first described by
Demling in 1983 as a safe and effective way of
fragmenting large stone thus facilitating remov-
al. Mechanical lithotripsy improves rate of bile
duct clearance in difficult stone cases up to 90 %
with about 4—13 % rate of complications includ-
ing pancreatitis, bleeding, perforation, and basket
impaction [28]. This technique involves using a
nonemergency lithotripter composed of a basket,
plastic sheath, and outer metal sheath to capture
the stone within the basket and advance a metal
sheath over it to fragment the stone. The device is
introduced through the papilla using the “kissing
technique” whereby close contact is maintained
between the scope and papilla while cannulating
the duct. Once confirmed fluoroscopically within
the bile duct, we like to pass the closed basket
above the stone and draw the open basket down to
engage the stone with a shaking movement to try
to ensure placement of the wires symmetrically

[
c

tripter sheath inserted over the wire. ¢. Following stone
fragmentation and basket removal, stone fragments are
ready for extraction

around the stone. The basket is then closed and
the metal sheath approximated against the basket
to crush the stone. The fragments are disengaged
from the basket. Contrast is then injected to see
whether any large stone fragments remain that
require additional lithotripsy. After the apparatus
is withdrawn, the remaining stone fragments can
then be extracted with a basket or a balloon. The
distal fragments are first extracted to ensure that
the fragments do not get impacted at the outlet,
and work should progress from the distal to prox-
imal bile duct until all fragments are removed.
In about 10 % of patients, mechanical lithotripsy
will fail, necessitating other techniques such as
electrohydraulic lithotripsy (EHL) or laser litho-
tripsy (LL) (28). These latter approaches are typi-
cally best suited for large impacted stones.

EHL involves creating an oscillating cavi-
tation bubble in a liquid media by an electrical
spark from an EHL probe which then forms a
mechanical shockwave that fragments the stone.
This technique was adapted from the mining in-
dustry. The EHL probe measuring 3Fr is intro-
duced through the working channel of a Spyglass
® (Boston Scientific Inc, Marlborough, MA)
cholangioscope via a therapeutic duodenoscope
or a peroral cholangioscope and advanced under
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direct visualization to the level of the stone with
at least 5 mm of the probe protruding from the
tip of the endoscope. Shots are fired in 1-2 s
bursts at energy ranging from 50 to 100 W. Care
is taken to maintain direct contact between the
probe and the stone and to avoid the bile duct
wall to minimize injury. Saline is intermittently
injected into the bile duct to clear the field for
better visualization of the stone fragmentation.
EHL successfully fragments large stones and en-
ables bile duct clearance in up to 98 % of cases in
various studies with overall complication rates of
3-15%, which include a risk of hemobilia, chol-
angitis, pancreatitis, bile leak, hemothorax, and
perforation [29-33]. Advantages of EHL include
its relatively low cost and lack of need for special
protective equipment.

Laser lithotripsy involves creating an oscillat-
ing cavitation bubble in a liquid media using op-
tical energy from lasers of specific wavelengths
which then forms a mechanical shockwave that
fragments the stone. Over the years, several dif-
ferent types of lasers have existed ranging from
dye lasers to solid state lasers with different
physical properties defined by specific wave-
lengths which determine the depth of penetra-
tion. The shorter the wavelength, the greater the
depth of penetration. The dye lasers have shorter
wavelengths and consequently a higher degree
of penetration (>5 mm), thus making them very
effective but also expensive and more prone to
cause injury. The solid-state lasers have longer
wavelengths and lower penetration (<5 mm) with
lower cost and higher safety. A hybrid of these
two technologies—Frequency Doubled Double
Pulse neodymium (FREDDY)—uses coumarin
dye in succession with neodymium:YAG and in
studies effectively fragments stones and enables
duct clearance in 88-92% of cases with a com-
plication rate of 7-23 % [34-36]. Holmium:YAG
laser has a longer wavelength very close to the
peak absorption of water thus minimizing any
scatter which makes it theoretically precise and
safe by minimizing duct injury. Holmium:YAG
laser has been evaluated in studies showing ef-
fective bile duct clearance rates of 90-100 % with

complication rates of 4—14 % [37-39]. We do not
routinely administer antibiotics during lithotripsy
unless there is incomplete stone removal.

