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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.

Preface
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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-

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 
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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-



51  Training in Endoscopic Retrograde Cholangiopancreatography

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

ERCP is 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-
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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 

Table 1.1   Grades of difficulty for ERCP. (Adapted from References [18-20].)
Grade of difficulty Biliary procedures Pancreatic procedures
Grade 1 Diagnostic cholangiogram Diagnostic pancreatogram

Biliary cytology 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 Diagnostic cholangiogram with Billroth II anatomy Diagnostic pancreatogram with 
Billroth II anatomy

Removal of extrahepatic bile duct stones > 10 mm Minor papilla cannulation
Stricture dilation, stent or nasobiliary drain for hilar 
tumors or benign intrahepatic strictures

Grade 3 Sphincter of Oddi manometry Sphincter of Oddi manometry
Cholangioscopy Pancreatoscopy
All therapy with Billroth II anatomy All pancreatic therapy including 

pseudocyst drainage
Removal of intrahepatic stones
Removal of any stones with lithotripsy

ERCP endoscopic retrograde cholangiopancreatography
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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 
CompactEASIETM (Erlangen Active Training 
Simulator Interventional Endoscopy) developed 
in 1998 as a modified and more lightweight ver-
sion of the (EASIE). CompactEASIETM 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 CompactEASIETM 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 earliest of these were used for 
general endoscopy rather than ERCP, but newer 
generations of these devices have addressed 
some of the shortcomings. The Boškoski-
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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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-MentorTM and its most current version, the 
GI-Mentor IITM and main rival, the CAE Health-
care AccuTouchTM. 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 (CompactEASIETM), and a computer-
ized simulator (GI-Mentor IITM) 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 IITM [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-

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

recommendationa
Performance Target (%)

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 <1cm* 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 
delayed complications

3 >90

ERCP endoscopic retrograde cholangiopancreatography, ASGE American Society for Gastrointestinal Endoscopy, 
ACG American College of Gastroenterology
a 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

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

•	 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.

•	 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.

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

•	 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.

•	 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.

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

•	 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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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, h and 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 

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 
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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, 

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 

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). 
c Endoscopic retrograde cholangiography ( ERC) showing 
filling defect at the hepatic duct confluence. d Fluoroscopy 

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

 

Fig. 2.3   a Sequence of ERC showing multiple stones fill-
ing extrahepatic bile duct; b, c Sphincterotomy in the 11 
o’clock direction; d balloon extraction; and e Occlusion 

cholangiogram with biliary stone extraction balloon inflat-
ed in distal CBD showing no residual stones. ERC endo-
scopic retrograde cholangiography, CBD common bile duct
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“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].

Fig. 2.4   a, b Large diameter balloon dilation of the papilla after sphincteromy with c, 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
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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:

Type I Biliary-type pain
Elevated ALT, AST, or AP on one occasion
Bile duct diameter > 10 mm

Type II Biliary-type pain
One of the other two criteria for type I

Type III 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 I 
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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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].

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. 

Fig. 2.6   Ampullectomy for adenoma sequence: a Can-
nula injecting pancreatic duct with friable adenoma vis-
ible; b, c Snare cautery en bloc resection of adenoma; 

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
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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. 2.7   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

 

Fig. 2.8   a, b PD head stricture and tail disruption ( arrow and bracket) with ascites, c 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 

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)

4.	 Repeated failed attempts at ERCP therapy 
when alternatives are available

Fig. 2.9   Traumatic PD stricture ( arrow) from seat belt 
injury with mild upstream dilation. PD pancreatic duct
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5.	 Patient cannot be adequately sedated.
6.	 Anaphylactic reaction to radiographic con-

trast although this usually refers to reactions 
after intravenous contrast and there is little to 
no evidence that ERCP carries the same risk. 
Local policies will guide this.

Absolute contraindications are the following:
1.	 Pharyngeal or esophageal obstruction (unless 

these can be treated simultaneously)
2.	 Severe uncorrected coagulopathy
3.	 Inadequate indication, e.g., abdominal pain of 

unknown cause

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

 

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

hepatic duct. c Second metal stent placed alongside into 
left main hepatic duct

 

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

[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 

Fig. 2.13   a ERC after Roux-en-Y gastric bypass using 
a colonoscope, b showing a normal major papilla, c and 
stone in distal CBD with long guidewire placed. d, e Bal-

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

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)

 

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 19G needle with guidewire place-

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

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 

Fig. 2.17   a Sequence of MRCP showing multiple distal 
biliary stones, b followed by sphincterotomy and balloon 
extraction complicated by retroperitoneal perforation seen 

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

•	 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?”

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

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

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

•	 Be prepared to manage complications as a team.
•	 Document what you do.
•	 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.

•	 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 

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 
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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 2–3 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.

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
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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
Definitea Probable No risk
Young age Absence of CBD stone Normal/small CBD diameter
Female Normal serum bilirubin Periampullary diverticulum
Suspected SOD Pancreas divisum
Recurrent acute pancreatitis Allergy to contrast medium
Absence of chronic pancreatitis
History of post-ERCP pancreatitis

SOD Sphincter of Oddi dysfunction; CBD Common bile duct; ERCP Endoscopic retrograde cholangiopancreatography
a See text for stratification of risk
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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 

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 3.3   Procedure-related risk factors for post-ERCP pancreatitis
Definite Probable No risk
Pancreatic duct injection Pancreatic acinarization Intramural contrast injection
Pancreatic sphincterotomy Pancreatic brush cytology Diagnostic vs. therapeutic
Balloon dilation of intact sphincter Pain during ERCP Biliary sphincterotomy
Difficult/failed cannulation Prior failed ERCP
Precut sphincterotomy Sphincter of Oddi manometry (esp. aspiration 

catheter)
ERCP Endoscopic retrograde cholangiopancreatography

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 
pancreatitis

2.46 (1.93, 3.12)

Pancreatic duct injection 2.20 (1.60, 3.01)
Pancreatic sphincterotomy 3.10 (1.60, 5.80)
Precut sphincterotomy 2.71 (2.02, 3.63)
Balloon dilation of intact 
sphincter

4.50 (1.50, 13.5)

SOD Sphincter of Oddi dysfunction, CI 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 Technical considerations Pharmacological methods
Avoid ERCP for marginal/weak 
indication—consider alternatives 
including EUS/MRCP/IOC

Efficient cannulation (including judicious 
use of guidewires)

Rectal indomethacin/diclofenaca

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, IOC intraoperative cholangiogram
a No data at the current time to use rectal NSAID alone. Generally used in conjunction with pancreatic duct stents
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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 % CI 0.29–0.53; 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; 
p < 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., 

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 3.6   Pancreatic stent placement: when and when not
Indicated (based on evidence) Not indicated
Sphincter of Oddi dysfunction (suspected or docu-
mented, regardless of manometry findings)

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

Difficult cannulation involving pancreatic instrumenta-
tion or injection

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

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

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

Pancreatic guidewire placement during biliary 
cannulation

Doubtful feasibility of successful pancreatic wire access 
and stent placement

Pancreatic sphincterotomy (major or minor papilla) Biliary therapy in patients with pancreas divisum
Precut sphincterotomy starting at papillary orifice
Balloon dilation of intact biliary sphincter
Prior post-ERCP pancreatitis
Endoscopic ampullectomy

ERCP Endoscopic retrograde cholangiopancreatography

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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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.

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 epinephrinea

IL-10
Heparin derivatives
Octreotide
Ulinastatin
Risperidone + ulinastatin

ERCP endoscopic retrograde cholangiopancretography, PAF platelet-activating factor, NSAIDs Nonsteroidal anti-
inflammatory drugs
a 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
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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-

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. 

Fig. 3.1   Active bleeding at the sphincterotomy site

Table 3.9   Risk factors of postsphincterotomy bleeding
Definitea Probableb No added riskc

Coagulopathy Cirrhosis Aspirin/NSAID use
Anticoagulation < 3 days of sphincterotomy Dilated CBD Ampullary tumor
Cholangitis prior to ES Periampullary diverticulum Long sphincterotomy
Low-volume center Precut sphincterotomy Extension of prior sphincterotomy
Bleeding during initial ES Choledocholithiasis

ES Endoscopic sphincterotomy; CBD Common bile duct; NSAIDS Non-steroidal anti-inflammatory drugs
a Significant by multivariate analysis
b Significant by univariate analysis
c Not significant by multivariate analysis
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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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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 

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 

Fig. 3.3   Injection of epinephrine with the tip of the 
sphincterotome resulting in temporary hemostasis

Fig. 3.4   Hemostasis following epinephrine injection
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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 

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
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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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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 CO2 insufflation. Scout film showed exten-
sive retroperitoneal air; inspection of the major 
papilla showed a patulous sphincterotomy with 

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.

Fig. 3.6   Cholangiogram with extravasation of contrast 
outside the bile duct into the retroperitoneum (images 
courtesy of Rajeev Attam MD)

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

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
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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 

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].

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

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

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

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

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

•	 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.

•	 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.

•	 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].
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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, 

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 

Electronic supplementary material The online version 
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springer.com/chapter/10.1007/978-1-4939-2320-5_4.
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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 I 
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. It 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.

3.	 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-IV).

4.	 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.

5.	 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. A 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.

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 

Fig. 4.2   Inferior vena cave ( IVC) compression by third 
trimester gravid uterus in supine position ( schematic)

 



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

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. 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, I 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. I 
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 

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, c, 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 

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. c 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

 

Fig. 4.3   Malignant stenosis at junction of 1st and 2nd 
part of duodenum preventing access to duodenal papilla 
for ERCP
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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 II 
(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-

Fig. 4.5   External-internal biliary drain placed as prelude 
to a combined radiologic-endoscopic (“rendezvous”) pro-
cedure
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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. Ill-
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 
papillae. 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 
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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). I 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-

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

Fig. 4.7   Pull papillotome or sphincterotome

 



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

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.

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
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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.

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-

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

 

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

 

Fig. 4.10   One model of needle knife papillotome

 



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

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, 

Fig. 4.12   a/b Fistulotomy of a choledochocele ( Type III choledochal cyst) using a needle knife
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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. I 
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

 



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

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

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

•	 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.

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

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

•	 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.

•	 If 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.

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

•	 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.

•	 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.

•	 The major and minor duodenal papillae are 
delicate structures and must be treated with 
care and respect!

•	 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.

•	 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 spontaneously 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-

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 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_5) 
contains supplementary material, which is available to 
authorized users. Videos can also be accessed at http://
link.springer.com/chapter/10.1007/978-1-4939-2320-5_5.
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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, IOC 
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-

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]. 

Fig. 5.1   a. ERCP with a 
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
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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:
1.	 Large stones (> 1.5–2 cm)
2.	 Impacted stones
3.	 Cystic duct stones causing Mirizzi’s syndrome
4.	 Stones in the intrahepatic ducts
5.	 Concomitant presence of a downstream stric-

ture.

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 

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 = electrohydraulic 
lithotripsy
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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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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 

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
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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 

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 

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-

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

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

 

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
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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 IOC 
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]. In the same study, during 
median follow-up of 8 years, a nonsignificant 
trend of lower recurrence rates and cholangitis 
were seen with hepatectomy compared with non-
operative management [64].

Endoscopic therapy of hepatolithiasis is dif-
ficult due to the recurrent nature of the disease 
requiring multiple interventions and the pres-
ence of multiple stones, concomitant intrahepatic 
strictures, peripheral stone impactions, and duct 
angulations [30]. Peroral cholangioscopy with 
lithotripsy can be used for difficult stones that 
cannot be extracted using a balloon or basket 
[32]. The success rate for endoscopic removal 
of intrahepatic stones (64 %) is lower than for 
extrahepatic stones [65]. Care should be taken 
to avoid injection of an atrophied hepatic lobe 
during ERCP due to the high risk of infectious 
complications. Percutaneous cholangioscopy 
with lithotripsy is technically successful in up to 
85 % of patients. Both endoscopic and percutane-
ous treatment carry a high rate of recurrence and/
or cholangitis of 22–63 % [66]. Consequently, 
endoscopic or percutaneous methods of stone re-
moval may be employed in patients with limited 
stone disease, bilateral liver involvement where 
surgery is not feasible, and recurrent stones after 
surgery.

Recurrent or Inoperable Stones

Up to 10 % of patients who have undergone EST 
and stone extraction will develop recurrent CBD 
stones, because either the gallbladder was not 
removed or new stones formed within the CBD 
in the absence of a gallbladder [67]. In these pa-

tients, 57 % had juxtapapillary diverticula, and 
most of these stones were pigmented stones that 
do not benefit from ursodiol or antibiotics for 
preventing recurrence. Other risk factors for re-
current choledocholithiasis include dilated CBD 
to greater than 15 mm, angulated bile duct, bili-
ary stricture, and papillary stenosis, which all 
predispose to biliary stasis. A regular schedule of 
liver function tests or ERCP at defined intervals 
is indicated. Annual ERCP to clear the bile duct 
led to decreased rates of cholangitis in a small 
study of patients with at least two occurrences 
of choledocholithiasis [68]. Surgical bypass with 
choledochoduodenostomy for recurrent stones 
refractory to endoscopic therapy is not routinely 
recommended due to high morbidity (10–28 %) 
including cholangitis, sump syndrome, bile leak 
and up to 5 % mortality [69–72].

In patients who are unable to undergo cho-
lecystectomy due to significant comorbidities, 
endoscopic transpapillary gallbladder stenting 
(ETGS) can be considered as an alternative to 
surgery. A prospective study of this patient pop-
ulation using double pigtail stents for ETGS in 
symptomatic gallbladder disease was technically 
successful in 23 of 29 patients (79 %) and provid-
ed long-term patency (median stent patency 760 
days) without needing scheduled stent exchanges 
[73]. This is a technically demanding procedure, 
as negotiating the tortuous cystic duct is difficult 
and greatly influenced by the endoscopist’s ex-
perience [74].

Conclusion

The majority of bile duct stones are cholesterol 
stones in the Western population. Due to the risk 
of complications including cholangitis, sepsis, 
and secondary biliary cirrhosis associated with 
choledocholithiasis, even stones in asymptomatic 
patients should be extracted if feasible. MRI and 
EUS have good accuracy in detecting choledo-
cholithiasis, when there is an intermediate prob-
ability of harboring a bile duct stone. Most stones 
smaller than 10 mm can be removed with EST 
and balloon or basket extraction. Stones between 
10 and 15 mm can be retrieved after EST with or 
without balloon dilation of the papilla and balloon 
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or basket extraction. During stone removal using 
a basket, it is prudent to have a rescue litho-
tripter system available due to the risk of stone 
or basket impaction, which can have significant 
repercussions if not resolved. Several endoscopic 
modalities are available for extraction of difficult 
stones including ESLBD, mechanical lithotripsy, 
electrohydraulic lithotripsy, and laser lithotripsy. 
Stones measuring 15–20  mm can be removed 
with ESLBD or lithotripsy. Stones greater than 
20 mm in size generally require lithotripsy. In pa-
tients with significant comorbidities that preclude 
surgical or aggressive endoscopic therapy, biliary 
stenting with plastic stents can be used as a tem-
porizing solution for biliary drainage. IDUS has a 
role in the detection of small stones, particularly 
in a dilated bile duct, where such stones may be 
missed on cholangiogram. Up to 10 % of patients 
will have recurrent stones after endoscopic ex-
traction and cholecystectomy, and these patients 
may benefit from a regular schedule of follow-up 
liver tests or ERCP at defined intervals.

Key Points

•	 Suspected choledocholithiasis should be fur-
ther investigated and once confirmed, stones 
extracted to minimize the risk of complica-
tions. Management is determined by risk 
stratification for the likelihood of common 
bile duct (CBD) stones using clinical param-
eters, liver tests, and imaging.

•	 Patients with symptomatic cholelithiasis at 
intermediate risk of choledocholithiasis can 
undergo (a) preoperative confirmatory imag-
ing (EUS/MRCP) followed by ERCP as indi-
cated or (b) IOC followed by LCBDE or post-
operative ERCP if needed, depending on local 
availability, expertise, patient characteristics, 
and preference.

•	 Uncomplicated stones can be successfully 
extracted with a balloon or basket after 
endoscopic sphincterotomy. Large stones 
(15–20 mm) can be removed with ESLBD or 

lithotripsy (ML/EHL/LL). Stones > 20  mm 
generally require lithotripsy.

•	 Because stone or basket impaction is a poten-
tial complication with significant repercus-
sions if not resolved, it is prudent to have a 
rescue lithotripter system available when per-
forming stone extraction with a basket.

•	 IDUS is particularly useful for visualizing 
small stones (< 8  mm) within a dilated bile 
duct (> 12  mm) when such stones may be 
missed on cholangiogram.

•	 Biliary stenting acts as a temporizing mea-
sure in cases of incomplete stone extraction 
or severe acute cholangitis. Occasionally, it 
can provide a definitive solution in patients 
with limited life span when comorbidities and 
advanced age preclude aggressive techniques 
of duct clearance.

•	 LCBDE offers an alternative to ERCP when 
local expertise is available in cases where 
(a) IOC shows choledocholithiasis, (b) prior 
ERCP has failed or (c) Roux-en Y reconstruc-
tions with long limbs make the success rate 
for ERCP low.

•	 Hepatectomy should be considered for hepa-
tolithiasis in surgically fit patients with heavy 
unilateral intrahepatic stone burden, espe-
cially with concomitant biliary strictures and/
or lobar atrophy. Percutaneous or endoscopic 
therapy can be offered in select situations, but 
carries a higher risk of recurrence, incomplete 
stone removal, and cholangitis.

•	 In patients with recurrent choledocholithia-
sis, a regular schedule of liver function tests 
with ERCP at defined intervals is preferable to 
surgical bypass (choledochoduodenostomy) 
given the relatively high morbidity and mor-
tality associated with the latter.

Video Caption

Video 5.1 ERCP with electrohydraulic lithotripsy 
and balloon extraction of stone fragments from 
the common hepatic duct, CBD, and cystic duct
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Introduction

Biliary infection or acute cholangitis is defined 
as bacterial infection of the bile ducts. In ap-
proximately a quarter to two-thirds of cases, it is 
characterized clinically by Charcot’s triad (right 
upper quadrant abdominal pain, fever, and jaun-
dice) [1–3]. Although cholangitis is usually as-
sociated with obstruction of the biliary system, 
this alone is insufficient as infection of the biliary 
tract is a requisite to precipitate cholangitis.

Bile flowing from the liver into the duodenum 
is usually sterile and washes down any debris or 
bacterial contamination in the biliary tract. The 
Sphincter of Oddi acts as a natural barrier to biliary 
contamination, by preventing duodeno-biliary re-
flux. In addition, hepatic Kupffer cells secrete IgA 
and bile salts which sterilize the bile. Therefore, 
any obstruction to the flow of bile causes loss of 
these natural protective mechanisms and can po-
tentially lead to biliary infection or cholangitis [4].

Mechanisms proposed for the pathogenesis 
of cholangitis include bacterial ascent from the 
small bowel into the bile duct (ascending chol-
angitis), and less commonly bacterial transloca-
tion through the bowel wall followed by bacterial 
contamination of portal blood and hematogenous 
seeding of the biliary tree [5].

Patients with acute cholangitis are at risk for 
developing severe infection that can be fatal in 
up to 10 % unless timely and appropriate medical 
care is provided [5]. Advances in antibiotic ther-
apy and acute care, as well as expertise in biliary 
endoscopy, have resulted in reduced morbidity 
and mortality from acute cholangitis. However, 
this still remains a life-threatening disease and 
early determination of disease severity is essen-
tial to select appropriate therapy, particularly the 
timing of biliary decompression [6].

Case Study

A 35-year-old Indian male presented with right 
upper quadrant pain of 2 weeks duration, which 
gradually increased in intensity and was associ-
ated with fever and chills of five days duration. 
On physical examination, he was febrile with 
tachycardia and hypotension. He had icterus 
with tenderness in the right hypochondrium. His 
laboratory investigations revealed a serum total 
bilirubin of 7.1 mg/dl (normal < 2.0 mg/dl), alka-
line phosphatase 476 U/L (normal < 120 U/L), as-
partate transaminase 86 U/L (normal < 40 U/L), 
alanine transaminase 62 U/L (normal < 40 U/L), 
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serum albumin 2.9  gm/dl (normal 3.5–5.5  gm/
dl), and white blood cell count of 18,700 with 
90 % neutrophils. A transabdominal ultrasound 
revealed a large (128 × 103 mm) cystic lesion in 
the right lobe of the liver with internal echoes and 
bilateral intrahepatic ductal dilation (Fig. 6.1).

How Is Cholangitis Diagnosed?

Etiologies of Cholangitis

Biliary stones are the commonest cause of 
cholangitis. Other causes include benign and 
malignant bile duct strictures, primary scleros-
ing cholangitis (PSC), hepato-biliary infection 
by parasites, recurrent pyogenic cholangitis, ac-
quired immune deficiency syndrome cholangiop-

athy, and also following ineffective biliary tract 
instrumentation.

Clinical Presentation

Cholangitis can be characterized by Charcot’s 
triad, which is defined by fever (seen in about 
90 % of patients with cholangitis), abdominal 
pain (70 %), and jaundice (60 %) [7]. The pres-
ence of all three features is considered diagnostic 
of acute cholangitis [6]. Very sick patients may 
have additional features of altered mentation (in 
10–20 %) and hypotension (in 30 %) resulting 
in Reynolds’ pentad [8]. Laboratory abnormali-
ties include leukocytosis, hyperbilirubinemia, 
mild-to-moderate elevations of transaminases 
and alkaline phosphatase. Severe liver dysfunc-
tion with coagulopathy can occur as a result of 
prolonged or severe cholangitis, often associated 
with high morbidity and mortality.

Diagnostic Criteria

Some physicians base their diagnosis on clinical 
features, whereas others rely more on imaging 
studies or endoscopic confirmation of biliary ob-
struction and pus in the biliary tree. Diagnostic 
criteria for cholangitis called the Tokyo Guide-
lines were recently updated (Table  6.1) [5, 6]. 
These criteria combine clinical features, labo-
ratory data, and imaging studies in an attempt 
to establish the diagnosis and severity of acute 
cholangitis with greater accuracy [6]. The sen-
sitivity of the Tokyo guidelines is significantly 

Table 6.1   Updated Tokyo guidelines: diagnostic criteria for acute cholangitis systemic inflammation. (Adapted from [6])
A1 Fever (> 38 °C) and/or shaking chills
A2 Laboratory data: evidence of inflammation (white blood cells < 4 or > 10 thousand per uL, CRP > 1 mg/L2
A Cholestasis
B1 Jaundice (total bilirubin > 2 mg/dL)
B2 Laboratory data: ALP, GGT, AST, ALT > 1.5 X upper limit of normal
B Imaging
C1 Biliary dilation
C2 Evidence of cause on imaging (stricture, stone, stent, and so forth.)
Definite diagnosis: 1 item each in A, B, and C
Suspected diagnosis: 1 item in A plus 1 item in either B or C

Fig. 6.1   Transabdominal ultrasound revealing a large 
(128 × 103  mm) cystic lesion in right lobe of liver with 
internal echoes
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higher than Charcot’s triad (92 versus 26 %) at 
the expense of decrease in specificity (78 versus 
96 %) [6]. Table 6.2 summarizes the criteria for 
determining severity of cholangitis. Severe chol-
angitis requires organ dysfunction while moder-
ate cholangitis necessitates a couple of clinical 
and laboratory findings. Assessing severity is 
important to determining appropriate timing of 
biliary drainage. The severity of acute cholan-
gitis can vary from a mild, self-limiting form to 
life-threatening disease with hemodynamic insta-
bility and septic shock. Accurate diagnosis and 
early severity assessment are imperative to guide 
the type and timing of therapy.

Imaging

Several imaging modalities can be considered in 
patients with acute cholangitis to determine the 
cause and site of biliary obstruction. These in-
clude transabdominal ultrasound (US), abdomi-
nal CT scan, magnetic resonance cholangiopan-
creatography (MRCP), endoscopic ultrasound 
(EUS), endoscopic retrograde cholangiopancrea-
tography (ERCP), and percutaneous transhepatic 
cholangiography (PTC).

The selection of imaging modality depends on 
the ease of availability and clinical condition of the 
patient. Although ERCP is the most sensitive diag-
nostic test for cholangitis and also offers therapeu-
tic option at the same session, the procedure itself 
and need for sedation carry significant risks in 
critically ill patients; therefore, non-invasive im-
aging studies (US, CT, MRCP) or lower-risk endo-
scopic tests (EUS) are often required. The choice 
of imaging modality and the order in which they 
are performed depends primarily on the clinical 
stability of the patient and the cause of obstruction.

Ultrasound is usually the initial imaging modal-
ity of choice. It is highly sensitive and specific for 
confirming the presence of gallstones and detect-
ing biliary dilatation; however, its ability to detect 
bile duct stones is low, with a sensitivity ranging 
from 20 to 50 % [9]. A CT scan is useful when dif-
ferential diagnoses include malignancy, chronic 
pancreatitis, or common bile duct (CBD) stone [10, 
11]. MRCP is superior to US and CT for imaging 
the biliary tree and detecting bile duct stones [10, 
11]. The sensitivities of EUS and MRCP for detect-
ing bile duct stones are comparable [12, 13]. How-
ever, the accuracy of MRCP for small lesions and 
stones smaller than 6 mm is limited [14]. EUS is 
highly sensitive and specific for imaging the biliary 

Table 6.2   Updated Tokyo guidelines: severity assessment for acute cholangitis. (Adapted from [6])
Grade III (Severe) acute cholangitis
“Grade III” acute cholangitis is defined as acute cholangitis that is associated with the onset of dysfunction in at 
least one of any of the following organ/systems:

1. Cardiovascular dysfunction Hypotension requiring dopamine  ≥5 μg/kg per min. or any dose of 
norepinephrine

2. Neurological dysfunction Disturbance of consciousness
3. Respiratory dysfunction PaO2/FiO2 ratio <300
4. Renal dysfunction Oliguria, serum creatinine >2.0 mg/dl
5. Hepatic dysfunction PT-INR >1.5
6. Hematological dysfunction Platelet count <1,000,000/mm3

Grade II (moderate) acute cholangitis

“Grade II” acute cholangitis is associated with any two of the following conditions:
1. Abnormal WBC count (>12,000/mm3, <4,000/mm3)
2. High fever (≥39°C)
3. Age (≥75 years old)
4. Hyperbilirubinemia (total bilirubin ≥ 5mg/dL)
5. Hypoalbuminemia (<STD x 0.7

Grade I (mild) acute cholangitis

“Grade I” acute cholangitis does not meet the criteria of “Grade III (severe)” or “Grade II (moderate)” acute chol-
angitis at initial diagnosis.
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tree and the pancreas to evaluate for obstructing 
lesions, with the additional option of fine-needle 
aspiration (FNA) in the same session. An EUS 
evaluation before ERCP is being accepted as a 
preferred management strategy for patients with 
low or intermediate probability for bile duct stones 
or tumor. EUS helps select patients for therapeutic 
ERCP, which can occur in the same session.

The non-invasive and less invasive tests (US, 
CT, MRCP, EUS) may be performed in a clinical-
ly stable patient with low or moderate likelihood 
of cholangitis; however, in a severely ill patient 
with high probability of cholangitis, it is prudent 
to proceed directly to ERCP or EUS followed by 
ERCP. ERCP is the gold standard test for diag-
nosing biliary obstruction and also serves as a 
therapeutic modality by facilitating initial biliary 
drainage. Because it is the most invasive of mo-
dalities with highest potential morbidity, ERCP 
is preferred when a therapeutic intervention is 
planned and not as a purely diagnostic modality 
for evaluation of cholangitis [15, 23].

Organisms

The typical organisms cultured in the blood and 
bile are the usual bacteria found in the gastro-
intestinal tract, namely, E. coli, Enterobacter, 
Enterococcus, and Klebsiella. However, instru-
mentation may allow Pseudomonas, skin, and 
oral flora to be introduced into the biliary sys-
tem [16]. Escherichia and Klebsiella are the most 
common microorganisms identified in the biliary 
system with the rate of extended spectrum beta 
lactamase (ESBL) producers being greater than 
20 % [17]. This high rate of ESBL producers in 
these organisms implies the necessity for broad-
spectrum antibiotic coverage when traditional an-
tibiotics are insufficient to control infection [18].

How Is Cholangitis Managed?

Initial Medical Management

Initial management includes intravenous fluids, 
broad-spectrum antibiotics, and correction of any 
underlying coagulopathy. The choice of antibiot-

ic should be based on severity of the illness, set-
ting of infection (community acquired or hospital 
acquired), presence of underlying hepato-biliary 
disease, history of biliary instrumentation or sur-
gery such as bilio-enteric anastomosis, age and 
immune status of the patient, and local suscep-
tibility patterns [4, 6, 19]. For mild-to-moderate 
cholangitis, 2–3 days of a first or second-genera-
tion cephalosporin such as cefoxitin, a penicillin 
with a β-lactamase inhibitor such as ampicillin 
and sulbactam, or a fluoroquinolone is recom-
mended. Severe cholangitis can be treated with 
piperacillin and tazobactam, a third- or fourth-
generation cephalosporin such as ceftriaxone 
with or without metronidazole for 5–7 days. The 
final antibiotic choice should be tailored to the 
final blood and bile culture results.

ERCP: When and How?

After initial clinical stabilization, biliary decom-
pression should be performed to resolve cholan-
gitis. Non-surgical methods are the procedures of 
choice, with ERCP preferred over percutaneous 
drainage. In special circumstances, EUS may be 
used to assist in drainage either in a rendezvous 
procedure or in antegrade stent placement.

While patients with mild cholangitis may be 
treated with antibiotics and elective ERCP, pa-
tients with moderate cholangitis should undergo 
biliary drainage within 24–48 h, and severe chol-
angitis requires urgent biliary drainage within 
24  h. ERCP should not be delayed longer than 
72  h as this is associated with worse outcome 
including death, persistent organ failure, and/or 
intensive care unit stay and increased length of 
hospital stay [20].

During ERCP in a patient with cholangitis 
after wire-guided cannulation, bile and/or pus 
should be aspirated first to decompress the biliary 
system and sent for culture. In addition, it may be 
better to perform a sphincterotomy and allow the 
infected bile and pus to drain out before inject-
ing contrast to delineate the anatomy. Excessive 
injection of contrast in the obstructed biliary sys-
tem should be avoided to prevent systemic spread 
via cholangio-venous reflux. Contrast should be 
injected gently and less than the amount of bile 
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aspirated. Even if no definite stones are identified 
during ERCP, performing biliary sphincterotomy 
for drainage is reasonable in patients with clini-
cal suspicion of acute cholangitis from choledo-
cholithiasis. In a very sick patient, it is advisable 
to rapidly establish drainage of the obstructed 
biliary system by placing a stent or nasobiliary 
drainage catheter, and later perform an elective 
ERCP for bile duct clearance. One should re-
member that patients with obstructed bile ducts 
are at highest risk of developing septic compli-
cations following ERCP, especially when bili-
ary drainage is incomplete [19, 21]. Therefore, 
if ERCP is unsuccessful especially with retained 
contrast, urgent biliary drainage percutaneously 
or with another endoscopist should be performed.

Case Continued

After fluid resuscitation and administration of 
parenteral broad-spectrum antibiotics, the pa-
tient underwent an ERCP which revealed a large 
amount of thick membranes that were impacted 
at the papillary orifice (Video 6.1, Fig.  6.2). 
He underwent a wire-guided biliary sphincter-
otomy but without any contrast injection in the 
bile duct. Copious amounts of frank pus and a 
few membranes spontaneously ejected out of 
the papilla. Subsequent gentle contrast injection 
showed a dilated CBD with multiple floating ir-
regular filling defects and a large ovoid filling 
defect (Fig. 6.3a). There was also a large intrahe-
patic cavity communicating with the biliary duc-
tal system at the intrahepatic ductal confluence 
(Fig.  6.3b). Multiple balloon sweeps were per-
formed to clear the CBD resulting in the extrac-
tion of multiple membrane-like structures (Video 
6.2). A naso-biliary catheter was then inserted to 
irrigate the cystic cavity with normal saline for 
96 h. A contrast-enhanced computed tomography 
(CECT) of the abdomen revealed pneumobilia 
and a large intrahepatic thin-walled cystic lesion 
with air pockets communicating with the biliary 
ductal system (Fig. 6.4).

How Should Parasitic Biliary 
Infections Be Managed?

Parasitic infestations of the biliary tract are a 
common cause of biliary obstruction in tropical 
countries, which can lead to complications of 

Fig. 6.3   a Cholangiogram 
revealing multiple filling 
defects (membranes) in the 
CBD with a large ovoid 
filling defect near the 
confluence (daughter cyst). 
b Cholangiogram reveals 
a large intrahepatic cavity 
communicating with the 
intrahepatic ductal system 
at the level of the ductal 
confluence

 

Fig. 6.2   Thick hydatid membranes are seen protruding 
out of the ampulla at duodenoscopy
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cholangitis and cholangiocarcinoma. Widespread 
international travel and immigration have led cli-
nicians in non-endemic countries to encounter 
these conditions. Ascariasis, hydatidosis, clo-
norchiasis, opisthorchiasis, and fascioliasis are 
the common hepato-biliary parasites, which may 
present with cholestasis, obstructive jaundice, 
biliary colic, acute cholangitis, and occasionally 
as pancreatitis. In patients with biliary ascaria-
sis and hydatid disease, radiological assessment 
usually assists in diagnosis. However, the diag-
nosis of other biliary parasites (clonorchiasis, 
opisthorchiasis and fascioliasis) in non-endemic 
areas always remains a clinical challenge. Medi-
cal therapy remains the mainstay of treatment. 
Endoscopic therapy with biliary sphincterotomy 
and bile duct clearance is useful in the manage-
ment of biliary complications caused by these 
parasites.

Ascariasis

Ascaris lumbricoides or round worm is an active-
ly motile parasite which resides in the proximal 
small bowel of an infected person. It can invade 
the papilla and migrate inside the bile duct caus-

ing biliary obstruction, cholecystitis, or cholan-
gitis [22]. This migration is enhanced by prior 
biliary sphincterotomy or bilio-enteric anasto-
mosis [23]. Ascariasis-related biliary disease is 
common in areas where the rate of Ascaris in-
fection is high. In India, the Kashmir valley is a 
highly endemic region for ascariasis, exceeding 
gallstones as a cause of biliary tract disease (37 
versus 35 %) [24]. Similarly, in Ecuador, which 
is also endemic for ascariasis, more than 11 % of 
patients with gallbladder or biliary tract compli-
cations have ascaris worms in their biliary tract 
[25]. Biliary ascariasis has been reported to ac-
count for 10–19 % of ascaris related hospital ad-
missions [24]. Although hepato-biliary ascariasis 
is common in endemic areas, due to increased 
and widespread travel and population migration, 
ascariasis is now a worldwide problem with bili-
ary ascariasis also being reported from non-en-
demic areas [26, 27].

Diagnosis of biliary ascaris is confirmed by 
abdominal US or ERCP. Ultrasonographic fea-
tures suggestive of biliary ascariasis include the 
presence of long, linear, parallel echogenic struc-
tures without acoustic shadowing and the “four 
lines sign” of non-shadowing echogenic strips 
with a central anechoic tube representing the di-
gestive tract of the parasite [28].

During endoscopy, the worm can be seen in 
the duodenum or protruding from the papilla 
(Fig.  6.5). At ERCP, cholangiographic features 
of Ascaris worm include the presence of long, 

Fig. 6.5   Ascaris worm protruding out of the ampulla in a 
patient with cholangitis

 

Fig. 6.4   Contrast-enhanced computed tomography re-
vealing a large intrahepatic thin-walled cystic lesion with 
air pockets that is communicating with the biliary ductal 
system
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smooth, linear filling defects with tapering ends 
(Fig. 6.6a); smooth, parallel filling defects; curves 
and loops crossing the hepatic ducts transversely; 
and dilatation of the CBD [29]. With cholangios-
copy, the worm can be visualized directly within 
the bile duct (Fig. 6.6b).

Treatment 
Endoscopy is the mainstay of treatment for bili-
ary ascariasis [30–33]. An intact worm is rela-
tively easy to extract when it protrudes out of the 
papilla. The projecting part of the worm in the 
duodenum is grasped with a rat tooth or alligator 
type forceps, and then the endoscope is gradually 
withdrawn as one unit out of the patient’s mouth. 
A basket can also be used with the outer end of 
the worm maneuvered into the strings of the bas-
ket and gently held before extraction [33]. It is 
better to avoid the use of a snare for ascaris worm 
removal, as it often tends to cut the protruding 
part on tight closure. Remnants of worm inside 
the CBD can then lead to stone formation, and 
hence efforts should be made to ensure complete 
biliary clearance [31].

Extraction of the culprit biliary worm is usu-
ally associated with rapid symptom relief and 
is successful in more than 80 % of patients [33, 
34]. However, internal biliary migration of the 
worm may be associated with biliary calculi or 
strictures, which can be managed during ERCP 
[32]. Following endoscopic therapy, all patients 
should receive anti-helminthic medication to 
eradicate the remaining worms. A single oral 
dose of albendazole (400 mg) is highly effective 
against ascariasis [34]. For residents of endemic 

areas, periodic “de-worming” may have a useful 
role in preventing recurrence.

Echinococcus Granulosus

The “domestic strain” of Echinococcus granulo-
sus or dog tapeworm is the main cause of human 
hydatid disease. Infections are found worldwide 
and remain endemic in sheep raising areas. The 
life cycle involves two hosts: the adult tapeworm 
is usually found in dogs (definitive host) while 
the sheep (intermediate host) are the usual host 
for larval stages. Human exposure is via oral fecal 
route. Contaminated food or water having embry-
onated eggs from the feces of dogs, when acci-
dentally ingested by humans, lead to the infection 
[35]. The embryonated eggs hatch in the small 
intestine of humans and liberate oncospheres that 
migrate through the portal circulation to distant 
sites. The right lobe of the liver is the most com-
mon site for hydatid cyst formation. After infec-
tion, the vast majority of humans are usually as-
ymptomatic for a long period of time, since cyst 
growth in the liver is usually slow with growth 
rate ranging from 1 to 5 mm in diameter per year 
[36]. In suspected patients, abdominal imaging 
with ultrasound or CECT combined with sero-
logic studies usually establishes the diagnosis.

In about 25 % of hepatic hydatid patients, the 
cyst ruptures into the biliary tree causing obstruc-
tive jaundice [37, 38]. Contents of the cyst (scoli-
ces and daughter cysts) which rupture into biliary 
tract may cause partial or complete obstruction of 
bile duct resulting in obstructive jaundice, chol-
angitis, and sometimes cholangiolytic abscesses. 

Fig. 6.6   a ERCP in a pa-
tient with ascariasis reveals 
a long smooth linear filling 
defect with a tapered end, 
located above the mid CBD 
stricture. b Cholangioscopy 
in the same patient reveals 
an ascaris worm with fold-
ed appearance in the CBD
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Rarely, acute pancreatitis complicates intra-bili-
ary rupture of hydatid cyst [39].

Cysto-biliary communication is reported in 
10–42 % of patients [40, 41]. Cysto-biliary com-
munications are often recognized at surgery 
when cysts are stained with bile. Unrecognized 
cysto-biliary communications may present in 
the post-operative period as a persistent biliary 
fistula leading to prolonged hospitalization and 
increased morbidity.

Treatment 
Treatment of hydatid disease involves anti-hel-
minthic therapy (Albendazole) combined with 
surgical resection of the cyst. Endoscopic inter-
vention plays an important role when intra-bili-
ary rupture of the hydatid cyst occurs [42, 43] or 
in the management of biliary complications fol-
lowing surgery [30, 44–47].

Intra-biliary rupture is a common but seri-
ous complication of hepatic hydatid cyst. This 
usually occurs because of higher pressure in the 
cyst of up to 80 cm H2O [48]. ERCP is indicated 
when intra-biliary rupture is suspected clinically 
(because of jaundice), biochemically (because of 
cholestasis) or sonographically (dilated biliary 
ductal system in association with hydatid cysts 
in the liver) [36, 46, 49]. Duodenoscopy occa-
sionally reveals whitish yellow, glistening mem-
branes lying in the duodenum, or protruding from 
the papilla as observed in the patient presented in 
this chapter (Video 6.1, Fig. 6.2). On cholangiog-
raphy, the hydatid cyst remnants may appear as 
(i) filiform, linear wavy material in the CBD rep-
resenting the laminated hydatid membranes, (ii) 
round or oval lucent filling defects representing 
daughter cysts floating in the common bile duct, 
or (iii) brown, thick, amorphous debris [47, 50]. 
Cholangiography often reveals minor communi-
cations, particularly with peripheral ducts, which 
are of unclear clinical significance.

In patients presenting with obstructive jaun-
dice or cholangitis, endoscopic biliary sphinc-
terotomy facilitates extraction of the cysts and 
membranes using a basket or a biliary stone 
extraction balloon [51, 52]. Saline irrigation of 
the bile duct is necessary to flush out the hydatid 
sand and small daughter cysts. Life-threatening 

episodes of acute cholangitis can be managed 
by initial nasobiliary drainage as a temporizing 
method, followed later by extraction of hydatid 
cysts and membranes after sphincterotomy. The 
nasobiliary drain fluid can be examined for hy-
datid hooklets or membranes. Endoscopic man-
agement of acute biliary complications enables 
definitive surgery to be performed electively. 
Rarely, rupture of the hydatid cyst can be treated 
effectively by endoscopy alone [53].

If a hydatid cyst is freely communicating with 
the biliary ductal system, a hydrophilic guide 
wire can be negotiated into the cyst; a nasobiliary 
catheter can then be inserted to facilitate empty-
ing of the cyst contents. Irrigating the cyst using 
hypertonic saline solution through the nasobili-
ary catheter ensures sterilization of the germi-
nal layers and also the remaining daughter cysts 
[54]. However, in extensive disease with multiple 
communications between the bile duct and cyst, 
hypertonic saline irrigation should be avoided for 
fear of causing biliary strictures by seepage of 
the hypertonic saline solution into the bile duct 
[55, 56]. There have been only a handful of case 
reports of successful non-surgical management 
of complicated hydatid disease using only ERCP 
and medical therapy [57].

Biliary complications following hydatid liver 
disease surgery can occur in up to 14–16 % of 
patients [43, 58]. Early post-operative compli-
cations include persistent biliary fistula and ob-
structive jaundice. Sclerosing cholangitis and 
sphincter of Oddi stenosis are late post-operative 
complications. Persistent biliary fistula is a com-
mon post-operative complication occurring in 
50–63 % of patients following surgery [44, 61]. 
Unrecognized cysto-biliary communications 
manifest as persistent biliary drainage through 
the T-tube or an external biliary fistula in the 
post-operative period. Low-output fistula (less 
than 300  ml/day) close spontaneously after a 
mean duration of 4 weeks. Patient with high-out-
put fistulae require endoscopic intervention [43]. 
Endoscopic biliary sphincterotomy and ductal 
clearance followed by biliary stent placement for 
approximately 4–8 weeks is usually sufficient to 
achieve fistula closure. Biliary sphincterotomy 
alone may also be effective [52].
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Obstructive jaundice occurs in up to 2 % of 
patients following surgical resection of hydatid 
cyst. This typically presents within 2–4 weeks 
of surgery [36, 47, 52, 54]. Obstructive jaundice 
results from CBD obstruction by echinococcal 
remnants in the presence of cysto-biliary com-
munication. In such cases, endoscopic biliary 
sphincterotomy and ductal clearance followed 
by internal stenting is required for approximately 
4–8 weeks to achieve fistula closure.

Sclerosing cholangitis and sphincter of Oddi 
stenosis are seen in patients in whom formalin is 
used to sterilize the cysts during surgery. Seepage 
of formalin into bile ducts through minor com-
munications results in inflammatory changes and 
stricture formation in the long term. Most scolicidal 
agents are associated clinically or experimentally 
with this complication. Among the various scoli-
cidal agents available, hypertonic saline (20 %) is 
most preferred [59, 60]. These complications can 
be treated endoscopically by biliary sphincteroto-
my and bile duct stenting with or without dilata-
tion of the stricture using biliary balloons.

Clonorchis Sinensis

Clonorchis sinensis (Opisthorchis sinensis), or 
Chinese liver fluke, is a trematode (flat worm), 
commonly found in South East and Far East 
Asian countries, mainly China, Japan, Korea, 
Taiwan, and Vietnam. It is estimated that about 
35 million people are infected globally, of which 
about 40 % are in China [61]. It harbors in the 
biliary tract of humans and other fish-eating ani-
mals. Liver flukes have a long life span of 10–30 
years; which may lead to East Asian immigrants 
developing clinical features of this infection 
years or decades after leaving the endemic area 
[62]. Opisthorchis felineus and Opisthorchis vi-
verrini are other trematodes, which cause similar 
clinical manifestations.

Clonorchiasis is acquired in humans from 
eating infested raw fresh water fish (carp and 
salmon family). The infective metacercariae 
adhere to the common bile duct and migrate 
along the epithelial lining of the duct into the 
intrahepatic ducts, where they mature into flat, 

elongated, 10–23-mm-long adult worms. The 
smaller branches of the left lobe of liver are more 
commonly involved where the adult worm at-
tains maturity in about 1 month and starts lay-
ing eggs. The migration of the immature flukes 
causes trauma, ulceration, and desquamation of 
the bile duct epithelium. Adenomatous hyper-
plasia and goblet cell metaplasia develop as a 
result of epithelial injury and may lead to encap-
sulating fibrosis of the bile duct. While a single 
exposure to the parasite is of little significance, 
repeated exposures provoke diffuse involvement 
of the biliary tree, including the large bile ducts 
and gallbladder. The average infection leads to 
harboring of about 20–200 adult flukes, which 
can increase up to 20,000 flukes during a heavy 
infection. Dilated sub-capsular bile ducts, adeno-
matous ductal hyperplasia with or without peri-
ductal fibrosis, and eosinophilic infiltration are 
seen in early infections. Cirrhosis may develop in 
patients with repeated infections in later phases. 
The endemic areas of Clonorchiasis and Opis-
thorchiasis coincide with the geographical distri-
bution of liver tumors in Southeast Asia, notably 
that of cholangiocarcinoma [63].

Biliary clonorchiasis has a protean clinical 
presentation. The majority of patients with low 
parasite loads remain asymptomatic. Patients 
with high parasite load present with cholangitis, 
cholangiohepatitis or intrahepatic calculi. The 
liver fluke causes mechanical obstruction of bile 
flow; subsequent bile stasis predisposes to chol-
angitis which leads to the death of the fluke with-
in the biliary tract. Paroxysms of colicky upper 
abdominal pain and cholangitis are often con-
fused with gallstone disease. Biliary calculi may 
coexist as the eggs of parasite acts as a nidus for 
stone formation. Chronic infection is associated 
with the development of cholangiocarcinoma.

Clonorchiasis should be suspected in any pa-
tient who has lived in or has traveled to an en-
demic region, consumed raw fresh water fish, 
and subsequently developed clinical signs con-
sistent with a biliary or hepatic disease.

Treatment 
In patients presenting with acute cholangitis, 
ERCP with biliary sphincterotomy and ductal 



104 S. Lakhtakia and S. Varadarajulu

decompression is the treatment of choice [64]. 
Aspirated bile may show adult worms and ova. 
Cholangiographic features of clonorchiasis in-
clude mulberry-like appearance due to multiple 
saccular or cystic dilatations of the intra-hepatic 
bile ducts; the “arrow head sign” due to rapid ta-
pering of the intrahepatic bile ducts towards the 
periphery; and decrease in the number of intrahe-
patic radicles due to portal and peri-portal fibro-
sis. Ductal irregularities are due to adenomatous 
hyperplasia, which vary from small indentations 
to hemispherical filling defects. A scalloped ap-
pearance is seen as filamentous, wavy, and ellip-
tical shaped filling defects. Endoscopic biopsy or 
brush cytology is indicated whenever cholangio-
carcinoma is suspected. Surgical intervention is 
indicated in patients with hepatolithiasis compli-
cated by multiple biliary strictures.

All patients with biliary clonorchiasis should 
receive Praziquantel (75 mg/kg per day in three 
divided doses for 2 days) to eradicate the infec-
tion. Biliary ductal abnormalities usually persist 
even after successful drug therapy [65].

Fasciola Hepatica

Fascioliasis is caused by the trematode Fasciola 
hepatica, the sheep liver fluke. The adult worm 
is flat, leaf-shaped, measuring 30  × 13 mm, and 
resides in the intrahepatic biliary tract. The de-
finitive host is sheep, making this an important 
veterinary disease. A wide variety of mammalian 
ruminants (goats, cattle, horses, camels, hogs, 
rabbits, and deer) are also commonly infested. 
Intermediate hosts include numerous species of 
snail, both amphibious and aquatic forms. Due 
to the wide range of definitive and intermediate 
hosts, the disease is geographically widespread 
and occurs worldwide. Physicians should there-
fore be aware of the possibility of infection in all 
geographical areas. Peru and Bolivia have report-
edly the highest endemicity [66].

Fascioliasis occurs where watercress (plant 
that grows in water and has leaves that are eaten 
in salads and sandwiches) is common and hence 
is epidemiologically linked to the distribution of 
the intermediate snail host populations in fresh-

water areas. Human infection occurs following 
ingestion of watercress that is infested with meta-
cercariae, the infective form of the fluke. These 
larvae pass through the duodenal wall into the 
peritoneal cavity and migrate toward the liver.

Fascioliasis occurs in two stages. First, the 
“acute or hepatic” phase of illness occurs when 
the organism (metacercariae) penetrates the liver 
capsule and migrates through the numerous tracts 
in the liver parenchyma to finally lodge in the bil-
iary tract where they mature into adult flukes. In 
the acute phase patients usually present with dys-
pepsia followed by an acute onset of fever and 
abdominal pain, particularly in the right upper 
quadrant. Urticaria and eosinophilia may be pres-
ent. These symptoms are due to the inflammatory 
response caused by the migrating larvae. In about 
half of acute phase cases, the infection remains 
subclinical. This acute phase usually lasts for 3 
months following ingestion of the metacercariae.

The second is the “chronic or biliary” phase 
which occurs when the parasite enters the bili-
ary tract about 3–4 months after ingestion of the 
contaminated meal. Patients typically present 
with jaundice, fever, and right upper quadrant 
pain. Rare manifestations are acalculous chole-
cystitis, severe hemobilia, and acute pancreati-
tis [67, 68]. In the chronic stage, motile flukes 
may be visualized in the gallbladder. Liver func-
tion tests reflect a cholestatic picture. Serologi-
cal tests (FAST-enzyme linked immunosorbent 
assay [ELISA]/Falcon assay screening test or dot 
blot ELISA) are highly sensitive (95–100 %) and 
specific (97 %) for diagnosis.

Inflammation due to toxic metabolites and 
mechanical effects of the larvae in the bile ducts 
leads to epithelial necrosis and adenomatous 
changes, eventually leading to biliary fibrosis. 
These changes further evolve into cystic dilata-
tion, total or partial obstruction of bile ducts, peri-
portal fibrosis and cirrhosis. Although the fibrotic 
changes are likely to persist despite successful 
therapy, some of the ductal changes are revers-
ible. The adult form has a life span of approxi-
mately 9–13 years. Eggs or dead parasites can 
form a nidus for calculus formation, potentially 
leading to intra or extrahepatic biliary calculi.
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Treatment
Oral drug therapy is the standard treatment for 
hepatic fascioliasis. Triclabendazole (10  mg/kg 
as a single dose) is the drug of choice. In severe 
or persistent infections, two doses of 10  mg/
kg administered orally 12–24 h apart is recom-
mended [69]. An alternative drug is Bithionol 
(30–50 mg/kg on alternate days for 10–15 doses). 
Patients should be advised about biliary colic 
during therapy caused by expulsion of parasites 
or parasite fragments, which usually occur 2–7 
days after starting the medications.

Endoscopic therapy is required when biliary 
complications occur or medical therapy fails and 
in management of severe infection with multiple 
worms. During ERCP, Fasciola appear as small, 
radiolucent linear, or crescent-like shadows with 
jagged, irregular margins in the gallbladder or in 
dilated bile ducts [70]. Biliary fascioliasis has 
also been diagnosed on EUS, which shows a 
dilated common bile duct containing a floating, 
linear structure [71]. The worms can be extracted 
by using a balloon catheter or basket following 
biliary sphincterotomy. Patients usually harbor a 
single Fasciola worm in the bile duct with an oc-
casional one in the gallbladder. When worms are 
present in the gallbladder or in the intrahepatic 
biliary radicles where they are not amenable to 
mechanical extraction, irrigating the biliary sys-
tem with 20 ml of 2.5 % povidone iodine solution 
(5 ml of 10 % povidone iodine plus 15 ml of con-
trast material) during ERCP is helpful [72]. Bile 
aspirated may be examined for parasite eggs. It 
is essential to achieve adequate drainage particu-
larly in patients with acute cholangitis.

The successful management of “massive 
forms” of biliary fascioliasis, where dozens or 
hundreds of mature parasites reside in the in-
trahepatic and extrahepatic ducts, has been de-
scribed [73]. The initial step is extraction of para-
sites in the CBD with a basket or balloon cath-
eter, followed by 10-minute instillation of 20 ml 
of 2.5 % povidone iodine solution (5 ml of 10 % 
povidone iodine plus 15 ml of contrast material) 
with balloon occlusion of the common hepatic 
duct. The ducts are then washed with saline solu-
tion, and the dead parasites are removed with a 
basket or balloon. Repeat treatment may be re-

quired for complete parasite clearance. In cases 
with cholangitis and liver abscesses, nasobiliary 
drain with povidone iodine flushing repeated 
three times under direct fluoroscopic control may 
be beneficial.

Recurrent Pyogenic Cholangitis

Recurrent Pyogenic Cholangitis, also known as 
“intrahepatic stone disease” and “Oriental chol-
angiohepatitis,” was originally described in the 
natives of Hong Kong in the 1930s. This dis-
ease is a recognized common problem in East 
and Southeast Asia, especially Taiwan, Japan, 
Korea, Vietnam, Malaysia, Singapore, and the 
Philippines [74]. It has also been reported in 
India, Mexico, and Central and South America 
and among Caucasians [75]. Recent trends in 
Asian immigration have led to increases in the 
prevalence and recognition of this condition in 
the United States [76]. Recurrent pyogenic chol-
angitis affects both sexes equally and occurs in 
all ages.

The cause of recurrent pyogenic cholangitis is 
unknown, although the disease originates in the 
intrahepatic bile ducts. Bacterial infection of the 
biliary tree by way of the portal vein is postulated 
to be the crucial, if not the inciting event. The 
enteric bacteria that enter the biliary tract possess 
beta glucuronidase activity and cause the decon-
jugation of bilirubin glucuronide. The deconju-
gated bilirubin precipitates with calcium in the 
bile and forms insoluble calcium bilirubinate or 
bilirubin-pigment stones, which are characteristi-
cally soft, brown, and friable [77]. Intrahepatic 
stone formation is then thought to initiate a cycle 
of recurrent cholangitis and the formation of ad-
ditional stones.

The predisposing factors to biliary tract infec-
tion in recurrent pyogenic cholangitis are not well 
understood. The high rate of infestation with bili-
ary parasites such as Clonorchis sinensis and As-
caris lumbricoides found in some series suggests 
that these parasites induce ductal injury and stric-
ture formation by evoking an exuberant inflam-
matory response and that secondary pyogenic 
infection leads to stone formation and recurrent 
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cholangitis [78, 79]. However, parasites are re-
covered from stool specimens in only 5–25 % of 
patients with recurrent pyogenic cholangitis [80].

With this disease, there is intense periductal 
inflammation, fibrosis, portal tract edema, stric-
tures, and biliary ductal dilatation. In advanced 
stages, the intrahepatic ducts may become cysts 
filled with stones or sludge, resembling the cysts 
seen in Caroli’s disease. Intrahepatic pyogenic 
abscesses, sometimes accompanied by aerobilia, 
may develop. The abscesses may be monomicro-
bial or polymicrobial. Cultures may yield either 
aerobic or anaerobic enteric bacteria or both. 
Often, the abscesses do not obviously commu-
nicate with the biliary tree because of superim-
posed obstruction.

The clinical presentation of recurrent pyogen-
ic cholangitis is often an initial episode of chol-
angitis in 15–33 % of cases [81]. Fever or sepsis 
may result from cholangitis, abscess formation, 
or pylephlebitis. The disease may be mistaken 
for acute cholecystitis, and many patients (60 % 
in one series) have a history of cholecystectomy 
without a finding of gallstones [82]. Cholangio-
graphic examination reveals stones in the intra-
hepatic bile ducts in nearly all patients and in the 
extrahepatic ducts in many. For unknown rea-
sons, the intrahepatic stones occur more often in 
the left ductal system. The CBD is thickened and 
may also be dilated.

Since obstruction and infection hasten the pro-
gression of recurrent pyogenic cholangitis, thera-
peutic goals include the complete clearance of 
biliary calculi and debris and adequate drainage of 
the affected segments of the biliary tree. Although 
ERCP is useful in the assessment of anatomical 
discontinuity and in the management of disease 
confined to the CBD, its role in the treatment of 
intrahepatic calculi has been limited, which typi-
cally requires surgical management [82].

Case Follow-Up

In the patient presented earlier, the presence of a 
daughter cyst (ovoid filling defect) and membranes 
in the common bile duct along with an intrahepatic 
cystic lesion communicating with the biliary ductal 

system was highly suggestive of hydatid disease. 
The diagnosis was confirmed by ELISA and indi-
rect hemagglutination. The patient was stabilized 
with biliary decompression and treated with alben-
dazole 400 mg twice a day. He underwent elective 
surgical resection of the intrahepatic cyst and was 
doing well at 6-month follow-up.

Key Points

•	 Acute cholangitis is a medical emergency that 
requires urgent ERCP for biliary decompres-
sion.

•	 While gram-negative organisms are the most 
common cause of cholangitis, in endemic 
areas parasitic infections must be considered 
in the differential diagnosis.

•	 It is important to have basic knowledge of 
common parasites that can cause biliary 
obstruction, recognize clinical manifestations, 
and know how to initiate appropriate diagnos-
tic work-up.

•	 In addition to endoscopic biliary decompres-
sion, correct anti-parasitic medication regi-
men must be administered to eradicate the 
organism.

Video Captions

Video 6.1 Thick hydatid membranes are seen 
protruding from the ampulla at duodenoscopy

Video 6.2 Extraction of hydatid worm mem-
branes at ERCP
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Case Presentation

A 54-year-old man with known primary scleros-
ing cholangitis (PSC) presented to his hepatolo-
gist with jaundice. He was diagnosed with ulcer-
ative colitis and PSC 13 years ago. Since his initial 
diagnosis, he had undergone several endoscopic 
retrograde cholangiopancreatography (ERCP) 
procedures. The most recent ERCP was approxi-
mately a year ago during which intrahepatic duc-
tal changes of beading and strictures consistent 
with PSC were seen on the cholangiogram. The 
ERCP also showed small stones in the biliary tree 
that were successfully removed by sweeping the 
ducts. At that time there were no dominant stric-
tures that required endoscopic treatment.

His current episode of jaundice started rather 
abruptly a few days prior to his presentation. At 
presentation, his major complaint was diffuse 
itching of the skin. His weight had been stable. 
Serum bilirubin was elevated at 8.6 with alka-

line phosphatase 432. Serum CA 19-9 was also 
increased at 236. What should be the next step?

Non-invasive Investigation of Biliary 
Strictures

What Clues from the History and 
Laboratory Data Aid in Diagnosing 
Biliary Strictures?

History
The differential diagnosis of biliary strictures 
is broad (Table 7.1) In some cases clues in a pa-
tient’s history such as advanced age, significant 
weight loss or rapid onset of jaundice especially 
when painless, makes presence of malignancy 
more likely. On the other hand, a stricture after a 
complicated gallbladder surgery or history of liver 
transplantation with duct-to-duct anastomosis is 
suggestive of a benign post-surgical etiology, his-
tory of inflammatory bowel disease may indicate 
presence of PSC, history of alcohol abuse may 
suggest chronic pancreatitis and existence of other 
autoimmune disorders may suggest presence of 
autoimmune cholangitis or pancreatitis. Although 
historical clues by themselves cannot establish a 
diagnosis, they affect the pretest probability of the 
disease and influence choice of further diagnostic 
tests (Table 7.2) Historical and clinical data such 
as presence of other comorbid conditions may also 
affect the degree of aggressiveness for pursuing a 
final diagnosis. For instance, in a debilitated elder-
ly patient who is not a surgical candidate, estab-
lishing the benign or malignant nature of a biliary 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_7) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_7.
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stricture may not affect the treatment strategy and 
thus may be of little or no value.

Laboratory Work Up
Among the serum tumour markers used for dif-
ferentiating benign from malignant biliary stric-
tures, carbohydrate antigen 19-9 (CA19-9) is the 
most widely used and studied. CA19-9 has been 
reported to have wide variation in sensitivity (50–
90 %) and specificity (54–98 %) for distinguish-
ing between benign and malignant strictures [1–
3]. This wide variation likely results from differ-
ences in patient populations and the cut-off levels 
utilized for determining the outcome measures 
across studies. Although there is no agreement 
on the best threshold for diagnosing malignancy, 
higher cut-off levels offer increased specificity 
(lower false positive results) at the cost of lower 
sensitivity (higher false negative results).

In a review article published in 1990, Steinberg 
identified 24 studies that compared serum CA 
19-9 levels in patients with pancreatic cancer and 
controls. Combining data from the 24 studies, at 
a cut-off point of 37 U/mL, CA 19-9 was found to 
have an overall sensitivity of approximately 80 % 
and specificity of 90 % [4]. Increasing the cut-
off point to 100 U/mL increased the specificity 
to 98 % but reduced the sensitivity of the test to 
68 %. At a cut-off point of 1000 U/mL, specific-
ity approached 100 % but sensitivity was further 
reduced to only 41 % [4].

A similar article published in 2007 reviewed 
studies published from 1990 (the time of Stein-
berg’s review) to 2005 that had compared CA 
19-9 levels in pancreatic cancer patients versus 
controls [5]. Combining data from 22 studies in-
cluding 2283 patients showed a median sensitivity 
of 79 % (range 70–90 %) and a median specificity 

Table 7.1   Differential diagnosis of biliary strictures
Benign Malignant
Inflammatory Primary Cancer
Primary sclerosing cholangitis Pancreatic
Chronic pancreatitis Biliary
Acute pancreatitis Hepatocellular
Recurrent cholangitis Ampullary
Gallstone induced Gallbladder
Autoimmune (cholangitis or pancreatitis)
Iatrogenic Metastatic Cancer
Post cholecystectomy Intrahepatic
Liver transplantation Hilar lymph nodes
Other Systemic Cancer
Papillary stenosis Lymphoma
Ischemia
Radiation therapy
Pancreatic cysts
Mirizzi syndrome

Table 7.2   Historic and demographic clues and increased pretest probability of underlying conditions
Historic/demographic clue Increased likelihood of underlying pathology
Age (> 60) Cholangiocarcinoma
IBD (Ulcerative colitis or Crohn’s disease) Primary sclerosing cholangitis
Complicated gallbladder surgery (bile leak, conversion to open 

surgery, excessive use of clips)
Iatrogenic biliary stricture

Liver transplant recipient Benign anastomotic or ischemic stricture
Young female with autoimmune disorders Autoimmune cholangitis or pancreatitis
Recurrent cholangitis Benign stricture due to chronic inflammation
Radiation treatment in the right upper quadrant of the abdomen Radiation induced stricture

IBD inflammatory bowel disease
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of 82 % (range 68–91 %) for diagnosing pancre-
atic cancer using CA 19-9 as a tumour marker.

The authors noticed that presence of jaundice 
increased the number of false positive results and 
thus led to a fall in specificity of the test. Other 
studies have shown that CA 19-9 may be falsely 
elevated in benign biliary disease or cholangitis, 
with levels falling after relief of biliary obstruc-
tion or sepsis [6–10]. It has therefore been sug-
gested that elevated CA 19-9 levels should be re-
assessed after biliary stenting and relief of biliary 
obstruction or cholangitis [5, 11].

Serum CA 19-9 levels may be increased in 
non-pancreaticobiliary malignancies such as 
ovarian cancer, colon cancer and gastric cancer 
[12, 13]. In addition, elevated serum CA 19-9 
levels have been reported in various benign con-
ditions such a thyroiditis, lung disease, diabetes 
mellitus and ovarian cysts [14–20]. There are 
even reports that smoking status may influence 
serum CA 19-9 levels [21]. Furthermore, in ap-
proximately 5–10 % of the population who are 
negative for the Lewis antigen, CA19-9 is virtu-
ally undetectable [4, 5, 22]. Although CA 19-9 
is not a reliable marker for diagnosing malignant 
strictures, the test performs better when the levels 
are high in the absence of jaundice.

Several other potential tumour markers in the 
serum, bile and urine have been suggested to be 
more sensitive and specific than CA 19-9; how-
ever, the studies indicating their accuracy have 
not been replicated and their role in clinical prac-
tice remains uncertain [23–25].

Utility of Radiology Imaging in 
Differentiating Benign from Malignant 
Biliary Strictures

Cross-Sectional Imaging
Transabdominal ultrasound is frequently the 
initial diagnostic modality for investigation of 
suspected biliary pathology because of its non-
invasiveness, widespread availability and rela-
tively low cost. Dilated ducts on ultrasound are 
highly suggestive of biliary obstruction. Hilar 
lesions usually cause intrahepatic ductal dilata-
tion with normal caliber extrahepatic ducts, while 

more distal lesions cause both intrahepatic and 
extrahepatic ductal dilatation. Although transab-
dominal ultrasound is a relatively accurate test 
for evaluation of ductal dilatation, it cannot ac-
curately determine the etiology of an obstruction 
or reliably examine the distal part of the common 
bile duct, which is often obscured by air in the 
bowel [26, 27].

Abdominal CT is probably the most com-
monly used imaging modality for investigation 
of hepatobiliary pathology. Although CT is ex-
cellent for differentiating between resectable 
and unresectable tumours by demonstrating the 
location of the tumour and abdominal vessels on 
different imaging planes with high spatial resolu-
tion, it has suboptimal sensitivity for the detec-
tion of early tumours and for differentiating be-
nign from malignant strictures in the absence of 
a focal mass [27].

Since its first description in 1991, magnetic 
resonance cholangiopancreatography (MRCP) 
has evolved as a non-invasive alternative to 
ERCP for diagnosis of biliary disorders [28, 29]. 
MRCP takes advantage of the difference in T2-
weighted signal intensity between bile and sur-
rounding structures. While bile has a high signal 
intensity on T2-weighted images, the surrounding 
structures do not enhance and can be suppressed 
during image analysis [30]. MRCP can demon-
strate the site and extent of biliary strictures with 
a reported sensitivity of 91–100 % (Fig. 7.1) [29]. 
In patients with PSC, MRCP is not as sensitive 
as ERCP in the detection of early changes, but 
is useful for follow-up of established cases [29]. 
On MRCP, a typical benign stricture involves a 
short segment with a regular margin and symmet-
ric narrowing, while malignancy is suggested by 
long (> 10 mm), asymmetric and irregular stric-
tures [29, 31]. However, these criteria are neither 
sensitive nor specific to reliably distinguish ma-
lignant from benign strictures [27, 32, 33].

The “double duct sign” refers to simultane-
ous dilatation of the common bile and pancreatic 
ducts. Although this sign was initially described 
by ERCP, nowadays it is more commonly detect-
ed by other imaging modalities such as MRCP, 
CT or ultrasound [34]. The classic double-duct 
sign was thought to be pathognomonic of a 
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malignant process involving the distal bile duct 
or pancreatic duct [35]. However, we know now 
that many patients with a double duct sign have 
benign disease (Fig. 7.2) [35, 36].

Case Continued

Radiologic imaging was indicated. Dual phase 
computed tomography (CT) of the abdomen was 
obtained and revealed no focal mass. Diffuse 
moderate intrahepatic biliary dilation was visual-
ized. Now what?

Invasive Investigation of Biliary 
Strictures

What Cholangiographic Features Help 
Differentiate Benign From Malignant 
Biliary Strictures?

Endoscopic Retrograde 
Cholangiopancreatography
ERCP was first reported by McCune et al. in 1968 
[37]. Since that time, ERCP has transformed 
from a mere diagnostic test to a predominantly 
therapeutic procedure. In the USA alone, ap-
proximately half a million ERCP procedures are 
performed annually. Currently, ERCP is the most 
widely used endoscopic procedure for evaluation 
of bile duct strictures [38].

On ERCP, certain cholangiographic features 
are suggestive of malignancy. Reported features 
associated with malignancy include longer length 
of the stricture, an abrupt transition point, irregu-
lar margins, shelf-like appearance and asym-
metric narrowing of the stricture (Figs. 7.3 and 
7.4) [39, 40]. Two studies have suggested that in 
patients with biliary stricture, intrahepatic ductal 
dilatation is more likely to be seen in the set-
ting of malignancy [39, 41]. Concentric appear-
ance and smooth transition of a stricture, on the 
other hand, are suggestive of a benign underlying 
process (Figs. 7.5 and 7.6) [31, 32]. Cholangio-
graphic appearance of a stricture alone (without 
historical or clinical data) has been reported to 
have a sensitivity ranging from 11 to 74 % and 
a specificity ranging from 63 to 100 % for dif-
ferentiation of benign from malignant strictures 
[40, 42–44].

Other studies have suggested that the sensitiv-
ity, specificity, positive predictive value (PPV), 

 

 

Fig. 7.1   MRCP image showing a near-occlusive stricture 
in the distal common hepatic duct with dilatation of the 
ducts proximal to the stricture

Fig. 7.2   MRI coronal image of dilated bile and pancre-
atic ducts ( double duct sign) due to a benign obstruction 
at the level of the ampulla
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negative predictive value (NPV) and accuracy 
of cholangiography (ERCP or percutaneous) in 
diagnosing malignancy are about 74–85, 70–75, 
74–79, 70–82 and 72–80 % respectively [38]. 
The low accuracy rates of cholangiography in 

diagnosing malignancy have stimulated research 
in tissue acquisition and advanced imaging tech-
niques [38].

 

Fig. 7.4   Appearance of a malignant stricture affecting the 
common hepatic duct on occlusion cholangiogram. Note 
abrupt transition point and “apple core” appearance

 

Fig. 7.3   Biliary stricture with an abrupt transition point 
and shelf-like appearance in a patient with cholangiocar-
cinoma

 

Fig. 7.5   Example of a benign ampullary stenosis with 
smooth concentric narrowing and dilatation of the biliary 
tree proximal to the ampulla. Note the low insertion of the 
cystic duct remnant

Fig. 7.6   Benign distal common bile duct stricture with 
smooth, concentric narrowing
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What Are the Pros and Cons of Tissue 
Sampling Techniques During ERCP?

Although tissue diagnosis may not be necessary 
in a subset of patients with biliary stricture, such 
as those who are surgical candidates and have 
a surgically resectable mass on cross-sectional 
imaging, it is often required for patients with 
undiagnosed biliary stricture without a mass or 
those who are candidates for chemo- or radiation 
therapy. During ERCP, tissue can be obtained by 
bile aspirated for cytology, cytologic examina-
tion of removed plastic stents, brush cytology or 
fluoroscopy guided forceps biopsy. As expected, 
diagnostic yield of both bile cytology and stent 
cytology are low at 11.5 and 13.5 %. The reported 
technique of bile collection for cytology involves 
aspirating 20  cc of bile from above the biliary 
stricture after brush cytology is performed while 
any and all tissue from the proximal end of the 
retrieved stent is smeared onto a glass slide and 
washed into cytology solution [45]. Alternative-
ly, the entire stent may be sent to cytology in the 
solution.

Brush Cytology
Endoscopic retrograde brush cytology was first 
described by Osnes et  al. at the University of 
Oslo in 1975 [46, 47]. Nowadays in patients 
with a biliary stricture, brush cytology is often 
performed during therapeutic ERCP. Endoscopic 
brush cytology during ERCP is safe, does not re-
quire special expertise and adds little to the cost 
of ERCP. It has therefore become the preferred 
initial method of pursuing a diagnosis in many 
patients with a biliary stricture.

The technique for endoscopic retrograde brush 
cytology in many institutions, including ours, is 
standardized. Under fluoroscopic guidance, the 
brush and its sheath are inserted into the duct of 
interest over a guidewire and positioned just distal 
to the stricture. The brush is then advanced from 
the sheath to a point proximal to the stricture and 
moved across the stricture in a to-and-fro manner 
approximately 10 times (Fig. 7.7) [48, 49]. The 
brush is then withdrawn into the sheath, and both 
are subsequently withdrawn from the endoscope 
as a single unit [48, 49]. The brush segment of the 

brushing device is cut from the supporting wire, 
placed in a preservative solution and transported 
to cytology laboratory.

Brush cytology allows easy and convenient 
sampling and has a low complication rate [50–
52]. The diagnostic specificity of biliary brush 
cytology is very high and few false-positive di-
agnoses have been reported [50, 53]. The major 
limitation of this technique has been the relative-
ly modest diagnostic sensitivity, ranging from 10 
to 50 % in most series [50, 53].

The variation in reported sensitivity of brush 
cytology across studies is in part because of dif-
ferences in patient populations. For example, 
brush cytology has higher sensitivity in patients 
with evidence of a mass on cross-sectional im-
aging studies [48, 54]. Another factor affecting 
the variation in reported sensitivity is inconsis-
tent categorization of cytology diagnoses as posi-
tive versus negative test results. In most institu-
tions, including ours, the brush cytology results 
are grouped in four categories: benign, atypical, 
suspicious for malignancy or malignant. Some 
investigators have classified equivocal (e.g. 
atypical or suspicious for malignancy) diagno-
ses as positive for the presence of malignancy, 
whereas others have considered equivocal diag-
noses as negative for malignancy. Regardless of 
classification or patient population, the sensitiv-

 

Fig. 7.7   Fluoroscopic image of brush cytology during 
ERCP
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ity of brush cytology for detection of malignancy 
remains disappointingly low, while specificity 
is excellent. In other words, a positive result on 
brush cytology can be trusted, while a negative 
test is not trustworthy.

There have been attempts to improve the sen-
sitivity of brush cytology obtained during ERCP. 
Physical changes to the brushing device itself 
such as use of longer and stiffer brushes have not 
improved sensitivity [55]. Balloon dilatation of 
strictures, to expose underlying tissue, prior to 
obtaining brush samples has been tried but also 
not shown to be beneficial [56]. Mutation anal-
ysis of the cells obtained by brushing does not 
seem to improve diagnostic accuracy [57], and 
DNA methylation analysis of brush specimens 
has shown only small benefit [50].

Recently fluorescent in situ hybridization 
(FISH) studies on brush cytology specimens 
have gained interest. FISH is a technique that 
uses fluorescently labeled DNA probes to de-
tect chromosomal alterations in cells [58]. FISH 
looks for changes in the number of chromosomes 
(aneuploidy), the structure of chromosomes and 
for losses (deletions) and gains (duplications) of 
genetic material [58]. Polysomy (extra chromo-
somes) of chromosomes 3, 7 and 17 has been 
associated with malignancy [53, 59]. However, 
only 80 % of pancreaticobiliary malignancies 
express these cellular alterations, thus inher-
ently limiting the sensitivity of FISH [53, 60, 
61]. In addition, some patients with benign bile 
duct strictures such as those with PSC, also ex-
hibit chromosomal abnormalities. As a result, the 
specificity of FISH is lower than routine cytol-
ogy, ranging from 67 to 88 % [60, 62]. Although 
FISH is not recommended as a routine screen-
ing tool for malignancy because of its low PPV, 
in select cases with high pre-test probability for 
malignancy it may improve sensitivity of brush 
cytology [60, 63].

Fluoroscopy-Guided Forceps Biopsy
Tissue samples for histological investigation can 
be obtained from biliary strictures by using a 
biopsy forceps that is directed to the site of the 
stricture using fluoroscopy. Fluoroscopy-guided 
forceps biopsy of biliary strictures is technically 

more difficult and time consuming than brushing 
and has a higher risk profile with rare reports of 
bleeding and biliary perforation. It is therefore 
less widely used. However, forceps biopsy can 
provide a sample of subepithelial stroma that is 
usually not sampled by brush cytology. As a re-
sult, at least theoretically, it can diagnose a subset 
of cholangiocarcinomas that do not project into 
the biliary lumen and only affect the subepithelial 
bile duct wall.

Forceps biopsy of biliary strictures is usually 
carried out after placement of a guidewire in the 
bile duct [64]. The guidewire keeps the biliary 
sphincter open, thereby allowing easier passage 
of the forceps through the sphincter. It also delin-
eates the course of the bile duct on fluoroscopy, 
which is of help in navigating the biopsy forceps 
in the appropriate direction through the bile duct 
(Fig. 7.8). Although in most cases the biopsy for-
ceps can be passed through the biliary sphincter 
even without a sphincterotomy, a prior sphincter-
otomy will ease the passage of the forceps and 
facilitate the process. Higher number of biopsies 
will likely increase the yield at the cost of higher 
complication rates. Specialized wire-guided bili-
ary forceps are available and easier to use [65, 
66].

 

Fig. 7.8   Fluoroscopic image of forceps biopsy of a bili-
ary mass. The guidewire delineates the course of the bile 
duct on fluoroscopy
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In older literature, the overall cancer detection 
rate of forceps biopsy is higher than brush cy-
tology, ranging from 43 to 81 % [67–69]. More 
recent studies, have continued to confirm higher 
sensitivity for forceps biopsy with comparable 
specificity to brush cytology [70]. It has been 
suggested that three or more biopsy samples are 
required to maximize sensitivity [71].

Multimodality Tissue Sampling
It seems that the sensitivity of tissue sampling 
techniques for detection of malignancy improves 
when different modalities are combined. For ex-
ample, in a study of 58 patients, the sensitivity of 
transpapillary brush cytology was 41.4 % and the 
sensitivity of forceps biopsy was 53.4 %. When 
combined, the diagnostic sensitivity increased 
to 60.3 % [70]. In another study involving 133 
patients with a biliary stricture the sensitivity 
of brushing alone, FNA alone and biopsy alone 
were 30, 30 and 43 % respectively. The combi-
nation of brushing and biopsy increased the sen-
sitivity to 55 % and when all three modalities 
were combined the sensitivity further increased 
to 62 % [72].

Multiple other studies have confirmed that 
sampling of a biliary stricture with two or more 
techniques is the most effective method for di-
agnosis of malignant strictures [73, 74]. Conse-
quently, some endoscopists prefer multimodality 
tissue sampling during ERCP in patients with 
biliary strictures when malignancy is highly sus-
pected. In our practice, when there is suspicion 
of malignancy, brushing and biopsy of the stric-
tures are often obtained during initial ERCP and 
if negative, with repeated ERCP procedures.

Case Continued

Given presence of jaundice and symptomatic 
itching in a patient with PSC, the patient was re-
ferred for an ERCP, which identified a high grade 
hilar stricture with moderately diffusely dilated 
intrahepatic ducts (Fig.  7.9) Brush cytology of 
the stricture demonstrated “atypical cells”. Flu-
oroscopy-guided biopsy forceps could not reach 
the stricture. The stricture was dilated and stented 

with a plastic biliary stent. What should be done 
next?

What Does Cholangioscopy Add in the 
Diagnosis of Biliary Strictures?

Technique of Cholangioscopy
As opposed to the two-dimensional image of-
fered by cholangiography, cholangioscopy offers 
a three-dimensional image of the bile duct lumen. 
In recent years, cholangioscopy has gained sig-
nificant interest as a complementary procedure 
to ERCP for diagnosis and treatment of various 
biliary disorders, particularly indeterminate bili-
ary strictures.

Available dedicated cholangioscopes in the 
USA are typically fiberoptic and reusable or 
semidisposable. Video cholangioscopes have 
limited availability and typically offer higher 
quality imaging. Cholangioscopy can be per-
formed in one of three ways: two operator, single 
operator or direct peroral. In both the single and 
dual operator systems, the cholangioscope is ad-
vanced down the working channel of the thera-
peutic duodenoscope, while the newer direct per-
oral cholangioscopy (DPOC) technique involves 
passing an ultralsim upper endoscope through the 

 

Fig. 7.9   ERCP image of a hilar stricture in a patient with 
PSC who presented with obstructive jaundice
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mouth and directly into the bile duct. DPOC will 
be discussed further, later in this chapter.

The two operator system uses a reusable chol-
angioscope with single plane tip deflection (up-
down), a working channel for accessories, air/
water and suction buttons. Biliary sphincteroto-
my and stricture dilatation are performed as need-
ed to facilitate passage of the cholangioscope. 
Although biliary cannulation can be achieved 
directly with the tip of the cholangioscope, most 
endoscopists prefer cannulation over a guidewire 
(Fig. 7.10). The guidewire is advanced down the 
cholangioscope and used to cannulate the duct, 
or if backloading the wire, a catheter should be 
advanced down the working channel of the chol-
angioscope to capture the wire and avoid damag-
ing the channel. Care must be taken to keep the 
elevator maximally open to avoid damaging the 
cholangioscope. The duodenoscope tip is usually 
positioned close to and underneath the ampulla 
as the cholangioscope is advanced into the duct. 
Back tension on the guidewire may help. Once in 
position, the guidewire is removed to allow use 
of the working channel. The bile duct is irrigated 
with sterile saline solution through this channel 
to enable adequate visualization, followed by 
slow withdrawal of the cholangioscope, allowing 
systematic inspection of the biliary mucosa. The 

cholangioscope position can be adjusted by mov-
ing it or the duodenoscope with the assistant op-
erating the up-down knob on the cholangioscope. 
When advancing accessories down the channel, 
the elevator should be open with the angle of the 
duodenoscope and cholangioscope reduced, or 
the accessories may need to be preloaded into 
the cholangioscope. A specially designed breast-
plate to which the cholangioscope is attached can 
allow single operator use [75].

The single operator reusable system (Spy-
glass, Boston Scientific, Marlborough, MA) 
consists of several parts: reusable optical fiber; 
disposable 10Fr catheter with 4-way tip deflec-
tion and three ports (optical probe port, accessory 
channel, and irrigation port) that is attached to the 
duodenoscope with a silastic band; and dispos-
able 3Fr biopsy forceps. There is no suction port 
on the catheter, and a syringe can be attached to 
the working channel to provide manual suction. 
The optical fiber is preloaded into the catheter 
and the system is advanced through the working 
channel of the duodenoscope in a similar fashion 
as the reusable cholangioscopes. Once positioned 
inside the bile duct, the optical fiber is gently ad-
vanced beyond the tip of the catheter to enable 
visualization; the two dials can be adjusted and 
locked to adjust the tip of the catheter. In the near 
future, introduction of a new digital system with 
a chip at the tip of the catheter to provide images 
will obviate the need for an optical fiber.

In one study, ERCP with cholangioscopy 
was associated with higher rates of cholangi-
tis thought to result from saline infusion during 
cholangioscopy [76]. In our centre we avoid 
cholangioscopy procedures in the setting of acute 
ascending cholangitis. Saline infusion should be 
limited to the lowest rate that allows adequate 
quality of the image. An adequate sphincteroto-
my, allowing the excess saline to exit through the 
sphincter, likely decreases the risk of cholangitis. 
Saline can also be suctioned through the work-
ing channel of the cholangioscope. Prophylactic 
antibiotics should be used.

Visualizing the Mucosa at the Stricture
It is well-known that the presence of irregularly 
dilated and tortuous blood vessels (so-called tu-

Fig. 7.10   Fluoroscopic image of a video cholangioscope 
inserted inside the bile duct over a guidewire to visualize 
biliary mucosa during ERCP
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mour vessels) due to neovascularization at the 
site of pancreatic or biliary strictures is indica-
tive of malignancy [79–81]. Tumour vessels can 
be detected by direct visualization using a chol-
angioscope (Fig. 7.11, Video 7.1) [77, 79]. Nar-
row band imaging (NBI) is an imaging technique 
especially suited for visualization and charac-
terization of mucosal vascular pattern. Use of 
cholangioscopes with NBI capability facilitates 
detection of neovascularization at the site of 

biliary strictures and thereby diagnosis of malig-
nancy (Fig. 7.12) [77, 82]. Intraductal nodules or 
masses can also be indicative of malignancy and 
be easily detected by cholangioscopy (Fig. 7.13) 
[80]. Intense vascularization is associated with 
the nodular type of cholangiocarcinoma and less 
so with the infiltrative type. The infiltrative type 
may involve only the subepithelial layers of the 
bile duct wall and cannot be detected by cholan-
gioscopy, which visualizes the superficial layers. 
An infiltrative mass may only be visible as taper-
ing of the lumen causing a stricture. The papil-
lary type of cholangiocarcinoma is characterized 
by numerous papillary projections [72]. Biliary 
strictures caused by extraluminal compression, 
such as those associated with pancreatic cancer, 
cannot be detected by cholangioscopy, unless at 
later stages when the tumour has infiltrated and 
penetrated the bile duct wall [78].

In theory, peroral cholangioscopy can improve 
diagnosis of indeterminate biliary strictures by 
directly visualizing the mucosa at the stricture, 
and allowing targeted biopsy [78]. Studies to as-
sess the value of stricture visualization by chol-
angioscopy have reported high sensitivity for de-
tection of malignant lesions. In one of the largest 
cholangioscopic studies to date, diagnostic fiber-
optic cholangioscopy using the Spyglass system 
was performed in 226 patients with various bili-

Fig. 7.13   Bile duct lesion with short finger-like projec-
tions on video cholangioscopy

 

Fig. 7.12   Neovascularization at the site of a biliary stric-
ture visualized by a video cholangioscope using NBI 
(same lesion as in Fig. 7.11). Note improved visualization 
of abnormal blood vessels

 

Fig. 7.11   Neovascularization at the site of a biliary stric-
ture visualized by a video cholangioscope
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ary disorders. In patients with a biliary stricture, 
the ssensitivity for the diagnosis of malignancy 
was 51 % for ERCP impression, 78 % for chol-
angioscopic impression and 49 % for targeted 
biopsy [83]. Smaller studies using video chol-
angioscopes with better imaging capability have 
reported even higher sensitivity for detection of 
malignancy by visualization of the stricture site 
alone [82, 84, 85]. Overall, the findings of these 
studies suggest that addition of cholangioscopy 
enhances the diagnostic performance of ERCP, 
especially its capability to diagnose indetermi-
nate biliary strictures [77].

Cholangioscopy-Guided Targeted Biopsy
Cholangioscopy-guided targeted biopsy is de-
fined as biopsy of the sites that are affected by 
disease under direct cholangioscopic visualiza-
tion (Fig. 7.14) [78]. On a practical note, when 
using the Spyglass system, there may be resis-
tance to the passage of the biopsy forceps through 
the cholangioscope. The site of resistance is usu-
ally at the bend of the cholangioscope where it 
exits the tip of the duodenoscope and enters the 
bile duct. Moving the cholangioscope back and 
forth while continuously advancing the biopsy 
forceps usually allows passage of the forceps. A 
larger accessory channel in the new digital Spy-
glass system is expected to solve this problem.

Theoretically, targeted biopsy should improve 
cancer detection rate in malignant biliary stric-
tures by allowing sampling of the sites that appear 
suspicious. In a large multicentre study, the sen-
sitivity of fiberoptic cholangioscopy-guided tar-
geted biopsy for diagnosis of indeterminate bili-
ary strictures was only 49 %, far below the sen-
sitivity of cholangioscopic visualization (78 %) 
[83]. However, the specificity of targeted biopsy 
was higher than visualization alone (98 vs. 82 %) 
[83]. Another study compared the diagnostic ac-
curacy of peroral video cholangioscopic visual 
findings with that of video cholangioscopy-guid-
ed forceps biopsy for diagnosis of indeterminate 
biliary lesions. The sensitivity and specificity for 
visual findings were 100 and 91.7 % and for bi-
opsy were 38.1  and 100 %, respectively [86].

A study of 89 patients aimed to compare the 
diagnostic performance of fluoroscopy-guided 

and cholangioscopy-guided biopsies for diagno-
sis of indeterminate biliary strictures [87]. While 
100 % specificity was achieved with both meth-
ods, fluoroscopy-guided biopsy had a higher sen-
sitivity (76 %) than cholangioscopy-guided bi-
opsy (57 %). The authors suggested that the most 
likely reason for this finding related to the larger 
cup size of the fluoroscopic-guided biopsy for-
ceps along with the greater ease of passing these 
devices through the working channel of a duo-
denoscope compared with the smaller forceps in 
cholangioscopy-guided sampling [87]. A positive 
association between the size of biopsy specimens 
and their sensitivity for detection of malignancy 
in biliary strictures has been previously described 
[88]. It should be pointed out, however, that big-
ger biopsy samples might be associated with 
higher rates of perforation.

Direct Peroral Cholangioscopy
Peroral cholangioscopy using a dedicated chol-
angioscope requires expensive and fragile equip-
ment. Therefore, use of ultraslim upper endo-
scopes for access to the bile duct and visualiza-
tion of the biliary mucosa (DPOC) has gained 
interest. Aside from lower cost, DPOC offers 
additional advantages over cholangioscopy using 
dedicated cholangioscopes. The ultraslim endo-
scope uses a single operator platform, provides 

Fig. 7.14   Targeted biopsy of a biliary lesion
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high-definition digital image quality, allows si-
multaneous irrigation and therapy, is not fragile 
and has a larger working channel enabling en-
hanced diagnostic sampling and therapeutic in-
terventions [89–91]. Despite its many advantag-
es, DPOC is rarely performed in non-academic 
settings. The biggest disadvantage of DPOC has 
been the difficult and time-consuming task of bile 
duct cannulation with an upper endoscope, often 
ending in failure. There are several published 
reports with innovative suggestions on how to 
achieve this task. Introduction of the endoscope 
over a guidewire, through a regular overtube, or 
with the help of a double-balloon overtube are 
some of the suggestions [92–94]. However, de-
spite use of these accessories, failure rate remains 
high [95]. Different variations of inflatable bal-
loons used as an anchor within the biliary tree 
have been introduced and shown to facilitate ac-
cess [89, 96].

Another disadvantage of DPOC is its inability 
to visualize the ducts proximal to the common 
hepatic duct [89]. Even with the use of anchoring 
balloons, DPOC can rarely visualize the ducts 
proximal to the confluence of the right and left 
hepatic ducts [89].

Studies using DPOC for evaluation of biliary 
strictures are small. Nonetheless, they all suggest 
a high sensitivity for detection of malignancy 
[89, 96]. Given excellent image quality and the 
ability to obtain larger biopsy specimens, one 
would expect a higher sensitivity for detection of 
malignancy in biliary strictures by DPOC com-
pared to a dedicated cholangioscope for biliary 
strictures distal to the confluence of the hepatic 
ducts. The true value of DPOC for investigation 
of indeterminate biliary strictures remains uncer-
tain given lack of large studies.

What is the Role of Endoscopic 
Ultrasound in the Diagnosis of Biliary 
Strictures?

Endoscopic ultrasound (EUS) takes advantage 
of the proximity of the stomach and duodenum 
to the extrahepatic biliary system. EUS has 
emerged as a sensitive tool for evaluation of vari-

ous pancreaticobiliary disorders. Introduction of 
fine needle aspiration (FNA) has expanded the 
diagnostic potential of EUS, allowing tissue sam-
pling for pathologic verification.

The role of EUS in the evaluation of indeter-
minate biliary strictures has been investigated 
in multiple studies, only two of which are fairly 
large and include 40 or more patients [97–99]. 
Lee et  al. retrospectively evaluated 40 patients 
with unexplained bile duct strictures after a work 
up including CT/MRI without explanation for 
the stricture and ERCP with brushings (with or 
without biopsies). The finding of a pancreatic 
head mass or an irregular bile duct wall was 88 % 
sensitive and 100 % specific for malignancy. 
Bile duct wall thickness ≥ 3 mm had a sensitivity 
and specificity of 79 % for diagnosis of malig-
nancy. Sensitivity of EUS-FNA for malignancy 
was 47 % with specificity of 100 %. The authors 
concluded that EUS-FNA cytology is specific 
but insensitive for diagnosis of unexplained bili-
ary strictures [97]. In a prospective study of 50 
patients, Rosch and colleagues compared ERCP 
tissue acquisition (brush cytology and forceps 
biopsy) to EUS-FNA for biliary strictures. The 
sensitivity of EUS-FNA was inferior to ERCP in 
patients with proximal and hilar biliary tumours 
(EUS 25 vs. ERCP 75 %) and superior to ERCP 
in patients with distal biliary stricture in the set-
ting of pancreatic mass (EUS 60 vs. ERCP 38 %) 
[98]. Compared to ERCP alone, the addition of 
EUS-FNA significantly increased diagnostic ac-
curacy from 70 to 86 %. Therefore, for biliary 
strictures, if initial ERCP for suspected biliary 
malignancy is non-diagnostic, EUS should be 
performed, while for distal biliary strictures pos-
sibly resulting from an unidentified pancreatic 
mass combined EUS and ERCP may be most ef-
ficient for achieving a diagnosis.

What Novel Tools May Help Diagnose 
Biliary Strictures?

Confocal Laser Endomicroscopy
Confocal laser endomicroscopy is an imaging 
technique that allows microscopic visualization 
of the epithelial and subepithelial layers of the 
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mucosa in vivo [100]. It is performed after intra-
venous injection of a contrast agent such as fluo-
rescein (2.5–5  cc of 10 % sodium fluorescein) 
that diffuses through the capillaries and stains 
the extracellular matrix of the surface epithe-
lium [100, 101]. Confocal laser endomicroscopy 
in the bile duct is carried out by using special-
ized probes that can be introduced through the 
working channel of a cholangioscope or through 
the lumen of various ERCP catheters [102]. The 
radio-opaque tip of the probe assists with local-
ization of the probe within the bile duct by fluo-
roscopy. Practically, the probe is positioned in di-
rect contact with and as perpendicular as possible 
to the mucosa at the site of the stricture. Various 
catheters such as the Swing-tip cannula (Olym-
pus, Center Valley, PA) and sphincterotomes may 
be used to enable this orientation. Differences in 
contrast uptake, blood flow and contrast leakage 
through the capillaries may allow differentiation 
of normal surface mucosa from neoplastic tissue. 
Although initial studies have reported encourag-
ing results, there is lack of validated criteria for 
diagnosing malignancy especially in the presence 
of inflammation [103]. A recent multicenter trial 
examined the added value of probe confocal en-
domicroscopy to standard of care using ERCP 
imaging and tissue sampling results in diagnos-
ing indeterminate biliary strictures with final di-
agnoses determined by malignant pathology or 
negative pathology with at least 6 month benign 
follow-up. There was a trend towards improved 
diagnostic accuracy with the addition of probe 
confocal endomicroscopy (88% versus 79% stan-
dard of care alone) although these results missed 
statistical significance (p=0.06) [121]. Ongoing 
studies are expected to shed more light on the 
role of this technology in evaluation of indeter-
minate biliary strictures.

Cholangiocarcinoma in PSC

PSC is a chronic, cholestatic liver disease char-
acterized by inflammation and fibrosis of the 
bile ducts leading to the formation of multifocal 
bile duct strictures [104]. PSC is a progressive 
disorder that in the majority of patients eventu-

ally leads to portal hypertension, cirrhosis and 
hepatic decompensation [104, 105]. A diagno-
sis of PSC is made in patients with a cholestat-
ic biochemical profile, when cholangiography 
(e.g. MRCP, ERCP or percutaneous transhepatic 
cholangiography) shows characteristic bile duct 
changes with multifocal strictures and dilatations 
(Fig. 7.15) [104]. Dominant strictures defined by 
some as stenoses with a diameter ≤ 1.5 mm in the 
common bile duct or ≤ 1 mm in the hepatic ducts 
are common findings in PSC patients [104, 106, 
107]. Such strictures have been associated with 
significantly higher risk of cholangiocarcinoma 
and thus a poor prognosis. In a study of 128 pa-
tients with PSC who were followed for a mean 
of 9.8 years, 21 patients developed cholangio-
carcinoma [108]. All cholangiocarcinomas oc-
curred in patients with dominant strictures [108]. 
Although the risk of cholangiocarcinoma in PSC 
patients is high, dominant strictures are far more 
often benign than malignant [44, 104].

Dominant strictures have been reported in 
45–58 % of patients with PSC during follow up 
[105, 106, 109], while cholangiocarcinoma in 
PSC patients has a 10-year cumulative incidence 
of 7–9 % and a lifetime risk of 20 % [110–112].

The distinction between a dominant stricture 
and cholangiocarcinoma is often very difficult 
as sensitivity and specificity of various tissue 

Fig. 7.15   ERCP image showing typical intrahepatic duc-
tal changes of PSC
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acquisition techniques is inconsistent, and mass 
lesions are uncommon in early cholangiocarci-
noma [104]. In 2010, the American Association 
for Study of Liver Diseases (AASLD) published 
practice guidelines for diagnosis and manage-
ment of PSC, including a section on diagnosis 
of cholangiocarcinoma in patients with PSC 
[104]. Although the section is somewhat vague, 
it recommends that PSC patients with a dominant 
stricture undergo MRI of the liver, ERCP with 
brush cytology for conventional as well as FISH 
analysis and measurement of serum CA 19-9 lev-
els. In a study of 50 patients, of whom 21 had 
PSC, combining FISH with standard cytology 
from dominant strictures increased both sensitiv-
ity (89 %) and specificity (97 %) for diagnosing 
malignancy [113]. Evaluation for FISH poly-
somy in addition to both homozygous and het-
erozygous 9p21 deletions was performed in this 
study, as allelic loss of this gene locus has been 
implicated in the development of cholangiocarci-
noma [114]. However, a recent meta-analysis, in-
volving eight studies and 828 patients, suggested 
that FISH polysomy is specific but not sensitive 
for detecting cholangiocarcinoma in PSC pa-
tients, necessitating development of better mark-
ers for early diagnosis of cholangiocarcinoma in 
these patients [115].

According to the guidelines, with a nega-
tive MRI scan, CA 19-9 value < 130 U/mL, and 
negative cytology, a dominant stricture can be as-
sumed to be benign. If the MRI scan is negative 
but there is concern for cholangiocarcinoma, it is 
recommended that the MRI, serum CA 19-9, and 
ERCP with brushings for cytology and FISH be 
repeated over time [104]. In our centre the timing 
for repeat tests is individualized depending on 
the clinical scenario and the degree of suspicion 
for malignancy.

The guidelines do not comment on the role 
of cholangioscopy or confocal laser endomi-
croscopy for evaluating dominant strictures. 
New studies have suggested that these imaging 
modalities may be valuable for identifying chol-
angiocarcinoma in PSC patients [84, 116–118]. 
A prospective study of 53 PSC patients with a 
dominant stricture demonstrated superior effica-
cy for detecting malignancy with cholangioscopy 

compared to ERCP alone [119]. Greater sensitiv-
ity (92 vs. 66 %), specificity (93 vs. 51 %), ac-
curacy (93 vs. 55 %) and both positive (79 vs. 
29 %) and NPVs (97 vs. 84 %) were observed in 
the cholangioscopy group. Cholangioscopy may 
thus have a role in PSC patients with dominant 
strictures. Some experts have advocated routine 
use of cholangioscopy for evaluating suspicious 
biliary strictures in PSC and non-PSC patients 
[60]. For accurate diagnosis of biliary strictures, 
the quality of the cholangioscopic image is of 
utmost importance. Among currently available 
dedicated cholangioscopes, only high-definition 
video cholangioscopes offer sufficient image 
quality for a reliable diagnosis [120]. These are 
currently produced as prototypes and thus not 
available for commercial use. In large academic 
centres, including ours, the use of cholangios-
copy for evaluating dominant strictures in PSC 
patients has been limited by the lack of availabil-
ity of high-definition video cholangioscopes with 
NBI capability. The discovery of new biomarkers 
for cholangiocarcinoma from biliary brush speci-
mens may aid in the identification of cholangio-
carcinoma in PSC. Recently a panel of four DNA 
methylation biomarkers were found to improve 
sensitivity for cholangioarcinoma from 61% for 
brush cytology alone to 85% for the biomarker 
panel and 94% for both combined [122].