ESWL is another modality for management of
large stones with ductal clearance rates of ~80%
[40]. However, the availability of ESWL equip-
ment is limited to few centers as it is expensive.
Two randomized trials comparing LL to ESWL
demonstrated higher rate of ductal clearance with
LL (83-97% vs 53-73%) [41, 42]. A randomized
trial comparing EHL to ESWL showed compa-
rable rates of ductal clearance (74 vs 79 %) [43].
Given the widespread availability and compara-
ble to superior efficacy of endoscopic lithotripter
tools, most if not all large stones can be success-
fully removed using intraductal lithotripsy, ob-
viating the need to use ESWL in biliary stones.
There is however a role for ESWL in managing
pancreatic duct stones which are hard and heavily
calcified and not easy to fragment unlike biliary
stones (Chap. 13).

Case Concluded

At the next ERCP, the stent was removed and
the cholangiogram again showed a smooth nar-
rowing in the distal CBD. At this point, given the
persistent narrowing of the CBD, the decision
was made to use intraductal ultrasound (IDUS)
to evaluate the possible stricture. A guidewire
was placed into the intrahepatics, and the Olym-
pus 20 MHz over-the-wire ultrasound probe
(Fig. 5.7a, b) revealed a long cystic duct which
was parallel to the CHD, contained a large stone
(Mirizzi’s syndrome), and merged into the CBD
just a few centimeters above the ampulla (Video
5.1). The stone was visualized with the Spyglass
system (Boston Scientific, Marlborough, MA)
and fragmented with EHL using the Nortech
Autolith ® system (Northgate Technologies
Inc., Elgin IL). The cystic duct, CHD, and CBD
were swept free of stone fragments. Final chol-
angiogram showed no residual stricture or stone
(Fig. 5.8).
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Fig.5.7 a. Third ERCP
with persistence of distal
narrowing in bile duct. b.
Over-the-wire 20 MHz ul-
trasound probe advanced
deep into the biliary tree

Fig. 5.8 Final cholangiogram with stone fragment re-
moved and distal stricture resolved

Is There a Role for Intraductal
Ultrasound (IDUS) in Clearing the Bile
Duct?

A mini-ultrasound probe ranging from 12 to
30 MHz over a guidewire can be introduced into
the bile duct to evaluate for choledocholithiasis.
Several studies have evaluated the role of IDUS in
detecting choledocholithiasis missed on cholangi-
ography during ERCP [44, 45]. IDUS is particu-
larly useful for visualizing small stones (<8 mm)
in the setting of a dilated bile duct (>12 mm)
when such stones may be missed on cholangio-
gram [46]. Residual choledocholithiasis after
EST and basket/balloon extraction was detected
by IDUS in 40% of patients [47]. IDUS is also
useful for ensuring complete duct clearance after
lithotripsy and stone extraction [48, 49]. The clin-
ical significance of detecting these small (usually
less than 4 mm) residual CBD stones by IDUS is
unclear. Thus, when there is suspicion for CBD
stones based on preprocedure imaging that cannot
be visualized during a cholangiogram, especially
in the setting of a dilated CBD, IDUS can be used
to evaluate for small stones. Occasionally in situ-
ations as illustrated in the case when there is a
linear narrowing of the CBD especially around
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the cystic duct, an IDUS can be used to exclude
Mirrizi’s syndrome. We do not use IDUS to en-
sure complete duct clearance after lithotripsy as
any small fragments should pass spontaneously
through the wide open papilla.

When Should Biliary Stenting Be
Considered?