Case Continued

Following stenting, the patient’s itching im-
proved, bilirubin normalized and repeat serum 
CA 19-9 was 105. Given the high clinical sus-
picion of cancer in this patient with PSC and a 
new dominant stricture, the patient underwent 
repeat ERCP with cholangioscopy and repeat 
brushing for conventional cytology and FISH. 
Although FISH did not reveal polysomy, chol-
angioscopy revealed neovascularization at the 
site of the stricture. The patient was referred for 
transplantation. Pathology of the explanted liver 
confirmed diagnosis of cholangiocarcinoma.
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Conclusion

In clinical practice, diagnosis of biliary strictures 
is based on a combination of history, clinical pre-
sentation, laboratory tests, imaging studies and 
various tissue-sampling techniques. The decision 
on what diagnostic procedure to perform depends 
on the patient’s clinical status and comorbidities, 
presence or absence of tumour on imaging stud-
ies, available expertise and resources and the 
clinical setting.

ERCP is an invaluable tool for palliation of 
symptoms and for an initial attempt at diagnosis. 
Combination of various tissue sampling tech-
niques during ERCP increases the diagnostic sen-
sitivity. EUS-FNA is the procedure of choice for 
diagnosis of biliary strictures in the presence of a 
mass lesion. Cholangioscopes with high defini-
tion digital image quality can play a significant 
role in the diagnosis of indeterminate biliary 
strictures. Unfortunately, these cholangioscopes 
are costly, not readily available and break easily. 
It will be interesting to see whether new technol-
ogy such as confocal laser endomicroscopy or 
single operator cholangioscopes with enhanced 
image quality can further facilitate diagnosis of 
these strictures.

Key Points

•	 A multifaceted approach to indeterminate bili-
ary strictures is important.

•	 During ERCP, performing both brushing and 
biopsy of the biliary stricture increases diag-
nostic yield.

•	 Although currently available cholangioscopes 
have limited image quality, direct visual-
ization and targeted biopsy during cholan-
gioscopy may improve ability to identify 
malignant strictures.

•	 The addition of EUS and EUS-FNA to ERCP 
increases diagnostic accuracy for especially 
malignant distal biliary strictures.

•	 Dominant strictures in PSC must be thor-
oughly evaluated with serum CA 19-9, MRI 
and ERCP cytology at a minimum. FISH 
and cholangioscopy may improve diagnostic 
yield.

Video Caption

Video 7.1 Cholangioscopy demonstrating bili-
ary stricture with neovascularization around the 
distal end of the stricture
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Case Study 1

Initial Presentation

A 67-year-old female without comorbidities pre-
sented to the emergency department with new 
onset painless jaundice. On physical examination 
there was a palpable gallbladder (positive Cour-
voisier-Terrier sign). Blood tests were notable for 
elevated bilirubin 28 times the normal value, and 
there was also marked elevation of the other liver 
function tests.

What Is the Differential Diagnosis for 
This Case?

Painless jaundice, dark urine, pale stools with 
or without itching are the most common clini-

cal signs of malignancy involving the pancrea-
tobiliary system. On physical examination, the 
Courvoisier-Terrier sign is positive when there 
is significant dilatation of the gallbladder due to 
common bile duct (CBD) obstruction below the 
cystic duct insertion leading to a painless palpa-
ble mass. These, together with painless jaundice, 
are clinical signs that almost certainly imply ma-
lignancy. If a patient presents with pain and/or 
fever and rigors, the possibility of biliary stones 
or other benign causes of biliary obstruction is 
much higher. A history of chronic pancreatitis, 
severe acute pancreatitis, and recent hepatobili-
ary surgery may be consistent with a benign bili-
ary stricture.

The principal markers of cholestasis are bili-
rubin and alkaline phosphatase [1, 2]. In patients 
with obstructive jaundice the serum bilirubin is 
principally in conjugated form (the water soluble 
form of bilirubin), which if persistent, can predis-
pose to postoperative kidney failure and haemo-
static abnormalities [3].

Which Diagnostic Tools Are Available 
to Evaluate Patients with Obstructive 
Jaundice?

Noninvasive modalities for the study of the bil-
iopancreatic system include transabdominal 
ultrasound (US), computed tomography (CT 
scan), magnetic resonance imaging (MRI), and 
magnetic resonance cholangiopancreatography 
(MRCP). These tools can detect dilatation of the 
bile ducts and confirm the presence, site, extent, 
and cause of obstruction. Assessment of resect-

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_8) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_8.
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ability for malignant biliary obstructive tumors is 
also performed with these studies.

US is often the first noninvasive imaging 
technique used in the evaluation of the bile ducts, 
gallbladder, and pancreas and is usually the test 
that demonstrates biliary dilation. The sensitivity 
and specificity of US in the detection of choleli-
thiasis and biliary dilation are over 90 % [4–8]. 
However, the ability of US to define the site and 
cause of biliary obstruction is less reliable. US is 
widely available and inexpensive, but it typically 
leads to further studies as it is often inconclusive 
and does not provide adequate staging or surgical 
information especially in the setting of suspected 
neoplasms.

CT scan like US may be the initial test demon-
strating dilation of the bile ducts. Calcifications 
and CBD stones can be seen without contrast, 
while intravenous contrast can provide vascular 
landmarks and organ opacification to depict the 
bile ducts [9]. Sensitivity and specificity in defin-
ing the level of biliary obstruction, dilation, and 
etiology can reach up to 97 % [9–12].

MRCP is a noninvasive imaging modality of 
the pancreatobiliary system. MRCP exploits the 
differences between fluid filled structures and 
adjacent soft tissues. It has up to 97 % sensitivity 
and specificity in detecting the level and cause 
of biliary obstruction [13–15], similar to direct 
cholangiography. The combination of MRCP 
with conventional T1 and T2 weighted images 
can accurately evaluate tumor extension, lymph 
nodes, and metastases [16, 17]. MRCP provides 
good-quality cholangiopancreatography images 
without the use of ionizing radiation. Limitations 
of MRCP include high costs, patient intolerance, 
and inability to image patients with incompatible 
metallic and magnetic objects in the body.

EUS (endoscopic ultrasound endoscopic ret-
rograde cholangiopancreatography (ERCP), and 
direct cholangioscopy are invasive diagnostic 
and therapeutic procedures for the evaluation of 
the pancreatobiliary system. EUS enables bet-
ter visualization of the extrahepatic biliary tree 
without interference of bowel gas as the CBD 
passes posterior to the duodenal bulb. Sensitiv-
ity and specificity of EUS for choledocholithiasis 
are 90 and 100 %, respectively [18–20]. EUS also 
allows highly sensitive evaluation of neoplasms 

and cystic lesions of the pancreas, and accurate 
visualization of the duodenal wall and ampulla. 
However, EUS is limited in the evaluation of the 
biliary hilum and the right hepatic duct. A sig-
nificant benefit of EUS is the ability to perform 
fine needle aspiration (FNA) and tissue acquisi-
tion without major complications [21]. In recent 
years EUS has also become a therapeutic tool for 
various pancreatobiliary interventions includ-
ing EUS-guided rendezvous and/or translumi-
nal techniques for drainage of malignant biliary 
obstruction [22].

ERCP is an invasive procedure that provides 
an anatomic view of the biliary ducts, establishes 
the cause of obstruction (stricture or stone), per-
mits tissue sampling, and stent insertion. With 
the advent of MRCP, ERCP has become almost 
purely therapeutic. For example, MRCP map-
ping of hilar strictures before performing ERCP 
gives precious information about the type, site, 
and extension of the stricture [23]. This approach 
reduces the risk of contaminating segments of 
the biliary tree which, if left undrained, may lead 
to severe cholangitis. At present, percutaneous 
biliary drainage in patients with biliary strictures 
should be limited to those who are not candi-
dates for ERCP, or have failed endoscopic biliary 
drainage. In selected cases EUS-guided biliary 
drainage can be an alternative. Most common 
ERCP-related complications are pancreatitis in 
up to 7 % of cases, followed by hemorrhage, per-
foration, and infectious complications [24].

Cholangioscopy permits the direct endoscopic 
visualization of the biliary tree, and it is particu-
larly important in cases of indeterminate stric-
tures. Cholangioscopy allows direct tissue sam-
pling as well as lithotripsy of large biliary stones.

Case Continued

On ultrasound there was massive dilation of the 
CBD with dilated intrahepatic biliary tree. The 
gallbladder was alithiasic, but hydropic. Explo-
ration of the pancreatic head was limited due to 
the intense presence of air in the intestine. The 
patient underwent CT scan and EUS for further 
diagnosis and staging, and a primary biliary can-
cer (T1 N0 M0) was diagnosed.
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What Are the Indications for Plastic 
Versus Metal Stent in Malignant Biliary 
Strictures?

In a patient with a pancreatobiliary malignancy, 
the first step is to evaluate the stage, extent, re-
sectability, histological nature, and appropriate-
ness of palliative treatment.

Preoperative biliary drainage in operable pa-
tients is still a matter of debate. In a recent me-
ta-analysis Y. Fang et  al. [25] found no strong 
evidence to support “routine preoperative biliary 
drainage.” Large clinical trials are needed to de-
termine the threshold level of bilirubin that will 
indicate which patients should undergo biliary 
drainage before surgery.

Before ERCP, it is very important to identi-
fy the level and complexity of the biliary stric-
ture. Therapeutic implications differ depending 
on whether the biliary obstruction is proximal 
or distal. For instance, in patients with a distal 
obstruction of the CBD a single plastic or metal 
biliary stent is usually enough to guarantee ad-
equate biliary drainage, whereas a complex hilar 
stricture may require a more thorough evaluation 
with MRCP before ERCP.

The European Society of Gastrointestinal En-
doscopy has recently published guidelines on 
indications for biliary stenting and choosing the 
types of stents [26]. Placement of one or more 
plastic or metal stents, or percutaneous biliary 
drainage, may be required either for preoperative 
biliary drainage of malignant CBD strictures or 
complex hilar strictures.

Metal stents can be used for preoperative 
biliary drainage and do not preclude pancreatic 
resection [26]. Furthermore, if the patient be-
comes inoperable, the initial placement of a self-
expandable metallic stent (SEMS) guarantees 
better patency and the possibility of adjuvant 
therapies without interruptions that may occur 
due to early clogging, which is usually related to 
plastic stents [26]. Even if SEMS increases the 
cost of the initial procedure, preoperative biliary 
drainage with SEMS is not contraindicated and 
may ultimately lead to cost savings due to fewer 
repeat procedures for stent clogging [27]. A ran-
domized study of patients with a pancreatic head 
mass undergoing surgical resection compared the 

rate of complications in patients who underwent 
biliary drainage with a plastic stent 4–6 weeks 
before surgery to those who had resection within 
1 week of diagnosis without stenting [28]. In-
creased complications related to preoperative 
biliary drainage occurred in patients undergoing 
stenting (46 versus 2 %), mainly due to cholan-
gitis from plastic stent clogging. There was no 
significant difference in surgery-related compli-
cations between the two groups (37 versus 47 %). 
Placement of SEMS may preclude the issues 
from this trial with its longer patency rates as 
discussed below. In this setting clinical trials are 
necessary to compare early surgery versus pre-
operative biliary drainage with SEMS, whether 
covered or uncovered.

The type of SEMS should be chosen after 
factoring several different variables including 
the site and length of the stricture. It is always 
better to use stents with larger diameter (10 mm) 
due to their longer patency rates. Another im-
portant issue regarding SEMS is stent covering. 
Covered SEMS are prone to migration, but less 
frequently involved by tissue ingrowth through 
the meshes, while the opposite happens with 
uncovered SEMS. Uncovered SEMS are mostly 
placed in malignant strictures while fully cov-
ered and partially covered SEMS are suitable 
for benign and indeterminate strictures. This 
is because in uncovered stents tissue ingrowth 
always occurs through the meshes of the stent, 
which usually prevents SEMS removal. In a re-
cent retrospective cohort study on 749 patients, 
no significant difference was found in SEMS 
patency rate or overall survival between cov-
ered and uncovered SEMS for malignant distal 
biliary strictures [29]. There was a significantly 
higher rate of migration and pancreatitis in pa-
tients with covered SEMS compared to those 
with uncovered SEMS (36 versus 2 % for stent 
migration and 6 % versus 1 % for pancreatitis). 
Similarly, in a recent meta-analysis of over 1000 
patients Almadi et al. found no clear benefit in 
the proportion of stents still patent at 6 and 12 
months using covered (fully and partially) rather 
than uncovered SEMS in malignant distal bili-
ary obstruction [30]. However, covered stents 
remained patent a mean of 68 days longer than 
uncovered stents. In addition, there was a higher 
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migration rate with covered SEMS. A meta-
analysis of only randomized trials comparing 
covered (fully and partially covered) to plastic 
stents in distal biliary obstruction found similar 
results [31].

Covered SEMS may lead to increased risk 
of cholecystitis in patients with an intact gall-
bladder [32]. This could be related to closure of 
the cystic duct by the SEMS or possibly due to 
tumor occluding the opening to the cystic duct. 
Nevertheless, both meta-analyses discussed 
above found no significant difference in the rate 
of cholecystitis between covered and uncov-
ered SEMS for distal malignant strictures [30, 
31]. Given the currently available data, covered 
SEMS does not appear to offer advantages over 
uncovered SEMS in malignant distal biliary 
strictures. However, when a malignancy has 
not yet been definitively diagnosed, after tissue 
sampling has been done, it is better, whenever 
possible, to place a covered stent that can be 
easily removed.

In patients with inoperable malignant distal 
biliary obstruction, the choice of the optimal 
stent depends mostly on patient survival and 
disease extent. The choice of stent (plastic ver-
sus metal) for palliation of malignant biliary 
strictures has been the object of many clinical 
trials. Immediate palliation of jaundice has been 
observed following placement of both plastic 
and metal stents in more than 95 % of cases, 
but what differs is the duration of stent patency. 
Plastic stents can remain patent up to 5 months 
while for SEMS, patency increases to 10 months 
or more [33–35]. Placement of plastic stents 
in patients with long survival implies the need 
for additional ERCPs for stent replacement, 
thus influencing the final costs of the treatment 
[33–35]. Therefore, for patients with short life 
expectancies, plastic stents are appropriate while 
those with longer expected survival (> 6 months) 
should have SEMS placed.

As far as hilar strictures are concerned, it 
seems that SEMS are superior to plastic stents 
for palliation in terms of survival, patency, com-
plications, need for re-interventions, and cost-
effectiveness [36–38]. Hilar strictures will be 
discussed in further detail later in the chapter.

Technique of Plastic Biliary Stent 
Insertion and Removal

The principle of biliary stenting is to bypass a 
stricture allowing the passage of bile from the 
liver into the duodenum. One biliary plastic 
stent can be enough to guarantee complete bili-
ary drainage in the majority of patients with ei-
ther benign or malignant distal CBD stricture. 
It is preferable to place 10 Fr stents in patients 
with malignant distal biliary strictures since 
these have superior patency to plastic stents with 
smaller diameter.

After deep biliary cannulation, a guidewire 
is left in place and a biliary sphincterotomy may 
be performed. Sphincterotomy may not be nec-
essary when placing a single plastic stent unlike 
when inserting multiple stents. Before stent in-
sertion, and when a malignant biliary stricture is 
suspected, a biliary biopsy and/or brushing can 
be performed (see Chap. 7 for further discussion 
on diagnosing biliary strictures). It is rarely nec-
essary to dilate a distal biliary stricture before 
placement of a single 10 Fr stent, but if multiple 
stents are being placed, stricture dilation is im-
portant. For this purpose a tapered dilating cath-
eter (10–11.5 Fr) or a hydrostatic dilation balloon 
(4–6 mm) can be used. When inserting multiple 
plastic biliary stents, a longer stent should be 
placed first and left one centimeter below the pa-
pilla because the friction of the second stent can 
result in intrabiliary dislocation of the first one. 
Using lubricants such as silicone spray or paraf-
fin may help prevent stent displacement into the 
bile duct as well as advancing additional stents 
slowly into the bile duct.

Generally, when the biliary stricture results 
from pancreatic cancer, the stent length is 5–7 cm. 
Too long stents should be avoided because distal 
migration can rarely lead to the distal end of the 
stent causing duodenal perforation. The length of 
the stricture can be measured in different ways. 
The easiest way is to mark the proximal end of 
the stricture with fingers on the cannulation cath-
eter while performing the exchange over the wire 
until the end of the cannula is seen endoscopi-
cally outside the papilla. Another way to measure 
the stricture length uses a Cotton-Huibregtse 
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catheter (Cook Endoscopy, Winston-Salem, NC) 
that has two radiopaque markers on the distal end 
(located 7 cm apart).

With the guidewire deep in the liver, a guiding 
catheter with the stent preloaded and the pusher 
catheter lying behind the stent is advanced over 
the wire until the tip of the guiding catheter is 
beyond the stricture. The assistant then releases 
the pusher catheter, which the endoscopist push-
es over the guiding catheter to advance the stent 
forward. During this time, the assistant should 
keep the guidewire and the guide catheter in 
balance by holding tension on them in the direc-
tion opposite to which the endoscopist is push-
ing the stent. This maneuver is called “traction” 
and helps the progression of the stent. Opening 
and closing the elevator while pushing the stent 
pusher allows advancing of the stent. The stent 
can also be pushed with the endoscope using the 
“shaft torquing maneuver” by dialing up the big 
wheel of the scope and slightly pulling out the 
scope while torquing the scope. Attention should 
be paid not to place the stent intrabiliary nor too 
far outside the duct. Direct stent visualization can 
be achieved by turning down the big wheel of the 
scope when the stent is almost deployed.

When the operator is sure that the stent is in 
the correct position, the assistant retrieves the 
guidewire and the guiding catheter from the bile 
duct while the operator keeps the stent pusher 
under direct endoscopic vision against the distal 
end of the stent, and the stent is deployed. Then 
the pusher catheter is removed. If stent patency 
and positioning need to be checked, contrast can 
be injected through the guide catheter after re-
moving the guidewire. Additional stents can be 
placed with the same technique by cannulating 
the bile duct alongside the first stent. A naso-
biliary drain can be left in place beside the stent 
to allow flushing of the biliary three with saline. 
This may be done in cases where there is a con-
cern that sludge may clog the stent immediately 
after the procedure.

Biliary plastic stents can be easily removed 
with rat-tooth forceps or a snare. Duodenoscopes 
with a 4.2-mm channel allow through-the-chan-
nel stent extraction for 10  Fr stents. Removing 
intrabiliary migrated stents is almost always 

a challenging procedure. It requires patience, 
a skilled endoscopist, optimal fluoroscopy, 
knowledge of accessories available to help with 
removal, and ingenuity. For stents that have mi-
grated just inside the bile duct, a rat-tooth forceps 
is a very useful tool. This can be gently inserted 
into the bile duct under fluoroscopic guidance 
to try to capture the distal end of the stent. Care 
should be taken not to accidentally push the stent 
further into the duct. Another option for migrated 
stent removal is advancing a biliary stone extrac-
tion balloon beside the stent as far up and even 
above the proximal end of the stent if possible, 
inflating the balloon, and dragging the stent out 
with the balloon. The Soehendra stent retriever 
(Cook Endoscopy, Bloomington, IN) can also be 
helpful, but the distal end of the stent must be 
cannulated with a wire first using fluoroscopy in 
order to then attach the device to the stent. This is 
a wire-guided spring coil catheter with a threaded 
metal screwlike tip, which can be screwed into 
the distal end of the plastic stent by rotating the 
handle of the stent retriever clockwise. Snares, 
Dormia baskets, and other accessories may also 
be useful.

Hilar Strictures

The approach to malignant hilar strictures differs 
from distal biliary strictures. In resectable hilar 
tumors (Bismuth type I, Fig.  8.1), safer biliary 
drainage can be obtained with percutaneous bili-
ary drainage, rather than endoscopically [26]. If 
palliative drainage is planned, MRI should be 
performed to assess the hepatobiliary anatomy 
before attempting drainage [26, 39]. Some au-
thors suggested that endoscopic drainage of 
25–30 % of the hepatic parenchyma is adequate 
to relieve jaundice [40, 41]. Nevertheless, mor-
bidity and mortality rates have been higher with 
unilateral compared to bilateral endoscopic bili-
ary drainage [26, 39].

Targeted unilateral endoscopic drainage using 
a single stent of MRCP-selected ducts has been 
associated with a reduced risk of post-ERCP 
cholangitis [23]. However, draining more than 
50 % of the liver parenchyma is associated with 
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higher effectiveness and longer survival [26]. In-
complete biliary drainage, especially if opacified 
ducts have been left undrained, often leads to 
cholangitis. To minimize risk of cholangitis, 
MRCP should be performed to map out the bili-
ary tree before ERCP, a wire can be used rather 
than contrast to access the intrahepatic ducts, 
as much bile as possible should be aspirated to 
decompress the biliary system before contrast 
injection, and overinjection should be avoided. 
Some authors have also suggested air cholangi-
ography in lieu of contrast to visualize the biliary 
system during planned placement of unilateral 
metal stent [42]. This technique involves aspi-
rating at least 20 cc of bile first and then inject-
ing 10–15 cc of air into the bile duct. Antibiot-
ics should be administered in every patient to 
minimize the risk of cholangitis before and after 
ERCP typically for 5–7 days.

The intrahepatic bile ducts in complex malig-
nant hilar strictures generally are drained initially 

with multiple plastic stents (Fig.  8.2a and b). 
Negotiation of a complex hilar stricture requires 
a highly skilled endoscopist, adequate acces-
sories, time, and patience. In some cases, pneu-
matic or mechanical dilation of the neoplastic 
stricture can facilitate the placement of multiple 
stents. The length of the stents in malignant hilar 
strictures is usually between 12 and 15 cm. Dur-
ing bilateral stent placement whether with plastic 
or metal stents, it is always better first to drain the 
left biliary tree due to its anatomy.

Multiple SEMS are usually placed in patients 
previously treated with plastic stents or percuta-
neous biliary drainage, and are rarely the initial 
treatment (especially if more than two SEMS 
are required due to the small caliber of the CBD 
below the stricture). Previously placed plastic 
stents are exchanged to SEMS only in symp-
tomatic patients with clear signs of stent occlu-
sion, and of course always accounting for the pa-
tients’ general condition and expected survival. 

Fig. 8.1   Bismuth and Corlette classification of malignant biliary strictures
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Recently it has been described that SEMS can be 
used as a bridge to surgery in hilar cholangiocar-
cinoma without major complications [43].

Technique of Inserting and Removing 
Self-Expandable Metal Stents

After deep cannulation of the bile ducts, a bili-
ary sphincterotomy may be performed. A recent 
randomized trial of patients with unresectable 
pancreatic cancer undergoing partially covered 
SEMS placement with or without biliary sphinc-
terotomy found no difference in adverse events 
between the two groups, implying that sphinc-
terotomy is not essential before SEMS insertion 
[44]. In distal biliary strictures, after gaining 
access to the bile duct, the guidewire is passed 
through the stricture. Dilation of the stricture be-
fore SEMS placement is rarely necessary because 
the radial force of the nitinol stents dilates the 
stricture gradually over 24–72  h. The SEMS is 
delivered over the guidewire and deployed under 
endoscopic and fluoroscopic vision. Because the 
stents have a tendency to move forward into the 

bile duct during deployment, gentle traction in 
the opposite direction should be applied by the 
endoscopist on the stent delivery system to main-
tain position. Some SEMS deploying systems 
allows contrast injection through the catheter in 
order to check immediately the correct position 
and the patency of the stent.

There are numerous types of SEMS available 
commercially with variations in length, expand-
ed diameter, presence or absence of covering, 
design and material of the mesh, ability to recon-
strain the stent during deployment, presence of 
stent shortening following deployment, and size 
of the delivery system. The endoscopists should 
be familiar with the stents in their endoscopy 
unit. Stents that cannot be recaptured during de-
ployment must be carefully and slowly deployed 
under constant endoscopic and fluoroscopic visu-
alization. For stents that shorten, when possible 
the stent is deployed with the stricture positioned 
in the middle of the stent.

Multiple SEMS placement is performed for 
palliation of complex malignant hilar strictures. 
This procedure is quite different from single 
SEMS placement. After selective opacification 

Fig. 8.2   a Type III Bismuth and Corlette malignant hilar stricture with three guidewires in place. b Placement of three 
8.5 French plastic stents
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and cannulation of the intrahepatic ducts above 
the complex stricture, two to four guidewires 
are placed through the stricture deeply into the 
intrahepatic ducts that should be drained. Every 
metal stent is released under endoscopic and 
fluoroscopic control and “side-by-side” over 
the previously placed guidewires. It is advisable 
to release the stents trans-papillary in order to 
facilitate future re-interventions for SEMS oc-
clusion (Fig.  8.3). Another reported technique 
of deploying bilateral hilar metal stents is the 
stent-within-stent technique using large cell 
width SEMS [45]. This may be useful for pa-
tients with small extrahepatic bile duct diameter 
which would make deploying multiple SEMS 
adjacent to each other difficult. Guidewire ac-
cess to typically the left biliary system is pro-
cured followed by SEMS placement into that 
duct. Wire access to this system is maintained 
while removing the stent delivery system and 
advancing an ERCP catheter over the wire. 
After pulling the wire back into the catheter, it 
is advanced into the other intrahepatic system 
by passing the wire in between the interstices 
of the first stent. The interstices must be dilated 
using a 4–8-mm hydrostatic balloon dilator or a 

Soehendra stent retriever. Then the second stent 
is advanced through the interstices of the first 
stent into position.

The number of stents that should be placed 
is usually chosen according to the complexity 
of the stricture. It is ideal although not always 
possible to place two SEMS for complete drain-
age of Bismuth type II stricture, three stents for 
type III, and three to four stents for type IV. In 
addition, SEMS for palliative treatment of malig-
nant hilar strictures always must be uncovered in 
order to avoid occluding the side branches of the 
bile duct [26].

Multiple SEMS in complex malignant hilar 
strictures do not impede light delivery for pho-
todynamic therapy but adjustments of the light 
dose are required [26]. SEMS in malignant hilar 
strictures can clog due to sludge and tissue in-
growth and/or overgrowth. This can be managed 
by extracting the sludge and debris with a bal-
loon or, in cases of ingrowth, by the placement 
of additional SEMS or plastic stents inside the 
metal one.

Removing covered SEMS is usually straight-
forward and accomplished by grasping the re-
trieval loop at the end of the stent with rat tooth 
forceps, snaring the end of the stent, or using the 
stent-in-stent technique. This involves placing 
a second longer covered SEMS within the first 
stent and removing both about 2 weeks later with 
the hope that the second stent causes pressure 
necrosis of the ingrown/overgrown tissue [46]. 
Other typically more labor-intensive techniques 
of removing uncovered SEMS have been report-
ed in various case reports and series including the 
use of endoscopic scissors to cut the distal end of 
the stent and sequentially remove each wire of 
the stent, and grasping the proximal end of the 
stent with rat tooth forceps and then pulling back 
to invaginate the stent [47, 48].

Case Continued

The patient underwent surgical consultation. Be-
cause of very high bilirubin levels, the surgeon 
preferred to delay surgery. The patient under-
went endoscopic preoperative biliary drainage. 

Fig. 8.3   Endoscopic view of two self-expandable metal 
stents
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Case Study 2

Initial Presentation

A 35-year-old male presented with itching and 
dark urine. A laparoscopic cholecystectomy had 
been performed 6 months before. Liver function 
tests were all elevated and US showed dilation of 
the intrahepatic bile ducts. Since post-cholecys-
tectomy bile duct injury was suspected, the pa-
tient underwent MRCP. On MRCP a type III Bis-
muth and Lazorthes [49], postoperative biliary 
stricture (POBS) was diagnosed. The stricture 
was located at the level of the main biliary con-
fluence, which was not transected. Metal clips 
placed during cholecystectomy likely caused the 
stricture.

How Are Bile Duct Injuries and 
Postoperative Biliary Strictures 
Classified?

Injury of the bile ducts may occur during any 
surgical procedure involving the biliary tract. 
The main cause of bile duct injuries is laparo-
scopic cholecystectomy, and it is six times higher 
compared with open cholecystectomy [50, 51]. 
A classification of postoperative biliary injuries 
has been proposed by Bergman et  al. in 1996 
(Table 8.1) [52].

Postoperative biliary strictures (POBS) usu-
ally develop as a consequence of an injury to 
the bile ducts. Surgical repair with hepatico-je-
junistomy is the traditional treatment of POBS. 
Bismuth et  al in 1978 proposed a classification 

On ERCP (Fig.  8.4) there was a malignant-
appearing stricture located in the distal CBD 
with dilation of the proximal biliary three (Type 
I Bismuth and Corlette). Biliary forceps biopsy 
and brushing were performed at the level of the 
stricture, and one 10 Fr, 5-cm-long plastic stent 
was placed because the surgeon planned to take 
the patient to surgery soon. If surgery were to 
be delayed, a SEMS would have been indicated. 
The bilirubin level decreased to twice the normal 
range after 2 days. Biliary histology confirmed 
cholangiocarcinoma, while cytology was not 
diagnostic. The patient underwent pancreatico-
duodenectomy (Whipple procedure) 1 week after 
ERCP and on 12 months follow-up was free of 
disease.

Fig. 8.4   Type I Bismuth and Corlette malignant biliary 
stricture with dilation of the biliary tree above the stricture

 

Table 8.1   Types of bile duct injury according to Berg-
man et al. [52]
Type A Cystic duct leak or leakage from aberrant or 

peripheral hepatic radicles (minor lesions)
Type B Major bile duct leak with or without con-

comitant biliary stricture (major lesions)
Type C Bile duct strictures without bile leakage 

(major lesions)
Type D Complete transection of the duct with or 

without excision of some portion of the bili-
ary tree (major lesions)
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How to Manage Postoperative Biliary 
Strictures and Other Benign Biliary 
Strictures

POBS occur frequently after a bile duct injury as 
a result of fibrotic scarring and generally are diag-
nosed a few months later. In patients with suspect-
ed POBS, an MRCP should be performed to assess 
the type and morphology of the stricture. CT scan 
can be useful to evaluate the liver parenchyma for 
atrophy, especially with long-standing strictures.

Endoscopic treatment of POBS is quite dif-
ferent from the treatment of malignant biliary 
strictures (Video 8.1). Negotiation of the stricture 
with a guidewire is usually much more difficult 
in POBS than in a malignant stricture. This is be-
cause POBS are usually short, asymmetric, angu-

of postoperative biliary stricture that is based 
on the location of the stricture (Table 8.2) [49]. 
Endoscopy with placement of multiple biliary 
stents has become the preferred treatment for 
POBS [52–54].

Overview of Management of Bile Duct 
Injuries

With some exceptions, the endoscopic treatment 
of postoperative biliary injuries and strictures 
is possible only when the continuity of the bile 
ducts is maintained and the ducts have not been 
completely transected. Surgery is usually indi-
cated for complete transection of the CBD (Berg-
man type D) (Table 8.1, Fig. 8.5) and refractory 
strictures. The endoscopic treatment of major bil-
iary injuries and strictures mainly consists in the 
placement of one or more biliary plastic stents 
(Fig. 8.6) bypassing the site of injury (Video 8.1). 
Minor bile leaks may be treated by short plastic 
stent placement to overcome the pressure gradi-
ent at the biliary sphincter and allow the bile to 
flow through the stent into the duodenum rather 
than out the leak. During initial ERCP, cholan-
giogram should be performed carefully to ex-
amine for choledocholithiasis which is present 
in about 25 % of bile leaks. The stent is usually 
removed after 1–3 months. After stent removal 
an occlusion cholangiogram should be performed 
to assess for complete healing of the bile leak, 
ongoing choledocholithiasis, and the presence 
of strictures. Refractory bile leaks may be man-
aged by prolonged plastic stent placement, com-
bination of biliary sphincterotomy with stent, or 
covered SEMS [55, 56]. If a biliary stricture is 
identified, the patient should undergo placement 
of multiple biliary stents to dilate the stricture.

Fig. 8.5   Occlusive cholangiography showing complete 
transection of the common bile duct with multiple metal 
clips placed during laparoscopic cholecystectomy (Berg-
man type D lesion of the common bile duct)

 Table 8.2   Bismuth and Lazorthes classification of post-
operative biliary stricture
Type I ≥ 2 cm distal to the hepatic bifurcation
Type II < 2 cm distal to the hepatic bifurcation
Type III At the level of the hepatic bifurcation
Type IV Involves the right or left hepatic duct
Type V Extends into the left or right intrahepatic 

branch ducts
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lated, and rich with fibrotic tissue. It is preferable 
to use hydrophilic guidewires (0.035, 0.021, or 
0.018  in. in diameter) with a straight or curved 
(J-shaped) tip. Proper technique for torquing 
guidewires requires skill, good fluoroscopy, and 
patience. Torquing guidewires must be done very 
gently to avoid bile duct perforation and addi-
tional injury.

In order to pass the stricture, the direction of 
the catheter and the wire must be in the same axis 
as the stricture. Orientation of the guidewire can 
be achieved by pulling an inflated stone extrac-
tion balloon below the stricture. Furthermore, 
there are different types of rotatable catheters that 
can be useful in some cases.

Once the stricture has been negotiated with 
the guidewire, placement of one or two large bore 
stents (usually 10 French) can suffice as initial 
treatment, especially in a type I Bismuth and 
Lazorthes POBS. In complex POBS, especially 
type III, IV, and V, placement of more stents may 
be necessary to avoid cholangitis due to und-
rained opacified ducts (Video 8.1). In these cases 
thinner stents are often initially placed.

Balloon dilation alone as treatment is imme-
diately effective, but inadequate because of the 
high restenosis rate (up to 47 %) [57–59]. Di-
lating the stricture is frequently required before 
stent placement. It is recommended to choose the 
size of the balloon according to the size of the 
duct below the stricture in order to avoid perfora-
tion. Balloon dilation is usually performed only 
during the first stenting procedure and should be 
avoided during subsequent procedures because 
the forceful tissue disruption provoked by bal-
loons may cause traumatic damage of the bile 
ducts, leading to the development of additional 
fibrosis at the level of the stricture.

Currently, one of the most accepted protocols 
to manage POBS consists of the insertion of as 
many 10 French plastic stents as possible side-
by-side through the stricture. The stents are usu-
ally exchanged every 3–5 months. The number of 
the stents is increased at every ERCP. The treat-
ment is usually continued for 12 months, or until 
the complete disappearance of any narrowing of 
the bile duct at cholangiography. [53].

Multiple biliary plastic stent placement is the 
treatment of choice for POBS, with excellent 
long-term results [26, 53, 54]. In our center, after 
mean 7-year follow-up, POBSs recurred in 11 % 
of treated patients, which were retreated with 
stenting. Following another 7 years on average, 
no further recurrences were noted. Benign biliary 
strictures from other etiologies, including chronic 
pancreatitis and post-liver transplant (Chap.  9), 

Fig. 8.6   Plain X-ray after placement of six plastic stents 
for postoperative biliary stricture. Metal clips placed near 
the hilum during laparoscopic cholecystectomy are also 
visible. This is the same patient in Fig. 8.7a
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also respond well to this technique of multiple 
plastic stenting. Anastomotic strictures following 
liver transplant resolved in 97 % of patients treat-
ed for over 12 months with plastic stenting, and 
dropped significantly to 78 % in patients stented 
for less than 12 months [60]. Non-anastomotic 
strictures do not respond as well with 50–75 % 
resolution [61]. Chronic pancreatitis-related bili-
ary strictures are also more challenging to treat 
with small series reporting overall 44–92 % suc-
cess with this technique [57, 62, 63].

Is There a Role for Fully Covered SEMS 
in Postoperative Biliary Strictures and 
Other Benign Biliary Strictures?

Fully covered SEMS may have a role in the 
management of POBS although they are not 
FDA approved for use in benign biliary stric-
tures. Many reports have been published in the 
literature, but usually have included patients 
with strictures caused by many different dis-
eases (e.g., chronic pancreatitis, liver transplan-
tation, primary sclerosing cholangitis, stones) 

and with only short follow-up following SEMS 
removal. Recently a large multicenter study of 
187 patients with benign biliary strictures (68 % 
chronic pancreatitis) treated with covered SEMS 
followed them for 5 years after stent removal 
[64]. Covered SEMS were left in for a median 
28 months in chronic pancreatitis, 13 months 
in POBS, and 9 months in liver transplant-re-
lated strictures. All stents were removed using 
rat-tooth forceps to grasp the retrieval loop on 
the end of the SEMS or snare to grab the distal 
end of the SEMS with only 3 patients requiring 
the stent-in-stent technique. Stent migration oc-
curred in 29 %. Strictures had resolved in 76 % 
of patients at the time of stent removal, and 
over 5 years, 15 % recurred. Some cases of “de 
novo strictures” that occurred at the level of the 
proximal end of the SEMS have been observed. 
Complications related to the stent and stent re-
moval occurred in 27 % of patients with cholan-
gitis and abdominal pain being most common. 
Interestingly there was a trend toward increased 
cholecystitis when the stent covered the cystic 
duct orifice compared to when it did not (7 % 
versus 0 %, p = 0.074). While these results are 

Fig. 8.7   a Cholangiography showing type III Bismuth 
and Lazorthes postoperative biliary stricture with dilation 
of the intrahepatic biliary tree above the stricture. Note the 
metal clips placed during laparoscopic cholecystectomy 
located near the stricture. b Placement of two 10 French 

plastic biliary stents. c Placement of increasing number of 
plastic biliary stents every 3 months over 1 year. d Chol-
angiography showing complete resolution of the type III 
Bismuth and Lazorthes postoperative biliary stricture

 



1438  Management of Biliary Strictures and Bile Duct Injury

encouraging, the use of fully covered SEMS 
for benign biliary strictures should be limited to 
clinical trials or in situations where plastic stent-
ing has failed [26].

Case Continued

The patient underwent ERCP that confirmed a 
type III Bismuth and Lazorthes stricture and dur-
ing the first treatment only two plastic stents were 
placed (Fig. 8.7a and b). The patient underwent 
three more ERCPs every 3 months over a period 
of 1 year with multiple plastic stents exchanged 
(Fig. 8.7c) until complete resolution of the stric-
ture (Fig. 8.7d).

At 2 years follow-up, the patient had nor-
mal liver function tests and was in good clinical 
condition.

Conclusion

The management of biliary strictures and bile 
duct injuries is challenging, and the optimal treat-
ment for any individual patient should be deter-
mined in a multidisciplinary manner. In the fu-
ture we will have more sophisticated diagnostic 
tools and accessories that will help to determine 
the nature of a biliary stricture as well as algo-
rithms that will suggest the best diagnostic and 
therapeutic approach.

Key Points

•	 Understanding the nature and morphology of 
a bile duct stricture is mandatory before ERCP 
especially with hilar strictures.

•	 Biliary stents should be chosen on the basis of 
the pathology and the type of stricture.

•	 Uncovered metal stents are appropriate pre-
operatively in surgical candidates with malig-
nant distal biliary strictures.

•	 In inoperable patients, metal stents offer better 
patency and allow for other palliative thera-
pies compared to plastic stents.

•	 Hilar strictures may be difficult to treat and 
MRCP should be performed before ERCP to 
visualize the biliary anatomy and plan appro-
priate treatment.

•	 Placement of multiple plastic stents is still the 
treatment of choice in postoperative biliary 
strictures as well as other benign biliary stric-
tures with excellent long-term results.

•	 Fully covered SEMS are not FDA approved 
for use in benign biliary strictures although 
increasing number of studies are being pub-
lished suggesting encouraging outcomes with 
these stents.
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Video Caption

Video 8.1 Multiple plastic stents of benign biliary 
strictures

Benign Biliary Strictures After Laparoscopic 
Cholecystectomy

•	 Benign biliary strictures after laparoscopic 
cholecystectomy can be successfully treated 
by endoscopy.

•	 In this case a surgical clip was placed across 
the common bile duct.

•	 A 0.018” guidewire was successfully advanced 
through the clip, and a dilator was passed as a 
wedge to open the clip. An 11.5 Fr stent was 
then placed to drain the bile ducts and dilate 
the stricture.

•	 Three months later after stent removal, the 
biliary stricture was not completely dilated, 
and two 11.5 Fr stents were placed.

•	 Three months later after the stents were 
removed, cholangiography showed satisfac-
tory dilation of the stricture.

Benign Biliary Stricture After Surgery for 
Bile Duct Injury

•	 In this patient a T tube was placed to repair a 
section of the common bile duct during lapa-
roscopic cholecystectomy.
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•	 Due to the presence of a stricture two stents 
were placed after removal of the T tube.

•	 Three months later the stents were removed 
and due to a persistent tight stricture, 3 large 
bore prostheses were placed.

•	 Three months later the stricture was com-
pletely resolved.

Complex Benign Biliary Strictures

•	 Complex strictures involving the hepatic con-
fluence can also be treated endoscopically.

•	 In this case, the tight stricture was dilated with 
a 4 mm balloon, and the number of the stents 
inserted was increased every 3 months up to 
three 11.5  Fr prostheses, resulting in resolu-
tion of the stricture after removal as seen dur-
ing occlusion cholangiography.

Simultaneous Benign Biliary Stricture and 
Leak

•	 A leak from the common bile duct and bile 
duct stricture are present in the same case.

•	 After gently dilation of the stricture with a 
bougie dilator, one stent was placed mainly to 
treat the leak.

•	 Aggressive stricture dilation was attempted 3 
months later by balloon dilation and insertion 
of two stents.

•	 Three months later 4 stents were placed, lead-
ing to resolution of the stricture after stent 
removal.
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Introduction

Within the broad spectrum of biliary pathology, 
one of the most challenging diagnostic dilemmas 
is the evaluation of biliary strictures, particular-
ly when imaging and cytopathology results are 
nondiagnostic. The differential diagnosis for an 
indeterminate biliary stricture encompasses both 
benign and malignant processes (Table 9.1). Di-
agnosis is often delayed due to the indolent dis-
ease course of benign etiologies and the slow 
growth of cholangiocarcinomas, which can have 
a profound impact on patient morbidity and mor-
tality. While exclusion of malignancy is of prin-
cipal concern, establishing a definitive diagnosis 

for benign biliary strictures is also important for 
appropriate management, but potentially chal-
lenging, especially in the setting of hilar and pe-
ripheral liver disease. In addition, stricturing dis-
eases can mimic one another on imaging, further 
contributing to variable interobserver agreement 
in the interpretation of radiographic findings.

Multiple noninvasive modalities image the 
biliary tree including transabdominal ultrasound, 
computed tomography (CT), and magnetic reso-
nance cholangiopancreatography (MRCP). These 
low-risk, widely available studies reliably iden-
tify biliary ductal dilatation and significant stone 
disease. For nearly 40 years, endoscopic retro-
grade cholangiopancreatography (ERCP) has 
been a principal modality for both the diagnosis 
and therapy of bile duct pathology [1]. Although 
MRCP has become the mainstay for initial di-
agnostic evaluation of the biliary tree, ERCP 
remains essential for obtaining pathology from 
biliary strictures despite the poor sensitivity of 
ERCP techniques, ranging from 54 to 71 % even 
with combined brush cytology and intraductal 
biopsies [2–4]. Various adjunct techniques, in-
cluding direct cholangioscopy and probe-based 
confocal laser endomicroscopy (pCLE), may po-
tentially improve sensitivity of intraductal sam-
pling, yet are performed at few experienced cen-
ters [5–7]. At present, despite multiple efforts in 
improving the reliability and consistency of such 
diagnostic techniques, differentiating between 
benign and malignant biliary strictures can re-
main a challenge. The biliary gastroenterologist 
is thus left with the daunting task of interpreting 
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cholangiographic findings in the context of clini-
cal presentation and serum markers in order to 
formulate an accurate diagnosis and appropri-
ately guide management.

Case 1

A 70-year-old male nonsmoker with a past medi-
cal history significant for coronary artery disease 
and hypertension is admitted with a 1-month his-
tory of fatigue and new-onset jaundice. He denies 
any abdominal pain, fevers, or weight loss. He is 
taking no new medications and denies alcohol or 
drug use. There is no personal or family history 
of inflammatory bowel disease or gastrointesti-
nal cancers. He underwent a remote cholecystec-
tomy in the past and denies recent travel. Vital 
signs are stable, and examination reveals scleral 
icterus with mild jaundice, in the absence of cu-
taneous stigmata of chronic liver disease. Initial 
laboratory evaluation reveals the following: total 
bilirubin 7.2, ALT 229, AST 190, alkaline phos-
phatase 622, and lipase 27. CBC and coagulation 
profile are both within normal limits. Hepatitis 
serologies (A/B/C) are negative and an HIV test 
is nonreactive. CA 19-9 is moderately elevated 
at 118 and anti-nuclear antibody is nonreactive. 
Contrast-enhanced CT scan demonstrates mild 
intra- and extrahepatic bile duct dilatation in the 
presence of an ill-defined 4.5  cm lesion in the 

porta hepatis (Fig. 9.1). There is no evidence of 
choledocholithiasis or cholelithiasis. A MRCP is 
ordered and a gastroenterology consult is subse-
quently placed.

What Benign Biliary Conditions  
are on the Differential Diagnosis  
for This Patient?

In Western countries, an isolated benign biliary 
stricture is frequently iatrogenic, with the major-
ity of cases following operative trauma or cho-
lecystectomy [8]. These stenoses are most often 
localized and result from scarring at the site of 
prior surgical resection or anastomosis. While 
this is an important consideration for our pa-
tient, the presence of a porta hepatis lesion and 
concomitant diffuse ductal dilation argues for 
an alternate etiology. As such, post-surgical bili-
ary strictures (Chap. 8) shall be largely excluded 
from this case discussion.

One possible etiology for this patient’s presen-
tation is primary sclerosing cholangitis (PSC). 
PSC is a chronic fibroinflammatory condition 
that can lead to progressive and diffuse steno-
ses of both the intra and extrahepatic biliary tree 
[9]. Up to 80 % of PSC cases are associated with 
inflammatory bowel disease, most frequently 
ulcerative colitis, although increasingly Crohn’s 
disease as well [10]. Small-duct PSC has also 

Table 9.1   Etiologies for the indeterminate biliary stricture
Benign intrinsic Malignant intrinsic
Iatrogenic injury (i.e., post-surgical) Cholangiocarcinoma
Primary sclerosing cholangitis Biliary IPMN
Autoimmune cholangiopathy (i.e., IgG4-associated) Biliary involvement of ampullary carcinoma
Inflammatory Chloroma
Ischemic cholangiopathy Myeloma
Fibroinflammtory biliary stricture (FIBS)
Chronic choledocholithiasis
Extrinsic
Pancreas mass/malignancy
Hepatic mass/malignancy
Metastatic disease
Cystic disease
Lymphadenopathy
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been described [11] and requires liver biopsy for 
establishing the diagnosis given the paucity of 
findings on imaging.

PSC more commonly affects men (2:1) and 
usually presents between ages 30 and 40. If pres-
ent, initial symptoms are frequently nonspecific 
and can include malaise, fatigue, and weight 
loss. Jaundice typically occurs later in the dis-
ease process, once stricturing has progressed to 
cause significant cholestasis. Laboratory evalua-
tion most often reveals an elevated alkaline phos-
phatase in early stages with hyperbilirubinemia 
reflecting more advanced disease. Liver biopsy 
can help support the diagnosis of PSC, especially 
in cases limited to smaller ducts, yet is not regu-
larly required in clinical practice. Chronic bili-
ary inflammation and cholestasis can progress 
to cirrhosis, and a significant number of patients 
will eventually require liver transplantation. The 
estimated 10-year survival in PSC patients is ap-
proximately 65 % amidst great variability [12] 
with a reported incidence of cholangiocarcinoma 
of 7–9 % over the same time period [13, 14].

Aside from variants of cholangiocarcinoma, 
other conditions may mimic PSC. These include 
post-operative biliary stricture as mentioned 
earlier, chronic choledocholithiasis, sequelae of 
intra-arterial chemotherapy, and even metastatic 
disease. Mast cell cholangiopathy and eosino-
philic cholangitis have also been reported [15, 

16]. In these two conditions, where underlying 
systemic disease is commonly observed, respec-
tive mast cell and eosinophilic infiltration of 
ductal epithelium leads to a fibroinflammatory 
response that can progress to biliary stricturing. 
Radiographically, both may appear similar to 
PSC, thus stressing the need for histology. An-
other similar benign condition that may mimic 
both extrahepatic PSC and cholangiocarcinoma 
is fibroinflammatory biliary stricture (FIBS). 
FIBS is a rare myofibroblastic lesion with a dis-
tinct profile on immunohistochemistry and is fre-
quently diagnosed following extensive resection 
for presumed cholangiocarcinoma. An increas-
ingly recognized cause of secondary sclerosing 
cholangitis is IgG4-related disease, referred to 
here as IgG4-associated cholangitis (IAC). In a 
2001 paper by Hamano et al. high serum levels 
of IgG4 were detected in patients with sclerosing 
pancreatitis and thus emerged a new classifica-
tion for autoimmune pancreaticobiliary disease 
[17]. There have been subsequent reports of 
IgG4-related disease in a variety of other organs, 
including both lacrimal and salivary gland in-
volvement [18, 19].

The majority of IAC cases are associated 
with autoimmune pancreatitis (AIP) (92.5 %), 
although isolated cases of cholangiopathy have 
been observed [20]. In IAC, parenchymal infil-
tration by IgG4-positive plasma cells can prog-
ress to tissue fibrosis and obliterative phlebitis. 
Patients are typically older on presentation than 
those with PSC and most often demonstrate ob-
structive jaundice. Other features can include 
weight loss, abdominal pain, and new onset dia-
betes. Laboratory evaluation typically reveals el-
evated liver enzymes in a cholestatic pattern with 
or without abnormal lipase/amylase. Unlike PSC, 
bilirubin is frequently markedly elevated on di-
agnosis. The hallmark feature of IAC is a signifi-
cantly elevated serum IgG4 level (> 300 mg/dL), 
which occurs in 50–80 % of patients and may 
portend a favorable response to corticosteroid 
therapy [17, 21]. It is important to recognize that 
serum IgG4 is also moderately elevated in 9 % of 
PSC patients [22]. PSC cases with IgG4 plasma 
cell infiltration have been described with one 
study reporting greater than 10 IgG4 + cells per 

Fig. 9.1   CT abdomen demonstrating a lesion in the porta 
hepatis and mild biliary ductal dilation
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HPF in 23 % of explanted livers with PSC [23]. 
Inflammation was rarely observed surrounding 
large ducts and other histologic features were 
more consistent with PSC, despite higher-than-
expected levels of serum IgG4. This suggests that 
serum IgG4 level must be interpreted with cau-
tion, particularly when only mildly-to-moderate-
ly elevated. Elevated levels should be analyzed in 
the context of other clinical features and findings 
in order to more accurately distinguish IAC from 
both PSC and cholangiocarcinoma. Perinuclear 
anti-neutrophil cytoplasmic antibody (p-ANCA) 
positivity may help differentiate PSC from IAC 
as p-ANCA occurs in up to 80 % of PSC patients, 
even in the absence of underlying inflamma-
tory bowel disease [11]. At this time, other au-
toimmune markers have little role in diagnosing 
PSC or IAC. In the setting of cholestasis, mild-
to-moderate elevations in CA 19-9 can be non-
specific; thus, further evaluation is warranted to 
exclude underlying malignancy, particularly if 
levels remain persistently or markedly elevated.

How Do MRCP and ERCP Help 
Diagnose PSC and IAC?

Abdominal ultrasound and contrast-enhanced CT 
are often the initial modalities for hepatobiliary 
imaging. Findings of PSC can be variable and 
inherently depend on the disease state, ranging 
from minimal radiologic findings to significant 
biliary stricturing/dilatation and even cirrhosis. 
Typically demonstrated on MRCP or ERCP are 
multifocal stenoses of both intra and extrahepatic 
bile ducts with intervening normal-appearing or 
mildly dilated segments to produce a “beaded” 
ductal appearance. Although high-quality MRCP 
has good performance characteristics for diag-
nosing or excluding PSC, ERCP remains the gold 
standard for the diagnosis of PSC. Various stud-
ies on MRCP report a sensitivity of 80–88 % in 
experienced centers [24–27]. Specificity was ini-
tially reported in the range of 92–98 % [17–19], 
although recent studies have produced more 
modest results [20]. While both modalities have 
demonstrated good interobserver agreement on 

the degree of intrahepatic stricturing, ERCP ex-
hibits better agreement for extrahepatic strictures 
[20], particularly those that may warrant endo-
therapy. At present, MRCP remains suboptimal 
for predicting need for endotherapy.

Due to the high sensitivity and specificity of 
MRCP, noninvasive imaging may be sufficient 
for diagnosis in patients with little concern for 
underlying malignancy or need for endotherapy. 
ERCP is generally reserved for patients who can-
not undergo MRCP, have nondiagnostic MRCP, 
or demonstrate dominant stenoses with upstream 
ductal dilatation. In the latter situation, exclud-
ing underlying cholangiocarcinoma with targeted 
sampling and providing biliary decompression 
remain the principal reasons for ERCP.

An important radiologic finding in PSC with 
considerable implication on disease management 
is the dominant stricture (Fig.  9.2). The defini-
tion of dominant strictures in PSC within the lit-
erature is variable. Repeated attempts have been 
made to define dominant strictures in terms of 
their location within the biliary tree and their re-
spective ductal diameters. At our center, we feel 
dominant strictures can occur anywhere in the 
biliary tree and that the status of the upstream 
bile duct is equally important as the nature of the 
stricture in determining which strictures warrant 
therapy. Longitudinal studies have suggested that 
33–50 % of PSC patients develop a dominant 
stricture over 8–13 years, stressing the need for 
improved detection and management [28, 29]. 
While data have yet to establish specific risk fac-
tors for the development of dominant strictures, 
an association with stage 2–4 fibrosing inflam-
mation on liver biopsy has been reported [29].

A major concern with all dominant strictures 
is the potential for underlying cholangiocarci-
noma. Excluding malignancy can be challeng-
ing with MRI and ERCP, especially given the 
aforementioned limited sensitivity of ERCP bi-
opsies/brushings and unreliable tumor markers 
in cholestatic disease [30–32]. Greater sensitiv-
ity (~ 80 %) has been demonstrated with higher 
cut-off points for CA 19−9 (≥ 130 U/mL) in PSC 
patients [30]. A study of 333 patients with PSC 
performed at our center reported an even higher 
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sensitivity (100 %) and nearly 80 % specificity for 
the diagnosis of cholangiocarcinoma when stan-
dard brush cytology was combined with abnor-
mal CA 19-9 (> 180 U/mL) and CEA (> 5.2 ng/
mL) levels [32]. More data are required to evalu-
ate the cost-effectiveness of such a strategy and 
proper screening intervals for symptomatic and 
asymptomatic PSC. Newer modalities, including 
3-dimensional MRI with bile duct reconstruc-
tion and direct peroral cholangioscopy with or 
without confocal endomicroscopy, are being in-
vestigated to improve detection of malignancy in 
dominant strictures.

Similar to PSC, IAC typically affects large 
bile ducts and can demonstrate diffuse areas of 
stricturing with either normal or dilated interven-
ing segments on cholangiography. Differentiat-
ing between PSC and IAC with current imaging 
techniques can be challenging (Fig. 9.3). Nishino 
et al. report a higher incidence of distal bile duct 
strictures and a more segmental (less beaded) 
appearance in IAC compared to PSC [33]. Sig-
nificant intrahepatic stricturing is rarer (less 
than 10 %), yet when present, can be diffuse in 
IAC. Concomitant pancreatic duct strictures are 

frequently encountered. There have even been 
reports of IgG4-related disease causing inflam-
matory mass-like lesions and subsequent biliary 
obstruction [34, 35].

Histology obtained during ERCP may help di-
agnose IAC. One study reports modest sensitivity 
(52 %), despite excellent specificity (97 %), for 
diagnosing IAC from ampullary and intraductal 
biopsies [36]. When diagnostic, histopathology is 
most frequently characterized by the typical lym-
phoplasmacytic infiltrate and transmural fibrosis. 
Positive stains for IgG4 are further suggestive of 
IAC. Unlike in PSC, onion-skinned concentric fi-
brosis is not observed within peri-ductal regions.

Newer techniques, such as cholangioscopy 
and intraductal ultrasonography (IDUS), have 
also been investigated in IgG4-related disease, 
yet their precise roles remain to be defined. IDUS 
has demonstrated more concentrically thickened 
bile duct walls with smoother margins in IAC 
compared to cholangiocarcinoma [37]. In the 
presence of concomitant pancreatic disease, a 
core pancreatic biopsy under endoscopic ultra-
sound guidance can be useful.

Fig. 9.2   ERCP showing PSC characterized by beading 
and pruning of intrahepatic branches with dominant stric-
ture in common hepatic duct extending into bifurcation 
and bilateral main hepatic ducts. (Courtesy Dr. Linda Lee, 
Brigham and Women’s Hospital, Boston, MA)

 

Fig. 9.3   ERCP of a patient diagnosed with IAC char-
acterized by mild beading in intrahepatic ducts with ir-
regular distal common bile duct. (Courtesy Dr. Linda Lee, 
Brigham and Women’s Hospital, Boston, MA)
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Case Continued

MRCP reveals moderate dilation of intra and ex-
trahepatic bile ducts with an area of extrahepatic 
abnormal soft tissue surrounding the main portal 
vein. A common hepatic duct stricture is noted 
with associated upstream dilatation. There is no 
obvious pancreatic head mass. No choledocho-
lithiasis or cholelithiasis is noted. An ERCP is 
subsequently performed without complication 
(Fig.  9.4). The patient demonstrates serologic 
improvement in liver function tests following 
stent placement. Intraductal biopsies and brush-
ings of the common hepatic duct stricture return 
negative for malignancy. Serum IgG4 is normal 
at 87. An endoscopic ultrasound is subsequently 
performed to obtain tissue from the porta hepatis 
lesion. Cytopathology results demonstrate mildly 
atypical epithelial cells without evidence of ma-
lignancy.

Diagnosing IAC

The interpretation of findings in the context of 
suspected autoimmune pancreaticobiliary disease 
has led to the development of various consensus 

criteria for its diagnosis. Using the HISORt (his-
tology, imaging, serology, organ involvement, 
response to therapy) criteria, the diagnosis of 
IAC requires intrahepatic and/or proximal extra-
hepatic bile duct stricturing in the context of (1) 
typical radiologic findings of AIP (encapsulated, 
sausage-shaped pancreas), (2) supportive radio-
logic findings of AIP (focal pancreatic enlarge-
ment) with abnormal pancreatic ductal imaging 
and elevated serum IgG4 or other organ involve-
ment (retroperitoneal fibrosis or > 10 IgG4+ cells 
per hpf from an intraductal or ampullary biopsy 
obtained during ERCP), (3) clinical and serologic 
response to steroid therapy with supportive ra-
diologic findings, or (4) histology consistent with 
AIP from core pancreatic biopsy during EUS 
[38]. A more recent Japanese consensus criterion 
has since emerged [39]. Validation of both guide-
lines will be warranted in future studies.

Given that differentiating between PSC and 
IAC can be difficult by cholangiography alone, 
diagnosis largely rests on the patient’s history 
and clinical picture. As previously mentioned, 
PSC patients tend to be younger males with 
evidence of mild cholestasis and concomitant 
inflammatory bowel disease. Rarely do they 
demonstrate evidence of associated pancreatic 
disease with the most common cause for this is 
medication-related sequelae from azathioprine. 
In older patients without underlying inflamma-
tory bowel disease, IAC receives greater con-
sideration, particularly when evaluation for sus-
pected cholangiocarcinoma is negative on repeat 
endoscopic examinations. At our center, serum 
IgG4 levels are not routinely checked in patients 
with suspected PSC because mild elevations can 
be observed and may not be clinically relevant. 
When concomitant autoimmune disease or a 
family history thereof is observed, serum IgG4 
levels and biopsies for IgG4 staining are pursued. 
In the small subset of patients with concomitant 
pancreatic disease and/or mass-like lesions that 
are persistently negative for malignancy on his-
tology, IAC becomes more plausible and thus an 
empiric trial of steroids is considered prior to ad-
vocating for surgical resection.

Fig. 9.4   ERCP demonstrating a common hepatic duct 
stricture and upstream ductal dilation
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How Does Management Differ in PSC 
Versus IAC?

Management options in PSC have included both 
medical and endoscopic therapies in an effort 
to prolong (and hopefully obviate) the need for 
liver transplantation. The American Association 
for the Study of Liver Diseases (AASLD) cur-
rently recommends against the use of ursodiol 
in managing PSC patients given unclear ben-
efit on transplant-free survival [40]. More re-
cent data from Scandinavia recommend ursodiol 
(17–23 mg/kg/day) in patients who respond with 
normalization or significant decreases (≥ 40 % re-
duction) in alkaline phosphatase, which was as-
sociated with increased survival [41]. Although 
associated with improvement in liver function 
testing, the effect of ursodiol on disease progres-
sion remains uncertain. Large multi-center stud-
ies have investigated both low-dose (10–15 mg/
kg/d) and high-dose (17–30 mg/kg/d) ursodiol in 
PSC, yet neither has been shown to improve his-
tology or lengthen time to liver transplantation 
[42–44]. In fact, one multicenter trial found high-
dose (28–30  mg/kg/d) ursodiol associated with 
increased mortality and shorter time to trans-
plantation [44]. Recent studies have suggested 
a possible chemoprotective effect of ursodiol in 
reducing the risk of colon cancer in patients with 
concomitant inflammatory bowel disease [45, 
46]. Such an effect has yet to be demonstrated 
for cholangiocarcinoma. Validation of the limited 
evidence is necessary prior to recommending ur-
sodiol for chemoprevention. Immunomodulator 
and steroid therapy have also been trialed with-
out demonstrated benefit [47], except in overlap 
syndromes of PSC and autoimmune hepatitis 
and/or IgG4+ infiltrate on liver biopsy [48, 49].

Acute episodes of cholangitis are treated with 
usual antibiotic therapy targeted at enteric patho-
gens, particularly gram-negative and anaerobic 
organisms. In patients who suffer from repeated 
episodes of cholangitis, suppressive antibiotic 
therapy may be considered as a bridge to liver 
transplantation. In these patients, a Model for 
End Stage Liver Disease (MELD) score excep-
tion may be granted and more urgent transplanta-
tion indicated.

Endoscopic management of PSC usually oc-
curs later in the disease and relies heavily on the 
endoscopist to accurately recognize a dominant 
stricture. Endotherapy with balloon dilation and/
or stenting is indicated to alleviate biliary outflow 
obstruction and possible resultant hepatocellular 
injury. Since the original report of endoscopic de-
compression in PSC in 1982 [50], multiple stud-
ies (mostly retrospective) have investigated the 
role of balloon dilation and stenting in this pa-
tient population [51–54]. One prospective study 
by Stiehl et  al demonstrated improved survival 
following endoscopic management of dominant 
strictures compared to the predicted survival 
derived from the Mayo Clinic survival model 
prior to ERCP in 106 PSC patients on ursodiol 
[29]. However, the Mayo Clinic model was not 
validated in highly selected PSC patients with 
acute obstructive jaundice. Because it is heavily 
weighted to the serum bilirubin level, it should be 
applied to patients immediately after endoscopic 
interventions and then followed long term. Re-
gardless of these limitations, improved patient 
outcomes can be seen in selected patients with 
obstructive jaundice and PSC following endo-
scopic intervention [29, 55, 56].

In order to access the biliary tree and facilitate 
techniques for biliary evaluation and decompres-
sion, a small sphincterotomy is often performed. 
Following cannulation of the bile duct, recogni-
tion of potentially treatable strictures becomes of 
paramount importance. Short-segment (≤ 2  cm 
long) dominant strictures of the common bile 
duct (CBD) were the first to be successfully 
treated endoscopically. Subsequent efforts over 
the years have investigated the role of endother-
apy in long-segment CBD strictures and stric-
tures within distal hepatic ducts. In a prospec-
tive study of 171 patients on ursodiol followed 
for 20 years, 96 patients underwent endotherapy 
for either dominant strictures or cholangitis [57]. 
Both CBD strictures greater than 2 cm in length 
and short strictures within 2  cm of the bifurca-
tion may be effectively treated with dilation and/
or stenting. Significant stricturing of the intra-
hepatic system proximal to this 2-cm mark may 
be difficult to treat endoscopically and thus may 
warrant more prompt transplant referral.

9  Other Benign Biliary Strictures
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The dilemma of balloon dilation alone versus 
dilation with placement of a “short-interval” bili-
ary stent continues to be better defined. Longer-
term stent placement has been associated with a 
high complication rate around 20 % [56]. Debris 
can occlude biliary stents and the stents can block 
opposing peripheral bile ducts. These complica-
tions can inevitably lead to cholestasis and sep-
sis. For these reasons, a “short-interval” biliary 
stent is generally recommended. In a retrospec-
tive study of 32 patients treated with biliary 
stents removed after a mean of 11 days, clinical 
improvement was observed in 80 % of the popu-
lation [58]. Perhaps even more significant, 60 % 
of patients did not require repeat intervention at 
3-year follow-up. This suggests that short-term 
stent placement may yield the desired clinical 
and biochemical response.

Balloon dilation remains a mainstay of endo-
therapy in PSC, as it allows for graded dilation 
of the biliary tree. The balloon diameter must 
match the smaller diameter of the downstream 
bile duct to avoid iatrogenic injury. Once the 
balloon is inflated, pressure is maintained for a 
period of 30–60  s in order to achieve adequate 
response. Some advocate the use of short-term 
stents following balloon dilation while others try 
to avoid stent placement all together. At our cen-
ter, 10 French plastic stents are uniformly placed 
for patients with episodes of acute bacterial chol-
angitis following therapy with balloon dilation. 
Patients are instructed to return for reevaluation 
and stent removal in 2 weeks. In patients with 
evidence of recurrent cholangitis (> 3 episodes) 
and/or progressive stricturing that becomes de-
pendent on endotherapy to alleviate persistent 
obstruction, transplant referral is once again the 
most appropriate next step in management. Sur-
gical reconstruction prior to liver transplantation 
leads to worse outcomes and should be avoided 
if possible.

Peri-procedural antibiotic prophylaxis is uni-
versally recommended, as mere injection of con-
trast during the procedure can result in sepsis and/
or infection within more peripheral bile ducts. Pa-
tients are generally given ciprofloxacin 500 mg 
twice daily for 3–5 days following the procedure 
with longer durations (7–14 days) advocated in 

those with systemic constitutional symptoms or 
evidence of pus on endoscopic evaluation. The 
complication rate of ERCP in PSC patients is 
suspected to be slightly higher than in patients 
with CBD stones or solitary malignant strictures. 
Clinically significant complications have been 
observed in 7–14 % of PSC patients [29, 53, 59, 
60], mostly due to increased rates of cholangitis. 
Other series have reported even higher complica-
tion rates, although these findings may be attrib-
utable to longer and/or greater number of stent 
placement prior to removal.

Unlike PSC, where steroids have no report-
ed benefit, the first line of therapy in IAC is an 
extended taper of prednisone starting at 40  mg 
daily. This is usually tapered by 5  mg weekly, 
after which a maintenance dose of 5  mg daily 
for 3–6 months is recommended. Azathioprine, 
mycophenolate mofetil, and rituximab have been 
utilized as maintenance regimens in steroid-re-
sistant disease [20, 61, 62]. Lab parameters (spe-
cifically liver function tests, glucose, and IgG4 
levels) should be followed throughout the treat-
ment period. In patients who demonstrate clinical 
worsening and/or laboratory deterioration while 
on corticosteroids, therapy should be tapered and 
further evaluation for malignancy should ensue. 
Biliary stents are frequently placed for interval 
decompression during initial steroid treatment 
and often removed after 1–2 months. Repeated 
dilations and stenting may be warranted in re-
fractory disease. Peri-procedural antibiotic pro-
phylaxis is generally recommended, particularly 
in the setting of hilar strictures and intrahepatic 
involvement.

Case Continued

Given suspicion for IAC and lack of evidence 
of malignancy, the patient is started on an ex-
tended course of steroids. He is followed closely 
and continued to demonstrate both clinical and 
serologic improvement while on steroid therapy. 
Repeat imaging is performed 1 month following 
initiation of steroid therapy (Fig.  9.5). Repeat 
ERCP reassesses the disease process following 
a course of steroids for possible stent removal/
exchange (Fig. 9.6).
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Case 2 

A 55-year-old male with a past medical history 
significant for hepatitis C cirrhosis status post or-
thotopic liver transplantation 2 years ago presents 
for evaluation of abnormal liver function tests. 
His operative course was uncomplicated and the 

patient has had no issues following his transplant. 
He denies jaundice, abdominal pain, and fever. 
Vital signs are stable and physical exam is large-
ly unremarkable. Laboratory evaluation reveals 
the following: total bilirubin 2.9, ALT 202, AST 
121, and alkaline phosphatase 1000. CBC and 
coagulation profile are within normal limits. An 
abdominal ultrasound with Doppler shows pat-
ent vessels and no evidence of ductal dilation. An 
MRCP is subsequently ordered.

What Biliary Complications Can Occur 
Following Liver Transplant?

Liver transplantation has become a principal 
treatment modality in eligible patients for a va-
riety of conditions; the most common remain 
end-stage liver disease, hepatocellular carcino-
ma (HCC), and acute liver failure. A donor-to-
recipient choledocho-choledochostomy is cre-
ated in 75–88 % of liver transplants in the United 
States [63–65], with the remaining cases being 
a Roux-en-Y choledochojejunostomy (primarily 
for PSC and pediatric cases). Biliary complica-
tions are frequently encountered following liver 
transplantation, affecting 5–25 % of the post-
transplant population [66–68]. Early complica-
tions occur within 30 days of transplant and are 
often attributed to surgical manipulation proper 
or vascular compromise. The most common early 
complications include bile leaks and extrahepatic 
biliary obstruction. While the latter is frequently 
a consequence of post-surgical edema/inflamma-
tion, other etiologies include anastomotic nar-
rowing, vascular insufficiency, and even torsion. 
Late complications generally occur after 1 month 
following liver transplantation. Ductopenic re-
jection and hepatic artery thrombosis are two 
important diagnostic possibilities to consider in 
this population; both may be suggested by cho-
lestasis alone. Other possible etiologies for late 
cholestasis include recurrent liver disease, cho-
ledocholithiasis, biliary cast syndrome, and/or 
post-transplant ampullary dysfunction. Similar to 
ischemic cholangiopathy that is associated with 
the development of hepatic artery thrombosis fol-
lowing transplant, biliary cast syndrome is most-

Fig. 9.5   CT abdomen reveals near resolution of porta 
hepatis mass and ductal dilation following initiation of 
steroids for presumed IAC

 

Fig. 9.6   Repeat ERCP confirms resolution of com-
mon hepatic duct stricture
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ly observed in patients with some degree of vas-
cular insufficiency and is more frequent in those 
with hilar strictures. This uncommon phenom-
enon, which may be related to both intra-oper-
ative ischemia times and/or the presence of con-
comitant acute cellular rejection, often requires 
repeat attempts at endoscopic therapy (sphincter-
otomy and balloon sweeping) to achieve ductal 
clearance. Another late etiology for cholestasis 
is post-transplant ampullary dysfunction. These 
patients typically lack the pain associated with 
sphincter of Oddi dysfunction, presumably due 
to a denervated biliary tree. Filling defects are 
not observed on cholangiography and the degree 
of ductal dilation is typically uniform upstream 
of the papillary orifice. Efficient treatment is 
achieved with biliary sphincterotomy. Given the 
observed variability in the onset of biliary dis-
eases following liver transplantation, recognition 
of temporal relationships can have a profound 
impact on patient morbidity and mortality.

What Are the Principal Differences 
Between Anastomotic and 
Nonanastomotic Strictures?

One complication that can occur at any time fol-
lowing liver transplantation, and is often ame-
nable to endoscopic therapy, is post-transplant 
anastomotic biliary stricture. Strictures represent 
40–45 % of all biliary complications after liver 
transplantation [69, 70] and occur in higher fre-
quency among patients who receive a living-
donor-related transplant. Biliary strictures are 
observed in up to 32 % of such transplants [71] 
compared to 5–15 % with deceased-donor livers 
[71–73]. Post-transplant strictures most frequent-
ly involve the duct-to-duct anastomosis where a 
choledocho-choledochostomy was performed, 
yet can also occur distal to the anastomosis with-
in the biliary tree. Strictures may also involve 
the biliary-enteric anastomosis in patients with 
a Roux-en-Y hepaticojejunostomy. While these 
biliary strictures may result from localized post-
operative inflammation and fibrosis, other pos-
sible causes include ischemia and disease recur-
rence (i.e., PSC).

Patients with a biliary stricture can present 
variably, ranging from asymptomatic to cholan-
gitic with new onset jaundice in the presence of 
abdominal pain and/or fever. Laboratory evalu-
ation classically reveals elevated liver enzymes 
in a cholestatic pattern with direct hyperbiliru-
binemia. Biliary strictures are most frequently 
evaluated first with abdominal ultrasound, con-
trast-enhanced CT, or MRCP. These modalities 
may reveal areas of stricturing with concomitant 
dilation of donor ducts. An added benefit of ultra-
sonography is the performance of Doppler evalu-
ation to exclude hepatic artery thrombosis. Ul-
trasound and CT are limited by their suboptimal 
sensitivities and specificities in diagnosing post-
transplant strictures. MRCP appears comparable 
to ERCP in its accuracy for evaluating post-trans-
plant complications, including strictures [74–76]. 
Recent data suggest sensitivity and specificity 
greater than 95 % for MRCP in diagnosing bili-
ary complications following liver transplant [76]. 
Thus, MRCP remains an effective noninvasive 
modality for imaging the post-transplant biliary 
tree prior to endoscopic intervention.

Post-transplant biliary strictures are generally 
classified as anastomotic or nonanastomotic, as 
determined by their location and length. Stric-
tures involving the biliary anastomosis are usu-
ally short-segment strictures that occur within 1 
year of liver transplantation. Older recipient age, 
history of prior bile leak, prolonged intra-opera-
tive warm/cold ischemia times, and active smok-
ing have been identified as possible risk factors 
for the development of anastomotic strictures 
[77–79]. Higher rates of late-onset anastomotic 
strictures have also been reported in patients with 
recurrent hepatitis C infection and in those with 
a history of HCC requiring trans-arterial che-
moembolization prior to transplant [80]. These 
strictures are typically diagnosed by abdominal 
ultrasound or MRCP, both of which can dem-
onstrate anastomotic narrowing with upstream 
dilatation of donor ducts. It is important to dif-
ferentiate an anastomotic stricture from size mis-
match between donor and recipient bile ducts. In 
the latter situation, either donor or recipient ducts 
can appear “dilated,” yet this may simply reflect 
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a duct-to-duct size discrepancy in the absence of 
true narrowing at the anastomosis.

Nonanastomotic strictures are defined as stric-
tures greater than 5  mm proximal to the surgi-
cal anastomosis and represent more than 20 % of 
post-transplant biliary strictures [81]. The most 
common etiologies for nonanastomotic strictures 
are ischemic cholangiopathy, vascular injury/
thrombosis (i.e., hepatic artery thrombosis), and 
disease recurrence (i.e., PSC). Cases of viral 
cholangiopathy and ductopenic rejection leading 
to biliary strictures have also been reported [82, 
83]. Nonanastomotic strictures are frequently dif-
fuse, multiple, and proximal to the hilum within 
the intrahepatic biliary tree. Development of 
these strictures has been associated with donors 
after cardiac death, prolonged intra-operative 
ischemia times, and need for extended vasopres-
sor support during transplantation [83–85]. De-
tection of nonanastomotic biliary strictures fol-
lowing transplant should prompt a complete vas-
cular evaluation with Doppler ultrasonography 
and/or angiography to ensure adequate perfusion 
of the allograft.

Case Continued

MRCP reveals a short-segment nonvisualization 
of the extrahepatic bile duct, likely in the re-
gion of the biliary anastomosis. Intrahepatic bile 
ducts and the donor common hepatic duct are 

also mildly dilated (Fig. 9.7a). An ERCP is sub-
sequently scheduled for further evaluation and 
management. A 6-mm biliary stricture at the level 
of the anastomosis is appreciated (Fig. 9.7b).

What Endoscopic Therapies Are 
Available for Post-Transplant 
Strictures?

Endotherapy for anastomotic strictures is highly 
effective, with success rates ranging from 65 to 
100 % [71, 72, 86, 87]. Anastomotic strictures 
may recur in roughly 20 % of patients follow-
ing endoscopic management. In patients who 
undergo liver transplantation with a choledocho-
choledochostomy, conventional access to the 
biliary tree is performed via ERCP. After pass-
ing a standard duodenoscope, a biliary sphincter-
otomy may be performed to facilitate intraductal 
therapy. Endoscopic techniques have included 
both balloon dilation and stenting, with the for-
mer being avoided in patients less than 1 month 
post-transplant due to concerns over a tenuous 
anastomosis and the presence of post-operative 
edema which may resolve over time.

In patients greater than 1 month post-trans-
plant, balloon dilation is generally performed 
with balloon size matched to the diameter of the 
smaller duct on either side of the anastomosis. 
After 30–60 s, the balloon is deflated and plas-
tic biliary stents (10 Fr) are conventionally de-

Fig. 9.7   a MRCP demonstrating a short-segment stricture at the level of the duct-to-duct anastomosis following ortho-
topic liver transplantation. b ERCP with an anastomotic stricture
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ployed. These stents are often exchanged every 3 
months over the course of a full year, as they tend 
to occlude with debris over time. Overall success 
rates with endoscopic management of anastomot-
ic strictures have been reported to range from 70 
to 100 % [74], and multiple studies have demon-
strated that balloon dilation plus stenting is more 
effective than balloon dilation alone [71, 88–95] 
In a 2006 paper by Zoepf et al., recurrence rates 
following balloon dilation alone (62 %) were 
higher than those who underwent balloon dila-
tion and stenting (31 %) [95]. In certain circum-
stances, particularly larger strictures and larger 
duct sizes, multiple plastic stents may be inserted 
to achieve adequate dilation and biliary drainage. 
Studies report long-term success rates greater 
than 90 % with this technique of placing as many 
plastic stents as possible across the anastomotic 
stricture [91, 92]. Patients may require fewer 
procedures to achieve stricture resolution with 
this approach. Newer studies have investigated 
the off label use of fully covered self-expandable 
metal stents in this patient population. A recent 
prospective study of 54 patients demonstrated 
high rates of stent migration despite an overall 
success rate of 75 % [93]. Another study reported 
an almost 40 % migration rate with fully covered 
metal stents for the treatment of refractory stric-
tures or bile leak following transplant, although 
limitations included small sample size and the 
use of stents without anti-migration flanges [94]. 
Nonetheless, given these data, deployment of a 
fully covered metal stent is generally reserved 
for refractory disease [93]. When endoscopic or 
percutaneous treatment has failed to resolve the 
stricture, surgical intervention with creation of a 
hepaticojejunostomy may be necessary. Drastic 
cases may require re-transplantation.

Nonanastomotic strictures can be much more 
difficult to treat endoscopically, as they frequent-
ly involve the hilum and proximal intrahepatic 
ducts. Smaller duct size and variations in anato-
my often preclude the endoscopist from achiev-
ing effective stent drainage. Studies report biliary 
stenting to be effective in 50–75 % of selected 
patients with nonanastomotic strictures [73, 86, 

95, 96], a response rate considerably lower than 
anastomotic strictures. In the majority of cases, 
endotherapy for nonanastomotic strictures also 
utilizes balloon dilation whether or not a stent is 
placed. Retrospective data have suggested that 
cholangitis rates may be lower following balloon 
dilation alone (12 %) compared with concomi-
tant stenting (25 %) in nonanastomotic strictures, 
although further investigations are warranted 
[97]. Nonetheless, stents are often deployed to 
maintain duct patency, at the risk of occluding 
more proximal ducts that oppose the stent itself. 
Severe disease may necessitate percutaneous 
biliary drainage, interventional procedures to 
achieve adequate hepatic artery flow, and even 
re-listing for transplant. More data are necessary 
to better elucidate the most effective endoscopic 
technique in this subset of patients in order to im-
prove patient and graft survival.

Liver transplantation utilizing a donor-to-re-
cipient choledocho-choledochostomy is advan-
tageous because it maintains intestinal integrity 
and promotes a greater degree of biliary sterility 
and continuity. Preservation of intestinal anato-
my also facilitates biliary access for the perfor-
mance of ERCP. Patients with anastomotic stric-
tures following liver transplantation with a Roux-
en-Y choledochojejunostomy may be difficult to 
treat endoscopically. Endoscopic access to the 
anastomosis often requires a variety of deep en-
teroscopy techniques. Single-balloon and spiral-
overtube-assisted enteroscopy have both been 
employed with variable success rates. In a recent 
retrospective review of 31 post-transplant pa-
tients with Roux-en-Y reconstruction, ERCP was 
successfully performed in 22 (71 %) cases using a 
pediatric colonoscope in the majority of patients 
[98]. When biliary access is granted, anastomotic 
strictures are similarly treated as described above 
with balloon dilation and/or temporary stenting 
depending on the age of the anastomosis. When 
identification of the anastomosis is difficult and 
technically infeasible endoscopically, percutane-
ous approaches may be warranted.
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Case Continued.

After performing an 8-mm biliary sphincter-
otomy, the anastomotic stricture is dilated with 
a 6-mm balloon dilator. Two 10 Fr - 9-cm biliary 
stents with internal and external flaps are then 
placed 8.5 cm into the bile duct (Fig. 9.8). The 
procedure is accomplished without difficulty and 
the patient is discharged home. LFTs normalize 
shortly after stent placement. He does well for 
the next 3 months without complications and is 
scheduled for repeat ERCP. During his subse-
quent procedure, clinical improvement is noted 
and the patient undergoes repeated balloon dila-
tion (Fig. 9.9). No biliary stent is replaced given 
near resolution of the anastomotic stricture. The 
patient continues to follow up with transplant 
hepatology as an outpatient and liver function 
testing has remained normal.

Conclusion

While the greatest concern for a biliary stricture 
is the underlying possibility of cholangiocarci-
noma, a number of benign conditions exist that 
can have similar clinical presentation. Included 
among these are post-surgical causes for biliary 

strictures, PSC, IAC, chronic choledocholithia-
sis, and even sequelae from prior chemotherapy. 
Each condition may demonstrate characteristic 
findings upon serologic and radiographic evalu-
ation, yet they also may mimic one another, 
particularly on cholangiography. Advances in 
noninvasive imaging techniques have resulted in 
MRCP becoming the principal diagnostic modal-
ity for assessment of biliary strictures, including 
in patients following liver transplantation. Once 
stricturing disease is identified, ERCP remains 
instrumental in diagnosis and treatment despite 
variable sensitivity and specificity in providing 
tissue diagnoses. Cholangiographic findings and 
tissue sampling can frequently be nondiagnostic 
following endoscopic evaluation and thus should 
be interpreted in the context of clinical presenta-
tion and laboratory results to allow accurate di-
agnosis and effective management. Endoscopic 
intervention continues to be the cornerstone in 
the treatment of most benign biliary strictures.

Key Points

•	 Success rates of biliary endoscopy in scleros-
ing disorders may best correlate with the loca-
tion of intervened-upon segments depending 
on the disease process, which requires deeper 

Fig. 9.8   Successful placement of two 10 Fr × 9 cm biliary 
stents following biliary sphincterotomy

 

Fig. 9.9   Balloon dilation of anastomotic stricture
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understanding of the underlying etiology and 
natural history of the diseases.

•	 MRCP is the noninvasive diagnostic imaging 
of choice for assessing biliary strictures.

•	 In patients with primary sclerosing cholangitis 
(PSC), the degree of upstream ductal dilata-
tion is of utmost importance in defining a stric-
ture as dominant and determining whether the 
identified stricture should be evaluated and 
treated endoscopically.

•	 Balloon dilation remains the mainstay of 
endoscopic management in PSC, while 
deployment of short-interval stents may be 
most beneficial in patients with episodes of 
acute bacterial cholangitis and/or evidence of 
persistently obstructed biliary outflow despite 
balloon dilation.

•	 The majority of cases of autoimmune chol-
angiopathy are associated with concomitant 
pancreatic inflammation, and high serum lev-
els of IgG4 may imply a favorable response to 
corticosteroid therapy.

•	 Endoscopic management of anastomotic stric-
tures following liver transplant is successful 
in 70–100 % of cases with long-term data 
suggesting that recurrence may be minimized 
with the placement of temporary stents fol-
lowing balloon dilation.
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Introduction

Choledochal cysts are rare congenital dilations 
of the biliary tree. Most are diagnosed in infancy 
or childhood, though the incidence of adult di-
agnosis is increasing. Early recognition and ap-
propriate treatment are important due to risk of 
malignant transformation. Endoscopic retrograde 
cholangiopancreatography (ERCP) has a central 
role in diagnosis, surveillance, and even defini-
tive therapy in a subtype of cysts. This chapter 
will review the presentation and diagnosis of 
choledochal cysts as well as their clinical clas-
sification and management.

Case Presentation

A 55-year-old man without previous medical 
comorbidities was evaluated for episodes of in-
tense right upper quadrant (RUQ) pain associat-
ed with nausea and vomiting. The patient’s liver 
function tests (LFTs) were normal at the time 
of evaluation. In between episodes, the patient 
feels well and is in his usual state of good health. 

The patient had a benign physical examination. 
An upper endoscopy was negative. A computed 
tomography (CT) of the abdomen was obtained, 
which revealed a cystic dilation of the mid to dis-
tal common bile duct (CBD). The patient saw a 
hepatobiliary surgeon, but was not interested in 
surgery despite a discussion of the risks of a po-
tential choledochal cyst. The patient was referred 
for ERCP.

How Common Are Choledochal Cysts 
Worldwide?

Choledochal cysts were initially described in the 
1700s. Cystic dilation of intra- or extrahepatic 
bile ducts is usually diagnosed in childhood with 
more than 60 % of choledochal cysts diagnosed 
in the first decade of life. An increasing number 
are diagnosed in adulthood, often in asymptomat-
ic individuals [29, 50, 55]. Despite increased fre-
quency in adulthood, the incidence of true cystic 
biliary dilation identified in patients undergoing 
ERCP remains very low, at less than one-tenth 
of a percent [47, 55]. The disease is more com-
mon in females, with female to male ratios three 
to eight times higher [55]. The incidence in west-
ern populations has traditionally been reported 
between 1:100,000 and 1:150,000, although it 
has been reported as high as 1:13,500 in the USA 
and 1:15,000 in Australia [50]. Asian countries, 
particularly Japan, have the highest reported in-
cidence of choledochal cysts with rates as high as 
one in 1000 births [39, 50].
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Why Do Choledochal Cysts Develop?

Many of the theories to explain the etiology of 
choledochal cysts propose that abnormalities dur-
ing embryogenesis allow for the variant anatomy 
to develop. Early differentiation of structures 
destined for the hepatobiliary tract and pancreas 
occurs at the end of the 3rd week of gestation. 
An endodermal outpouching from the midgut, 
known as the pars hepatica or hepatic diverticu-
lum (HD), will become the liver, gallbladder, ex-
trahepatic ducts, and pancreas [44].

The HD begins to develop liver parenchyma 
as endodermal cells invade the cranial portion of 
the mesoderm and begin to differentiate. Further 
differentiation at the cranial end leads to the liver 
and the common hepatic duct (CHD) while the 
caudal end divides into two buds, a superior bud 
(pars cystica), which eventually differentiates 
into the gallbladder and cystic duct, and an in-
ferior bud, which becomes the ventral pancreas. 
After 6 weeks of gestation, all the components of 
the biliary tree are recognizable and have rotated 
into their definitive positions [3]. At 8 weeks, the 
liver precursor cells differentiate into the ductal 
plate that undergoes remodeling to form the bili-
ary ducts.

Multiple theories have been proposed to ex-
plain how choledochal cysts develop. The com-
mon channel theory proposed by Babbit suggests 
that an aberrant pancreatic bud causes a longer 
(usuallys > 8 mm) common channel and an ab-
normal pancreaticobiliary junction (APBJ) [18]. 
Thus, the bile duct and pancreatic duct (PD) 
unite outside the duodenal wall. The long chan-
nel, along with an ineffective sphincter of Oddi, 
is thought to allow mixing of biliary and pancre-
atic juices, which activates pancreatic enzymes 
leading to inflammation, deterioration of struc-
tural proteins and biliary duct wall, and further 
duct dilation. Opponents to this theory note that 
it only accounts for Todani type I and Todani type 
IV cysts. Numerous studies have identified in-
complete concordance between identified APBJ 
and the presence of choledochal cysts [1, 26]. 
About 50–80 % of these choledochal cysts are 
accompanied by APBJ. Another theory suggests 
that choledochal cysts are part of a spectrum of 

embryological malformations of the pancreatico-
biliary system.

What Is the Most Common 
Classification for Choledochal Cysts?

The first classification schema for choledochal 
cysts to gain wide acceptance was introduced 
by Alonso-Lei in 1959 [2]. Three distinct types 
were initially described: congenital cystic dila-
tion, congenital diverticulum of the CBD, and 
congenital choledochocele. This classification 
was later expanded to five types by Todani et al. 
in 1977 [62, 65]. Though there have been further 
permutations, this is still the most widely recog-
nized classification scheme. Todani’s classifica-
tion includes five subtypes, detailed below.

Todani type I cysts are characterized by areas 
of segmental intra- or extrahepatic bile duct di-
lation (Figs. 10.1 and 10.2). These are the most 
commonly observed choledochal cysts, rep-
resenting > 80–90 % of reported cases. Type I 
choledochal cysts are further subdivided based 
on the appearance of the dilation into subtypes 
A–D. Type IA cysts are usually characterized by 

Fig. 10.1   ERCP cholangiogram revealing a variant of a 
type I choledochal cyst, with cystic dilation of the proxi-
mal extrahepatic biliary tree just below the bifurcation. 
ERCP endoscopic retrograde cholangiopancreatography
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a pronounced cystic dilation of the CBD with-
out intrahepatic dilation, with the cystic duct and 
gallbladder arising from the dilated CBD. Type 
IB cysts have focal, segmental dilation of the 
extrahepatic bile duct, usually in the distal CBD 
with the cystic duct typically arising from the 
normal CBD. In type IC cysts, the entire extrahe-
patic duct, including both the CBD and CHD, is 
characterized by a smooth fusiform dilation usu-
ally extending into the intrahepatic ducts (which 
is less spheroid than type IA cysts). Type ID cysts 
were recently described as dilation of the CBD, 
CHD, and proximal portion of the cystic duct as 
well [34].

Todani type II cysts are rare diverticuli aris-
ing from the extrahepatic bile duct. These cystic 
outpouchings are connected by a thin stalk to an 

otherwise normal bile duct. They occur equally 
in males and females and may be discovered at 
any age. The absence of communication with the 
cystic duct or gallbladder distinguishes Todani 
type II cysts from gallbladder duplications and 
peribiliary cysts, which are small noncommu-
nicating retention cysts adjacent to intrahepatic 
ducts [7, 35]. Imaging becomes important when 
attempting to establish whether the fluid-filled 
diverticulum communicates with the gallblad-
der or CBD and requires surgical intervention, 
or is a benign fluid collection. ERCP is preferred 
over MRCP (magnetic resonance cholangiopan-
creatography), largely because identifying small 
communications on MRCP is less sensitive com-
pared with ERCP, where the communication 
opacifies with contrast.

Todani type III cysts are rare cystic dila-
tions of the distal CBD within the duodenal wall 
(Fig. 10.3a). These lesions are often seen to bulge 
into the lumen of the duodenum (Fig.10.3b). 
They are also known as choledochoceles (given 
their similarities to ureteroceles before the To-
dani classification was created) [9, 26]. There 
is an ongoing debate as to whether choledocho-
celes should be considered true choledochal cysts 
given the significant differences in the age and 
symptoms at presentation, and presumed reduced 
risk of malignancy [74].

Choledochoceles were further divided by 
Scholz into type IIIA cysts if the PD and CBD 
drained into the choledochocele, or type IIIB if 
the dilation is a diverticulum of the CBD within 
the wall of the duodenum [48]. Further classifica-
tion schemes have been proposed that categorize 
cysts according to the relationship between the 
papilla of Vater (PV), the PD, and the CBD [45]. 
However, since the management for all Todani 
type III cysts is nearly the same, this scheme is 
not commonly used in clinical practice [50].

Todani type IV lesions are multiple cystic di-
lations of the extrahepatic ducts with or without 
intrahepatic involvement (Fig.  10.4). Type IVA 
lesions are multiple cystic dilations of both intra- 
and extrahepatic ducts. The dilated ducts may be 
any combination of fusiform or cystic dilations. 
Type IVB lesions only involve the extrahepatic 
ducts with multiple dilated segments, and appear 

Fig. 10.2   ERCP cholangiogram demonstrating type IB 
choledochal cyst with anomalous pancreaticobiliary junc-
tion. (Courtesy Dr. Linda Lee, Brigham and Women’s 
Hospital, Boston, MA). ERCP endoscopic retrograde 
cholangiopancreatography
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radiographically as a string of beads or bunch of 
grapes.

Todani type V cysts, also known as Caroli dis-
ease, are single or multiple nonobstructive dila-
tions of the intrahepatic bile ducts [27]. Most of 
the intrahepatic dilations of Todani type V cysts 
are multiple segmental saccular dilations, giv-
ing a characteristic “beaded” appearance [26]. If 

there is extrahepatic duct dilation, it is mild and 
fusiform, compared with the large cystic dilations 
seen in type IVA cysts [45]. Caroli syndrome 
is when Caroli disease dilations are associated 
with congenital hepatic fibrosis, polycystic kid-
ney disease, and other congenital disorders [26, 
49]. Cholangitis is common in both conditions, 
though only Caroli syndrome will progress to 
liver fibrosis, portal hypertension, and eventual 
liver failure.

Histologically, choledochal cysts have vary-
ing degrees of dysplasia, though there are no 
pathognomonic histologic findings of the bile 
duct wall unique to Todani I–IV choledochal 
cysts. Ductal plate malformations with persisting 
embryonic features, inflammation, and dilation 
of the intrahepatic bile ducts characterize Todani 
V cysts [45]. Malformations confined to the larg-
er intrahepatic ducts form Caroli disease, while 
patients with abnormalities limited to the small 
interlobular ducts develop congenital hepatic fi-
brosis. When both patterns are present, patients 
have Caroli syndrome, which involves all intra-
hepatic bile ducts.

Although not included in the Todani classifi-
cation, forme fruste cysts are characterized by an 
abnormal pancreaticobiliary duct junction with-
out bile duct dilation [28, 50]. They share many 
of the same presenting symptoms—histologic 
changes and potential for malignant transforma-
tion—like the other choledochal cysts [18].

Fig. 10.4   Coronal T2 weighted MRCP image demon-
strating a massively enlarged common duct and proximal 
intrahepatic ducts, consistent a type IVA choledochal cyst. 
(Courtesy of Marta Heilbrun, MD). MRCP magnetic reso-
nance cholangiopancreatography

 

Fig. 10.3   a Coronal T2 weighted MRI pancreas show-
ing type III choledochal cyst ( arrow). b Endoscopic 
view of type III choledochal cyst (choledochocele) with 

bulging ampulla. (Courtesy Dr. Linda Lee, Brigham and 
Women’s Hospital, Boston, MA). MRI magnetic reso-
nance imaging
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How Do Patients Present with 
Choledochal Cysts?

Patients with choledochal cysts present with a 
wide variety of symptoms, usually complica-
tions of the cysts such as cholangitis, cholecys-
titis, and pancreatitis, or may remain completely 
asymptomatic with incidental discovery of the 
lesion(s) [4, 57]. Between 50 and 80 % of patients 
with choledochal cysts are diagnosed in the first 
decade of life [29, 51]. The classic triad of ab-
dominal pain, jaundice, and a palpable abdomi-
nal mass is more common in younger patients. 
Although over 60 % of patients have two out of 
three symptoms, only 20 % will have all three [2, 
55, 57]. In younger patients, obstructive jaundice 
and a palpable abdominal mass are the most com-
mon symptoms. In older patients, symptoms re-
lated to mass effect or bile stasis within the cyst, 
such as RUQ abdominal pain, nausea, vomiting, 
and fever, are more common. Bile stasis can lead 
to stone formation and infection, which may re-
sult in secondary biliary cirrhosis [42]. These 
patients may present with signs and symptoms 
of cirrhosis including variceal bleeding, spleno-
megaly, and pancytopenia. Portal hypertension 
may also occur without cirrhosis due to the cho-
ledochal cyst causing mechanical obstruction of 
the portal vein. Rarely, patients present with life-
threatening complications such as cyst rupture 
(1–12 %), variceal bleeding from portal hyper-
tension, liver abscesses, or sepsis [23, 57]. Cyst 
rupture presents with abdominal pain, sepsis, 
and bile peritonitis with abdominal ultrasound 
(US) potentially demonstrating a normal biliary 
tree if the cyst decompressed following rupture. 
A hepatobiliary iminodiacetic acid (HIDA) scan 
will show contrast entering the peritoneal cavity.

While patients with choledochoceles may 
have symptoms similar to other choledochal 
cysts, they are often asymptomatic. Type III cho-
ledochal cysts can also rarely present with gas-
tric outlet obstruction if a large intramural cyst 
bulges into the duodenal lumen [41, 57].

Although many patients are asymptomatic, 
many adult patients will develop complications 
from choledochal cysts [28]. Symptoms may 
arise in any part of the biliary tract, often due to 
mechanical obstruction either from mass effect 
by the cyst or from stones in the ducts, which can 
lead to ascending cholangitis or pancreatitis [57]. 
The severity of recurrent episodes of inflam-
mation and infection is likely to escalate if left 
untreated. Secondary changes, including portal 
hypertension, cirrhosis, and malignancy, occur 
much more often in adults than in children [55].

What Is the Risk of Malignancy with 
Choledochal Cysts?

Cancer is common in patients with choledochal 
cysts (Table 10.1). Cholangiocarcinoma accounts 
for nearly two-third of these malignancies fol-
lowed by gallbladder cancer, with rare occur-
rences of hepatocellular carcinoma, and pan-
creatic cancer [57]. Cancer typically develops 
within the choledochal cysts and in the gallblad-
der of patients with forme fruste cysts. While all 
choledochal cysts are premalignant, and cancer 
has been reported in all Todani classes, types I 
and IV account for the vast majority of cancers 
(68 and 21 %, respectively) [63]. The overall 
incidence of malignancy in patients with chole-
dochal cysts is between 2.5 and 28 %, which is 20 
to 120 times greater than the general population 

Table 10.1   Frequency of choledochal cysts and frequency of each type of cyst in choledochal cyst-associated cancers. 
[18, 50, 23]
Todani classification Frequency of type of cyst (%) Frequency of type of cyst in cancers 

arising from choledochal cysts
I 80–90 50–80
II 2 2–5
III 4–5 1.4–4.5
IV 19 15–35
V 20 7–15
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[38, 55, 57]. In addition, patients with choledoch-
al cysts are typically diagnosed with malignancy 
10–20 years earlier than the general population, 
and have a worse prognosis with few surviving 
beyond 2 years from diagnosis [54, 57, 70].

The risk of malignancy in patients with cho-
ledochal cysts increases with age (Table 10.2). In 
patients younger than 10, the cancer risk is less 
than 1 % [18]. The risk of cancer increases to 
2.3 % in patients over 20, over 10 % by age 30, 
and 75 % by age 70 [5, 50]. Even after surgical 
resection of a choledochal cyst, patients are at in-
creased risk for developing cancer. Assuming the 
cyst is completely excised, there is negligible risk 
of malignancy for the first three decades following 
surgery. The risk then rises with each decade after 
resection to 19 % between 30 and 50 years and 
50 % for patients 50–70 years following surgery 
[36]. The literature suggests this is due to the rem-
nant cyst tissue or subclinical malignant disease 
not detected or excised at the time of surgery [18].

What Tools Are Available to Diagnose 
Choledochal Cysts?

Serum liver chemistries are generally not useful in 
the diagnosis of choledochal cysts, as there is no 
pathognomonic laboratory pattern for choledoch-
al cysts. They may be normal, although elevations 
of transaminases or bilirubin from cholangitis are 
common. Without pathognomonic physical ex-
amination findings or laboratory values, imaging 
becomes the definitive tool for diagnosis of chole-
dochal cysts. The goals of imaging studies include 
determining whether the cyst communicates with 
the bile duct, and evaluating for the presence of a 
mass. Numerous imaging modalities, both inva-
sive and noninvasive, can be utilized to character-
ize the choledochal cysts. Noninvasive imaging 

with transabdominal US, CT, magnetic resonance 
imaging (MRI), and MRCP, as well as invasive 
imaging modalities such as ERCP, endoscopic 
ultrasound (EUS), and percutaneous transhepatic 
cholangiography (PTC) are used to diagnose cho-
ledochal cysts. The most common cause of bile 
duct dilation is obstruction, not biliary cysts. Bili-
ary cysts communicate with the biliary tract, and 
do not result from distal obstruction [26]. Cholan-
giographic studies, including ERCP, MRCP, and 
PTC, are used to show continuity with the biliary 
tract, rule out obstruction, define the anatomy of 
the biliary tree, and more fully characterize the 
choledochal cyst.