Biliary stenting provides biliary drainage in situ-
ations where there is incomplete duct clearance
due to difficult stones as a temporizing measure or
as a more definitive solution in patients with lim-
ited life span when comorbidities and advanced
age preclude aggressive techniques of duct clear-
ance. When used as a temporizing solution in the
elderly population prior to definitive endoscopic
or surgical therapy, there is a complication rate of
10% compared to greater than 50 % when used
as a definitive treatment. Approximately one out
of 5 patients died of infectious biliary complica-
tions when stents were used as definitive therapy,
and thus this treatment option should only be
used in very select patients with short life expec-
tancy [50]. Temporizing stents have been placed
for short duration (2—-6 months) in patients with
large stones (>2 cm) and multiple stones (>3
stones) to help fragment the stones. A decrease in
stone burden by greater than 50 % was observed
following stent placement for 2—6 months [51,
52]. Single or multiple stents of the straight or
pigtail variety may be used. Although most of the
experience to date has been with plastic stents,
fully covered self-expandable metal stents have
also been used successfully in the management
of complex biliary stones [53]. Due to the cost
and risk of complications associated with metal
stents, they cannot be advocated for the manage-
ment of biliary stones at this time.

When Should Nonendoscopic
Modalities Be Considered for Removal
of CBD Stones?

Cholecystectomy is recommended for most pa-
tients with cholelithiasis after ductal clearance by
ERCP given the low morbidity of laparoscopic

cholecystectomy [54]. Laparoscopic cholecystec-
tomy should be performed ideally within 2 weeks
of ductal clearance by ERCP to minimize the risk
of recurrent choledocholithiasis, biliary colic,
gallstone pancreatitis, and cholecystitis [55-57].
A randomized clinical trial showed a higher risk
of recurrent biliary events with some necessitat-
ing emergency surgery when laparoscopic chole-
cystectomy was delayed (6-8 weeks) compared
to early surgery (within 72 h) following EST for
CBD stones [58].

An alternative to preoperative ERCP is lapa-
roscopic CBD exploration (LCBDE) for removal
of CBD stones following cholecystectomy. It can
be considered a one-step operation when 10C
demonstrates CBD stones which can be removed
in the same setting if technical expertise in this
modality is available. Randomized clinical tri-
als comparing LCBDE with ERCP (preoperative
or postoperative) for stone removal have shown
comparable technical success, morbidity, and
mortality [59-62]. It can also be used in cases of
prior failed ERCP, lack of local endoscopic ex-
pertise, or in the setting of altered anatomy like
Roux-en Y reconstruction with long limbs when
the success rate for ERCP is low. Given the high
success rate of ERCP (unless precluded by al-
tered anatomy), we prefer postoperative ERCP
to CBD exploration for stone removal at our in-
stitution. Percutaneous removal of extrahepatic
duct stones has been described via an indwell-
ing T-tube or percutaneous transhepatic route
with success rates of ~90 % although with a risk
of hemorrhagic complications (hemobilia) and
death [63]. This is rarely ever employed to re-
move extrahepatic duct stones given the length of
time it takes for the tract to mature (~4—6 weeks)
and the potential hemorrhagic complications and
death.

What is the Role of ERCP
in Intrahepatic Duct Stones?

Hepatolithiasis or intrahepatic duct stones are
more common in East Asia compared to the
Western population. These stones are frequently
multiple and associated with strictures. Etiologies
typically include postoperative biliary strictures,
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primary sclerosing cholangitis, and recurrent
pyogenic cholangitis. They often present with
recurrent cholangitis and sepsis. Long-standing
hepatolithiasis may lead to secondary biliary
cirrhosis, hepatic lobe atrophy, and intrahepatic
cholangiocarcinoma. Patients with multiple
stones confined to one lobe of the liver are often
managed by surgical resection of the involved
liver with or without a bilioenteric anastomosis.
Greater rates of stone clearance were achieved
with hepatectomy (83 %) compared to nonopera-
tive modalities like percutaneous removal (64 %)
or ERCP (43%) [64]. 