Transabdominal ultrasound is often the first 
modality used to evaluate patients who present 
with abdominal pain and jaundice. Characteristic 
findings of choledochal cysts are a nonobstruc-
tive mass in the RUQ that communicates with 
the biliary tract [22]. US can be used to evalu-
ate the size and shape of the cysts, its relation-
ship to other components of the biliary tract, and 
whether there are stones or sludge present within 
the cyst. The sensitivity of US to diagnose chole-
dochal cysts ranges between 71 and 97 %, though 
limited by many factors, including the skill of 
the technician and the patient’s body habitus, gas 
pattern, and overlying structures [14, 16]. The 
“central dot” sign (dilated duct surrounding a 
portal bundle) seen only in Todani type V cysts is 
nearly pathognomonic for Caroli disease. Todani 
type III cysts are difficult to identify on transab-
dominal ultrasound because of their smaller size, 
location within or at the level of the duodenal 
wall, and less dilated CBD [57]. Although more 
invasive than transabdominal US, EUS is not af-
fected by the factors that limit transabdominal 
US imaging, and is particularly useful for visual-
izing the intrapancreatic portion of the CBD as 
is desired in patients with type III cysts [53, 57]. 
EUS can provide more detailed imaging of the 
pancreaticobiliary junction as well.

Antenatal US has been used to diagnose cho-
ledochal cysts in utero well before symptoms 
manifest [31]. It is a useful tool to distinguish 
choledochal cysts from other masses in the RUQ-
like biliary atresia, which usually require emer-
gent surgery [18, 66].

Table 10.2   Age and frequency of cancer [18, 54]
Age (years) Incidence of choledochal malignancy (%)
< 10 < 1
10–30 0
31–50 19
51–70 50
> 75 75
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CT scan visualizes the continuity between 
the cysts and the biliary tree in all five Todani 
classes, and is superior to US at characterizing 
the intrahepatic biliary system, distal bile duct, 
and the head of the pancreas [57]. Extrahepatic 
malignancies can appear as a mass or focal wall 
thickening [37]. CT scan also shows the architec-
ture of the liver and intrahepatic lesions, which 
in type IV or V cysts can be useful in preopera-
tive planning to determine if segmental lobec-
tomy is feasible. It may be superior to MRI for 
postoperative monitoring as well [33]. Computed 
tomographic cholangiopancreatography (CTCP) 
utilizes CT images with infusion of iodipamide 
meglumine that is absorbed by hepatocytes and 
excreted into the bile to visualize the biliary 
tract [19]. Though highly sensitive (> 90 %) for 
visualizing the biliary tree and diagnosing both 
choledochal cysts and cholelithiasis, it is inferior 
to MRCP, EUS, and ERCP in visualizing the in-
trahepatic and pancreatic ducts [13, 25]. Further 
shortcomings of CT and CTCP include radiation 
exposure and potential nephrotoxicity from the 
intravenous contrast.

HIDA scan is a nuclear medicine study used 
to demonstrate continuity between the cysts and 
the biliary tract. Dye absorbed by hepatocytes 
collects in bile and fills the cyst with delayed 
emptying into the bowel [18, 57]. The sensitivity 
is nearly 100 % for identifying extrahepatic cysts 
but decreases significantly to 67 % with intrahe-
patic cysts [36]. HIDA scan can be particularly 
useful for distinguishing choledochal cysts from 
biliary atresia in the neonate with excretion seen 
in cysts and retention of contrast in biliary atresia.

MRCP is a noninvasive evaluation of the bili-
ary tract with very high sensitivity for diagnos-
ing choledochal cysts, reported between 90 and 
100 %. MRCP has been used for diagnosis, pre-
operative planning, and postoperative monitoring 
and is typically performed before ERCP. Com-
pared to ERCP, MRCP is safer with no radiation 
exposure or risk of pancreatitis and cholangitis, 
and image acquisition is not operator dependent. 
Secretin stimulation may increase diagnostic ac-
curacy, and newer, faster sequencing techniques 
minimize motion artifacts, make image acquisi-
tion more tolerable for adults, and allow children 

to be imaged without anesthesia [8, 12, 33, 72]. 
Although MRCP is considered by some to have 
replaced ERCP as the gold standard for diagnos-
ing choledochal cysts, it does not allow direct 
evaluation of biliary epithelium, tissue sampling, 
or therapeutic maneuvers [33, 40, 55, 57]. In ad-
dition, MRCP is inferior at evaluating highly tor-
tuous ducts, small structures, small stones, and 
the pancreaticobiliary junction, with sensitivity 
as low as 46–60 % [24]. Therefore, the diagno-
sis of APBJ and small choledochoceles is limited 
with MRCP.

ERCP is the gold standard for diagnosing 
choledochal cysts with sensitivity approaching 
100 % [21]. It detects stones and filling defects, 
identifies malignancy, and characterizes abnor-
mal pancreaticobiliary junctions. In addition to 
being highly sensitive, ERCP allows the operator 
to pursue further imaging, such as pancreatogra-
phy, cholangioscopy, or intraductal and/or EUS 
in the same session. Perhaps the greatest benefit 
of ERCP is the ability to perform therapeutic in-
terventions such as sphincterotomy (as is com-
monly performed for type III cysts). However, 
the incidence of post-ERCP pancreatitis is much 
higher in patients with choledochal cysts, with 
some reports as high as 87 % [56]. In addition, 
large cysts require larger dye loads, which can 
dilate the cyst resulting in overestimation of cyst 
size and obscuring mucosal defects including ul-
cers and malignancies [32, 57].

Cholangioscopy involves passing a small 
fiber optic camera during ERCP into the bile duct 
to more fully evaluate the biliary tree [61]. It can 
be used diagnostically to evaluate cyst shape and 
size and biopsy from the bile duct or therapeuti-
cally to break up and remove stones. Compared 
to traditional ERCP with brush biopsy, cholan-
gioscopic-guided biopsy has higher sensitivity 
and specificity for diagnosing cholangiocarci-
noma in patients with congenital cystic dilations 
[11, 36]. Intraductal ultrasound (IDUS) has also 
been used to diagnose early malignant changes 
in choledochal cysts [73]. The procedure is per-
formed during ERCP over a guidewire to char-
acterize the pancreatic and bile ducts [20]. The 
probe has a penetration depth of around 2.0 cm, 
and is very sensitive at visualizing luminal ab-
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normalities. The maneuverability of the probe 
may be hindered by strictures within the duct.

Patients should undergo MRCP preferably to 
further evaluate possible choledochal cysts that 
were detected on abdominal US and/or abdomi-
nal CT. If uncertainty remains over whether the 
cyst communicates with the bile duct, HIDA scan 
should likely be the next step although ERCP 
can be performed as well. For suspected type III 
cysts, ERCP should be pursued for both diag-
nostics and therapeutics. ERCP can also be used 
if MRCP cannot be performed or is inadequate, 
biliary obstruction cannot be ruled out, or there 
are concerns about malignant transformation. 
Cholangioscopy and IDUS can be used to exam-
ine the bile duct walls during ERCP and look for 
concerning areas that would warrant biopsy and 
brushing. In general, the authors do not advocate 
random brushings of normal appearing chole-
dochal cyst walls, as this likely has a very low 
yield. Type I choledochal cysts may be difficult 
to differentiate from biliary obstruction, leading 
to secondary biliary dilation and may require fur-
ther evaluation with EUS or ERCP. Clues sup-
porting a diagnosis of biliary obstruction include 
presence of stones, stricture, mass, abnormal 
LFTs, and improvement of biliary dilation after 
treatment. On the other hand, presence of APBJ 
implies a choledochal cyst.

PTC may aid in preoperative planning to de-
fine the extent of the dilations in both the intra- 
and extrahepatic biliary tree and as an adjunct 
when other modalities have been unable to fully 
characterize the cyst, although this is uncommon 
nowadays [46, 58]. In addition to diagnostic uses, 
PTC has been used therapeutically to decompress 
the biliary tract and successfully perform sphinc-
terotomy in patients whose anatomy makes tra-
ditional endoscopic sphincterotomy technically 
difficult [17].

Case Continued

The patient underwent an ERCP, which revealed 
a cystic dilation of the mid to distal CBD to the 
level of the ampulla (Fig. 10.5). The cyst was felt 
to have features of both a type I and a type III 

choledochal cyst. After discussion with the pa-
tient’s hepatobiliary surgeon, the decision was 
made to perform a biliary sphincterotomy given 
features suggestive of a type III cyst. This was 
performed without incident. The patient then un-
derwent cholangioscopy, which revealed smooth 
bile duct walls and no signs of precancerous le-
sions.

How Should Choledochal Cysts Be 
Managed?

Most choledochal cysts are managed surgically. 
Previously, internal drainage by cystenterostomy 
or partial cyst excision was performed for symp-
tomatic relief. This approach has been abandoned 
due to high rates of morbidity mainly from recur-
rent cholangitis, anastomotic stricture, and 30 % 
risk of malignancy within the wall of the cyst [21, 
64, 68]. The risk of malignancy in patients with 
incomplete excision is high enough that reopera-
tion for complete resection of cyst and biliary 
diversion is recommended in asymptomatic pa-
tients who had a previous cystenterostomy [69].

Fig. 10.5   ERCP cholangiogram revealing a choledochal 
cyst with features of both a type I and a type III cyst. The 
cystic area reaches to the level of the duodenal wall and 
extends proximally to involve the CBD. ERCP endoscop-
ic retrograde cholangiopancreatography, CBD common 
bile duct
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Todani type I cysts are treated via complete ex-
cision in good surgical candidates [17]. Optimal 
management consists of complete surgical exci-
sion of the dilated extrahepatic malformation, re-
moving stones and sludge from the intrahepatic 
and common ducts, and surgical anastomosis to 
allow biliary drainage into the alimentary tract 
[16, 71]. Several surgical techniques have been 
successfully performed, including minimally in-
vasive laparoscopic procedures, which may lead 
to reduced recovery time and adhesions, though 
these are less widely available [67]. Roux-en-
Y hepaticojejunostomy (RYHJ), originally de-
scribed in 1924, is preferred to hepaticoduode-
nostomy (HD) for type I cysts in most western 
countries. The complication rate, including ma-
lignancy, is significantly higher (42 %) following 
HD than RYHJ (7 %) [21, 52]. RYHJ is success-
ful in over 92 % of cases, and provides initial re-
lief to most symptomatic patients with low peri-
operative morbidity [59]. Late complications, 
most commonly related to stricture formation at 
the anastomosis or malignancy, may require re-
peat procedures. Malignancy occurs in up to 6 % 
of patients postoperatively and is attributed to 
cyst tissue or malignancy not appreciated at the 
time of surgery.

Both Todani type II and III cysts have lower 
incidence of malignant transformation than To-
dani I or IV, with less than 5 % of all cancers as-
sociated with types II and III [58]. With low rates 
of malignancy, type II choledochal cysts can be 
simply excised by ligation at the neck without 
the need for bile duct reconstruction [6]. Type III 
cysts were historically treated with transduode-
nal excision and sphincteroplasty. In the current 
era, most of these lesions are managed via endo-
scopic sphincterotomy to allow drainage of bili-
ary sludge and stones and reduce stasis within the 
cyst [67]. Sphincterotomy is recommended even 
in asymptomatic patients. Biopsies of the inner 
cyst lining should be performed to evaluate for 
dysplasia and whether the mucosa is duodenal or 
biliary because biliary tissue is associated with 
higher malignancy rates. Patients with large cho-
ledochoceles are at risk for duodenal or gastric 
obstruction, and may merit surgical excision and 
duodenostomy, although this finding is rare [68].

Patients with Todani type IV cysts are at high-
er risk for developing malignancy, and, like Type 
I cysts, complete excision of extrahepatic lesions 
with wide hilar hepaticoenterostomy is recom-
mended. If the intrahepatic lesions are localized 
to one lobe, then the patient should be considered 
for a full hepatic lobectomy [17, 64]. As more 
lobes are involved, surgical resection may not be 
possible. In these patients, symptoms are man-
aged with long-term stenting or percutaneous he-
paticojejunostomy as needed [55, 64, 68].

Todani type V cysts, including patients with 
both Caroli disease and Caroli syndrome are 
treated in a similar manner to patients with type 
IV cysts. Extrahepatic lesions are treated with 
complete surgical excision [64]. Treatment of 
intrahepatic lesions depends on the degree of 
involvement and the severity of associated liver 
disease. Recurrent cholangitis and intrahepatic 
stones can be treated conservatively with pro-
phylactic antibiotics, and endoscopic or percuta-
neous lithotripsy. Ursodeoxycholic acid has been 
used to decrease the burden of intrahepatic stones 
[43]. Intrahepatic lesions, including ductal stric-
tures, dilations, or abscess confined to one lobe, 
are treated with segmental lobectomy [68]. Dif-
fuse cystic disease with evidence of liver disease, 
including liver failure, cirrhosis, portal hyperten-
sion, or recurrent cholangitis, is best treated with 
orthotopic liver transplant [60, 64, 67]. Trans-
planted patients with Caroli disease and Caroli 
syndrome have graft and overall survival com-
parable to patients transplanted for other reasons, 
although the 5-year graft survival is superior 
in Caroli disease (86 %) than Caroli syndrome 
(71 %) [10, 15].

Patients with forme fruste cysts should un-
dergo at least a cholecystectomy. There is debate 
over whether the CBD should also be excised 
with a hepaticoenterostomy.

What Are Surveillance Recommenda-
tions After Surgical Resection?

All patients, regardless of Todani classification, 
will need lifelong cancer surveillance. Compared 
to the general population, patients with chole-
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dochal cysts have a 20–30-fold increased risk of 
developing cholangiocarcinoma with a lifetime 
cancer rate between 2.5 and 30 % [64]. Malig-
nancy has a grim prognosis and many patients 
are unresectable at the time of diagnosis [68]. 
Complete surgical excision of the precancerous 
cysts will decrease but not eliminate the risk of 
malignant transformation [30, 67]. Radiographic 
changes and serum markers have been used to 
monitor malignancy but cannot be relied upon as 
a definitive screening modality [18, 57, 60]. Al-
though CEA, CA 19-9, CA-125 can be elevated 
in cholangiocarcinoma, they are not specific and 
can be elevated in inflammatory diseases. The 
most appropriate modality and frequency of sur-
veillance in patients with choledochal cysts are 
not well defined in the literature. Current rec-
ommendations include lifelong abdominal US 
with LFT, CEA, and CA 19-9 levels every 6–12 
months [18].

Case Follow Up

The patient’s symptoms resolved following 
ERCP with sphincterotomy. Because he contin-
ued to refuse surgery, the patient is undergoing 
periodic MRI/MRCP to monitor the cyst, with 
ERCP and/or EUS as needed. There are no de-
finitive guidelines for performing surveillance in 
patients with choledochal cysts who undergo no 
or partial resection of the cyst. It seems reason-
able to pursue annual MRCP or CT to evaluate 
for malignant changes.

Conclusion 

Choledochal cysts are congenital dilations of the 
biliary tract. Most are diagnosed and treated sur-
gically in infancy or childhood with diagnosis in 
adults becoming more common. Although MRCP 
has gained increased support for initial diagnosis, 
ERCP plays a key role in diagnosis and presurgi-
cal planning for most Todani cyst classes. In To-
dani type III cysts, ERCP with sphincterotomy is 
the recommended definitive management.

Key Points 

•	 Choledochal cysts most commonly present 
in childhood, although they are increasingly 
diagnosed in adults.

•	 Malignant potential is greatest with Todani 
types I and IV and with increasing age.

•	 Surgical resection is the mainstay of treat-
ment for most choledochal cysts except type 
III (choledochocele), which may be managed 
endoscopically due to its low risk of malig-
nancy.

•	 MRCP should be the initial diagnostic imag-
ing with ERCP performed in cases of diag-
nostic uncertainty, concern for malignancy or 
biliary obstruction, inability to perform MRI, 
or choledochoceles.

•	 Surveillance for malignancy must continue 
even following surgical resection due to ongo-
ing risk of malignancy which increases with 
time.
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Introduction

When managing patients with acute biliary pan-
creatitis, establishing the presence of persistent 
biliary obstruction and/or the presence of con-
comitant cholangitis is essential [1, 2]. While the 
literature is conflicted regarding the role of early 
endoscopic retrograde cholangiopancreatography 
(ERCP) for all patients with biliary pancreatitis, 
it appears that early intervention benefits patients 
with severe acute pancreatitis complicated by 
persistent pancreaticobiliary obstruction, espe-
cially when accompanied by cholangitis [3–5]. In 
this context, a clinician must utilize and prioritize 
the multitude of diagnostic resources at hand to 
risk stratify patients in a manner that translates 
to expedient and cost-effective care delivery. Due 
to the heterogeneity of patient presentations, it is 
important to manage patients with biliary pan-
creatitis through a risk-stratification system. This 
chapter will review different case scenarios with 
focused questions regarding the cases and discus-
sion of risk stratification.

Case 1

A 72-year-old male presents with acute onset 
abdominal pain. His lipase is elevated to 15,000 
consistent with acute pancreatitis. Biochemi-
cal liver function testing demonstrates a total 
bilirubin of 4.7 mg/dL, alkaline phosphatase of 
273 IU/L, and transaminases are elevated with an 
ALT 118 and AST 165. The patient denied sig-
nificant alcohol use. A right upper quadrant ultra-
sound demonstrates cholelithiasis (Fig. 11.1) and 
mild dilation of the extrahepatic bile duct (8 mm 
in diameter). On presentation the patient is tachy-
cardic to 110 beats/min and has an elevated white 
blood cell (WBC) count of 18,000. His blood 
pressure is stable and renal function is normal. 
He was given 4 L of IV fluids within the first 8 h 
of his admission and subsequently was noted to 
have normal vital signs.
Questions:
1. �Which of the aforementioned liver function 

test abnormalities are most important for medi
cal decision making for this patient?

2. Does this patient require further imaging?
3. �Should an ERCP be performed in this patient 

at this time?

How to Risk Stratify for 
Choledocholithiasis

Biochemical abnormalities and transabdominal 
ultrasonography are often the first (and can be 
the most important) data a clinician utilizes to 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_11) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_11.
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risk stratify a patient when deciding whether bili-
ary endoscopy is indicated in the setting of acute 
pancreatitis. A study of more than 1000 patients 
evaluating biochemical parameters as predictors 
for choledocholithiasis prior to laparoscopic cho-
lecystectomy found that presence of at least one 
abnormal liver function test (LFT) of the five 
(ALT, AST, alkaline phosphatase, total bilirubin, 
and GGT) had a sensitivity of 87.5 % [6]. Con-
versely, completely normal liver function test-
ing had a negative predictive value for a positive 
ERCP of 97 %. Among biochemical testing, total 
bilirubin had the highest specificity (87.5 %), 
with a probability ratio of 3.9. Total bilirubin 
and alkaline phosphatase level were also dem-
onstrated on multivariate analysis to be indepen-
dent predictors for choledocholithiasis on ERCP 
although the positive predictive value of all the 
liver function tests was only 15 % [2]. Therefore, 
LFTs are most helpful when normal for exclud-
ing choledocholithiasis while even elevated total 
bilirubin and alkaline phosphatase may be false 
positives.

Similarly a normal bile duct on abdominal 
ultrasound rules out choledocholithiasis with 
95–96 % negative predictive value. Of course the 
finding of a common bile duct (CBD) stone on 
ultrasound has very high specificity. Without a 
definite stone seen on imaging, the presence of 
multiple predictors for choledocholithiasis in-
creases the positive predictive value. Predictors 

for choledocholithiasis were studied in patients 
presenting for laparoscopic cholecystectomy. 
This study found that an elevated bilirubin ap-
proaching 2 mg/dL combined with a patient age 
of 55 or greater and CBD dilation on ultrasound 
greater than 6 mm demonstrated a 75 % probabil-
ity of predicting choledocholithiasis at the time 
of ERCP [6].

An ASGE position statement recommends 
risk stratification of patients with cholelithiasis 
based on biochemical liver testing and ultraso-
nography to categories of high, intermediate, 
and low risk for choledocholithiasis to determine 
who needs ERCP [2]. These categories stem from 
evidence-based predictors that are identified as 
“very strong” (CBD stone on transabdominal 
ultrasound, clinical ascending cholangitis, or 
bilirubin > 4 mg/dL), “strong” (CBD > 6 mm with 
gallbladder in situ on ultrasound, bilirubin level 
1.8–4  mg/dL), and “moderate” (any abnormal 
biochemical liver test other than bilirubin, age 
greater than 55, and clinical gallstone pancreati-
tis) for identifying patients with choledocholithia-
sis on ERCP. Patients with the presence of any 
“very strong” predictor or two “strong” predictors 
are high risk with a greater than 50 % chance of 
choledocholithiasis and should proceed to ERCP. 
Patients without any predictors may not require 
any further workup as they have less than 10 % 
probability of choledocholithiasis. Patients with 
an intermediate likelihood are those with a com-
bination of predictors that do not meet the high-
risk category. Further evaluation prior to ERCP 
for this group of patients may be reasonable. Spe-
cifically, this represents a group of patients that 
would benefit from further evaluation with endo-
scopic ultrasound (EUS) or magnetic resonance 
cholangiopancreatography (MRCP) [2].

In this case our patient demonstrated a “very 
strong” predictor with a bilirubin greater than 
4 mg/dL, a “strong” predictor with a CBD > 6 mm 
on ultrasonography and a “moderate” predictor 
with acute pancreatitis in the setting of choleli-
thiasis. He was identified as high probability for 
choledocholithiasis and the next step of manage-
ment was ERCP. EUS or MRCP would not pro-
vide any additional useful information and would 

Fig. 11.1   Transabdominal ultrasound showing hyper-
echoic structure with post-acoustic shadowing represent-
ing cholelithiasis
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only delay definitive therapy along with adding 
additional costs for the patient.

Case Follow-Up

At the time of biliary endoscopy, the lower third 
of the main bile duct contained multiple stones, 
the largest of which was 12 × 10  mm in size. 
The CBD was dilated to 12  mm on cholangio-
gram as well. Stones were extracted with endo-
scopic biliary sphincterotomy and balloon sweep 
(Video 11.1).

Case 2

A 55-year-old female presents to the emergency 
room with unrelenting abdominal pain after an 
evening meal. The patient underwent a chole-
cystectomy for symptomatic cholelithiasis ap-
proximately 1 year prior to her presentation to 
the emergency department. She reports subse-
quent intermittent, self-limited episodes of right 
upper quadrant abdominal pain associated with 
nausea, emesis, and diaphoresis. An outpatient 
upper endoscopy was negative. She reports con-
sumption of alcohol at a level of 2–3 drinks per 
day, 4 days per week. On admission the patient’s 
lipase is elevated at 2130, her liver function panel 
reveals an AST of 140, ALT of 250, and total bil-
irubin is 1.5. A right upper quadrant ultrasound 
demonstrated an extrahepatic CBD measuring 
8 mm in maximal diameter and no evidence for 
choledocholithiasis. On admission she is afebrile, 
vital signs are stable. The patient does not have 
evidence of organ failure or systemic inflamma-
tory response syndrome. In the days following 
her admission and following conservative man-
agement, her pain improves to the point that she 
requests a diet. However, on admission day 3 her 
liver function transaminases remain elevated at 
AST 124, ALT 180 and her total bilirubin is 1.8. 
She experiences an episode of similar pain when 
she attempts oral intake.

Questions:
1. �What is your differential diagnosis for this pa-

tient’s episode of acute pancreatitis?
2. �How would you risk stratify this patient for 

persistent pancreaticobiliary obstruction?
3. �What additional imaging would be helpful in 

evaluating this patient at this time?
4. Should this patient proceed straight to ERCP?

EUS or MRCP for Intermediate 
Probability Choledocholithiasis?

In contrast to the first case, here there are mul-
tiple considerations when deciding if the patient is 
presenting with biliary pancreatitis, and if biliary 
pancreatitis is complicated by ongoing pancreati-
cobiliary obstruction. First, the patient reports a 
significant history of alcohol use, which is a pos-
sible explanation for both pancreatitis and even 
elevated transaminases. Transient biliary obstruc-
tion due to pancreatic edema and peripancreatic 
fluid can also cause dynamic liver function abnor-
malities in the setting of acute pancreatitis. Sup-
porting biliary pancreatitis is the patient’s preced-
ing history of cholelithiasis, recurrent episodes 
of biliary type pain following cholecystectomy, 
and both the presence and pattern of elevated ab-
normal transaminases at the time of presentation. 
Alcoholic pancreatitis may present with similar 
biochemical abnormalities, but in the setting of 
the patient’s history of cholelithiasis; this has to 
remain high on the differential.

Overall, this patient lacks the previously dis-
cussed findings associated with a high pretest 
probability for choledocholithiasis (cholangitis, 
elevated bilirubin, and/or bile duct dilation on 
imaging) which would justify proceeding direct-
ly with ERCP. At best this patient has a moder-
ate probability of persistent pancreaticobiliary 
obstruction. Further workup would be prudent at 
this time.

EUS is an established, safe modality for the 
diagnosis of biliary stone disease. Prospective 
studies have demonstrated EUS to be sensitive, 
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specific, and to possess the same diagnostic ac-
curacy as ERCP for the detection of choledocho-
lithiasis; yet possesses a substantially lower risk 
profile [7]. One prospective study of 36 patients 
with biliary pancreatitis who underwent EUS 
prior to ERCP found that EUS had a high diag-
nostic accuracy of 97 % and negative predictive 
value of 95 % for choledocholithiasis. EUS can 
identify patients who have choledocholithia-
sis and require ERCP while avoiding possible 
ERCP-related complications in those without 
choledocholithiasis [8, 9]. A meta-analysis en-
compassing 2673 patients undergoing EUS in the 
evaluation of choledocholithiasis demonstrated 
pooled sensitivities of 89–94 % and specificity of 
94–95 % for the detection of choledocholithiasis 
[10, 11].

The typical findings of choledocholithiasis 
on EUS are a hyperechoic structure/focus with 
or without post-acoustic shadowing. These hy-
perechoic structures can be seen anywhere in the 
biliary system including the ampulla, extrahe-
patic bile duct, cystic duct, and gallbladder. Bile 
duct sludge and microlithiasis can also be visual-
ized endosonographically. Sludge is typically hy-
poechoic to isoechoic and may layer within the 
biliary system. Microlithiasis typically appears as 
tiny hyperechoic foci within sludge. In perform-
ing endosonographic examination of the biliary 
system, one method is to advance the echoendo-
scope just distal to the major papilla and apply a 
slow withdrawal of the echoendoscope until the 
pancreatic duct is visualized in the ventral an-
lage. The scope is then slightly rotated counter-
clockwise until the distal extrahepatic bile duct 
is visualized. The extrahepatic bile duct is an an-
echoic tubular structure without flow on Doppler. 
The ampulla is then easily examined. Keeping 
the extrahepatic bile duct in sonographic view, 
the extrahepatic bile duct can be easily evaluated 
by slowly withdrawing the echoendoscope.

MRCP is also an effective tool when evalu-
ating patients at moderate pretest probability for 
pancreaticobiliary obstruction. The one clear 
advantage of MRCP over EUS is it is noninva-
sive. A systematic review of five studies demon-
strated no overall statistical difference between 
EUS and MRCP for the detection of biliary stone 

disease with an aggregate sensitivity of 85 % and 
specificity of 93 % [12]. However, limitations of 
MRCP include the need for expert interpretation, 
potential for false negative and positive results 
due to imaging artifact and processing, dimin-
ished ability to identify small stones (< 6  mm) 
and sludge, and potential variable accuracy for 
stone detection by duct diameter and when stone 
disease is present at the level of the ampulla [13–
15].

Either of these two modalities would be ap-
propriate to risk stratify this patient depending 
upon availability and local expertise. A third 
option that was recently evaluated in a random-
ized trial is cholecystectomy and intraoperative 
cholaniography (IOC) followed by ERCP if indi-
cated [16]. This study randomized patients with 
gallstones and intermediate probability CBD 
stones to cholecystectomy and IOC within 48 h 
of admission followed by ERCP if necessary or 
initial EUS or MRCP followed by ERCP if indi-
cated and then cholecystectomy with the primary 
outcome being hospital length of stay. Hospital 
stay was significantly shorter in the cholecystec-
tomy and IOC group (median 5 versus 8 days, 
p < 0.001) with fewer EUS performed as well 
(10 versus 54, p < 0.001). Issues with this study 
include: the performance of EUS and any indi-
cated ERCPs on separate days for most patients; 
although not statistically significant, the median 
time from admission to EUS trended longer at 
1.5 days [interquartile range (IQR) 1–2.75] com-
pared to 1 day (IQR 1–2) for the surgery with 
IOC group. While readmissions did not differ 
amongst the two groups, there is lack of adequate 
follow-up data regarding recurrent biliary symp-
toms. Therefore, starting with cholecystectomy 
and IOC represents another viable option for the 
management of patients with intermediate prob-
ability of choledocholithiasis.

Case Follow-Up

An EUS was performed. One 6-mm stone was 
visualized in the distal CBD at the level of the 
ampulla (Fig.  11.2). A subsequent ERCP dem-
onstrated choledocholithiasis. The stone was 
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extracted utilizing endoscopic biliary sphincter-
otomy and balloon sweep.

Case 3

A 42-year-old female presents with acute cho-
lecystitis, suspected NASH cirrhosis, and has a 
short history of recurrent episodic biliary pan-
creatitis. The patient presents to the hospital with 
right upper quadrant and epigastric pain. Her li-
pase is 434, WBC 12,500, hemoglobin 9.8, and 
platelet count 68,000. Her bilirubin is elevated 
to 3.8 with elevated transaminases in the 200  s 
and elevated alkaline phosphatase of 450. Her 
international normalized ratio (INR) is also high 
at 3.26. She undergoes a computed tomography 
(CT) scan which reveals a distended gallblad-
der with mild gallbladder wall thickening, and 
adjacent hepatic hyperemia suggestive of acute 
cholecystitis. A transabdominal ultrasound scan 
is then performed which reveals a distended gall-
bladder and thickened wall without gallstones. 
Her extrahepatic bile duct measures 7 mm. There 
are several prominent vessels running along the 
gallbladder wall. Her vital signs on presentation 
to the emergency department were temperature 
36.8, pulse 112, respiratory rate 18, and blood 
pressure 102/67. Her oxygen saturations were 
100 % on 4 L of oxygen. She was started on IV 
fluids and broad spectrum antibiotics and trans-
ferred to the medical intensive care unit (MICU).

Questions:
1. �What is the role of surgery, interventional radi-

ology, or ERCP at this time?
2. �What is the role of prophylactic endoscopic 

biliary sphincterotomy if she is not a candidate 
for cholecystectomy?

3. �What is the timing of cholecystectomy in pa-
tients after an attack of gallstone pancreatitis?

Surgery or ERCP to Prevent Recurrent 
Gallstone Pancreatitis?

In this situation, the patient requires aggressive 
supportive care as it is not clear if she has con-
comitant ascending cholangitis or her presenta-
tion is exacerbated from her suspected NASH 
cirrhosis. A surgery consult was obtained along 
with consultations from interventional radiology 
and interventional endoscopy. It was felt after 
hepatobiliary surgery consult that the patient was 
too high risk for a laparoscopic cholecystectomy 
due to her suspected cirrhosis and several promi-
nent vessels surrounding the gallbladder. Inter-
ventional radiology also felt that the patient was 
too high risk for percutaneous cholecystostomy 
tube due to the prominent vessels surrounding 
the gallbladder. Both services requested ERCP 
for possible endoscopic biliary sphincterotomy 
and possible transpapillary stent placement into 
the gallbladder. After discussion with the MICU 
team, it was decided to proceed with ERCP after 
the INR was reversed.

The current recommendations for patients 
who present with mild biliary pancreatitis is to 
undergo a cholecystectomy during the initial 
hospitalization to prevent recurrent episodes of 
pancreatitis [17, 18]. The Society of American 
Gastrointestinal and Endoscopic Surgeons rec-
ommends cholecystectomy for mild and self-lim-
ited gallstone pancreatitis after symptoms have 
subsided and laboratory values have normalized 
[19]. A number of studies have described a wide 
range of recurrent gallstone pancreatitis, between 
2.5 and 21.1 % in patients who did not have a 
cholecystectomy [20, 21]. Patients who undergo 
cholecystectomy have a significantly decreased 
risk of gallstone pancreatitis, reported from 1 to 

Fig. 11.2   EUS revealing hyperechoic structure with post-
acoustic shadowing in distal extrahepatic bile duct. This 
was a retained small bile duct stone
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1.7 % [22]. This data has led to the recommenda-
tion that patients undergo cholecystectomy soon 
after their initial episode of mild gallstone pan-
creatitis. Following cholecystectomy patients are 
still at risk for recurrent gallstone pancreatitis, 
but the risk is significantly less than those who do 
not undergo cholecystectomy [23]. For patients 
with severe gallstone pancreatitis, cholecystec-
tomy should be delayed until full recovery.

In some studies, ERCP with endoscopic bili-
ary sphincterotomy (EBS) has been suggested as 
an alternative to laparoscopic cholecystectomy 
for high-risk surgical patients and the elderly 
[21, 24, 25]. The rate of recurrent episodes of 
gallstone pancreatitis range from 0 to  6.4 % fol-
lowing ERCP with EBS. The British Society of 
Gastroenterology guidelines suggest that patients 
who are not fit for surgery should undergo EBS 
[26]. Kaw et  al. [23] compared EBS alone to 
cholecystectomy in the treatment of gallstone 
pancreatitis in a small study of patients followed 
up prospectively. In the EBS group, the observed 
rate of recurrent pancreatitis was 2.9 % compared 
with 2.4 % ( p > 0.05) in the cholecystectomy 
group after a mean follow-up of almost 3 years. 
Patients who underwent EBS followed by lapa-
roscopic cholecystectomy had the lowest rate of 
recurrent pancreatitis (1.2 %) over a 5-year fol-
low-up period. There was a nonsignificant trend 
towards overall increased rate of any biliary com-
plication in the EBS only group compared to the 
cholecystectomy patients (11.6 % versus 3.6 %, 
p = 0.19).

Endoscopic sphincterotomy has also been rec-
ommended by the International Association of 
Pancreatology (IAP) as an alternative to chole-
cystectomy in patients who are not fit to undergo 
surgery or in the elderly to reduce the chances 
of recurrent biliary pancreatitis [17]. This recom-
mendation was irrespective of the presence or 
absence of CBD stones.

Case Follow-Up

The patient underwent ERCP with a small 
biliary sphincterotomy (< 4  mm) and balloon 
sweep. No stones were identified on cholangio-

gram or balloon sweep (Fig.  11.3). The cystic 
duct was also cannulated and contrast was noted 
to pass into the gallbladder. There was no evi-
dence of obstruction of the cystic duct. Due to 
the ongoing cholecystitis, a 7 French (Fr) plastic 
double pigtail stent was placed across the pa-
pilla and into the gallbladder. The patient im-
proved clinically and was transferred out of the 
MICU after 24 h.

Biliary Pancreatitis and the Bariatric 
Surgery Patient

The incidence of cholelithiasis in patients after 
Roux-en-Y gastric bypass (RYGB) varies wide-
ly; however, in the literature it has been reported 
to be as high as 30–50 % [27, 28]. Prophylactic 
cholecystectomy in patients undergoing bariat-
ric surgery is not currently recommended unless 
patients are symptomatic prior to or at the time 
of surgery. Prophylactic cholecystectomy has 
failed to demonstrate a clear benefit in patients 
undergoing bariatric surgery, and complications 
due to gallstone disease post bariatric surgery 
is limited [29]. Since prophylactic cholecystec-
tomy is not performed routinely at the time of 
bariatric surgery, managing biliary pancreatitis 
in post-RYGB surgical anatomy can be complex 

Fig. 11.3   Normal cholangiogram without filling defects
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and will remain an issue faced by many institu-
tions [30].

Endoscopic procedures in patients with RYGB 
anatomy can be challenging. ERCP in these pa-
tients has been performed utilizing a multitude 
of techniques. These techniques fall into two 
broad categories that utilize either enteroscopy or 
laparoscopic-assisted access through the gastric 
remnant to reach the papilla. However, limita-
tions to the enteroscopy-assisted technique in-
clude failure to complete the procedure to the 
point of desired biliary intervention (as high as 
30–40 %), thus requiring surgical/endoscopic ac-
cess to the gastric remnant, and long procedure 
times for both modalities. Percutaneous access to 
the gastric remnant also has the late complica-
tions such as persistent gastrocutaneous fistula, 
and the complexity of coordinating patient care 
across endoscopic and surgical teams for a single 
intervention [31–33]. In the setting of patients 
with suspected biliary pancreatitis and RYGB 
anatomy, it is imperative that there is proof of bil-
iary obstruction before embarking on combined 
surgical/endoscopic procedure to perform ERCP 
or enteroscopy-assisted ERCP.

Case 4

A 59-year-old male with a past medical history of 
diabetes and RYGB presents with a self-limited 
episode of abdominal pain and nausea following 
ingestion of a fatty meal. On admission, his lipase 
was elevated to 960 (ULN 99), total bilirubin was 
1.5, alkaline phosphatase 302, AST 93, and ALT 
308. His WBC was 11.2. The patient is hemo-
dynamically stable and afebrile. An abdominal 
ultrasound demonstrates cholelithiasis, gallblad-
der wall thickening, and no pericholecystic fluid. 
The extrahepatic bile duct and intrahepatic ducts 
are without significant dilation, and there is no 
clear evidence of choledocholithiasis. An MRCP 
revealed a CBD diameter of 9 mm without evi-
dence of choledocholithiasis.

A review of this patient’s history in the medi-
cal chart reveals prior episodes of acute pancre-
atitis associated with elevated liver function tests. 
The workup during prior admissions included 

abdominal ultrasonography, which was negative 
for gallstones. Prior episodes were associated 
with rapid resolution of symptoms. The patient 
elected to defer cholecystectomy when offered 
on prior admissions.
Questions:
1. �Why is this patient’s history of Roux-en-Y gas-

tric bypass important?
2. �What are the options for further management 

of this patient?
3. �What is the role for surgical intervention in this 

patient?

What Is the Role of Intraoperative 
Cholangiography?

This patient presents with recurrent acute pan-
creatitis with the likely etiology being biliary 
pancreatitis. The patient has known cholelithiasis 
and an intact gallbladder. While his liver func-
tion tests are elevated on presentation, his total 
bilirubin is less than 2, and the extrahepatic bile 
duct does not reveal choledocholithiasis despite 
being dilated to 9 mm. His post-RYGB surgical 
anatomy is problematic for gaining easy access 
to the major papilla for performing an ERCP, and 
the tools available for ERCP in a length that can 
be used through the enteroscope are limited. As 
he will need a cholecystectomy, an IOC can be 
performed to assess for filling defects within the 
extrahepatic bile duct.

Intraoperative cholangiography is performed 
by placing a small catheter into the cystic duct at 
the time of cholecystectomy. Fluoroscopic imag-
es are interpreted by the surgeon during the oper-
ation. This test is specific and adds approximate-
ly 16–20 min to a laparoscopic cholecystectomy 
procedure [34]. Literature supporting the routine 
use of IOC during laparoscopic cholecystectomy 
suggests no clear benefit. As such, its use and 
availability during laparoscopic cholecystectomy 
for all indications is variable [35, 36]. However, 
a recent prospective study found that a selec-
tive approach to the utilization of IOC based on 
preprocedure risk factors resulted in a superior 
positive predictive value (PPV). The presence 
of acute pancreatitis, dilated CBD, or jaundice 
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at the time of surgery yielded a PPV of 26, 45 
and 86 % respectively; combinations of abnormal 
liver function tests with dilated CBD increased 
the PPV compared to either alone [37]. It is now 
clear that IOC remains a recommended part of 
the algorithm for the workup of patients with an 
intermediate suspicion for choledocholithiasis in 
the setting of acute pancreatitis [2]. In the context 
of this case, a positive study can be followed by 
laparoscopic CBD exploration or intraoperative 
ERCP. Laparoscopic bile duct exploration has 
been demonstrated in randomized trials to have 
equivalent efficacy and outcomes as preoperative 
and postoperative ERCP. Intraoperative bile duct 
exploration as an added intervention for choledo-
cholithiasis may even be associated with lower 
costs and shorter hospital stay compared with pa-
tients who require an additional procedure in the 
form of an ERCP [38, 39].

Case Follow-Up

As this patient required a cholecystectomy for 
repeated episodes of suspected biliary pancreati-
tis, the decision was made to proceed with cho-
lecystectomy plus IOC. A positive IOC would 
have led to the surgeon attempting to clear the 
extrahepatic bile duct, and if not successful, the 
patient would have been managed with laparo-
scopic surgical access to the gastric remnant to 
allow ERCP. The laparoscopic cholecystectomy 
was performed with a negative IOC (Fig. 11.4). 
Final pathology demonstrated cholelithiasis with 
acute and chronic cholecystitis. A lengthy, com-
plex combined surgical/endoscopic procedure 
was thus avoided by careful use of preoperative 
assessment and IOC, and the costs as well as po-
tentially complications were minimized.

Biliary Pancreatitis in Pregnancy

Acute pancreatitis during pregnancy is rare with 
an incidence of approximately 1 per 1000–3000 
pregnancies [40, 41]. It appears more prevalent 
in multiparous women who account for approxi-
mately 75 % of the acute pancreatitis attacks dur-

ing pregnancy, and is rare in the first and second 
trimester of pregnancies, but more common in 
the third trimester and the postpartum period. 
Over half the episodes of acute pancreatitis in 
pregnancy occur in the third trimester with 38 % 
postpartum [42].

Acute pancreatitis during pregnancy carries 
significant morbidity, but maternal-fetal mortal-
ity is low (approximately 3 %) [40]. The most 
common etiology of acute pancreatitis in preg-
nancy is from gallstones (65–100 %), alcohol 
(5–10 %), and hypertriglyceridemia (5 %) [43]. 
As there may be significant morbidity with the 
risk of fetal loss, it is important to establish a 
diagnosis early to allow proper counseling and 
treatment.

Diagnosing acute pancreatitis during pregnan-
cy may be difficult. Alkaline phosphatase is pro-
duced from the placenta so elevated levels are not 
specific to the biliary system. Alkaline phospha-
tase can reach up to three times the upper limit of 
normal in pregnancy, thus this enzyme will not 
help in determining the diagnosis of gallstone 
pancreatitis during pregnancy. Elevated ALT 
greater than three times the upper limit of normal 
is a very sensitive marker for gallstone pancre-
atitis. Amylase and lipase elevations greater than 

Fig. 11.4   Normal IOC. Contrast readily passes from the 
extrahepatic bile duct to the duodenum with no filling de-
fects visualized
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three times the upper limit of normal should carry 
the same concern for acute pancreatitis as in a 
nonpregnant patient.

The workup of a pregnant patient with acute 
pancreatitis is similar to the nonpregnant pa-
tient during the initial stages. A proper history 
and physical examination should be performed. 
Laboratory studies including a complete blood 
count, comprehensive metabolic panel including 
liver function tests, amylase, and lipase should 
be assessed.

The radiological investigations for a pregnant 
patient should be safe for the mother and fetus. 
The initial radiological examination performed 
for acute pancreatitis in pregnancy is a transab-
dominal ultrasound. Abdominal ultrasound is 
safe with a higher sensitivity than CT in detecting 
gallstones. Limitations of ultrasound include its 
poor sensitivity (22–55 %) for choledocholithia-
sis and difficulty evaluating the distal extrahe-
patic bile duct due to overlying bowel gas, which 
may lead to retained stones being missed. MRCP 
is as accurate as ultrasound for cholelithiasis with 
superior ability to assess the entire extrahepatic 
bile duct. Although not necessary for MRCP, 
gadolinium does not cause fetal toxicity while io-
dinated contrast medium for CT scan could cause 
fetal hypothyroidism [44]. These radiology tests 
are all noninvasive. A more accurate but invasive 
test for the evaluation of gallstones is EUS. Since 
EUS is a more invasive test requiring sedation, 
this is not a first-line examination to assess the 
biliary system in pregnant patients.

Acute biliary pancreatitis during pregnancy 
has a high recurrence rate (70 %) compared to the 
general population (20–30 %) [45]. Management 
should consider risks to both the mother and 
fetus. There is a high risk of fetal loss with re-
current pancreatitis or severe acute pancreatitis. 
The benefits of performing a procedure should 
outweigh the risks of maternal harm or fetal loss. 
Options in management include conservative 
management and observation, ERCP, or surgery.

There are no published standardized guide-
lines regarding the most effective management 
for biliary pancreatitis in pregnancy to reduce 
maternal and fetal morbidity and mortality. The 
high risk of recurrent acute pancreatitis with con-

servative treatment may drive the treatment al-
gorithm to ERCP or surgery rather than waiting 
for the postpartum period if the patient presents 
in the first or second trimester. One proposed al-
gorithm depends on the trimester of presentation 
[45]. In the first trimester, conservative manage-
ment followed by laparoscopic cholecystectomy 
in the second trimester is recommended while in 
the second trimester, surgery can occur. The third 
trimester may allow for ERCP or conservative 
management if at term with cholecystectomy in 
the early postpartum period. ERCP appears safe 
in expert hands during pregnancy (Chap. 19).

Case 5 

A 26-year-old obese pregnant female presents 
with increasing epigastric pain for the past 24 h 
at 8 weeks gestation. The patient is G2P1 and 
had an uncomplicated first pregnancy 2 years 
ago. She reports having had intermittent episodes 
of right upper quadrant abdominal pain over the 
past year that typically lasted a few hours and 
would then resolve. She related the symptoms to 
the consumption of fatty meals. The patient is in 
slight distress and tachycardic at 110 beats/min. 
IV fluids are given and labs are drawn. Her lipase 
is 2500 with total bilirubin 1.0, ALT 250, AST 
275, and ALP 300. WBC is 9000. An abdominal 
ultrasound is obtained which reveals cholelithia-
sis, no gallbladder wall thickening or perichole-
cystic fluid, and a dilated bile duct to 6 mm with-
out evidence of choledocholithiasis.
Questions:
1. What is the probability of choledocholithiasis?
2. What is the role for ERCP at this time?
3. Should other imaging be obtained at this time?
4. What is the risk of recurrent acute pancreatitis?

Weighing the Risks and Benefits 
of Acute Pancreatitis, Its Potential 
Recurrence, and Therapies in Pregnancy

The patient has a high probability of choledo-
cholithiasis due to the persistent abdominal pain, 
elevated LFTs, and dilated bile duct in the setting 
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of cholelithiasis. The patient may spontaneously 
pass the gallstone, the stone may “ball-valve” 
into the distal extrahepatic bile duct, or remain 
lodged at the ampulla. She is currently in her first 
trimester when the risk of fetal malformation is 
the greatest (medication exposure, radiation ex-
posure). Also, the patient is at high risk of mis-
carriage if the biliary pancreatitis persists, recurs, 
worsens, or if she develops post-ERCP pancre-
atitis. The data would suggest that there is a high 
rate of recurrent pancreatitis following conser-
vative management. This patient needs specific 
counseling regarding risks to the fetus if conser-
vative management is chosen (risk of fetal loss) 
versus performing ERCP (risk of radiation expo-
sure during the first trimester and fetal malforma-
tions, post-ERCP pancreatitis with morbidity and 
possible fetal loss). Because the patient is in the 
first trimester during a period where the fetus is 
susceptible to greatest risk of fetal malformation, 
EUS may be the safest test to evaluate for small 
retained stones that may be missed by ultrasound 
or MRCP. If there is evidence of retained stone 

on EUS, then proceeding with ERCP carries 
more chances of benefit than risk to the mother 
and fetus. ERCP in the pregnant patient should 
emphasize limiting fluoroscopy time, shielding 
the maternal pelvis and fetus with lead apron, and 
minimizing procedure time [46].

Case Follow-Up

After a long discussion with the patient and ob-
stetrics and gynecology (OB/GYN) service, it 
was decided to proceed with EUS evaluation 
of the extrahepatic bile duct. An EUS was per-
formed with monitored anesthesia care sedation. 
There was no evidence of retained stone or sludge 
within the extrahepatic bile duct. Since the EUS 
was negative for choledocholithiasis, an ERCP 
was not performed. The patient subsequently un-
derwent a laparoscopic cholecystectomy in the 
second trimester without complications.

Figure 11.5 is an algorithm for managing pa-
tients with suspected choledocholithiasis

Fig. 11.5   Algorithm for managing patients with sus-
pected choledocholithiasis. EUS: endoscopic ultrasound; 
MRCP: magnetic resonance cholangiopancreatography; 

ERCP: endoscopic retrograde cholangiopancreatography; 
IOC: intraoperative cholangiography; LCBDE: laparo-
scopic common bile duct exploration. (Adapted from [2])
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Key Points

•	 Evaluation of patient with suspected biliary 
pancreatitis relies on clinical presentation, 
biochemical markers, and radiological imag-
ing.

•	 No single parameter accurately predicts the 
presence of choledocholithiasis.

•	 Multiple imaging modalities (transabdomi-
nal ultrasound, CT, MRCP, EUS) are utilized 
to assess for choledocholithiasis with each 
modality having advantages and disadvan-
tages.

•	 A risk-stratification scheme is recommended 
in the management of patients with suspected 
biliary pancreatitis to determine who needs 
ERCP for high suspicion of choledocholithia-
sis.

•	 Patients with intermediate probability of cho-
ledocholithiasis may undergo EUS, MRCP, or 
cholecystectomy with intraoperative cholan-
giography depending on availability and local 
expertise.

•	 Biliary pancreatitis in patients with RYGB 
anatomy may pose particular challenges if 
choledocholithiasis or cholangitis is sus-
pected, and intraoperative cholangiography 
with laparoscopic CBD exploration are alter-
natives to ERCP.

•	 Acute biliary pancreatitis in pregnant patients 
poses potential morbidity not only for the 
mother, but also for the fetus with high rates 
of recurrence, and one approach relies on the 
trimester of presentation to guide manage-
ment towards conservative, ERCP, or surgery.

Video Caption

Video 11.1 This video demonstrates a native 
major papilla. Selective biliary cannulation is 
achieved with a sphincterotome and guidewire. 
The cholangiogram demonstrates filling defects 
in the distal extrahepatic bile duct. A biliary 
sphincterotomy is performed. Multiple balloon 
sweeps initially yield stone fragments. Eventual-
ly, a large 10 × 12 mm gallstone is extracted from 
the extrahepatic bile duct
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Introduction

Pancreatitis is currently the most common gas-
trointestinal diagnosis for hospital admissions, 
accounting for over 270,000 admissions in 2009 
[1]. A common complication of acute pancreatitis 
is the presence of a pancreatic or peripancreatic 
collection, previously commonly referred to as a 
“pseudocyst.” Recently, these collections have 
been better described and classified into four 
different types of collections (Fig.  12.1): acute 
peripancreatic fluid collection, pancreatic pseu-
docyst, acute necrotic collection, and walled-off 
pancreatic necrosis (WOPN) [2]. As their names 
would suggest, acute peripancreatic fluid col-
lections (APFC) and acute necrotic collections 
occur early (usually < 4weeks) and are differenti-
ated from each other by the presence of necro-
sis—APFC contain only liquid or fluid around 
the pancreas, while acute necrotic collections 
contain necrosis of either the pancreas or peri-

pancreatic tissue. Pseudocysts and WOPN are 
more mature collections that have developed a 
well-defined wall, usually after about 4 weeks. 
Pseudocysts are peripancreatic collections that 
contain only fluid, while WOPN contain both 
liquid components and necrotic tissue. Infections 
can occur with any of these collections. Addition-
ally, an often contributory process to the develop-
ment of a collection is a pancreatic duct (PD) dis-
ruption. In acute pancreatitis, this is thought to be 
related to local necrosis of the PD and resultant 
disruption. As will be discussed in this chapter, 
recognition of a PD disruption can have a sig-
nificant impact on a patient’s management and 
outcome [3, 4].

Pancreatic and peripancreatic collections 
manifest as a variety of symptoms and compli-
cations based on the location and extent of the 
fluid collection. The presence of a collection is 
often associated with abdominal pain of variable 
intensity, distention, and anorexia. These symp-
toms are not relieved as the other manifestations 
of pancreatitis resolve. In addition, based on the 
location of the collection, local duodenal or bili-
ary obstruction may be seen and may need to be 
addressed separately. A fistula can also develop 
to surrounding structures, which can present as 
drainage from a pancreaticocutaneous fistula, 
ascites from a pancreaticoperitoneal fistula [5] 
or shortness of breath from a pancreaticopleural 
fistula [6].

Distention from a fluid collection can be se-
vere and may lead to more diffuse abdominal 
compartment syndrome [7]. Abdominal com-
partment syndrome (ACS) is a sustained eleva-
tion of the intra-abdominal pressure (IAP) that is 
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associated with new onset organ failure or acute 
worsening of existing organ failure. It typically 
presents as a tensely dilated abdomen, oliguria, 
and increased peak airway pressures. In necrotiz-
ing pancreatitis, it appears early and is thought 
to be related to a combination of mass effect 
from a necrotic collection, acute inflammation, 
edema of surrounding tissue, and possibly over 
resuscitation. The diagnosis is made by measur-
ing bladder pressure with a transurethral probe 
[8]. Normal bladder pressures in hospitalized 
patients are 5–7  mmHg, with decreased perfu-
sions developing at 12  mmHg or more. Organ 
failure and thus ACS begins to develop at blad-
der pressures > 20 mmHg. Identification of ACS 
is critical as it can be associated with up to 50 % 
mortality and 90 % morbidity [7]. Initial manage-
ment consists of sedation, neuromuscular block-
ade, nasogastric decompression, and correction 
of a positive cumulative fluid balance that may 
be contributing to increased IAP. If these fail, 

percutaneous catheter drainage of an acute fluid 
collection or peritoneal fluid may be necessary. 
Finally, if these fail, surgical decompression can 
be performed and an open abdomen maintained.

Peripancreatic collections can also result in 
vascular pathology. Erosion of pancreatic fluid 
into surrounding vasculature may result in a pseu-
doaneurysm. If bleeding occurs from a pseudoan-
eurysm into a collection, it will likely present as 
worsening or severe abdominal pain. If bleeding 
occurs into the pancreatic duct, it will manifest as 
hemosuccus pancreaticus (Chap. 16) with inter-
mittent melena and potentially abdominal pain. 
Imaging with either contrast-enhanced computed 
tomography angiography (CTA), magnetic reso-
nance angiography (MRA), or sometimes with 
MRCP alone is used to identify pseudoaneu-
rysms. These should be managed separately by 
interventional radiologists [9], and by surgery in 
the setting of chronic pancreatitis. If there is pan-
creatic necrosis, vascular involvement may also 

Fig. 12.1   Types of pancreatic and peripancreatic collec-
tions based on the revised Atlanta classification system of 
acute pancreatitis with representative contrast-enhanced 
CT images. Collections are differentiated by the pres-
ence or absence of necrotic debris, and their chronicity 
(greater than or less than 4 weeks). a Acute peripancre-
atic fluid collection (APFC; white arrows show border 

of APFC). b Pancreatic pseudocyst ( white arrows show 
border of pseudocyst). c Acute necrotic collection after 
an episode of severe acute necrotizing pancreatitis ( white 
arrows show border of collection). d Same patient as C, 
now a few weeks later with walled-off pancreatic necrosis 
(WOPN; white arrows show border of WOPN, black ar-
rowheads show areas of debris)
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present as thrombosis of the splenic, portal, or 
superior mesenteric veins. These can result in de-
velopment of collateral veins and varices, which 
may be seen during endoscopic evaluation (see 
walled-off pancreatic necrosis below). Direct 
complications from such a thrombosis are rare 
and treatment is rarely required [10] unless there 
are significant varices, extensions to the inferior 
vena cava or impending renal compromise.

Case 1

A 37-year-old male with a prior history of dia-
betes and high cholesterol presented with severe 
acute abdominal pain radiating to his back. On 
initial examination, he was hypotensive and 
tachycardic. He was alert, but slightly tachypneic 
and had a distended abdomen with diminished 
bowel sounds. On initial workup, his lipase was 
1840 U/L (normal 13–60 U/L). Immediate fluid 
resuscitation with Lactated Ringer’s (LR) was 
begun. Further workup showed that his liver 
function tests and right upper quadrant ultrasound 
were normal, and per his family, there was no his-
tory of heavy alcohol use. Further laboratory tests 
showed a triglycerides level of 2000 mg/dL. He 
was admitted to the ICU, continued on 300 mL/h 
LR to maintain his urine output at 0.5 mL/kg/h, 

and started on appropriate insulin therapy. Blad-
der pressures remained 10–12 mmHg and slowly 
his hemodynamics and laboratory studies nor-
malized over the next few days. Unfortunately, 
he continued to be in pain and his abdomen re-
mained distended. A contrast-enhanced comput-
ed tomography (CT) of his abdomen and pelvis 
showed an edematous pancreas without defini-
tive necrosis and a large 17 cm × 12 cm × 18 cm 
homogeneous cystic collection with minimal rim 
enhancement anterior to the pancreas (Fig. 12.2). 
No significant debris was seen within the collec-
tion. Surgery and gastroenterology were consult-
ed for the management of the fluid collection and 
continued abdominal pain.

What Are Our Initial Diagnostic and 
Therapeutic Options?

The patient in the case illustrated has a large 
collection that has not been fully characterized. 
Once a pancreatic or peripancreatic fluid collec-
tion is suspected, imaging to better classify its 
location and the type of collection is important. 
In particular, the identification of necrotic debris 
in a collection can be crucial in clinical manage-
ment, as this would require endoscopic debride-
ment instead of endoscopic drainage alone. The 

Fig. 12.2   Contrast-enhanced CT scan of the abdomen 
from Case 1—a 37-year-old male with acute pancreatitis 
thought secondary to hypertriglyceridemia. A large acute 

peripancreatic collection was found as shown on a axial 
and b coronal CT. Arrows show border of collection
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modality most commonly used is a contrast-
enhanced CT (Table  12.1) [2]. CT can identify 
the extent of the collection and the presence of 
necrosis, although the sensitivity and specificity 
can be low [11]. Studies have shown that mag-
netic resonance imaging (MRI) can have higher 
sensitivity and specificity in evaluating necrotic 
debris and may be more helpful than CT in inde-
terminate cases [12, 13]. MRI has the advantage 
of avoiding exposure to harmful radiation, which 
can be significant in a younger patient requiring 
multiple imaging studies [14].

Cholangiopancreatography protocol with 
MRCP can be used to detect pancreatic ductal 
disruptions and pancreatic fistulae. MRCP can 
be further enhanced with the administration of 
secretin, a hormone that induces pancreatic duc-
tal secretion resulting in better visualization of 
the pancreatic duct morphology and any fistu-
lae. Recent data have shown that the sensitivity 
of detecting pancreatic ductal anomalies can be 
increased from 47 to 66 % by performing MRCP 
with the administration of secretin [15, 16]. 
However, secretin-MRCP is not currently widely 
adopted.

It should be noted that pancreatic cystic neo-
plasm is an important differential diagnosis that 
must be excluded. The management strategy will 
change significantly if the fluid collection is a 
cystic neoplasm as the patient may need to un-
dergo surgery. Clinical history, as well as com-
parison with any available abdominal radiology 
before the pancreatitis attack, is fairly reliable in 
making this distinction. In rare cases, if there is 
confusion regarding the etiology of the collec-
tion, endoscopic ultrasound (EUS) or percutane-
ous sampling may be necessary.

Initial Management of a Collection

Initial steps in the management of acute pan-
creatitis consist of aggressive supportive care 
including IV hydration with lactated ringer’s, 
pain management, and efficient steps to iden-
tify the cause of pancreatitis. Once a collection 
has been characterized, the complications of the 
collection may need to be addressed separately 
(see Introduction). If after the management of the 
acute pancreatitis and these complications, no or 
minimal symptoms remain, conservative man-
agement of the collection with watchful waiting 
can be attempted. Data on pancreatic collec-
tions show that in patients that can be managed 
without intervention, spontaneous resolution 
can occur in 30–60 % of patients [17–19]. More 
specific data on the different types of acute fluid 
collections are sparse, although based on a few 
studies, we know that fluid collections associated 
with non-necrotizing pancreatitis resolve faster, 
often within 2 weeks in about 70 % of patients 
[20] compared to spontaneous resolution in about 
30 % by month 6 in patients with necrotizing pan-
creatitis [17].

Back to the Case…

The patient’s pain and symptoms were managed 
for the next 2 weeks as he improved, although he 
continued to have baseline abdominal pain, dis-
tention, and anorexia. Therefore, MRI of the pan-
creas with MRCP was obtained, which showed 
the large abdominal fluid collection had grown 
slightly, again without any evidence of necrotic 
debris. In addition, the fluid collection was likely 

Table 12.1   Morphological features of the four types of pancreatic and peripancreatic collections typically seen on 
radiological imaging

Associated type of 
pancreatitis

Density on CT Encapsulated Location

APFC Interstitial edematous Liquid No Extrapancreatic
Pseudocyst Interstitial edematous Liquid Yes Extrapancreatic
ANC Necrotizing Liquid and non-liquid No Extra- and/or 

intrapancreatic
WOPN Necrotizing Liquid and non-liquid Yes Extra- and/or 

intrapancreatic
APFC acute peripancreatic fluid collection, ANC acute necrotic fluid collection, WOPN walled-off pancreatic necrosis
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communicating with the main pancreatic duct in 
the mid-body, which probably represented a pan-
creatic duct disruption.

Transpapillary Pancreatic Duct 
Stenting

Timing and Approach

In the case detailed above, a pancreatic duct dis-
ruption has occurred, which is likely resulting in 
the development of an acute peripancreatic fluid 
collection. Duct disruption regardless of etiol-
ogy (acute pancreatitis, pancreatic surgery, or 
trauma) can be treated using a similar endoscopic 
approach. Initial conservative therapy for duc-
tal disruptions can include nasojejunal feeding, 
somatostatin analogues, and pancreatic enzyme 
replacement. Nasojejunal feeding is associated 
with significantly higher spontaneous closure 
rate for post-surgical pancreatic duct fistulae, 
presumably by reducing pancreatic stimulation 
[21]. Somatostatin analogues are routinely used 
perioperatively for pancreatic surgeries [22, 23] 
although there are only a few studies describing 
its use for pseudocysts and the practice remains 
controversial [24].

If conservative management has not resulted 
in any improvement, either clinically or on imag-
ing (as with our patient), ERCP with transpapil-
lary pancreatic duct stent placement should be at-
tempted [3, 5, 25, 26]. One scenario where trans-
papillary stenting is of unclear utility is the dis-
connected duct syndrome [5, 27]. This involves 
full transection of the pancreatic duct, and the 
proximal (tail) portion of the pancreas freely se-
cretes pancreatic juices. On pancreatogram, there 
is either blowout of the duct or a complete cutoff 
with no duct opacified upstream from this area 
(Fig. 12.3). Given the full transection, a bridging 
stent cannot be placed and management focuses 
on creating a cystgastrostomy to allow a fistulous 
connection back to the lumen of the stomach or 
bowel. If this approach fails, combined percu-
taneous and endoscopic rendezvous procedures 
may succeed [27], and surgical options include 
pancreaticojejunostomy and distal pancreatec-

tomy. Percutaneous drainage is not an appealing 
option as the rate of persistent external pancreatic 
fistula from the drains is high [27].

Timing for ERCP can vary significantly based 
on the clinical scenario, from immediately on 
recognition of the ductal leak to > 4 weeks after 
the episode of acute pancreatitis. On the basis of 
the literature, we generally try to wait 4–6 weeks 
for patients with pancreatitis-related duct dis-
ruption, although patient’s discomfort or more 
acute symptoms may lead us to intervene sooner. 
ERCP is performed in a standard fashion, and the 
site of disruption is identified during pancreatog-
raphy. In addition, the location of any stricture 
or stones should be noted. Most often, a 5Fr or 
7Fr stent is utilized, although the exact size will 
depend on the clinical scenario and has not been 
shown to be related to successful closure of the 
PD leak. Any strictures or stones that may have 
contributed to the leak should be traversed and 
managed. In addition, the stent should ideally 
bridge the disruption to maximize chances of 
success (see next section). The stent should be 
left in place at least 6 weeks, although time to 
closure can vary significantly with studies report-
ing a median closure time as high as 4 months 

Fig. 12.3   ERCP fluoroscopy images of disconnected 
duct syndrome after acute pancreatitis. The pancreato-
gram demonstrates a complete pancreatic duct disruption 
with contrast leaking out in area of the neck and no con-
trast filling the upstream pancreatic duct. Bridging stent 
placement is not possible and treatment focuses on cre-
ation of a cystgastrostomy
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[3, 26]. Prophylactic antibiotics should be ad-
ministered with all these procedures since ERCP 
introduces non-sterile contrast into an otherwise 
sterile fluid collection.

It should be noted that depending on the clini-
cal scenario (including the degree of symptoms 
from the fluid collection and maturity of wall 
around the pseudocyst), many investigators have 
reported performing a cystgastrostomy in the 
same endoscopic session as the ERCP, particular-
ly for large encapsulated fluid collections. Hook-
ey at al [28] in a retrospective chart review and 
prospective follow-up, reported on the resolution 
of pancreatic fluid collections in 15 patients with 
transpapillary stent alone, 60 patients with trans-
mural drainage alone, and a combined approach 
in 41 patients. Overall clinical success (resolu-
tion of symptoms and collection) was 88 % and 
was not dependent on the drainage technique 
performed. However, patient characteristics dif-
fered significantly among the different groups. 
For example, the 15 patients with transpapil-
lary stenting alone typically had a smaller fluid 
collection (< 7  cm) with evidence of pancreatic 
duct obstruction and communication between 
the pancreatic duct and the pseudocyst. A com-
bined approach was used for larger cysts com-
municating with the pancreatic duct or when the 
transpapillary approach was unable to bridge the 
leak. These data contrast with a small study from 
Singh’s group in India, who employed a pure 
transpapillary approach for larger cysts (> 7 cm) 
in the tail of the pancreas and found resolution in 
only 33 % of patients, while the other 67 % were 
complicated by infection requiring further percu-
taneous drainage. Overall, transpapillary stent-
ing alone is not recommended for large mature 
fluid collections where transmural drainage or 
combined transmural drainage and transpapillary 
stenting likely has the best outcome. Immature 
fluid collections cannot be drained transmural-
ly, and would require transpapillary stenting if 
drainage is necessary.

Outcomes and Alternative Treatment of 
Failures

ERCP with transpapillary stenting is fairly effec-
tive for the treatment of pancreatic duct leaks [3, 
26, 29, 30]. Review of literature shows resolution 
of pancreatic duct leaks in 58–100 % of patients, 
although the etiology of the pancreatic duct leak 
in these studies included cases from chronic pan-
creatitis, trauma, and post-surgical leaks in addi-
tion to acute pancreatitis. In addition, the tech-
nique varied substantially and may explain the 
variability of the outcomes. Success was posi-
tively associated with findings of a partial duct 
disruption, location of the disruption in the body 
of the pancreas, maintaining the stents for at least 
6 weeks, and placement of stent that bridges the 
duct leak. Data from our institution [3] showed 
that a stent that bridged a disruption was associ-
ated with successful resolution of a leak in 92 % 
of patients. Patients in whom the stent was placed 
only across the papilla or up to the disruption, by 
comparison, were associated with only a 44–50 % 
success rate (Fig. 12.4), stressing the importance 
of bridging a disruption.

Mortality of this procedure is rare and com-
plications (7–9 %) are mainly associated with 
performance of the ERCP. More specific com-
plications include fevers and infection following 
stent placement, stent occlusion, or transpapillary 
stenting alone of large pseudocysts. Recurrence 
in the setting of stent failure or stent dislodge-
ment can be treated with repeat ERCP and reste-
nting for another 6–8 weeks. With unsuccessful 
procedures occurring from either failure to place 
the pancreatic duct stent or failure to resolve the 
leak, a trial of draining the fluid collection alone 
can be attempted (see below, Endoscopic Ultra-
sound and Transmural Drainage of a Pseudocyst). 
About 4 % ultimately require surgery; surgical 
options include a pancreaticojejunostomy and a 
distal pancreatic resection for ductal disruption 
in the body and tail. Overall success of the surgi-
cal approach is high at 90–92 %, although with a 
mortality of 6–9 % [31].
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Case Continued

The patient was taken to the endoscopy suite and 
the site of the leak was readily identified during 
pancreatography. A 7Fr x 9 cm plastic stent was 
placed in the patient’s pancreatic duct, bridging 
the pancreatic duct leak (Fig. 12.5). Cystgastros-
tomy could not be performed as the wall around 
the pseudocyst had not matured yet. The pa-
tient did well immediately post-procedure with 
gradual decline in his abdominal pain. However, 
the pain did not resolve and he continued to en-
dorse anorexia and gradual weight loss. Repeat 
contrast-enhanced CT four weeks after the ERCP 
and stent placement showed an 8  cm x 10  cm 
fluid collection adjacent to body of the stomach, 
now with a well-formed wall.

Endoscopic Ultrasound and 
Transmural Drainage of Pseudocysts

Technique of Endoscopic 
Cystgastrostomy

Later sequelae of a pancreatic duct leak can in-
clude pancreatic ascites, pancreaticopleural fis-
tula, and pseudocyst. The patient in our case has 

Fig. 12.5   ERCP representative of Case 1. a Pancreatic duct leak noted on ERCP with pancreatogram showing partial 
disruption in the body of the pancreas with contrast leaking out around the duct. b Plastic stent placed bridging the leak

 

Fig. 12.4   a A stent bridging a pancreatic duct (PD) dis-
ruption is associated with a 92 % resolution rate, versus  
b 50 % for a stent that ends at the leak and c 44 % for a 
stent that only crosses the papilla. ( Adapted from [3])
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developed a pseudocyst with a well-defined wall. 
Management of a pseudocyst can include watch-
ful waiting for asymptomatic lesions; for symp-
tomatic collections, percutaneous, surgical, or en-
doscopic strategies are available, and the choice 
should be made in a multidisciplinary fashion 
with the expertise of the particular institution in 
mind. Endoscopic drainage of a pseudocyst was 
first described by Gerald Rogers et  al. in 1975 
[32] with subsequent improvement by creating a 
fistula into the stomach by Richard Korazek in 
1985 [33]. The methodology has since undergone 
several modifications.

Prior to starting a cystgastrostomy, consul-
tation with a radiologist is often necessary, and 
at the minimum, careful review of abdominal 
CT and/or MRI should be done to ensure there 
is a mature wall around the fluid collection 
(Fig.  12.1b) and direct apposition of the stom-
ach wall and the pseudocyst [34]. Of note, the 
radiology imaging should be a recent study ob-
tained within 1–2 weeks of the planned proce-
dure. A mature wall often develops in 4–6 weeks, 
although we have seen mature walls as early as 
3 weeks [2]. An appropriate wall for a cystgas-
trostomy (and necrosectomy) is considered to be 
> 3 mm. While some centers consider the upper 
limit of wall thickness to be 1 cm since thicker 
walls are thought to increase the risk of compli-
cations [34], we do not limit our interventions to 
capsules less than 1 cm and have had technical 
success with much thicker walls.

Patients are given antibiotics prior to the pro-
cedure (usually intravenous ciprofloxacin and 
metronidazole). We use general anesthesia rath-
er than conscious sedation to reduce the risk of 
aspiration when draining large amounts of fluid 
into the stomach and to allow maximal sedation 
if complications arise that require a longer dura-
tion of the procedure. We use CO2 insufflation 
as it is rapidly absorbed by the body at the end 
of the procedure. The initial step is identifica-
tion of the location of the pseudocyst and find-
ing an appropriate puncture site. While tradition-
ally direct endoscopic visualization of a bulge 
into the gastric or duodenal lumen was used as 
a marker, currently most centers use EUS guid-
ance [35–39]. EUS is important for better local-

ization of the fluid collections when there is no 
large extra-luminal compression, identification, 
and avoidance of blood vessels at the access site, 
and confirmation of the lack of necrotic tissue. 
The best data supporting the use of EUS was a 
randomized controlled trial by Varadarajulu et al. 
[35] comparing EGD to EUS-guided cystgastros-
tomy of pseudocysts, where the use of ultrasound 
was associated with greater success (100 % ver-
sus 33 %, P < 0.001) and trend toward decreased 
complications. EGD-related complications in-
cluded one death from massive hemorrhage of 
gastric varices at the puncture site not visualized 
during the EGD.

Once a site has been identified using a ther-
apeutic linear echoendoscope, we use a 19-
gauge needle to puncture into the pseudocyst 
(Fig. 12.6). We try to puncture at an angle that 
ideally allows the endoscope to be kept straight 
in the body of the patient, allowing forces to be 
transmitted directly to the wall of the pseudocyst. 
Fluid can be aspirated for bacteriological and cul-
ture studies. In addition, contrast is instilled into 
the pseudocyst to identify borders of the pseu-
docyst and to maintain distention. We over-inject 
contrast to expand the pseudocyst by 5–10 mm 
to keep the pseudocyst distended and obviate 
the need for electrocautery when trying to tra-
verse the wall of the pseudocyst (In press data). 
A 0.035-inch guidewire is then coiled numerous 
times into the cavity, and the access site is dilated 
using hydrostatic balloons. We start with a 6-mm 
biliary-dilating balloon (typically the Hurricane 
Biliary Balloon Dilation Catheter, Boston Sci-
entific, Marlborough, MA) and serially dilate to 
15  mm. Alternative strategies for tract creation 
include brief use of cautery with a needle-knife 
sphincterotome or cystotome. These strategies, 
however, likely pose increased risk of bleeding 
due to inadvertent cutting of a gastric vessel. 
Double pigtail stents are then placed through the 
tract to allow adequate drainage. We generally 
use three 10Fr double pigtails for drainage, with 
length depending on the depth necessary to ad-
equately drain the pseudocyst.

On follow-up (Fig. 12.7), we reimage our pa-
tients in 4–6 weeks with a CT scan or MRI to 
evaluate for continued contraction or resolution 
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Fig. 12.7   Sample algorithm for follow-up after cystgastrostomy of a pseudocyst or endoscopic necrosectomy of a 
walled-off pancreatic necrotic collection. Actual protocol should be tailored to the clinical presentation of each patient

 

Fig. 12.6   Cystgastrostomy of patient in Case 1. a An ap-
propriate path was found using EUS, devoid of any inter-
vening vasculature. In addition, the purely liquid nature 
of the collection was confirmed. b A long guidewire was 

then placed in the collection and c the tract was dilated 
with a hydrostatic balloon. d One 10Fr × 7  cm and one 
10Fr × 4 cm pigtail stents were placed into the pseudocyst 
to allow drainage
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of the pseudocyst and the presence of the stents. 
If the pseudocyst has resolved and the stents re-
main in place, we perform an EGD to remove the 
stents, although a small randomized controlled 
study has shown that leaving stents in place even 
after resolution of pseudocyst may decrease re-
currence of the collection [40]. In this small 
study, patients either had their stents removed at 
a median of 2 months following cystgastrostomy 
or 12 months later with 38 % (5/13 patients) re-
curring in the former group compared to no re-
currences with long-term stent patients. If the 
stents have fallen out by themselves, no further 
procedure is needed. If the pseudocyst is resolv-
ing, more time is allowed for drainage and invo-
lution. If the stents have fallen out and the patient 
remains symptomatic with an ongoing pseudo-
cyst, a further cystgastrostomy may be needed to 
adequately drain the pseudocyst. Finally, if there 
is no change or increase in size of the pseudocyst, 
we reevaluate for pancreatic duct disruption and 
possible stent blockage. Surgical referral may 
also be appropriate as discussed below.

Outcomes, Complications, and 
Alternative Treatment for Failures

When performed in the setting of an experienced 
multidisciplinary team, the initial success rate 
in creation of the cystgastrostomy is high, up to 
94–95 %, with a pseudocyst resolution rate of 
90–100 % [41–43]. Complications can occur in 
0–20 % of patients and include bleeding some-
times requiring surgery usually due to the use of 
electrocautery without EUS guidance to enter the 
pseudocyst, inadequate drainage, and pseudocyst 
infection. There is minimal mortality (< 1 %) 
with at least one death related to electrocautery 
used to access the pseudocyst without EUS. Re-
currences can range from 0 to 16 %, and at least 
one recent paper shows resolution of the pseudo-
cyst in all patients and no recurrence over at least 
24-month follow-up [41]. Of note, in this paper, 
patients undergoing endoscopic cystgastrostomy 
had stents routinely removed 2 months following 
the procedure if imaging demonstrated resolu-
tion of the pseudocyst. Success is significantly 

lower if there is necrotic debris in the collection, 
underscoring the importance of preprocedural 
evaluation with imaging and EUS and ensuring 
the collection is a pseudocyst. Hookey et al. [28] 
showed that success of cystgastrostomy with or 
without transpapillary stenting of a pseudocyst 
was over 88 %, compared to only 25 % if necrotic 
debris is present.

If the endoscopic approach fails, either be-
cause of initial failure, failure to resolve, or a 
major complication, percutaneous or surgical ap-
proaches can be pursued. Percutaneous drainage 
may be indicated if an acute fluid collection is 
causing significant symptoms and has not ma-
tured to allow safe cystgastrotomy, or if the endo-
scopic approach is unable to identify a clear tract 
to the collection. Drainage is usually performed 
with CT guidance, and either a direct route or 
transhepatic route may be taken [44]. A drainage 
catheter should be placed as simple aspiration 
rarely results in resolution of the fluid collection. 
Unfortunately, the outcomes of percutaneous 
drainage are not yet well reported, with success 
ranging from 32 to 90 % [44]. Surgical options in-
clude anastomosis of the pancreatic duct to small 
bowel if a leak is present, or surgical drainage 
of a fluid collection [45, 31]. More specifically, 
surgery may involve a pancreaticojejunostomy, 
distal pancreatic resection for ductal disruption 
in the body or tail, cystgastrostomy, cystjejunos-
tomy, or fistulojejunostomy. Overall success of 
the surgical approach is 90–92 % with a mortality 
of 6–9 % [31]. Recurrence rates can be similar to 
endoscopic management. In addition, endoscopy 
and surgery do not have significantly different 
clinical outcomes with similar initial success and 
resolution including the results from a random-
ized trial. Surgery however has a significantly 
longer length of stay and associated costs [41, 
43].

Case Continued

Our patient underwent an EUS-guided cyst-
gastrostomy with drainage of the pseudocyst 
(Fig. 12.6) and placement of one 10Fr × 7 cm and 
two 10Fr × 4 cm double pigtail stents. He did well 
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post-procedure with immediate resolution of his 
distention and increased appetite. At follow-up in 
4 weeks, the pseudocyst had diminished in size 
to 18  mm in maximum dimension with one of 
the stents still in place. An EGD was performed 
at week 8, and the stent was removed without 
complications. The pseudocyst did not recur on 
6- and 12-month follow-up.

Case 2

A 42-year-old obese female presented with severe 
acute abdominal pain radiating to her back. She 
was noted to have elevated liver function tests 
and elevated lipase to 1200 U/L. In addition to the 
standard initial management for acute pancreati-
tis, an ERCP was performed with sphincterotomy 
and removal of 2 biliary stones. The elevated liver 
enzymes resolved over the course of the next few 
days; however, the patient remained in pain, fe-
brile, and complained of a distended abdomen. 
On day 7, given lack of improvement, contrast-
enhanced CT of the abdomen and pelvis was ob-
tained, which showed necrosis in 40 % of her pan-
creas and a 16.4 cm × 8.3 cm × 8.9 cm pancreatic 
fluid collection (Fig. 12.8a). Interventional radiol-
ogy was consulted and fluid was aspirated under 
CT guidance. The culture failed to grow any 

pathogens, and despite her continued fevers, anti-
biotics were not administered. Fevers resolved by 
the second week but she continued to complain 
of pain. Acute kidney failure developed despite 
adequate urine output (presumed acute tubular 
necrosis). By week 3, her kidney function was 
slowly improving, her pain was controlled with 
opiates, and she tolerated soft foods. Given the 
improvement, she was discharged and arranged 
for follow-up imaging. CT scan 1 month after the 
initial pancreatitis showed a smaller but persistent 
9.8  cm × 4.5  cm peripancreatic fluid collection 
with solid debris, now with a mature appearing 
solid rim around the collection (Fig. 12.8b). The 
diagnosis of WOPN was made, and given she had 
continued abdominal pain, an elective endoscopic 
necrosectomy was scheduled in 2 weeks.

Initial Management of Walled-off 
Pancreatic Necrosis

Case 2 illustrates another collection that can be 
managed endoscopically. As discussed above, 
WOPN is a mature collection surrounded by a 
well-defined wall that contains necrotic debris. 
Similar to a pseudocyst, a pancreatic duct disrup-
tion can contribute to the emergence of WOPN. 
Initial workup is the same as for pancreatic 

Fig. 12.8   CT imaging of the patient in Case 2—a 
42-year-old obese female presenting with necrotizing 
gallstone pancreatitis. a CT on day 7 of hospitalization 
showed a 16.4  cm × 8.3  cm × 8.9  cm acute necrotic col-

lection. b By 5 weeks later, the collection was reduced in 
size and developed a mature wall. Imaging 2 weeks later 
showed no change in the walled-off pancreatic necrosis 
(not shown)
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pseudocyst; assessment with an MRI of the pan-
creas with MRCP may be important to identify 
necrotic debris and a pancreatic duct disruption. 
Imaging with a contrast-enhanced CT or MR an-
giogram can be important in excluding a pseu-
doaneurysm if there is enough clinical suspicion.

Similar to pseudocysts, initial management 
focuses on supportive medical care, which can 
result in resolution of 30–60 % of patients with 
pancreatic necrotic fluid collections [17]. Medi-
cal management will include the decision to use 
antibiotics if there are signs of infection such 
as fevers, SIRS, and the presence air or gas in a 
collection on imaging (Fig. 12.9) [2]. Fever and 
SIRS symptoms can cause confusion as they can 
be a manifestation of the pancreatitis itself or 
may result from an infected necrotic fluid collec-
tion. Generally, infection should be considered 
after the first 7–10 days of acute presentation. 
Antibiotics should be administered if definitive 
infection is documented via a CT-guided fine 
needle aspiration (FNA), although there is a 
4–10 % false-negative rate [46–48]. As such, if 
clinical signs point to infection despite a sterile 
FNA, antibiotics can be used.

Antibiotic prophylaxis has been discussed 
in the setting of necrotizing pancreatitis and an 
acute necrotic fluid collection, however this is 
controversial. The American Gastroenterologi-
cal Association currently makes no firm recom-
mendation, but restricts antibiotic prophylaxis to 

patients with > 30 % necrosis of their pancreas, 
while the American College of Gastroenterology 
does not recommend antibiotic prophylaxis [46, 
47]. We do not routinely provide antibiotic pro-
phylaxis to our patients.

Endoscopic Drainage and 
Debridement of WOPN

Technique of Endoscopic Necrosectomy

If there is no resolution and continued symptoms, 
definitive management can be pursued; options 
include surgical, endoscopic, and percutane-
ous drainage and debridement. The presence of 
necrotic debris in a “pseudocyst” was tradition-
ally considered a contraindication for endoscopic 
therapy as presence of necrotic debris increased 
the risk of complications such as infection. These 
patients would be taken for surgical necrosec-
tomy. However, in 1996, Baron and colleagues 
described the first case of endoscopic treatment 
of a pancreatic necrotic fluid collection, initially 
with placement of a nasobilliary drain into the 
collection and irrigation every 4 h [49]. This has 
been further modified over the years. We now do 
not routinely place nasocystic drains and instead 
enter the collection and directly debride necrotic 
material [50, 51].

The initial steps of endoscopic necrosectomy 
are similar to pseudocyst drainage. After giving 
the patient antibiotics, sedating under general an-
esthesia, and using carbon dioxide insufflation, 
the first step is identification and puncture of the 
wall of the WOPN (Video 12. 1 and Fig. 12.10). 
EUS is used to identify the location of the WOPN 
and confirm debris within the collection. Doppler 
interrogation is important to find a suitable loca-
tion for entry that does not have any intervening 
large vessels or gastric varices. We try to ap-
proach the wall of the WOPN at an angle that will 
keep the endoscope in a straight configuration; 
we believe this maximizes our ability to transmit 
forces to the wall during puncture and ease of the 
procedure during debridement. The collection is 
accessed with a 19-gauge needle and samples as-
pirated for diagnostic studies including culture. 

 

Fig. 12.9   Abdominal CT scan showing acute necrotic 
fluid collection with air pockets ( white arrows) within the 
necrosis
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Fig. 12.10   Endoscopic necrosectomy of a WOPN of 
the patient in Case 2. a As in Fig.  12.6, an appropriate 
path was found using EUS and after the placement of a 
guidewire, b the tract was dilated. c Purulent and bloody 
fluid drained after dilation of the tract. d The WOPN 

was entered and necrotic material was removed into the 
stomach lumen. e View of the inside of the WOPN after 
debridement ( white arrowheads point to wall of WOPN). 
f Finally, three pigtail stents were placed through the cyst-
gastrostomy site to allow continued drainage
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Contrast is then instilled into the cavity under 
fluoroscopic guidance to outline the WOPN. The 
collection is over-injected to expand the collec-
tion by 5 − 10  mm, thereby creating tension on 
the wall and easing the completion of the rest 
of the procedure. A long 0.035” guidewire is 
coiled into the collection. The tract is serially 
dilated first with a 6-mm biliary balloon cath-
eter and then with an 18 -to  20-mm hydrostatic 
balloon to a final diameter of 20 mm. We usu-
ally use the Hurricane biliary balloon dilation 
catheter (Boston Scientific, Marlborough, MA). 
The linear echoendoscope is then replaced with 
a wide-channel therapeutic gastroscope over the 
guidewire, allowing entry into the necrotic col-
lection and direct debridement using a combina-
tion of accessories including snare, rat-toothed 
forceps, and baskets. We attempt to debride all 
necrotic tissue in a timely fashion, completing 
the debridement in under an hour if possible. We 
debride all necrotic tissue as we do not plan to 
bring patients back for a second procedure unless 
symptoms recur or the clinical course dictates a 
repeat procedure (Fig.  12.7). The cavity is also 
lavaged with warmed antibiotic solution through-
out the procedure. The antibiotic rinse is aspirat-
ed after the debridement is complete. At the end 
of the procedure, double pigtail stents, usually 
three 10Fr, are placed across the gastrostomy. 
These stents are thought to allow autodigestion 
and further drainage of the cavity.

Antibiotics are continued for 4 weeks since the 
necrotic space is now open to pathogens. A liquid 
diet is recommended for at least 2 weeks. Similar 
to pseudocysts, follow-up (Fig. 12.7) starts with 
reimaging our patients after 4–6 weeks with a CT 
scan or MRI to evaluate for continued contrac-
tion or resolution of the WOPN and the presence 
of the stents. We alternate CT and MRI to reduce 
the total dosage of radiation. For the same rea-
son, we may opt for MRI in younger patients. If 
the WOPN has resolved, we perform an EGD to 
remove stents as needed (they may fall out spon-
taneously). If the WOPN is decreasing in size, 
more time is allowed for drainage and involution. 
If however, there is no change or increase in size 
of the pseudocyst, we reevaluate for pancreatic 

duct disruption and possible stent blockage. Sur-
gical referral may also be appropriate.

Alternative Techniques to Endoscopic 
Necrosectomy

Other centers have reported various alterna-
tive techniques and strategies for endoscopic 
treatment of WOPN. Although as previously 
discussed, endoscopic drainage alone without 
debridement is not recommended for WOPN, a 
combined percutaneous and endoscopic drain-
age strategy has been advocated recently as a 
way to avoid debridement altogether [52]. While 
this has been shown to be superior compared to 
percutaneous drainage alone and long-term data 
are promising [53], a comparison to necrosec-
tomy has not been performed. Furthermore, this 
strategy has the disadvantage of sending patients 
home with at least one percutaneous catheter for 
a median of 2 months with its associated decrease 
in quality of life and the associated performance 
of a mean of 7 CT scans and 6 interventional ra-
diology procedures on the percutaneous drains 
during the treatment period.

Another approach used by several centers is to 
perform an initial procedure to access the WOPN 
and place stents, followed by repeat procedures 
for transluminal necrosectomy [54]. No clear 
comparison has been made between this strategy 
and our approach of performing drainage and full 
debridement in one procedure, although we have 
had excellent technical success and no mortality 
[55]. Varadarajulu et  al. [56] published a varia-
tion with creating and stenting more than one 
transluminal entry site (“multiple gateways”). 
This may provide more effective drainage. An-
other variation on the technique is the placement 
of a fully covered esophageal metal stent with a 
pigtail stent through it to keep the tract open with-
out performing debridement, and a small case se-
ries of 5 patients demonstrated clinical success 
without needing debridement [57]. However, the 
safety, cost-effectiveness, long-term results of 
this strategy compared to plastic stents has not 
been explored and further data are needed.
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Several new devices are also being developed 
to aid with necrosectomy. A newer short (30 mm) 
and wide (16 mm) fully covered self-expanding 
metal stent with an antimigration system has 
been designed specifically for necrosectomy 
(Nagi stent, Taewoong-Medical Co, Gyeonggi-
do, Korea) with promising initial data; however, 
further studies are needed and it is not currently 
available in the United States [58]. A Clutch Cut-
ter (Fujifilm, Tokyo, Japan), newly developed for 
endoscopic submucosal dissection, has been used 
to assist with dissecting necrotic tissue [59]. This 
device is a scissor-type grasping forceps that can 
grasp tissue and cut using electrosurgical current, 
thus providing hemostasis as well. Again, further 
studies are needed to show efficacy and cost-ef-
fectiveness.

Outcomes, Complications, and 
Alternative Treatment for Failures

Based mostly on retrospective cohorts, success-
ful treatment of WOPN can be high, with aver-
age success rate of 81 % [60–62]. It should be 
noted that the average number of endoscopic 
sessions is 4, although in our experience with 
debridement during the initial session, most pa-
tients have resolution of the necrotic collection in 
1–2 sessions. Complications occurred in 36 % of 
patients on average, with bleeding, perforation, 
and air embolisms the most common, although 
several series reported much lower complications 
rates (5 %). Overall mortality remains low, on av-
erage 6 %. Using our methods, we have seen no 
mortality in over 60 patients and we attribute this 
to the use of EUS, avoiding electrocautery, and 
antibiotic lavage (data in press).

Recently, the Dutch Pancreatitis Study Group 
[63] published the results of their PENGIUN 
trial, a randomized controlled trial of 22 patients 
with infected necrotizing pancreatitis randomized 
to either surgical or endoscopic necrosectomy. 
While their primary outcome was not a clinical 
outcome (post-procedural IL-6 was measured), 
their secondary outcomes were mortality and a 
predefined composite endpoint of major compli-
cations that included new onset multi-organ fail-

ure, enterocutaneous fistulae, pancreatic fistula, 
and bleeding. Endoscopic necrosectomy resulted 
in a reduced post-procedural IL-6 level 24  h 
post-procedure with a lower composite clinical 
endpoint of major complications (20 % vs 80 %, 
P = 0.03) and a trend toward a lower number of 
deaths as well (10 % vs 40 %, P = 0.30). Other 
long-term complications included occurred about 
equally in both groups, including new onset dia-
betes (20 % vs 30 %), requirement for pancreas 
enzymes (0 % vs 30 %), and recurrence of col-
lection (20 % vs 30 %). As such, an endoscopic 
approach to debridement is the initial procedure 
of choice.

Endoscopy may fail if the collection is not ac-
cessible by EUS, does not resolve with treatment, 
or if major complications such as bleeding or in-
fection occur. Should endoscopic treatment fail, 
alternative strategies include surgical necrosec-
tomy (open or minimally invasive) and percuta-
neous drainage. The traditional surgical approach 
is an open necrosectomy although minimally in-
vasive techniques have been described. The sur-
gical approach is typically associated with high 
rates of complications, mortality, and long-term 
pancreatic insufficiency. More recently, a step-up 
approach (SUA) has been advocated to reduce 
complications. In this method, endoscopic or 
percutaneous drainage is performed first, and if 
clinical resolution does not occur, patients under-
go minimally invasive retroperitoneal necrosec-
tomy [64]. In the PANTER trial, 88 patients were 
randomly assigned to either primary open necro-
sectomy versus the SUA. Although mortality did 
not differ (16 % vs 19 % for SUA), the step-up 
approach significantly reduced a composite score 
of major complications (69 % vs 40 %, p = 0.006) 
and new-onset diabetes (38 % vs 16 %, p = 0.02). 
Thus, when needed, a step-up approach may be 
efficacious and safer than open necrosectomy. 
However, directly proceeding with endoscopic 
necrosectomy (DEN) as the initial procedure of 
choice is preferred to the SUA when feasible. In 
our study of patients with suspected or confirmed 
infected WOPN, we compared the SUA to DEN. 
We found decreased antibiotic use, pulmonary 
failure, endocrine insufficiency, length of stay, 
and health care utilization in the patients who un-
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derwent DEN [55]. Clinical resolution remained 
equivalent. These data provide evidence that en-
doscopic necrosectomy and debridement may be 
the procedure of choice for WOPN with percuta-
neous drains used in endoscopically inaccessible 
or immature collections.

Case Continued

The patient presented to the ED 1 week after 
her CT scan with fever and increased abdomi-
nal pain. There was no evidence of recurrence of 
her pancreatitis with normal amylase and lipase. 
MRI of the pancreas with MRCP was obtained 
and did not show evidence of a pancreatic duct 
leak or acute pancreatitis. The necrotic collection 
remained with an enhancing rim. She underwent 
endoscopic necrosectomy on hospital day 2 after 
starting broad-spectrum antibiotics (Fig. 12.10). 
A transgastric approach was deemed most feasi-
ble, and the initial puncture was made with EUS 
guidance; 50 mL of fluid was sent for culture. The 
puncture site was then serially dilated to 20 mm 
with hydrostatic balloon dilatation. About 500 
mL of purulent fluid drained from the site of the 
cystgastrostomy. A therapeutic endoscope was 
then introduced into the walled-off collection, and 
multiple passes were made to debride the necrot-
ic tissue using a rat-toothed forceps. The WOPN 
collection was irrigated with warmed bacitracin 
solution throughout the procedure. Three double-
pigtail 10Fr stents of varying lengths were placed 
into the cavity. The patient was maintained on 4 
weeks of ciprofloxacin and metronidazole after 
the procedure and 2 weeks of liquid diet. She did 
well post-procedure with immediate resolution 
of fevers, pain, and abdominal distention. Her 
post-procedure course was complicated by new 
onset diabetes. Follow-up imaging at 3, 6, and 12 
months did not show recurrence of the WOPN.

Key Points

•	 Acute pancreatitis can result in several com-
plications that can be addressed endoscopi-
cally, including pancreatic duct disruption, 

pseudocyst, and walled-off pancreatic necro-
sis.

•	 Pancreatic duct disruptions are initially 
worked up and managed with appropriate 
imaging (CT or MRCP), nasojejunal feed-
ing, somatostatin analogues, and pancreatic 
enzyme replacement.

•	 Pancreatic duct disruption that does not 
respond to initial medical management can be 
addressed with ERCP and placement of a stent 
that relieves any distal strictures and bridges 
the disruption.

•	 Accurate imaging to classify a collection 
is important as the presence of necrosis that 
develops into walled-off pancreatic necrosis 
will require debridement, if possible via endo-
scopic necrosectomy.

•	 Pseudocysts that do not resolve spontaneously 
and are symptomatic can be successfully man-
aged with endoscopic cystgastrostomy and 
placement of pigtail catheters.

Video Caption

Video 12 . 1 The initial steps of endoscopic ne-
crosectomy are similar to pseudocyst drainage. 
After giving the patient antibiotics, sedating 
under general anesthesia, and using carbon diox-
ide insufflation, the first step is identification and 
puncture of the wall of the WOPN. EUS is used 
to identify the location of the WOPN and confirm 
debris within the collection
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Introduction

Chronic pancreatitis (CP) is a morbid disease 
found commonly in the Indian subcontinent 
and across the world. Predominant patholo-
gies observed in CP are pancreatic stones with 
or without pancreatic duct strictures which may 
be dominant or multiple. Pseudocyst formation 
and ascites with or without pleural effusion may 
be seen with pancreatic duct disruptions (see 
Chap. 12). Some patients may have an essential-
ly small duct disease with parenchymal atrophy 
without stones or significant strictures. Patients 
with chronic pancreatitis most commonly mani-
fest with abdominal pain, steatorrhoea, diabetes 
mellitus, and weight loss. Jaundice is seen with 
associated bile duct stenosis (see Chap. 8). The 
exact etiology and pathogenesis of CP remain 
unknown and various environmental, nutritional, 

and genetic factors are considered responsible. 
Treatment strategies for chronic pancreatitis 
are medical, endoscopic, or surgical. Short- and 
long-term outcomes of these procedures are well 
studied in various studies [1–5].

Endoscopic treatment for chronic calcific pan-
creatitis has now become an established mode of 
treatment for a select subset of patients. It essen-
tially aims at decompression of the obstructed 
pancreatic duct. Success of endoscopic interven-
tions depends upon the patho-morphology and 
cause of obstruction; i.e., number of stones, con-
sistency of the stones (radio-opaque or radiolu-
cent), location of the stones, and presence or ab-
sence of associated pancreatic ductal strictures. 
Unlike bile duct stones, pancreatic duct stones 
are usually radio-opaque, hard, spiculated as well 
as impacted and thus need pulverization prior 
to an attempt at endoscopic extraction. Hence, 
some form of lithotripsy becomes mandatory 
to pulverize these stones. Extracorporeal shock 
wave lithotripsy (ESWL) is now considered an 
integral part of the treatment in patients with ra-
dio-opaque calcific pancreatitis along with ERCP 
and has also been described as a single modality 
therapy in few studies [6–13].

This chapter emphasizes the technique of 
treating pancreatic stones using a combination 
of ESWL and ERCP pancreatic endotherapy for 
efficient clearance of pancreatic duct stones and 
endoscopic therapy of pancreatic duct strictures. 
The management of pancreatic duct leaks, pseu-
docysts, and biliary strictures resulting from CP 
are discussed in Chaps. 8 and 12.

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_13) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_13.
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Case

A 38-year-old male presented with long standing 
upper abdominal pain and diabetes mellitus. He 
experienced multiple episodes of abdominal pain 
which was intermittent, severe, and radiating to 
the back. These episodes of pain led to repeated 
hospitalization for treatment with injectable anal-
gesics. He had sustained weight loss and recently 
developed diabetes mellitus. He had no steator-
rhoea, jaundice, gastrointestinal bleeding, or ab-
dominal distention. Clinical examination was 
normal. Abdominal ultrasound showed pancreatic 
duct calcifications in a dilated pancreatic duct with 
no associated gallbladder stones or mass in the 
pancreas. His biochemical parameters revealed 
a normal hemogram and liver biochemistry, low 
serum calcium, and vitamin D 3 levels. His CA 
19 - 9 levels were normal. His pre- and postlunch 
sugar levels were 180 and 330 mgs, respectively.

As a protocol for treating these radio-opaque 
pancreatic duct stones, we first performed fluo-
roscopic screening of the patient using a C-arm 
(dynamic fluoroscopy) machine to assess the 
number, location, and density of stones. Fluoros-
copy showed dense radio-opaque stones in the 
head, body and tail of the pancreas (Fig. 13.1). 

A magnetic resonance cholangiopancreatography 
(MRCP) was then obtained to assess the pancre-
atic ductal morphology looking for associated 
pancreatic ductal strictures, biliary strictures, 
pseudocysts, and presence of pancreas divisum. 
It revealed uniformly dilated duct through the tail 
with multiple filling defects (Fig.  13.2). There 
was no evidence of pancreas divisum on MRCP. 
The patient was offered endoscopic therapy as 
the first line of treatment for which he consented.

Pancreatic Endotherapy: Who is 
Eligible?

Patients with symptomatic pancreatic stones and 
suitable ductal morphology (uniformly dilated 
duct through the tail) on MRCP are the best can-
didates for endotherapy. Patients having radio-
opaque stones confirmed on fluoroscopy are sub-
jected to ESWL prior to ERCP in our unit. We do 
not routinely recommend ERCP prior to ESWL 
in patients with radio-opaque stones (> 5  mm 
in size) as pancreatic stones are hard, impacted 
within the duct and at times do not even allow 
guidewires to be negotiated around the stones. 
Placing a pancreatic stent prior to ESWL is not 
mandatory as radio-opaque pancreatic stones can 
easily be targeted under X-ray guidance with the 
ESWL machine. On the other hand, patients with 
radio-lucent calculi can undergo ERCP directly 
as these stones are soft and amenable to endo-
scopic basket/balloon extraction, provided they 
are small in size. Patients with large radiolucent 
calculi require additional methods like balloon 
sphincteroplasty of the pancreatic orifice (Video 
13.1) or insertion of a nasopancreatic tube (NPT) 
followed by ESWL under C-arm guidance.

Pretreatment Assessment of Patients 
Prior to Endotherapy

A thorough pre-procedure history and clini-
cal examination are done for all patients before 
planning pancreatic endotherapy in the form of 
ESWL and ERCP. Characteristics of abdominal 
pain, weight loss, steatorrhoea, diabetes, alcohol/

Fig. 13.1   Pre-ESWL plain abdominal x-ray image show-
ing multiple small to large stones along the pancreatic 
duct in the head and body region
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smoking habits, and details of prior therapy and 
surgery are noted in detail. Routine biochemistry 
is done which includes fasting and postprandial 
sugars, renal parameters, CA 19- 9, calcium, vita-
min A/B12/D3 levels, and if needed parathyroid 
hormone. A dynamic fluoroscopic examination is 
performed preferably on a rotatable C-arm to as-
sess the stones for consistency, number, and loca-
tion. This is necessary to decide the approximate 
number of shock waves required to pulverize the 
stones. An MRCP is then obtained to accurately 
assess the pancreatic ductal morphology and look 
for associated pancreatic ductal strictures, bile 
duct strictures, pseudocyst, pancreas divisum, 
ductal disruption, or pancreatic mass. If a mass 
is suspected, a contrast-enhanced CT scan and 

EUS-FNA should be routinely performed. An 
altered anatomy, significant duodenal narrowing, 
and portal hypertension are considered relative 
contraindications for pancreatic endotherapy and 
alternative therapy is offered to these patients.

How Is ESWL Performed?

ESWL is performed in our unit by a trained ra-
diology technician under the guidance of a gas-
troenterologist although urologists may offer 
this service as well. We use the Dornier Com-
pact Delta II lithotripter (Dornier Med Tech, 
Wessling, Germany) with an integrated C-arm 
system that facilitates accurate localization of 

Fig. 13.2   MRCP showing diffusely dilated pancreatic duct containing multiple calculi
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the shock waves on the radio-opaque pancre-
atic stones. The ideal extracorporeal shock wave 
lithotripter should have an isocentric shock head 
allowing for a small focal point of less than 5 mm 
(Fig. 13.3). This prevents scattering of the shock 
waves and damage to the surrounding pancre-
atic parenchyma or the kidney. The focal point 
energy usually ranges from 0.1 to 0.6 mJ/mm2. 
The Dornier machine energy level can be ad-
justed from Level 1 (10 kV) to Level 6 (16 kV). 
ESWL is usually performed under intravenous 
sedation/analgesia or epidural analgesia because 
the therapy can be painful. Oxygen saturation 
and cardiac tracings are continuously monitored 
during the procedure. The procedure is usually 
performed with the patient in the supine position, 
and the shock head touching the abdomen from 
above. The patient is sometimes tilted to one side 
by placing a bolster below the back in order to 
achieve effective contact with the shock head. 
The stones are then localized in two axes perpen-
dicular to one another and shock wave therapy is 
commenced. It is best to start with low-intensity 
shock energy at Level 1 or Level 2 and to slowly 

increase it. Averages of 3000–8000 shocks are 
delivered in one session of ESWL. This can be 
completed in around 120 min. Depending upon 
the stone load, single or multiple sessions of 
shock wave therapy are administered on alternate 
days until effective pulverization of the stones 
is achieved. For patients with multiple stones, 
on average 2–3 sessions are necessary. The end 
point of ESWL therapy should be complete pul-
verization of the stones into powder and not just 
fragmentation. Pulverized stones should be less 
than 3 mm in size and usually lose their density, 
shape, and spread in the duct along the longitu-
dinal axis.

Case Continued

The patient then underwent ESWL to pulverize 
the stones. Two sessions of ESWL were given on 
alternate days for a total of 15,000 shocks admin-
istered (7000 & 8000). This procedure was per-
formed with intravenous sedation, and he toler-
ated the procedure well. Post-ESWL, repeat fluo-
roscopy examination revealed nicely pulverized 
stones spread along the entire duct (Fig. 13.4).

Fig. 13.4   Post-ESWL fluoroscopy image showing frag-
mented, pulverized calculi scattered along the pancreatic 
duct 

Fig. 13.3   ESWL machine with arrows pointing to shock 
head
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When and How Is ERCP Performed?

We prefer to perform ERP at least 48  h after 
the last session of ESWL in order to allow the 
ESWL induced edema to settle. ERP completed 
less than 2 days after ESWL were associated with 
higher rates of failure (84 %) compared to ERP 
performed more than 2 days after ESWL (18 %) 
[14, 15]. It is done under total intravenous anes-
thesia with the patient in the supine or prone po-
sition to give proper anatomical orientation of the 
pancreatic morphology on fluoroscopy. A thera-
peutic duodenoscope with a working channel of 
4.2 mm (e.g., TJF−160 or 180 Olympus, Tokyo, 
Japan; ED-3490TK, Pentax Medical, Montvale, 
NJ) should be used. The goal of ERCP should be 
complete ductal clearance of all stone material.

Initial cannulation of the pancreatic duct is 
best achieved using a tapered tip ERCP cannula, 
such as the Contour cannula (Boston Scientific, 
Marlborough, Massachusetts, USA). However, 
a tapered tip cannula from any other manufac-
turer can be used for this purpose. A double/triple 
lumen sphincterotome can also be used as this is 
a planned therapeutic procedure.

After performing a pancreatogram to assess 
the ductal morphology, a fully hydrophilic glide-
wire is passed through the cannula and negotiated 
past the pulverized stones in the pancreatic duct 
to the tail. The most useful wire to achieve this is 
a 0.035, 0.021, or 0.018 in. J tipped Terumo Glide 
wire (Terumo Corp., Tokyo, Japan), but other 
wires with a hydrophilic tip, such as the Boston 
Scientific Dream wire or the Cook Endoscopy 
Metro Tracer (Cook Medical, Bloomington, IN, 
USA) are also good alternatives. In patients with 
complete pancreas divisum, the minor papilla can 
be cannulated using the same accessories.

In rare instances, if direct access to the pan-
creatic duct (major or accessory) is not possible 
through the normal papillary orifice due to edema 
or retropapillary narrowing, and the pancreatic 
duct is dilated, an EUS-guided rendezvous tech-
nique can be used to enter the pancreatic duct 
transgastrically and then the guidewire negotiat-
ed across the papilla and coiled in the duodenum. 
The procedure can then be completed with the 
echoendoscope exchanged to a duodenoscope.

Sphincterotomes

A wire guided sphincterotome, such as the Olym-
pus Clever Cut, Boston Scientific Ultratome 
Excel, or Cook Medical Dome Tip sphinctero-
tome, is used for pancreatic sphincterotomy. It 
is important that the sphincterotome have a short 
monofilament wire and a short, rounded/atrau-
matic tip. In cases where the minor papilla needs 
to be cannulated and the opening is tiny, an ultra-
tapered sphincterotome is required which accepts 
a thinner guide wire (0.018 or 0.021 in.). For cut-
ting the pancreatic sphincter, we usually use a 
blended endocut current. The sphincterotomy is 
usually performed between the 12 and 2 o’clock 
positions. The size of the sphincterotomy should 
always be tailored according to the size of ampul-
la, stone load and proposed plan of endotherapy.

Stone Extraction Techniques/
Accessories

Once deep access is achieved into the pancre-
atic duct, the pulverized stones can usually be 
removed using a 1.0 or 1.5 cm stone extraction 
balloon (available from several manufacturers, 
including Boston Scientific, Cook Medical, or 
MediGlobe). However, the triple-sized balloon 
from Olympus is sometimes preferred for pan-
creatic stone extraction because it is sturdier and 
with its three different expandable diameters, its 
size can be adjusted according to the duct size. As 
the pulverized stones can be hard and spiculated, 
balloons may rupture easily. In these situations, 
a wire-guided basket should be used to extract 
the stones. The ideal basket for pancreatic stone 
extraction is small, easy to advance to the tail of 
the pancreas, and can be passed over a guidewire. 
The Olympus Tetra V wire guided basket is the 
most ideal basket for this purpose. However, the 
Olympus hard wire basket (FG−22Q) can also be 
used alongside a previously placed guide wire. 
Whichever basket is used, it should be suitable 
for emergency lithotripsy in case of impaction. In 
some special situations, small, spiral baskets such 
as the Segura basket (Cook Medical, Blooming-
ton, IN, USA) can be used. The stones nearest 
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to the ampulla should be removed first and the 
remaining with subsequent passes progressing 
from the head to the tail. Lithotripsy compatible 
baskets like trapezoid basket from Boston Scien-
tific are rarely used primarily (without ESWL) 
in centers having an aggressive ESWL protocol 
for crushing pancreatic stones. Negotiating this 
stiff basket across hard and impacted pancreatic 
stones is very difficult and we do not recommend 
this.

Case Continued

ERCP was done 48  h after effective pulveriza-
tion of the stones was achieved by ESWL (Video 
13.2). A diclofenac suppository (100 mg) was ad-
ministered as per our routine immediately before 
ERCP. Pancreatogram obtained from the major 
papilla showed a uniformly dilated duct through 
the tail with filling defects in the head region. 
Pancreatic sphincterotomy was performed using 
a blended current and a standard sphincterotome 
(Clevercut, Olympus, Japan or Ultratome XL, 
Boston Scientific). Large chunks of pulverized 
stone fragments were then extracted using a wire 
guided Dormia basket (Olympus Tetra V, Japan), 
and partial ductal clearance was achieved. At the 
end of the procedure, a temporary 7 Fr single pig-
tail stent was placed in the pancreatic duct to en-
sure an unobstructed flow of pancreatic juice and 
allow for passage of the residual pulverized stone 
powder (Fig. 13.5). The patient was observed in 
the hospital for 2 days and then discharged. He 
had mild epigastric pain for a day post-ERCP 
which resolved with non-opioid analgesics.

How to Deal with Impacted Pulverized 
Stones

If the pulverized stones are still impacted or 
conglomerated together tightly and it is not pos-
sible to negotiate a stone extraction balloon or a 
basket across, one can create a pathway through 
the stones using a 10 Fr over the wire Soehendra 
stent retriever (Cook Medical). With this instru-
ment, a passage through the impacted stones can 
be drilled. Using this technique, not only is a 

passage established for stent placement but the 
pulverized stones become loose and can then be 
extracted. This facilitates removal of chunks of 
pulverized stones from the duct and allows better 
ductal clearance in a single setting.

Pancreatic Stents

During pancreatic stone extraction, temporary 
stents are usually used until the next session of 
stone extraction is performed and the duct is 
completely cleared. The most commonly used 
stents for this purpose are either 5 or 7 Fr single 
pigtail stents available from Cook Medical or 
Olympus. The length of the stents can be decided 
according to the ductal morphology and presence 
and length of any strictures. Management of pan-
creatic duct strictures is discussed in more detail 
later in this chapter.

Difficult Pancreatic Endotherapy and 
Rescue Technique

Adequacy of ESWL and complete stone pulveri-
zation should always be judged prior to subject-
ing the patient to ERCP. As a protocol, we rou-
tinely do a fluoroscopic examination to evaluate 
the adequacy of stone pulverization with ESWL. 

Fig. 13.5   Endoscopy image of extracted pancreatic duct 
calculi. Temporary 7 Fr stent placed in the pancreatic duct
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Pulverized pancreatic stones appear less dense, 
lose their character, and usually spread along the 
duct length. Pancreatic stones are usually hard 
and despite pulverization with ESWL, some frag-
ments can be hard and difficult to extract with 
simple techniques. Therefore, when using a bas-
ket to retrieve stones, care must be taken to open 
the basket only partially and to catch very few 
stones at one time to prevent basket impaction. 
In rare instances if the basket becomes impacted, 
every attempt should be made to disimpact the 
basket by quick jiggling movements and flushing 
the basket with normal saline. Despite repeated 
attempts, if the basket does not get disimpacted, 
then repeat rescue ESWL can be performed with 
the scope in situ. This is an effective way to dis-
impact the basket, and the ERCP can be complet-
ed later once adequate pulverization of the stones 
has been achieved.

Selective cannulation of the pancreatic duct 
(major or minor) can be difficult at times. In pa-
tients with a dilated pancreatic duct, EUS-guided 
rendezvous can be performed for pancreatic duct 
cannulation. In patients of incomplete pancreas 
divisum, a major to minor papilla rendezvous can 
be done under fluoroscopic guidance. The guide-
wire is passed from the major papilla, negotiated 
across the minor papilla, and out into the duode-
nal lumen. The wire is then captured with a snare 
or forceps, pulled through the channel of the duo-
denoscope, and the procedure can be completed.

In patients with a uniformly dilated pancreatic 
duct and persistent larger stone fragments despite 
adequate ESWL, pancreatoscopy can be per-
formed in order to pulverize the pancreatic stone 
fragments under direct visualization using a Hol-
mium Laser or electrohydraulic lithotripsy. The 
stone fragments are then extracted using routine 
techniques.

How Should Patients Be Followed 
After Initial Endotherapy?

Patients should be assessed immediately post-
procedure for any complications, which have 
been reported in about 6 % of patients and con-
sists mainly of mild pancreatitis [16]. Other 

less common post-ERCP complications include 
bleeding post-sphincterotomy, stent migration or 
occlusion, duct leak, and pancreatic abscess [17]. 
Injury to the duct usually occurs with the use of 
hard, stiff accessories especially in the tail of the 
pancreas. ESWL-related complications are mini-
mal and include 1 % hemosuccus pancreaticus 
(Chap. 16) and skin or duodenal wall erythema.

In most cases, the pulverized stones cannot 
be completely cleared in one procedure. Thus a 
temporary pancreatic stent is placed to ensure 
continuous flow of pancreatic juice before the 
next session. In 3 months, a fluoroscopic ex-
amination is done to look for any residual radio-
opaque stones. If radio-opaque stones are found, 
then a repeat session(s) of ESWL occurs before 
repeating the ERCP to attempt complete ductal 
clearance. In patients with ductal strictures and 
upstream stones, if the stricture has not yet re-
solved multiple large diameter stents (10 Fr) are 
placed during each subsequent ERCP until the 
stricture resolves and the stones can be cleared. 
During each follow-up, the patients are also as-
sessed for pain relief, weight gain, and control of 
any exocrine and endocrine deficiencies. Pancre-
atic enzyme supplementation and strict control of 
blood sugars are advised when necessary. Absti-
nence from alcohol and smoking are mandatory 
once pancreatic endotherapy is performed.

Case Follow-Up

At the first follow-up 3 months later, the patient 
reported significant reduction in his abdominal 
pain and a weight gain of 3 kg. During ERCP, the 
previously stent was removed and a repeat pan-
creatogram was done. It showed a mildly dilated 
pancreatic duct containing a few residual filling 
defects. Residual stone fragments were extracted 
using a basket, and complete duct clearance was 
achieved. The duct was flushed and irrigated with 
normal saline, and the patient was given a stent 
free trial. During subsequent visits at 3 month 
intervals, the patient remained pain free and had 
a total 8 kg weight gain. His diabetes was well 
controlled. At the end of 1 year following stent 
removal, he remained pain free.
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What Are the Long-Term Results of 
ESWL and ERCP?

A large amount of data including randomized tri-
als is now available supporting the use of ESWL 
prior to endoscopic management of pancreatic 
stones. Success rates of pulverization of pancre-
atic stones using ESWL range between 38 and 
100 %, [18], and ESWL alone can provide sig-
nificant pain relief [19–21]. However, ESWL 
followed by ERCP has been shown to achieve 
the most satisfactory pain relief in patients with 
chronic calcific pancreatitis. The combination of 
ESWL with ERCP yields a stone fragmentation 
rate of 54–100 % and complete or partial pain re-
lief ranging from 48 to 85 % [22–27]. Table 13.1 
summarizes seven studies published to date on 
long-term follow-up (≥ 23 months) of patients 
undergoing ESWL and ERCP for patients with 
chronic calcific pancreatitis. The largest study 
by Tandan et  al. [28] included 636 patients of 
whom 364 were followed for 2–5 years and 272 
for over 5 years for nonalcoholic chronic calcific 
pancreatitis. Clinical outcomes were similar for 
both groups of patients; they experienced signifi-
cant improvement in pain scores with 60–69 % 
remaining pain-free compared to 0 % pre-proce-
dure and 4–6 % having severe pain compared to 
25–36 % pre-procedure. Complete duct clearance 
occurred in 76–78 % of all patients. Weight re-
mained stable or increased in 94–99 % of patients 
and quality of life improved in 93 %. The two 
differences between the intermediate (2–5 year) 
follow-up and long-term (> 5 year) follow-up pa-
tients were increased need for repeat procedure 
(47 vs. 29 %, p = 0.007) and rate of diabetes (51 
vs. 24 %, p = 0.0001) in the long-term group.

The US experience, which consists mainly of 
alcohol-induced chronic pancreatitis, is similar 
although perhaps with slightly lower efficacy 
with 50 % of patients remaining pain-free at mean 
4 year follow-up [22]. Quality of life improved 
in 77 % while rate of diabetes increased from 18 
to 35 % comparing pre-ESWL to last follow-up. 
Interestingly, when patients with at least 4 year 
follow-up after ESWL + ERCP were compared 
with postsurgical patients, the former group had 
significantly more patients reporting complete 
pain relief (61 vs. 21 %, p = 0.009) although they 
also required more ERCPs as well.

Few prospective and retrospective studies 
have evaluated factors predicting successful 
outcomes of pancreatic endotherapy in calcific 
pancreatitis [8, 10, 12, 13, 25]. These factors in-
clude age, sex, etiology of CP, number, location 
and maximum diameter of stones, completeness 
of stone removal, presence of a main pancreatic 
duct stricture, duration of disease, and timing of 
ERCP in the course of illness. However, the re-
sults have significant variations. Brand et al. [8] 
in their prospective evaluation of early outcome 
of endotherapy in 48 patients with chronic pan-
creatitis identified nonalcoholic etiology and a 
decrease in pancreatic duct diameter as factors as-
sociated with significant pain relief. Smits et al. 
[13] in their retrospective analysis of 53 patients 
reported no significant difference in treatment 
success (pain relief) between alcoholic vs. non-
alcoholic pancreatitis, presentation with pain vs. 
pancreatitis, single vs. multiple stones, location of 
stones in pancreatic head alone vs. head/body/tail, 
and the presence of a stricture vs. no stricture.

A potential alternative to ESWL is ERCP with 
pancreatoscopy and electrohydraulic lithotripsy 
or laser lithotripsy. In a study of 46 patients, ini-

Table 13.1   Stone fragmentation and pain relief in long-term studies
Authors Year No of patients Fragmentation (%) Complete or 

partial pain 
relief (%)

Mean follow –
up (months)

Seven et al. [22] 2012 120 – 85 28
Dumonceau et al. [16] 2007   29 100 55 51
Kozarek et al. [24] 2002   40 100 80 30
Farnbacher et al. [25] 2002 125   85 48 29
Adamek et al. [26] 1999   80   54 76 40
Costamagna et al. [35] 1997   72 100 72 27
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tial attempt at passing the pancreatoscope failed 
in 17 % although ultimately after repeat effort, 
91 % technical success was achieved. A median 
of four ERCPs were performed per patient with 
70 % complete ductal clearance of stones and 
74 % clinical success, which was defined as at 
least 50 % reduction in pain score or opiate use 
following final ERCP over median 18 month 
follow-up. Complications occurred in 10 % of 
patients mainly related to pancreatitis. While fur-
ther studies and long-term follow-up are neces-
sary, this may offer an alternative to combined 
ESWL and ERCP management [29].

In our experience, ESWL is currently the cor-
nerstone in endotherapy of pancreatic stones as 
it helps in pulverizing hard, spiculated, and even 
impacted pancreatic ductal stones thereby facili-
tating their extraction with ERCP. Nearly 90 % 
of patients with a favorable ductal morphology 
(uniform ductal dilation without strictures), as 
commonly seen in idiopathic chronic pancreati-
tis, achieve complete clearance of these stones. 
While the amount of stone burden suitable for 
ESWL therapy is debatable, we have found that 
the number or location of the stones are not a con-
traindication to ESWL, provided the stones are 
targeted accurately [17]. However, in the pres-
ence of a downstream stricture or complex ductal 
disease as often encountered in patients with al-
coholic CP, stone extraction and clearance can be 
difficult despite using an aggressive ESWL proto-
col and ERCP technique with success rates as low 
as 40 %. In this subset of patients, stone clearance 
may be incomplete, and these patients can have 
persistent pain and eventually require surgery.

Briefly, the following surgical options are 
available for patients with chronic pancreati-
tis [30]. The Partington–Rochelle (modified 
Puestow) procedure creates a lateral pancreatico-
jejunostomy (anastomosis between the longitudi-
nally incised main pancreatic duct and Roux-Y 
jejunal loop). This is the most commonly per-
formed drainage procedure in patients with CP. 
In the Beger procedure, the pancreatic head is 
resected while preserving the duodenum. The 
pancreas is transected at the border between the 
pancreatic head and body with a thin pancreat-
ic disc left between the common bile duct and 
duodenum. The pancreatic body is drained by an 

end-to-end pancreaticojejunostomy and the pan-
creatic head disc is drained by a side-to-side pan-
creaticojejunostomy. The Frey procedure com-
bines the Puestow with coring out the diseased 
pancreatic head. Finally, the Whipple surgery 
involves pancreaticoduodenectomy with recon-
struction by pancreaticojejunostomy, hepaticoje-
junostomy, and gastrojejunostomy.

Two randomized studies [31, 32] compared 
the results of surgical and endoscopic therapy for 
pain in chronic pancreatitis with a follow-up of 
2–5 years and reported apparently better results 
with surgery. One study randomized 72 patients 
to endoscopic therapy consisting of pancreatic 
sphincterotomy, stenting for mean 16 months, 
and/or stone removal or surgery which mainly 
consisted of resection with a few drainage (pan-
creaticojejunostomy) procedures in 20 %. Im-
mediate pain relief or improvement occurred in 
about 90 % for both groups, however, at 5 year 
follow-up, rates of complete pain relief were 
higher following surgery (34 vs. 15 %, p = 0.002). 
The second trial randomized 39 patients to endo-
scopic treatment (sphincterotomy, stenting with 
or without dilation, ESWL followed by ERCP) or 
surgery which was mainly pancreaticojejunosto-
my. Although stones were completely removed in 
89 % of patients, only 50 % experienced resolu-
tion of strictures to produce overall 53 % techni-
cal success with endoscopy. Stents were in place 
for a median 27 months (range 6–67 months) 
with 10 Fr stents ultimately placed and 56 % hav-
ing multiple stents inserted. After median follow-
up of 2 years, complete or partial pain relief was 
significantly higher after surgery than endoscopy 
(75 vs. 32 %, p = 0.007). Both trials have major 
biases due to the lack of availability of ESWL in 
the former and the low rate of endoscopic suc-
cess in dilating dominant pancreatic strictures 
with some patients having a very short period of 
stenting in the other.

Managing Pancreatic Duct Stricture

Patients with chronic pancreatitis can have a 
single dominant or multiple strictures, and about 
half of patients with CP undergoing endoscopic 
therapy have a pancreatic stricture. As patients 
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with chronic pancreatitis are at increased risk for 
pancreatic cancer, malignancy must always be 
excluded in the setting of strictures [16]. Evalua-
tion should include radiologic imaging (CT scan, 
MRI, and/or EUS), and if ERCP is performed, 
tissue should be obtained from the stricture by 
brushing for cytology and pancreatic fluid may 
also be sent for cytology.

A dominant pancreatic stricture is defined by a 
stricture with one of the following: at least 6 mm 
upstream duct dilation, no contrast outflow from 
a 6 Fr catheter advanced upstream from the stric-
ture, abdominal pain during 1 L saline infusion 
for 12–24 h through a nasopancreatic tube [16]. 
Tight strictures are negotiated using a glidewire 
as described above. However in patients who 
have very tight fibrotic strictures, an over the 
wire 10 Fr Soehendra stent retriever may be used 
to core through the stricture. Pancreatic sphinc-
terotomy should be performed. Short tight stric-
tures are dilated using a 6 or 8 mm Boston Scien-
tific Hurricane Balloon. These strictures are then 
further dilated chronically using single or mul-
tiple plastic pancreatic stents of increasing diam-
eters (7 or 10 Fr) at 3-month intervals followed 
by attempts to clear the duct of the stones after 
partial or complete stricture resolution. If using 
a single plastic stent as treatment, 10  Fr stents 
are recommended as they were associated with 
decreased hospitalization compared to smaller 
stents [33]. Regularly scheduled stent exchanges 
is recommended due to high rates of stent occlu-
sion (20 %) [34]. The stricture is considered to 
be adequately dilated when a 6 Fr catheter easily 
passes across the stricture with good flow of sa-
line or contrast through the stricture and no sig-
nificant hold up of contrast upstream. Typically 
this process takes at least 12 months. If symp-
toms recur following stent removal, management 
options include another trial of stent therapy or 
surgery.

Pancreatic stenting is technically successful 
in 85–98 % of pancreatic duct strictures. Imme-
diate pain relief occurs in 65–95 % of patients 
while during longer follow up (14–58 months), 
32–68 % of patients report ongoing pain relief 
[18]. After prolonged pancreatic duct stenting 
with definitive stent removal following stricture 

resolution, relapsing pain occurred in 36–48 % of 
patients, repeat stenting was required in 22–30 % 
of patients, and 4–26 % patients were subjected to 
pancreatic surgery [18]. Complications related to 
pancreatic stenting occurred in about 6–39 % of 
patients and include mild acute pancreatitis, stent 
occlusion, stent migration, bleeding, and rarely 
pancreatic abscesses requiring surgery [16].

Similar to treatment of benign biliary stric-
tures with multiple plastic stents, the same Ital-
ian group applied this concept to pancreatic duct 
strictures in the head of the pancreas of patients 
with symptomatic severe chronic pancreatitis 
[35]. These patients had all failed two previous 
single stent placements (≥ 8.5  Fr) for at least 3 
months each. The technique involved stricture 
dilation to mean 7.8  mm followed by median 
three stents inserted for average 7 months. Dur-
ing mean 38 month follow-up following final 
stent removal, 84 % remained asymptomatic and 
11 % developed symptomatic recurrent stricture, 
which responded to repeat stenting. Also analo-
gous to management of benign biliary strictures, 
interest has blossomed in the use of fully covered 
self-expandable metallic stents (SEMS) for these 
pancreatic strictures. A recent review of the cur-
rently published case series found that the techni-
cal success of SEMS was 100 %, similar to that 
of multiple plastic stenting, with only 8 % migra-
tion rate, and 85 % patients reported pain relief 
[36]. Some case series did report the presence of 
new focal strictures following stent removal. Fur-
ther studies are necessary to evaluate the efficacy, 
safety, long-term results of covered SEMS and 
compare with plastic stenting.

European Society of Gastrointestinal En-
doscopy (ESGE) guidelines state that dominant 
pancreatic duct strictures be treated with place-
ment of a single 10 Fr stent with stent exchange 
planned for up to 1 year. Multiple plastic stents 
should be inserted in strictures that persist after 
1 year of single stent placement or even sooner. 
Uncovered SEMS should not be placed in the 
pancreatic duct. Finally, ESGE guidelines also 
state that temporary placement of fully covered 
SEMS should only be performed in the setting 
of trials [18].
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Conclusions

Management of pancreatic ductal stones in CP 
can be performed effectively with endotherapy. 
Aggressive pancreatic endotherapy with judi-
cious application of ESWL has high technical 
success rates in terms of ductal clearance and 
yields excellent short and long-term results with 
pain relief in chronic calcific pancreatitis. Treat-
ment is more challenging in the presence of pan-
creatic ductal strictures which should be treated 
with sphincterotomy, dilation, and long-term sin-
gle or multiple pancreatic duct stenting. Whether 
patients with idiopathic chronic pancreatitis re-
spond better than alcoholic disease is the subject 
of our ongoing research protocol.

Key Points

•	 Chronic pancreatitis can lead to sequelae 
including pancreatic duct stones with or with-
out pancreatic duct strictures, biliary stricture, 
and pseudocyst.

•	 Endoscopic management of both pancreatic 
duct stones and pancreatic duct strictures is suc-
cessful in select patients with low morbidity.

•	 The type, number, and size of pancreatic duct 
stones will dictate treatment. Small radiolu-
cent stones may be removed by ERCP with 
sphincterotomy while large radiolucent stones 
may require balloon sphincteroplasty as well 
or ESWL.

•	 Large radiopaque stones respond to combi-
nation of ESWL followed by ERCP removal 
of pulverized stone debris using a variety of 
accessories.

•	 Surgery is an alternative for patients who fail 
endoscopic management. Typically surgery 
involves either a drainage procedure of the 
duct like a lateral pancreaticojejunostomy, 
pancreatic resection like a Whipple procedure, 
or a combination of drainage and resection.

•	 Malignancy must be excluded in chronic pan-
creatitis-related pancreatic duct strictures.

•	 Pancreatic duct strictures from chronic pancre-
atitis usually require long-term stenting for at 
least 1 year and possibly multiple plastic stents.

Video Captions

Video 13.1 Endotherapy for radio-lucent pancre-
atic duct calculi

Pancreatogram showing hugely dilated (sig-
moid type) pancreatic duct through the tail con-
taining multiple large radio-lucent calculi. Pan-
creatic sphincterotomy done. The pancreatic duct 
orifice was further dilated using a CRE balloon 
(Boston Scientific, Marlborough, MA) up to 
12  mm. Multiple radiolucent calculi extracted 
using a stone extraction balloon. Temporary 7 Fr 
stent placed in the pancreatic duct. 

Video 13.2 Endotherapy for radio-opaque 
pancreatic duct stones

Pancreatogram showing dilated irregular duct 
through the tail containing multiple pulverized 
calculi following ESWL. Pancreatic sphincterot-
omy done. Pulverized calculi were then extracted 
using a stone extraction balloon. Temporary stent 
placed in the pancreatic duct (not shown), and 
patient was asked to follow up 3 months later for 
repeat ERCP.
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Case Presentation

A 44-year-old female presents to the office 1 
month following an episode of acute pancreati-
tis (AP). She denies a history of alcohol use and 
smoking, has no family history of pancreatitis, 
and takes no medications. At the time of her pre-
sentation, serum liver chemistries, calcium, and 
triglyceride levels were normal; serum lipase was 
more than three times the upper limit of normal. 
At the time of admission, a transabdominal ultra-
sound (US) showed changes of prior cholecys-
tectomy; this had been performed for intermittent 
abdominal pain and suspected chronic chole-
cystitis 5 years ago. The common bile duct was 
poorly visualized but felt to be normal in diam-
eter. During her admission, a contrast-enhanced 
abdominal computed tomography (CT) revealed 

peripancreatic stranding consistent with intersti-
tial AP. There was no evidence of chronic pancre-
atitis or other structural abnormalities.

She has fully recovered from this recent epi-
sode of AP, but now reports intermittent episodes 
of transient, mild epigastric pain, each lasting 
15–60 min. She is asymptomatic in the office, but 
concerned for her risk of permanent damage to 
her pancreas, and fears recurrence of the severe 
abdominal pain that prompted admission with 
AP. She is diagnosed with idiopathic AP. What is 
your diagnostic and therapeutic approach?

Introduction

AP is an acute inflammatory process of the pan-
creas that may arise from a multitude of etiolo-
gies. Its short and long-term morbidity is highly 
variable, and the mortality rate is at least 1 % [1–
5]. Pancreatitis (acute and chronic) is the most 
common inpatient gastrointestinal disease, ac-
counting for more than 250,000 hospitalizations 
annually in the USA [1, 6, 7].

Diagnosis and Initial Evaluation

Patients with AP usually present with abrupt 
onset of epigastric pain, often radiating to the 
back, and associated with nausea/vomiting. 
Symptoms may be present for minutes to days 
before patients present for medical attention; in 
some cases, particularly in individuals who have 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_14) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_14.
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suffered previous episodes, patients will manage 
AP at home without ever seeking medical atten-
tion. This poses a unique challenge in defining a 
patient with recurrent AP (RAP), if only one epi-
sode was worked up in a medical facility. In ad-
dition to symptoms suggestive of AP, a definitive 
diagnosis requires a substantial (> 3 × upper limit 
of normal) elevation of serum lipase or amylase, 
with or without radiologic confirmation [8].

The most common (~ 70 % in the USA) 
causes of AP are gallstones and alcohol. While 
there is no clear threshold above which alcohol 
may cause AP, alcohol-induced pancreatitis is 
often self-evident following a thorough history. 
Gallstone pancreatitis should be suspected in the 
setting of an intact gallbladder or when alanine 
aminotransferase (ALT) is elevated to > 3 × upper 
limit of normal, which has a positive predictive 
value of 95 % [9]. However, AP of any etiology 
may cause extrinsic compression of the extra-
hepatic biliary tree, leading to mild elevation in 
liver chemistries or even common bile duct dila-
tion. Thus, mild elevation in liver chemistries is 
not pathognomonic for gallstone pancreatitis.

Other etiologies should be considered when 
neither gallstones nor alcohol is probable. These 
may include medications, hypertriglyceridemia, 
hypercalcemia, infections (viral, bacterial, fun-
gal), autoimmune/inflammatory diseases such as 
autoimmune pancreatitis or systemic lupus ery-
thematosus, ischemia, and postoperative or other 
trauma (Table  14.1) [8, 10–19]. Consequently, 
for patients presenting with their first episode 
of AP, the initial management strategy must en-
compass a thorough history and physical exami-
nation, basic laboratories including liver chem-
istries, serum calcium and triglyceride levels, as 
well as an US and/or contrast-enhanced CT of the 
abdomen (Fig. 14.1) [1, 14, 20].

Transabdominal US is a low-cost and widely 
available test that has reasonable sensitivity for 
detecting gallbladder stones. However, its sensi-
tivity for detecting choledocholithiasis and com-
mon bile duct dilation is limited, particularly in 
obese individuals. Transabdominal US is also 
limited during episodes of AP when patients are 
less compliant with deep probing of the upper 
abdomen using the US transducer [8, 21–24]. 

CT is usually not necessary or helpful during the 
initial 72 h of AP. Iodinated contrast may precipi-
tate renal failure, and it is inaccurate in gauging 
the severity of AP at this early stage, particularly 
the presence of local complications. On the other 
hand, contrast-enhanced abdominal CT is useful 
when the diagnosis is unclear after history and 
routine laboratory tests. CT may identify occult 
pancreatic tumors and local complications of AP 
such as peripancreatic fluid collections and pan-
creatic necrosis, and thus is also helpful if the pa-
tient is not improving after the initial 48–72 h of 
hospitalization [21].

What is the Role of Endoscopic 
Retrograde Cholangiopancreatogra-
phy (ERCP) Following a Single Episode 
of Acute Pancreatitis?

Given the risks of iatrogenic pancreatitis, among 
others, endoscopic retrograde cholangiopancrea-
tography (ERCP) is typically reserved for pa-
tients with a high suspicion of gallstone-induced 
AP with ongoing biliary obstruction or cholangi-
tis [25]. Other reasonable indications for ERCP 
following a single episode of AP include radio-
graphic demonstration of a main pancreatic duct 
stricture with upstream dilation, suspicion of 
main duct intraductal papillary mucinous neo-
plasm (IPMN), main pancreatic duct stones, or a 
suspected ampullary tumor. ERCP is rarely per-
formed outside of these indications (Table 14.2) 
given ERCP-specific risks, the availability of less 
invasive imaging such as magnetic resonance 
cholangiopancreatography (MRCP) and endo-
scopic ultrasound (EUS), and the knowledge that 
the majority of individuals with a single episode 
of idiopathic AP will not progress to a second 
episode.

An empiric biliary sphincterotomy may be 
appropriate when gallstone pancreatitis is highly 
suspected. In patients with an intact gallbladder, 
the prevalence of occult biliary sludge (suspen-
sion of crystals and other material in bile) or 
microlithiasis (small stones < 3 mm in diameter) 
may be as high as 75 % [26, 27]. The probabil-
ity of microlithiasis as a cause for pancreatitis is 
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increased when microcrystals are identified from 
bile or duodenal aspirate; although these studies 
were primarily completed in an era when MRCP 

and EUS were in their nascence [20, 28, 29]. We 
recommend empiric cholecystectomy or empiric 
biliary sphincterotomy in patients who are post-

Cause Relative Frequency (% of all AP unless 
stated otherwise)

Gallstones 40–70 %
Alcohol 25–35 %
Genetic mutations
PRSS1 (Cationic trypsinogen encoding gene; “hereditary pancreatitis”)
Cystic fibrosis (CFTR)
SPINK1 (Serine peptidase inhibitor Kazal type 1)
CTRC (Chymotrypsin C)
Alpha-1 antitrypsin deficiency
Metabolic
Hypertriglyceridemia 1–4 %
Hypercalcemia < 1 %
Drugs 0.2–6 %
Azathioprine
6-Mercaptopurine
Proton pump inhibitors
Loop diuretics
Trimethoprim-Sulfamethoxazole
Mesalamine
ACE inhibitors
Statins
GLP-1 inhibitors
Infection/Toxin 4 %
Bacterial: Mycoplasma, Legionella
Viral: Mumps, Hepatitis B, VZV, Coxsackie
Parasites: Ascaris
Scorpion bite
Organophosphate insecticides
Autoimmune/inflammatory disorders
Celiac disease HR 2.85
SLE 1/1000a

Autoimmune pancreatitis 5 %
Obstructive 2–3 %
Neoplasm (pancreas, ampullary, bile duct)
Intraductal papillary mucinous neoplasm (main duct or side branch)
Pancreas divisum
Annular pancreas
Anomalous pancreatobiliary junction
Sphincter of Oddi dysfunctionb

Trauma/Iatrogenic (postoperative, post-ERCP) 3 %
Tropical
Smoking RR 2.29

VZV varicella zoster virus, HR Hazard ratio, RR Relative Risk
a Annual incidence of AP was 1 in 1000 in patients with SLE
b The clinical significance and implications of sphincter of Oddi dysfunction are discussed at length later in this chapter

Table 14.1   Etiologies of acute pancreatitis 
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Table 14.2   Indications for ERCP following the first episode of acute pancreatitis
High suspicion for gallstone-induced acute pancreatitis
Elevation in total bilirubin > 4 mg/dL in association with acute episode
Common bile duct stone visualized on other imaging
Common bile duct dilation, particularly in the setting of an intact gallbladder, with elevated total bilirubin
Cholangitis
Suspicion of obstructive etiology for acute pancreatitis
Concomitant chronic pancreatitis with obstructing pancreatic duct stone or stricture visualized on other imaging
Periampullary tumor identified or suspected on other imaging
�Otherwise unexplained main pancreatic duct dilation, such as suspected main duct intraductal papillary mucinous 
neoplasm (IPMN)

Fig. 14.1   A flow diagram showing the initial investigations that should be performed for acute pancreatitis. * Smoking 
is an independent risk factor for AP; † A specific threshold for serum triglycerides precipitating AP is unknown, but 
typically considered in cases of serum triglycerides ≥ 1000 mg/dl; ‡ CT imaging may be suggestive of autoimmune 
pancreatitis

 

cholecystectomy when gallstone pancreatitis is 
likely after the initial presentation (transient el-
evation in liver chemistries with or without bile 
duct dilation) or when CT, US, MRCP, or EUS 
imaging suggests gallbladder or biliary sludge.

Case Continued

After the initial consultation, no additional diag-
nostic testing or intervention is recommended. 
The patient is readmitted with a second episode 
of AP 6 months later, again having normal serum 
liver chemistries, calcium and triglycerides dur-
ing the admission. A contrast-enhanced CT scan 
confirms interstitial pancreatitis, but no other 
abnormalities. Her symptoms resolve within 2 
weeks. Now what do you recommend?

Recurrent Acute Pancreatitis

Up to 20–30 % of patients following a single 
episode of AP suffer one or more recurrent epi-
sodes, which is termed recurrent AP (RAP), and 
even develop full-blown chronic pancreatitis in 
10–25 % of cases (Fig.  14.2) [26, 30, 31]. Ad-
ditionally, when an etiological factor cannot be 
elucidated despite performing all the initial rou-
tine investigations stated above, this is defined 
as idiopathic RAP (iRAP). RAP is idiopathic in 
approximately 20 % of cases [14, 32] and since 
patients with iRAP have a high risk of suffering 
additional episodes, more advanced diagnostic 
testing is warranted. Issues with the literature 
about iRAP abound mainly from lack of con-
sensus regarding the exact definition of idio-
pathic, evolving notions of what studies should 
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be performed before deeming the etiology of 
RAP as idiopathic, lack of consensus regarding 
the threshold of alcohol intake and triglyceride 
level that should be considered as etiologic for 
RAP, and unclear appreciation for whether some 
findings are incidental or truly etiologic (e.g., 
pancreas divisum, sphincter of Oddi dysfunction 
(SOD)) [33].

In the remainder of this chapter, we will frame 
the discussion of ERCP in the setting of iRAP 
around two fundamental questions: first, what is 
the diagnostic and prognostic significance of di-
agnostic ERCP and sphincter of Oddi manometry 
(SOM) in identifying a cause for iRAP? Second, 
what is the therapeutic impact of endoscopic 
sphincterotomy (biliary, pancreatic, or both) in 
preventing episodes of AP? Additionally, we will 
briefly discuss both biliary and pancreatic SOD 
with respect to endoscopic therapy.

What Initial Diagnostic Studies Should 
Be Performed in Idiopathic RAP?

There is little consensus defining the “minimum” 
diagnostic work-up required to classify a patient 
with AP as idiopathic. Typically, AP is deemed 
idiopathic when “routine” diagnostics are nega-
tive. Most would agree this includes a thorough 
history and physical examination including a fo-

cused social history for exposure to alcohol and 
smoking, review of medications, and laboratories 
to rule out hypertriglyceridemia and hypercalce-
mia. With the advent of more sophisticated tests 
such as secretin-enhanced MRCP (S-MRCP), 
EUS, and testing for less common causes such as 
autoimmune pancreatitis and genetic mutations, 
an etiology can be found in 38–76 % of those ini-
tially deemed idiopathic [20, 34]. Therefore, one 
or more of these tests should be strongly consid-
ered in a patient having two or more unexplained 
episodes [14, 20]. The most common etiologies 
in patients initially diagnosed with idiopathic AP 
include microlithiasis/occult choledocholithiasis 
[34, 35], congenital anomalies of the pancreas 
such as pancreas divisum and annular pancreas 
[36], choledochocele [37], anomalous pancrea-
tobiliary junction [38], chronic pancreatitis with 
main pancreatic duct stricture [39], genetic ab-
normalities [40], and SOD (Fig. 14.3) [41]. The 
role of SOD as a cause or consequence of RAP 
is complex with a recent trial demonstrating no 
incremental benefit of pancreatic sphincterotomy 
over biliary sphincterotomy in patients with RAP 
and pancreatic SOD [42]. Prior to performing 
ERCP with or without SOM, we advocate the 
use of one or more of the following less invasive 
diagnostic modalities to further characterize pa-
tients with iRAP.

Fig. 14.2   Progression from recurrent acute to chronic 
pancreatitis. A 53-year-old woman underwent ERCP with 
sphincter of Oddi manometry after three documented 
episodes of unexplained acute pancreatitis. At the time 
of her initial ERCP ( left image), pancreatography was 
unremarkable. She underwent dual sphincterotomies for 

the treatment of pancreatic sphincter of Oddi dysfunction, 
and recovered uneventfully. She developed two additional 
episodes in the ensuing 16 months, and a follow-up CT 
scan and ERCP ( right image) demonstrated severe chron-
ic pancreatitis with obstructing pancreatic duct stone 
( arrow)
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Magnetic Resonance Cholangiopancre-
atography with Secretin (S-MRCP)

MRCP has a very high sensitivity (95 %) and 
specificity (97 %) for detecting pancreatobiliary 
abnormalities [43]. The concomitant administra-
tion of supraphysiologic secretin promotes juice 
secretion and bicarbonate production from cen-
troacinar and pancreatic ductal cells, thereby im-
proving visualization of the main pancreatic duct 
and side branches [44]. In studies comparing the 
diagnostic yield of S-MRCP with ERCP for de-
tecting pancreatobiliary abnormalities in patients 
with iRAP, no significant differences were found 
(66 % for S-MRCP, 64 % for ERCP) [44]. Also, S-
MRCP has 100 % specificity (although low sen-
sitivity of 57 %) for detecting obstructing lesions 
in the pancreatobiliary tree [45] and is associated 
with minimal risk of pancreatitis as opposed to 
ERCP [42, 45]. MRCP with magnetic resonance 
imaging may additionally identify occult pancre-

atic tumors, pancreas divisum, biliary sludge, or 
IPMN as a potential cause of pancreatitis, and 
some of these abnormalities would obviate the 
need for ERCP and prompt alternative interven-
tions such as surgery. The incremental benefit of 
S-MRCP over MRCP was recently confirmed in 
a study of 252 patients with acute or acute re-
current pancreatitis who all underwent MRCP, 
S-MRCP, and ERCP within 30 days of each other 
with images reviewed by blinded experts [46]. 
Sensitivity of MRCP increased from 47 to 66 % 
(p < 0.0001), while specificity decreased insigni-
ficantly from 90 to 85 % following secretin ad-
ministration. Complete visualization of the pan-
creatic duct was possible in more patients using 
secretin (55 % versus 26 %, p < 0.0001). S-MRCP 
facilitates the diagnosis of mild chronic pancre-
atitis and pancreas divisum by highlighting duc-
tal anatomy [47–49] and may also be useful for 
diagnosing SOD, although additional studies are 
needed [44, 50, 51].

Fig. 14.3   Second tier investigations indicated in patients with recurrent acute pancreatitis
* Consider genetic testing in patients < 40 years of age with family history of acute pancreatitis, after negative autoim-
mune serologies and ruling out structural abnormalities with S-MRCP or EUS
** Radiographic features such as mass-like lesions or a sausage-shaped pancreas often seen in this male-predominant 
disease
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Endoscopic Ultrasound (EUS)

Compared to ERCP, EUS is a less invasive en-
doscopic modality that provides excellent im-
aging of the pancreatic parenchyma, pancreatic 
duct, and extrahepatic biliary tree, with no risk 
of AP in the absence of pancreatic fine needle as-
piration or biopsy. EUS may identify a definitive 
etiology in 68–88 % of patients with idiopathic 
AP [20, 52–56], and is particularly useful for the 
detection of occult stones in the gallbladder or 
common bile duct [52]. Additionally, in patients 
with idiopathic AP who had previously under-
gone a cholecystectomy, EUS identified chronic 
pancreatitis (39 %) and pancreas divisum (10 %) 
in these patients [56]. EUS has high sensitivity 
for detecting pancreatic cancers not visualized on 
CT [18, 45] as well as early chronic pancreatitis 
[57]. Therefore, similar to S-MRCP, EUS may 
identify an etiology for AP that obviates the need 
for ERCP or SOM.

Genetic Testing

Even in the absence of a family history of pancre-
atitis or pancreatic cancer, several genetic abnor-
malities should be considered in adult individuals 
with iRAP or chronic pancreatitis. These include 
PRSS1 (cationic trypsinogen encoding gene), 
SPINK1 (serine peptidase inhibitor Kazal type 
1), CTRC (chymotrypsin C gene), and CFTR 
(cystic fibrosis transmembrane conductance reg-
ulator protein) mutations [58]. There is emerging 
evidence highlighting the importance of newly 
discovered mutations in CLDN2 (claudin) and 
PRSS1-PRSS2 genes [59]. Patients with genetic 
abnormalities are more likely to present with AP 
at a younger age (although not necessarily during 
childhood), have pancreas divisum, and progress 
to chronic pancreatitis [49]. The long-term risk of 
pancreatic cancer requires further study, although 
mutations in PRSS1 probably confer a lifetime 
risk of 40 % [58].

In an adult population with iRAP, the timing 
and need for genetic testing are unclear. Since 
many patients with genetic abnormalities do not 
have a family history, this should not be consid-

ered a sine qua non. The treating physician must 
also consider the implications on patient anxiety 
and future insurability, should a mutation be con-
firmed. Furthermore, complete gene sequencing 
is now available, and may identify mutations of 
unknown significance, further confusing the pic-
ture [48]. We typically perform genetic testing in 
the following patients: age < 40 and iRAP after 
structural abnormalities and autoimmune disease 
have been excluded, a family history of AP, a re-
current episode of AP after ERCP and cholecys-
tectomy, and also on a case-by-case basis.

Case Continued

Since our patient already suffered two unex-
plained episodes of AP, she underwent an EUS 
that showed no evidence of pancreatobiliary ma-
lignancy, chronic pancreatitis, pancreas divisum, 
or occult choledocholithiasis/sludge. Autoim-
mune serologies (ANA, rheumatoid factor, quan-
titative IgG4 levels) and ampullary biopsies for 
IgG4 staining were also normal. Genetic testing 
was not performed. The treating physician decid-
ed to proceed with ERCP and SOM.

What is the Role of ERCP in Idiopathic 
Acute Pancreatitis?

ERCP has three potential roles in patients with 
idiopathic AP: (1) identifying a clear etiology via 
cholangiopancreatography with or without tissue 
sampling; (2) evaluating for elevation in basal 
biliary and pancreatic sphincter pressures (i.e., 
SOD via SOM); (3) therapy via sphincterotomy, 
stone extraction, stricture dilation, stent place-
ment, or some combination of the above [20].

ERCP as a Diagnostic Test for Idiopathic 
RAP

With improvements in cross-sectional imaging 
and EUS, the diagnostic yield of ERCP among 
patients with iRAP has likely decreased; howev-
er, this requires further investigation specifically 
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among iRAP patients who have undergone thor-
ough evaluation with MRCP, EUS, and laborato-
ries that include autoimmune serologies and ge-
netics before ERCP. ERCP may identify the un-
derlying etiology for iRAP in 38–79 % of cases; 
however, this is based on older studies before the 
routine use of MRCP and EUS. The diagnostic 
yield varies widely depending on whether the 
gallbladder is intact [15, 20, 34, 60–64]. The like-
lihood of occult choledocholithiasis or microli-
thiasis (biliary crystals) is highest in patients with 
an intact gallbladder (50 %) compared to nearly 
none in patients post-cholecystectomy [20, 64], 
and structural abnormalities such as obstructing 
tumors and pancreas divisum are more likely in 
older (age > 60) individuals [15]. The most com-
mon abnormalities discovered during ERCP for 
iRAP include SOD found in 15–65 % of patients 
and pancreas divisum in 1–23 % of patients 
(Fig. 14.4) [20, 34, 60, 62–64]. We recommend 
proceeding to ERCP with SOM in patients with 
iRAP only after they have undergone further 
laboratory testing for autoimmune disease and 
advanced imaging such as EUS, MRI/MRCP, or 
both [20, 65–67].

What is the Role of Empiric Biliary 
Sphincterotomy?

Studies evaluating the efficacy of biliary, pancre-
atic, or dual sphincterotomies for the treatment 
of iRAP are limited by small sample sizes and 
short-term follow-up. Since microlithiasis or oc-
cult choledocholithiasis is often implicated as the 
underlying etiology especially in patients with an 
intact gallbladder, empiric biliary sphincterotomy 
has been advocated in certain cases (Fig. 14.5). 
This is extrapolated from studies demonstrat-
ing the efficacy of empiric cholecystectomy for 
iRAP. These older studies were performed in an 
era of inferior cross-sectional imaging and with-
out EUS—when false negative rates for detect-
ing cholelithiasis were higher. The efficacy of 
empiric cholecystectomy is substantially reduced 
when the patient has normal or near-normal liver 
chemistries and no evidence of gallstones on 

Fig. 14.5   Empiric biliary sphincterotomy. A pull-type 
biliary sphincterotomy has been performed in a 26-year-
old woman following her second episode of acute pancre-
atitis. She had gallstones and elevated liver chemistries at 
the time of her first episode, prompting cholecystectomy. 
Nevertheless, a second episode occurred 5 months later 
during which her liver chemistries were raised and trans-
abdominal US revealed a common bile duct of 11 mm. 
Biliary sphincterotomy was performed for high suspicion 
of sludge/microlithiasis-induced RAP. Note the presence 
of a prophylactic pancreatic duct stent

 

Fig. 14.4   Complete pancreas divisum. The minor papilla 
is cannulated while the duodenoscope is in the long posi-
tion. Opacification of the dorsal pancreatic duct across the 
spine confirms the diagnosis of complete pancreas divi-
sum in this patient with RAP and previously unremark-
able CT scan and EUS
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transabdominal US [27]. The likelihood of re-
current pancreatitis after cholecystectomy was 
significantly higher (61 %) when neither was 
present compared to patients with both these 
abnormalities (9 %). While a comparable study 
of biliary sphincterotomy is lacking, a small 
number of patients with iRAP and normal SOM 
who were randomized to biliary sphincterotomy 
( n = 11) or sham ( n = 9) showed similar rates of 
recurrent pancreatitis during follow-up (50 % for 
both groups) [42]. Other studies suggest a benefit 
of biliary sphincterotomy when microlithiasis is 
suspected [15]. We recommend empiric biliary 
sphincterotomy when there is a reasonable suspi-
cion for microlithiasis. This would include tran-
sient fluctuation in liver chemistries in associa-
tion with episodes of AP, or a history of gallstone 
pancreatitis that preceded cholecystectomy. This 
recommendation is indirectly supported by epi-
demiological data showing a reduction in repeat 
hospitalizations when ERCP is performed during 
the initial admission for gallstone pancreatitis 
[44]. Empiric biliary sphincterotomy should not 
be performed in patients with normal liver tests.

Sphincter of Oddi Dysfunction

SOD is an obstructive disorder of the sphincter 
of Oddi whose pathophysiology and clinical rele-
vance are poorly understood. By definition, SOD 
is a functional obstruction, and patients do not 
present with jaundice or complete occlusion of 
pancreatic outflow. Dysfunction may involve the 
sphincter muscle overlying the pancreatic duct, 
common bile duct, and/or common channel [14]. 
Biliary and pancreatic SOD are divided clinically 
into types I–III. Biliary type I is defined as bili-
ary-type pain with elevated ALT, AST, or alkaline 
phosphatase to greater than 1.5 times the upper 
limit of normal on one occasion, and bile duct 
> 10 mm. Type II is pain with one of the other 
two criteria for type I. Type III is pain only. Pan-
creatic SOD classification is analogous with type 
I defined as pancreatitis with dilated pancreatic 
duct > 6 mm in the head or 5 mm in the body [68]. 
Manometrically, SOD is typically defined as an 
elevation in basal sphincter pressure > 40 mmHg, 
although some have argued that peak pressures 

and phasic wave frequency should be considered 
[10]. In theory, pancreatic SOD causes elevation 
in intraductal pressure, thereby triggering pre-
mature activation of pancreatic enzymes and AP. 
On the other hand, recurrent episodes of AP (or 
perhaps early chronic pancreatitis) may trigger a 
fibroinflammatory response, leading to elevation 
in basal sphincter pressure as a result rather than 
a cause of iRAP.

In both biliary and pancreatic SOD, the ap-
proximate frequency of abnormal SOM findings 
may vary with the type: in biliary, 75–95 % for 
type I, 55–65 % for type II, and 25–60 % for type 
III and in pancreatic, 100 % of type I, 67 % of 
type II, and 59 % of type III [68, 69]. Regard-
less of manometry findings, over 90 % of pa-
tients with biliary type I SOD respond to biliary 
sphincterotomy and SOM is not necessary in 
these patients [70]. Manometric findings do seem 
to predict response to biliary sphincterotomy in 
biliary type II patients as 50–70 % with abnormal 
SOM improve, while less than 30 % respond to 
sphincterotomy with normal SOM. A recent ran-
domized sham-controlled trial of biliary type III 
patients found that SOM findings did not predict 
response to treatment and sphincterotomy did not 
perform better than sham [71]. Therefore, ERCP 
with SOM and empiric sphincterotomy are not 
recommended in type III patients.

Medical therapy can be entertained before 
ERCP with SOM in biliary type II and III pa-
tients. Sublingual nifedipine and nitrates de-
crease sphincter of Oddi pressure, and several 
studies have demonstrated pain relief in 67–75 % 
patients with suspected or manometrically con-
firmed SOD [72–74]. Despite lack of long-term 
data and patient’s intolerance to medications, 
the relative safety of medical therapy certainly 
makes it reasonable to try before proceeding with 
ERCP and SOM.

What Is the Relationship Between 
Sphincter of Oddi Dysfunction and 
Acute Pancreatitis?

The most commonly implicated pathology fol-
lowing ERCP in patients with idiopathic AP who 
have undergone prior cholecystectomy is SOD, 



236 J. Y. Bang and G. A. Coté

particularly in younger (age < 60) individuals 
[15]. Unfortunately, despite declaring SOD as 
the “cause” for RAP in 15–50 % of cases, the 
efficacy of treatment (i.e., endoscopic sphinc-
terotomy or surgical sphincteroplasty) is poorly 
defined.

There is a high frequency (15–65 %) of SOD 
among patients with iRAP, but the long-term ef-
ficacy of biliary, pancreatic, and dual sphincter-
otomies is debated. Multiple studies, the major-
ity having a cohort design, suggest response to 
biliary sphincterotomy alone and an incremental 
benefit of dual over biliary sphincterotomy [18, 
47, 75–78]. To date, there are two published, ran-
domized clinical trials on this topic. Jacob et al. 
randomized 34 patients with iRAP to serial pan-
creatic duct stenting versus sham and observed 
a reduction in the rate of recurrent AP from 53 
to 11 % in the stent group during a mean follow-
up time of 33 months [47]. In a larger clinical 
trial of 69 patients with iRAP and pancreatic 
SOD randomized to biliary sphincterotomy or 
dual sphincterotomy, there was no significant 
difference in recurrence rates of AP (close to 
50 % in each group) after a minimum follow-up 
of 12 months [42]. However, there was a high 
rate of recurrent/persistent pancreatic SOD in 
the subgroup who underwent repeat ERCP with 
SOM, including those who had undergone pre-
vious pancreatic sphincterotomy. Compared to 
patients with normal basal pancreatic sphincter 
pressures, pancreatic SOD was a significant, in-
dependent risk factor (hazard ratio 4.3, 95 % con-
fidence interval 1.3–14.5) for occurrence of AP 
during follow-up, regardless of treatment alloca-
tion. Therefore, while pancreatic sphincterotomy 
did not prevent subsequent episodes of AP, this 
may have resulted from inadequate separation 
of the pancreatic sphincter muscle, high rates 
of re-stenosis, or the possibility that pancreatic 
SOD was not the etiology of iRAP but simply 
a marker for more aggressive disease. All three 
scenarios likely apply, but additional studies are 
needed in this area. Whether biliary sphincter-
otomy alone reduces risk of RAP is unclear and 
should be evaluated in a sham-controlled study. 
At this point, we cannot endorse empiric pancre-

atic sphincterotomy for iRAP regardless of the 
manometry results.

What Is the Technique of Pancreatic 
Sphincterotomy and Sphincter of 
Oddi Manometry?

Pancreatic Sphincterotomy

There are two accepted techniques for perform-
ing pancreatic sphincterotomy. First, a needle 
knife sphincterotomy may be performed after 
a pancreatic stent is deployed. This approach 
uses the stent as a “backboard” and a guide to 
direct the cut. Alternatively, a standard pull-type 
sphincterotome may be used, similar to biliary 
sphincterotomy. The cut is typically directed in 
the one o’clock direction, and the top margin of 
the sphincterotomy is less delineated than the 
biliary sphincter complex (Video 14.1).

Sphincter of Oddi Manometry

Medications that could interfere with the SO 
pressure should be held for at least 8–12 h before 
SOM. These include calcium channel blockers, 
anticholinergics, nitrates, and glucagon which 
lower the pressure and narcotics and cholinergic 
medications that stimulate the sphincter muscle 
[69]. If glucagon has been administered, SOM 
should be postponed for 8–15 min.

The majority of SOM is performed using a 
triple lumen, aspiration catheter (Cook Medical, 
Bloomington, Indiana, United States) through a 
water perfused pneumohydraulic system. Aspira-
tion during the process of perfusion manometry 
(specifically the pancreatic sphincter/duct) mini-
mizes the likelihood of post-ERCP pancreatitis 
[57]. The aspiration catheter has three lumens: one 
lumen has an end port to accommodate a guidewire 
(0.018″ or 0.021″) or contrast injection; two lu-
mens have side ports to accommodate water perfu-
sion (0.25 mL/min). From the catheter tip, there is 
one red ring (distal side port), one black ring, a sec-
ond red ring (proximal side port), and then seven 



23714  Idiopathic Acute Pancreatitis and Sphincter of Oddi Dysfunction

additional black rings (Fig.  14.6). Each ring is 
separated by 1 mm. A solid-state catheter provides 
similar results to the aspiration catheter system and 
with comparable risks [79]. All patients undergo-
ing SOM should receive rectal indomethacin and 
placement of a prophylactic pancreatic duct stent to 
minimize the risk of post-ERCP pancreatitis.

Among patients with iRAP, SOM should be 
performed at the time of the index ERCP, assum-
ing an alternative etiology is not identified dur-
ing cholangiopancreatography. Ideally, the bile 
duct and pancreatic duct should be cannulated 
and opacified to rule out alternative etiologies for 
RAP. Free cannulation using the manometry cath-
eter is preferred, and ideally manometry of both 
the pancreatic and biliary sphincters should be 
performed during the same session. A guidewire 
may be used to facilitate cannulation, but the im-
pact of the guidewire on subsequent manometry 
tracings is poorly studied. Opacification of the 
pancreatic duct should be minimized although 
it is important to ensure that the manometry 
catheter is not embedded into a side branch. An 
adequate pancreatogram only requires opacifica-
tion to the proximal body of the pancreas to rule 
out complete pancreas divisum, main pancreatic 
duct stricture, or anomalous pancreatobiliary 

union, realizing that a pre-procedure MRI/MRCP 
should rule these out with high (> 80 %) sensitiv-
ity [80].

The technique of SOM is fairly straight-
forward. For reference, a baseline pressure in 
the duodenum should precede cannulation of 
each duct. After deep cannulation and a normal 
cholangiogram or pancreatogram are achieved, 
the manometry catheter should be slowly with-
drawn while the pressure tracing is observed 
for changes (Fig. 14.7, Video 14.1). The cath-
eter should be pulled back in 1 mm increments, 
using the rings as a guide. Of particular impor-
tance is the nadir or basal sphincter pressure ob-
served during phasic contractions of the sphinc-
ter (Fig.  14.8). If an elevation > 40  mmHg is 
identified, the position should be held for at 
least 30  s to minimize the likelihood of arti-
fact. As the catheter is withdrawn further, an 
elevation in the more distal transducer should 
be observed, and the catheter should again be 
maintained in position for at least 30 s. Ideally, 
the transducer is pulled across the sphincter 
complex twice to confirm the reproducibility of 
the tracing; in practice, a single pull-through is 
probably sufficient.

Fig. 14.6   Aspiration-type manometry catheter. The triple 
lumen aspiration catheter accommodates a guidewire 
(0.018″ or 0.021″) or contrast through the end port at the 
tip ( wire shown). Each ring is separated by 1 mm, with the 
red rings indicating the location of the distal and proximal 
side ports used for water perfusion during sphincter of 
Oddi manometry

 

Fig. 14.7   Sphincter of Oddi manometry—endoscopy. 
The aspiration-type catheter is slowly pulled across the 
sphincter complex, using the rings to denote its depth
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Case Continued

After thoroughly detailing the potential risks and 
reviewing the controversial evidence surround-
ing SOM and sphincterotomy in the setting of 
unexplained recurrent AP, the patient agreed to 
undergo the procedure. ERCP demonstrated nor-
mal pancreatic and biliary ductal anatomy. Using 
an aspiration manometry catheter, the basal 
pancreatic sphincter pressure was 120  mmHg 
and biliary pressure 60 mmHg. As per the pre-
procedure discussion, the endoscopist performed 
a biliary sphincterotomy and placed a tempo-
rary prophylactic pancreatic duct stent; pancre-
atic sphincterotomy was not performed given the 
weaker level of evidence supporting its benefit. 
The patient remains in follow-up, having had no 
recurrent episodes of pancreatitis during the first 
6 months after ERCP.

Conclusion

The role of ERCP in the diagnosis and treat-
ment of patients with idiopathic AP continues to 
evolve. ERCP remains a useful imaging modality 
in selected cases, but newer and lower risk tests 
such as MRCP and EUS often identify a clear eti-
ology for AP without the need for ERCP. An em-
piric biliary sphincterotomy is effective in cases 

of AP or RAP when microlithiasis is highly prob-
able. Otherwise, if ERCP is performed for iRAP, 
the endoscopist should be prepared to perform 
SOM in the same session, assuming no alterna-
tive etiology is identified during ductography. 
Pancreatic SOD connotes a higher risk for subse-
quent episodes of AP, but the incremental benefit 
of pancreatic sphincterotomy over biliary sphinc-
terotomy alone in attenuating future episodes re-
mains unproven. Biliary SOD is managed accord-
ing to the subtype with SOM and biliary sphinc-
terotomy not recommended for type III patients. 
Given substantial advances in pancreatic imaging 
and genetics, the current definition of iRAP has 
become more stringent. Future studies are needed 
to measure the diagnostic yield and efficacy of 
ERCP and sphincterotomy (biliary, pancreatic, or 
both) for patients meeting these strict criteria for 
iRAP. In addition, the implication of pancreatic 
SOD on prognosis and treatment options requires 
further study.

Key Points

•	 Up to 20 % of AP cases are idiopathic.
•	 Patients with idiopathic AP are at risk for hav-

ing recurrent episodes and the subsequent 
development of overt chronic pancreatitis.

Fig. 14.8   Sphincter of Oddi manometry—tracing. An 
animated depiction of a typical tracing observed during 
sphincter of Oddi manometry. Elevation in peak pres-

sures and wave frequency is less important than the basal 
sphincter pressure. A threshold of 35–40 mmHg defines 
sphincter of Oddi dysfunction
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•	 At a minimum, the diagnostic work-up for a 
patient with AP should include a thorough his-
tory (alcohol, smoking and medication use, 
recent precipitating events such as surgery, 
family history), physical examination (for 
stigmata of chronic alcohol use, hyperlipid-
emia, trauma), basic laboratories (serum cal-
cium and triglycerides), and cross-sectional 
imaging (transabdominal ultrasound and/or 
contrast-enhanced CTscan).

•	 After a single episode of AP, ERCP with 
empiric biliary sphincterotomy should be 
reserved for patients with a high suspicion of 
gallstone pancreatitis, particularly those hav-
ing antecedent cholecystectomy.

•	 After two or more episodes of idiopathic AP, 
additional diagnostics preceding ERCP should 
include MRCP and/or EUS with consideration 
for genetic testing even in the absence of a 
family history or those with adult-onset dis-
ease, and a work-up for autoimmune pancre-
atitis in selected cases.

•	 Elevation in basal pancreatic sphincter pres-
sure (a.k.a., pancreatic SOD) is associated 
with a greater likelihood of having recurring 
episodes of AP.

•	 Endoscopic pancreatic sphincterotomy is inef-
fective in attenuating episodes of recurrent 
AP; this may be related to limitations of the 
technique in ablating the pancreatic sphincter, 
or because pancreatic sphincter stenosis repre-
sents the consequence as opposed to the cause 
of AP.

•	 Of the three types of biliary SOD, manom-
etry is only recommended for type II to guide 
the need for biliary sphincterotomy. Type I 
patients should undergo biliary sphincter-
otomy without manometry while type III 
patients should not undergo sphincterotomy 
or manometry.

Video Caption

Video 14.1 Pancreatic sphincterotomy
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Pancreas Divisum

Case

A 28-year-old male presented with acute ab-
dominal pain and investigations revealed an el-
evated serum amylase and lipase. During the last 
2 years, he had been hospitalized three times for 
similar complaints and carried the diagnosis of 
idiopathic acute recurrent pancreatitis (ARP). He 
denied excessive alcohol consumption, and there 
was no family history of pancreatitis. Liver tests, 
calcium, and fasting lipid profile were all normal. 
The gallbladder was free of stones/sludge on ul-
trasound. He was managed conservatively and 
discharged from hospital 2 weeks later. What fur-
ther diagnostic tests can evaluate for an etiology 
of his ARP attacks?
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Introduction

Pancreas divisum (PD) is the most common con-
genital variant of the pancreas and occurs when 
the ventral and dorsal anlage fail to fuse during 
embryonic development [1]. This results in the 
(larger) dorsal gland draining via the minor pa-
pilla and the smaller, ventral pancreas draining 
via the major papilla. The frequency of PD has 
been reported to vary between 4.4 and  12 % in 
autopsy studies and 0.3–8 % in endoscopic retro-
grade cholangiopancreatography (ERCP) studies 
[1–3]. A recent systematic review described the 
endoscopic detection rate for PD as 2.9 % with 
the rate being significantly higher in the USA and 
Europe compared to Asia [4].

PD has generated a considerable debate with 
some experts suggesting that this anatomical vari-
ant has little or no clinical significance because 
the majority of patients have no pancreatic symp-
toms throughout their life [5, 6]. On the other 
hand, the increased frequency of PD in patients 
with idiopathic pancreatitis lends support to the 
possible pathogenic role of this congenital ductal 
variant [1, 4–7]. It is postulated that in patients 
with clinical symptoms, the minor papilla orifice 
is critically narrowed resulting in impaired out-
flow of pancreatic juice. This causes increased 
intraductal pressure resulting in abdominal pain 
and pancreatitis [7]. Moreover, relief of symp-
toms and improvement in the clinical course of 
pancreatitis, which occurs in the majority of pa-
tients after minor papilla sphincterotomy, support 
the hypothesis of an obstructive pancreatopathy 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_15) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_15.
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in divisum patients [8]. A recent community pop-
ulation-based study also found that the frequency 
of PD is higher in chronic and recurrent pancre-
atitis, and the authors concluded that PD should 
be considered a predisposing factor for chronic 
and recurrent pancreatitis [9].

Nonetheless, the pathophysiology and cause–
effect relationship between PD and pancreatitis 
is not so simple and universally accepted. Recent 
genetic studies have challenged the “obstructive 
pancreatopathy” concept of endoscopists and in-
stead suggest that molecular genetic factors are 
dominant. Two different groups have found an 
increased frequency of cystic fibrosis trans-mem-
brane conductance regulator (CFTR) genetic mu-
tations in patients with recurrent pancreatitis and 
PD [10, 11]. These investigators have suggested 
that it is the CFTR (or other unidentified genetic 
mutations) that predispose divisum patients to re-
current acute or chronic pancreatitis rather than 
impaired pancreatic drainage. The debate contin-
ues but many answers could be obtained from a 
large, multicenter trial randomizing patients to 
minor papilla sphincterotomy versus sham with 
a careful, long-term follow-up.

Symptoms and Presentation of Patients 
with Pancreas Divisum

The majority of patients with PD remain asymp-
tomatic throughout life. However, a subset will 
present with one of the three clinical conditions: 

(i) ARP, (ii) chronic pancreatitis (CP) and (iii) 
pancreatic-type abdominal pain without evidence 
of pancreatitis [1–4]. The majority of patients 
who develop symptoms will do so as an adult. 
The mean age at presentation for ARP patients 
is 53 years, whereas those with pain only present 
on average a decade earlier [1, 12]. It is impor-
tant to categorize patients with PD because their 
response to endoscopic therapy depends signifi-
cantly upon the clinical presentation.

What Diagnostic Studies Can Identify 
Pancreas Divisum?

Radiology
ERCP is the gold standard for the diagnosis of 
PD but the procedure is invasive and can be chal-
lenging (Fig. 15.1). Opacification of the ventral 
pancreas can be difficult because of its small 
size. Minor papilla injection is also challenging 
because the orifice can be tiny and difficult to 
find. Successful cannulation requires excellent 
sedation and failure to cannulate carries a high 
risk of post-ERCP pancreatitis. As a result, there 
is a great interest in developing noninvasive 
tests to accurately diagnose PD. The three most 
useful imaging tests are abdominal contrast-en-
hanced multidetector row computed tomography 
(MDCT), magnetic resonance cholangiopancrea-
tography (MRCP), and endoscopic ultrasound 
(EUS). MDCT has been shown to have good 
sensitivity and specificity for the diagnosis of PD 

Fig. 15.1   Pancreatography obtained by ERCP showing a small ventral pancreas (a) and two images showing increasing 
filling of the dorsal duct via the minor papilla (b, c)
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when the pancreatic ducts are prominent and can 
be visualized by CT scan [13, 14]. MRCP evalu-
ates the pancreaticobiliary ductal system and has 
good sensitivity and specificity for the diagno-
sis of PD (Fig. 15.2) [15]. Secretin enhancement 
improves the sensitivity of MRCP in diagnosing 
PD from 52 to 86 % with 97 % specificity [16, 
17]. While MRCP is better than CT, there is a 
considerable variation in diagnostic accuracy 
for PD with the typical pattern of early studies 
showing high sensitivity and specificity which is 
countered by more recent studies reporting only 
modest accuracy [18, 19].

Endoscopic Ultrasound
EUS images the pancreaticobiliary ductal system 
without the need for contrast injection and has 
the added advantage of being able to examine the 
pancreatic parenchyma in detail which provides 
important additional information when looking 
for early chronic pancreatitis. Both radial and 
linear echoendoscopes are capable of diagnosing 
PD but reports vary on the diagnostic accuracy 
of EUS. The inconsistency in diagnosis results 
from the fact that while various criteria (imaging 

patterns) have been proposed to suggest the 
presence or absence of PD, any particular EUS 
examination may or may not detect those pat-
terns in that specific patient. If certain patterns 
are seen, then PD can be definitively ruled in 
or out. With other criteria, increasing the num-
ber of diagnostic criteria needed to diagnose PD 
increases the specificity but decreases sensitiv-
ity for PD [20]. The EUS diagnostic criteria that 
have been evaluated include the absence of stack 
sign, presence of crossed duct sign, visualizing 
the pancreatic duct cross the dorsal-ventral an-
lage, and inability to follow the pancreatic duct 
from the major papilla to the pancreatic body 
[21]. The stack sign is assessed using a radial 
echoendoscope in the long position in the duo-
denal bulb with the tip at the apex of the bulb. In 
this position, the bile duct, pancreatic duct, and 
portal vein should be visualized running parallel 
to each other in a “stack.” The crossed duct sign 
is present when the dorsal duct is seen crossing 
the common bile duct (CBD) from the bulb with 
a radial echoendoscope. The absence of stack 
sign is suggestive but not diagnostic of PD with 
50 % sensitivity and 97 % specificity. The pres-
ence of crossed duct sign seems consistent with 
PD, however, has limited sensitivity. Following 
the pancreatic duct is very useful for ruling out 
PD. If the duct can be definitively traced from 
the major papilla to the pancreatic body or from 
the body dipping at the genu toward the major 
papilla (Video 15.1), then PD is ruled out. If it 
cannot be seen, is that because PD is present or 
the duct is just tortuous and cannot be kept in the 
plane of imaging? Despite these potential prob-
lems, a recent study compared the sensitivity of 
EUS, CT, and MRCP for the diagnosis of PD and 
investigators found the sensitivity for EUS to be 
86.7 %, which was significantly higher than that 
of CT and MRCP [22].

Although these investigations establish a di-
agnosis of PD in a large proportion of patients, 
PD should still remain in the differential diag-
nosis of patients with idiopathic recurrent acute 
pancreatitis despite nondiagnostic studies [19]. 
ERCP is the definitive test for PD, but in most 
cases, ERCP is reserved for those with PD in 
whom intervention is planned.

Fig. 15.2   MRCP demonstrating pancreas divisum with 
dorsal pancreatic duct emptying into duodenum proximal 
to the major papilla where the common bile duct exits. 
(Courtesy: Dr. Nisha Sainani Brigham and Women’s Hos-
pital, Boston, MA)
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Case Continued

An MRCP was done and suggested the possibil-
ity of complete PD. The dorsal duct was not di-
lated and the biliary tract was normal. EUS using 
a radial echoendscope also confirmed the pres-
ence of PD as the stack sign could not be elicited 
and the dorsal duct could be seen crossing the 
CBD and entering the duodenum in the area of 
the minor papilla. The pancreatic parenchyma 
was normal revealing only echogenic strands 
and foci without shadowing. What should be 
done next?

ERCP

During ERCP, PD should be suspected if a pan-
creatogram cannot be obtained via the major 
papilla and is usually diagnostic when cannu-
lation of the major papilla reveals a short ven-
tral duct (Fig. 15.1). One must be careful not to 
misinterpret a complete duct cutoff, as seen in 
pancreatic cancer, with a ventral duct of PD. The 
ventral duct is 1–4 cm long, does not cross the 
spine, tapers into multiple side branches, drains 
promptly, and acinarization can occur quickly 
with contrast injection [1]. In a small group of 
patients with PD, the ventral duct may be absent 
and major papilla injection will only produce a 
cholangiogram [23]. These findings are sugges-
tive but not diagnostic of PD as similar findings 
may be also seen in patients with benign or ma-

lignant processes that cause severe ductal ob-
struction. In cases where PD is suspected, minor 
papilla cannulation is mandatory for confirming 
the diagnosis.

Localization of Minor Papilla
The minor papilla is located 1–3  cm superior 
and anterior (cephalad and medial) to the major 
papilla and thus should be located in the right 
upper quadrant of the endoscopic field when fac-
ing the major papilla (Fig.  15.3) [1]. With the 
advent of newer generation video endoscopes, 
the minor papilla can be localized in most pa-
tients. When the minor papilla or the actual ori-
fice cannot be identified, pancreatic juice flow 
can be stimulated by administering intravenous 
secretin. The orifice can then be identified by 
visualizing the resulting fountain of clear juice. 
In a minority of patients, even secretin stimu-
lation is inadequate to visualize the orifice. In 
these cases, one can spray dilute methylene blue 
(1:10) in the general area of the minor papilla 
and then look for a clearing of the dye caused 
by the flow of pancreatic juice [1]. In patients 
where all attempts to localize the minor papilla 
have failed, methylene blue can be injected into 
the dorsal duct under EUS guidance and the flow 
of blue-colored pancreatic juice can help local-
ize the minor papilla [24].

The endoscopic appearance of the minor pa-
pilla can be predictive of PD [25]. The presence 
of an enlarged minor papilla or an obviously 
patent orifice has been shown to be moderately 

Fig. 15.3   a, b Endoscopic images showing the major and minor papilla ( arrows). The minor papilla is cephalad and 
medial to the major papilla
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predictive of the presence of PD. During intuba-
tion of the duodenum at ERCP, before the scope 
is advanced around the apex and shortened, one 
should look for the minor papilla as one gets a 
great view of the area cephalad and medial to the 
major papilla.

Cannulation of Minor Papilla
The minor papilla and orifice are quite small, 
and there is little if any intraduodenal segment. 
Cannulation requires precise technique and 
unique accessories. The endoscope should be 
in the “long” position [1]. This can be accom-
plished by turning left on the left-right knob, 
torqueing counter-clockwise and advancing the 
scope. Alternatively, one can begin in the stom-
ach and advance the scope through the pylorus 
and begin the turn around the apex. Just past the 
apex, stop and look for the minor papilla rather 
than further advancing into the second portion 
and straightening the scope. The optimal ac-
cessories for cannulation are tapered cannulas 
or papillotomes with small caliber guidewires 
(0.021” or 0.018”). Place the guidewire 1–2 mm 
beyond the tip of the catheter and precisely in-
sert the wire tip into the orifice. “Precision” is 
the operative word. One cannot “cram” the wire 
or catheter tip into the minor papilla. Several 
“abusive” attempts will cause edema and bleed-
ing which render subsequent attempts futile. It is 
critical to appreciate the trajectory of the dorsal 
duct. Once the guidewire is insinuated, the can-
nula should be advanced flush to the orifice fol-
lowed by contrast injection to opacify the dorsal 
duct. It is critical to obtain a ductogram to enable 
advancement of the guidewire in line with the 
course of the duct. The duct usually courses from 
right to left from the endoscope perspective. The 
initial guidewire trajectory will be perpendicular 
to the duct and the endoscopist must adjust the 
direction, under fluoroscopic guidance, to align 
with the dorsal duct to achieve deep cannula-
tion. For therapy, the goal is always to insert the 
guidewire to the tail of the pancreas. The guide-
wire is guided under fluoroscopy with contrast 
in the duct to avoid advancing the guidewire into 
a side branch.

Types of Pancreas Divisum

Variations of the ductal anatomy in PD have 
been described elsewhere, and the clinical sig-
nificance of these variants is the same as that of 
complete PD [7, 26]. Incomplete PD is charac-
terized by the presence of a small, filamentous 
branch connecting the ventral with the dorsal 
duct. While the dorsal duct may opacify with in-
jection into the major papilla, the connection is 
inadequate for drainage and most or all of the 
pancreatic secretions from the dorsal duct exit 
through the minor papilla [7, 26]. When only an 
isolated small segment of the dorsal pancreas 
drains via the minor papilla and the dorsal duct 
does not communicate with the ventral duct, pa-
tients have reverse PD. In this case, the major-
ity of pancreas juice drains via the major papilla. 
This ductal variation has no clinical significance 
but an unaware endoscopist may repeatedly try 
to obtain a complete pancreatogram through the 
minor papilla suspecting PD [7]. A functional 
variant of PD has also been described where the 
entire pancreas including the uncinate process 
drains via the minor papilla and no pancreatic 
duct connects to the major papilla [26].

Identification of Patients with Minor 
Papilla Stenosis

A majority of patients with PD remain asymp-
tomatic throughout their life. A subset will have 
pancreatic type pain or recurrent pancreatitis. 
The current understanding of the pathophysiol-
ogy of PD and pancreatitis/pain hypothesizes the 
presence of ductal hypertension because of minor 
papilla stenosis as the main cause of symptoms. 
Conversely, relief of the obstruction by endo-
scopic or surgical therapy has been shown to re-
lieve pain in the majority of patients with minor 
papilla stenosis. A number of imaging criteria 
have been suggested to identify patients with PD 
and minor papilla stenosis:
1.	 An abnormal dorsal pancreatic duct with a 

normal ventral duct suggests minor papilla 
stenosis. Similarly, cystic dilatation of the 
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terminal portion of the dorsal duct (Santorin-
icele) is also thought to suggest dorsal duct 
outflow obstruction [1, 7]. Although these 
findings on ERCP/MRCP are highly sugges-
tive of minor papilla stenosis, they are infre-
quently observed.

2.	 Dorsal duct dilatation on ultrasonography per-
sisting for more than 15 min after intravenous 
secretin injection [27]. However, the precise 
positive criteria remain unclear [1, 7].

3.	 Pain provocation during the injection of con-
trast into the dorsal duct. However, this does 
not occur universally in all patients and is of 
uncertain significance [1, 7].

4.	 Collection of pure pancreatic juice from the 
dorsal duct after secretin stimulation and ana-
lyzing bicarbonate concentration as well as 
the volume of pancreatic juice secreted. This 
will help in diagnosing early CP localized to 
the draining area of dorsal duct [7].

5.	 Manometry of minor papilla: There are only 
a handful of studies that have evaluated the 
minor papilla pressures as this is technically 
difficult and the normal pressures have not 
been established [1]. One study found that 
patients with PD had higher dorsal duct pres-
sures compared to pressures at the major pa-
pilla of patients with normal pancreatic duct 
anatomy [28]. However, Satterfield et al found 
the basal and phasic pressures to be similar at 
both the major and minor papilla in 4 patients 
with PD and ARP [29].

6.	 Once deep cannulation of the dorsal duct has 
been achieved, minor papilla stenosis can be 
subjectively gauged by observing resistance 
to sequential passage of 3, 4, and 5 Fr cath-
eters [7].

7.	 Trial of opening the minor papilla: The minor 
papilla orifice can be temporarily enlarged by 
placing a transpapillary stent. Such a strate-
gy might be helpful in patients with daily or 
weekly symptoms but is problematic if the 
patient has infrequent episodes of pancreati-
tis because of the potential for ductal damage 
induced by the stent [1, 7]. Most pathology 
studies suggest that there is no sphincter as-
sociated with the minor papilla so injection of 
Botulinum Toxin is not helpful.

As evident above, there are a number of tests and 
imaging findings that may suggest minor papilla 
stenosis but their sensitivity and specificity have 
not been evaluated by prospective studies. Addi-
tionally, a high suspicion of a tight minor papilla 
does not always guarantee the success of endo-
scopic or surgical therapy [1, 7]. With current 
evidence, the presence of recurrent pancreatitis 
without a defined cause is the best indicator of 
minor papilla stenosis [30]. Some patients with 
typical pancreatic pain without pancreatitis will 
respond to minor papilla sphincterotomy, but this 
is in highly selected patients, and there is much 
less evidence to support this approach.

Endoscopic Therapy for Pancreas 
Divisum: Dilate, Stent, or Cut?

Endoscopic techniques for opening the minor pa-
pilla consist of dilatation by sequentially larger 
tapered catheters, balloons, or by stenting and 
sphincterotomy [1, 7]. However, balloon dilata-
tion of a naïve papilla has been associated with 
a significant risk of pancreatitis as well as duct 
disruption and therefore should not be employed 
in the presence of a relatively normal or moder-
ately dilated dorsal duct [7]. A recent small retro-
spective study from Asia does, however, suggest 
the safety and efficacy of balloon dilation in PD 
[31]. In their study of 16 patients with symptom-
atic PD from ARP or CP, balloon dilation of the 
minor papilla to 4 or 6 mm was successful with 
85 % clinical improvement. Mean main pancreat-
ic duct (MPD) diameter was 4.3 mm and no com-
plications were observed from balloon dilation.

Dorsal duct stenting has been used as a thera-
peutic trial on both a short- and a long-term basis 
for relief of pain (Fig. 15.4). A prospective ran-
domized study comparing long-term dorsal duct 
stenting (1 year with stent exchanged every 4 
months) with conservative medical therapy in 
patients with PD and idiopathic recurrent pan-
creatitis reported significantly greater number of 
hospitalizations, emergency department visits, 
and pancreatitis episodes in patients treated con-
servatively [32]. Another study on the efficacy of 
long-term dorsal duct stenting reported the best 
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results in patients presenting with ARP while 
only 13 % of patients presenting with pain alone 
had complete pain relief [33]. In a study of 48 
patients with PD and CP, successful outcome was 
achieved in 96 % of patients [34]. In this study, 
the majority of the patients underwent a long-
term ductal stenting and over a median follow-up 
of 67 months, 39 % required re-stenting for re-
currence of symptoms. While the long-term pan-
creatic duct stenting may improve symptoms in 
PD, leaving pancreatic stents in place for weeks 
to months is associated with potentially serious 
complications including stent occlusion, migra-
tion, pancreatitis, duct perforation, and duct dis-
ruption [7]. The major concern however is stric-
turing of the main duct. Both ductal and paren-
chymal changes are seen relatively quickly after 
pancreatic stent placement. While these are of lit-
tle significance in patients with advanced chronic 
pancreatitis, they can be disastrous in patients 
with normal pancreatic ducts [35]. Therefore, the 
long-term dorsal duct stenting is not advocated 
for patients with normal appearing ducts.

Endoscopic sphincterotomy or papillotomy 
of the minor papilla is considered the first-line 
endoscopic therapy for patients with symptom-
atic PD (Fig.  15.5) [1, 7]. There are two main 
techniques: needle-knife papillotomy (NKP) 
and standard pull-type papillotomy (PTP) [1, 
7]. The needle-knife technique is performed at 

the 10- to 12-o’clock position over a pancreatic 
stent. The stent provides a platform to avoid cut-
ting too deeply and provides direction. It is also 
a safety valve by ensuring adequate drainage in 
case bleeding, or patient instability causes the 
procedure to be prematurely halted. The stan-
dard PTP is done using a minipapillotome or a 
standard pull-type sphincterotome using a free-
hand technique over a guidewire (Video 15.2). 
The landmarks for determining an adequate 
sphincterotomy are not standardized but the cut 
should be made to end flush with the duodenal 
wall. Sometimes, a minor papilla bulge is pres-
ent, which makes it easier to determine where 
the minor papilla ends and the duodenal wall 
begins [36].

The choice of the type of papillotomy is usu-
ally based upon personal preference of the endos-
copist. Lehman et al. advocate the NKP because 
of its directional and depth control and safety, but 
recent studies have shown that both techniques 
are equally safe and effective [36–38]. Current 
evidence suggests that the two sphincterotomy 
techniques are comparable with respect to re-
stenosis and re-intervention rates. The technique 
applied for sphincterotomy may depend on the 
ductal anatomy. For example, if a patient has a 
very tortuous duct requiring a short stent, it may 
be advantageous to perform sphincterotomy first 
with a papillotome followed by placement of a 
short stent. If the ductal anatomy can accommo-
date a longer, more stable stent, then stent place-
ment followed by a NKP may be optimal.

Minor papilla sphincterotomy has a higher 
reported complication rate when compared with 
the major papilla including pancreatitis, bleed-
ing, sepsis, and perforation [26, 37–39]. The fact 
that interventions on the minor papilla are much 
less common than those on the major papilla un-
doubtedly contributes to the higher complication 
rate. As expected in PD, cannulation of only the 
major papilla has a very low rate of pancreati-
tis (1.2 %) while dorsal duct cannulation confers 
higher risk of pancreatitis, and patients undergo-
ing minor papilla sphincterotomy are at the high-
est risk for post-ERCP pancreatitis with rates re-
ported between 8 and 11 % [38, 39].

Fig. 15.4   Endoscopic image showing a pancreatic stent 
inserted across the minor papilla
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Results of Endoscopic Therapy: Who 
Should Be Treated?

The studies evaluating the role of endoscopic 
therapy for PD are plagued with the limitations 
that are common to many studies on endother-
apy and include small sample size, referral bias, 
patient heterogeneity, lack of control arm, short 
duration of follow-up, and the absence of blind-
ing as well as randomization [7]. The majority 
of studies assessing the efficacy of endoscopic 
therapy have been retrospective case series with 
a small sample size and no control arm. There are 
no studies that prospectively compare endoscopic 
with surgical therapy. A recent pooled systematic 
analysis published in 2009 looked at the results 

of endoscopic therapy and reported that response 
rates were insignificantly lower than that of sur-
gical therapy (69.4 % vs. 74.9 %, respectively; 
p = 0.106) [4]. The pooled analysis reconfirmed 
the findings of earlier studies that had shown the 
best results for endoscopic and surgical therapy 
in patients with PD and ARP. The following re-
sponse rates were noted for endoscopic and sur-
gical therapy respectively: 79.2 % and 83.2 % in 
patients presenting with ARP, 69.0 % and 66.7 % 
in patients with CP, and the lowest response rates 
of 54.4 % and 51.6 % in patients presenting with 
abdominal pain only. Thus, all these studies sug-
gest that patients with PD and ARP are the best 
candidates for endoscopic or surgical therapy. 
Patients with CP and pancreatic-type pain have 
lower response rates, and therefore, careful case 

Fig. 15.5     a–d A series of images demonstrating minor papilla sphincterotomy using a tapered tip papillotome
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selection is critical to optimizing outcomes. One 
recent study has shown excellent response rates 
with aggressive endoscopic therapy even in pa-
tients with chronic pancreatitis although very 
few of these patients had pancreatic duct stones 
or strictures, supporting the importance of case 
selection [34]. While there is no consensus on the 
method of detecting restenosis after minor papil-
lotomy, studies report restenosis rates of 10–20 % 
leading to reintervention in these patients. The 
restenosis rates are comparable between the two 
minor papillotomy techniques [38].

In the absence of a randomized study compar-
ing endoscopic and surgical treatment for PD and 
the current evidence suggesting equal efficacy, 
endoscopic therapy being less invasive is cur-
rently considered the first-line treatment option 
for symptomatic patients with PD.

Case Continued

As the patient had PD diagnosed on both MRCP 
and EUS with multiple attacks of documented 
acute pancreatitis, ERCP with minor papillotomy 
was planned. Our policy is to offer pancreatic en-
dotherapy to all patients with PD who have had 
a single attack of severe acute idiopathic pancre-
atitis or  > 2 attacks of mild acute pancreatitis. 
The pancreatogram obtained through the major 
papilla revealed a short ventral duct, and there-
after, the minor papilla was identified and can-
nulated with a metal tip catheter. The pancrea-
togram revealed a nondilated dorsal duct, and a 
NKP was performed over a 3 Fr pancreatic stent 
without inner flanges. Plain abdominal X-ray 3 
weeks later documented stent dislodgement. The 
patient has been asymptomatic over 2 years of 
follow-up.

ERCP in Autoimmune Pancreatitis: Is 
There a Role?

Autoimmune pancreatitis (AIP) is an uncom-
mon form of chronic pancreatitis that in some 
cases can be difficult to differentiate from pan-
creatic cancer [40]. There was initial enthusiasm 

that elevated serum IgG4 levels would be diag-
nostic for AIP, but this enthusiasm has tempered 
with the realization that it has poor diagnostic 
performance in certain populations such as Cau-
casian patients [40]. It is now known that there 
are two types of AIP (type 1 and type 2), and 
serum IgG4 levels are usually normal in type 
2. Type 1 AIP, also known as lymphoplasma-
cytic sclerosing pancreatitis, is most common in 
Asian countries, has an older age of onset, and 
usually presents with painless obstructive jaun-
dice. It is a multisystem disease and can affect 
the biliary tree, salivary glands, kidneys, and 
retroperitoneum [41]. Serum IgG4 levels are el-
evated, and many IgG4 + cells can be seen on 
immunohistochemistry in pathology specimens. 
Patients with type 1 AIP respond very well to 
steroids but recurrences are common. Type 2 
AIP or idiopathic duct-centric chronic pancre-
atitis is more common in Europe and USA and 
occurs at an earlier age. Patients present either 
with obstructive jaundice or with acute pancre-
atitis, serum IgG4 levels are usually normal, and 
the disease is limited to the pancreas. Like type 
1 AIP, these patients also respond well to ste-
roids but recurrences are rare [41].

There is no single clinical, laboratory or imag-
ing feature that is characteristic of AIP, and his-
tology is the reference standard for the diagno-
sis. It is very difficult in routine clinical practice 
to obtain pancreatic tissue for histopathological 
analysis. Therefore, a number of groups have 
proposed criteria to establish the diagnosis [Japa-
nese Pancreas Society (JPS), Korean criteria, 
Mayo Clinic HISORt criteria, and International 
Consensus Diagnostic Criteria and Algorithm 
(ICDC)] [40, 41]. These diagnostic criteria use 
a combination of imaging features, serology, evi-
dence of other organ involvement, histology of 
the pancreas with immunohistochemistry, and 
dramatic response to steroids (Tables 15.1, 15.2, 
and 15.3).

In the era of advanced imaging techniques 
such as MRCP, MDCT, and EUS +/- FNA/core 
biopsy, does ERCP have a role in diagnosing 
AIP? This issue is controversial as evidenced by 
the fact that the JPS criteria mandate the use of 
ERCP, whereas the HISORt criteria do not re-
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the available investigations which may include 
ERCP depending on serological and cross-sec-
tional imaging results [42, 43]. In patients with 
typical findings of AIP on contrast-enhanced CT 
(CECT) (diffuse pancreatic enlargement with 
homogeneous enhancement with or without a 
“rim”), diagnostic ERCP gives limited additional 
information. However, when imaging findings 
are indeterminate (segmental or focal enlarge-
ment, dilatation or cutoff of the pancreatic duct, 
or a pancreatic mass), serology is nondiagnostic, 
there is no evidence of other organ involvement, 
and retrograde pancreatography can help support 
or refute the diagnosis (Fig. 15.6) [41, 43].

quire ERCP to establish the diagnosis. The Ko-
rean criteria suggest that MRCP can be used for 
ductal imaging. These differences may be rooted 
in the prevalence of type 1 and 2 AIP and also 
may reflect the bias of collecting pancreatic juice 
versus tissue biopsy. Despite these differences, 
most experts suggest that the best diagnostic 
strategy for AIP should use a combination of all 

Table 15.3   HISORt Diagnostic Criteria for AIP (Mayo 
Clinic)
Criteria Diagnostic criteria
Histology 1. Diagnostic (any one)

a. Pancreatic histology showing lym-
phoplasmacytic sclerosing pancreatitis
b. Lymphoplasmacytic infiltrate with 
abundant (> 10 cells/HPF) 
IgG4-positive cells in pancreas
2. Supportive (any one)
a. Lymphoplasmacytic infiltrate with 
abundant (> 10 cells/HPF) IgG4-posi-
tive cells in extrapancreatic organ
b. Lymphoplasmacytic infiltrate with 
fibrosis in pancreas

Imaging Typical imaging features
1. CT/MRI: diffusely enlarged gland 
with delayed (rim) enhancement 
2. ERCP: diffusely irregular and 
attenuated main pancreatic duct, atypi-
cal imaging features, pancreatitis, focal 
pancreatic mass, focal pancreatic duct 
stricture, pancreatic atrophy, pancreatic 
calcification

Serology Elevated serum IgG4 level
Other organ 
involvement

Hilar/intrahepatic biliary strictures, 
persistent distal biliary stricture, 
parotid/lacrimal gland involvement, 
mediastinal lymphadenopathy, retro-
peritoneal fibrosis

Response to 
steroid therapy

Resolution/marked improvement of 
pancreatic/extrapancreatic manifesta-
tion with steroid therapy

Diagnosis: Group A, diagnostic histology alone; Group B, 
typical imaging features and elevated serum IgG4; Group 
C, unexplained pancreatic disease with serology or other 
organ involvement and response to steroids

Table 15.2   Korean Diagnostic Criteria for AIP (Kim Cri-
teria at Asan Medical Centre)
Criteria Diagnostic criteria
Imaging (1) Diffuse enlargement (swelling) of 

pancreas
(2) Diffuse or segmental irregular narrow-
ing of the main pancreatic duct

Laboratory 
finding

(1) Elevated levels of IgG or IgG4 or
(2) Detected autoantibodies

Histology Fibrosis and lymphoplasmacytic 
infiltration

Response to 
steroids

Present

For diagnosis, imaging criterion must be present together 
with any of the other three criteria

Table 15.1   Japan Pancreas Society Diagnostic Criteria 
for AIP (Proposed in 2002 and revised in 2006)
Criteria Diagnostic criteria
Imaging Diffuse narrowing of MPD with irregular 

wall (> 1/3 the length of entire pancreas) 
and diffuse enlargement of the pancreas
In revised criteria, minimum extent (> 1/3 
the length of the entire pancreas) of MPD 
removed
Diffuse narrowing of MPD and diffuse 
enlargement of pancreas changed to dif-
fuse or segmental narrowing and diffuse 
or localized enlargement

Laboratory 
finding

Abnormally elevated levels of serum 
gamma globulin and/or IgG, or the pres-
ence of auto antibodies
In the revised criteria, elevated serum 
IgG4 included

Histology Marked lymphoplasmacytic infiltration 
and dense fibrosis
In the revised criteria, changed to marked 
interlobular fibrosis with prominent infil-
tration of lymphocytes and plasma cells

For diagnosis, imaging criterion must be present together 
with laboratory and/or histological criterion
MPD main pancreatic duct
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ERCP Findings in AIP

An international multicenter study found the fol-
lowing features on ERCP useful in differentiating 
AIP from pancreatic cancer: [42].
1.	  Long stricture (> 1/3 the length of the MPD).
2.	 Lack of upstream dilatation from a stricture 

(< 5 mm).
3.	 Presence of multiple strictures.
4.	 Side branches arising from the strictured seg-

ment of the pancreatic duct.
None of these ERP features by themselves are 
diagnostic for AIP. The multicenter study found 
that the presence of all four features had high 
specificity (91 %) but lower sensitivity (52 %) 
[42]. The same study also showed that the pres-
ence of single or multiple strictures without up-
stream dilatation had the highest specificity for 
diagnosing AIP [42]. Moreover, a recent study 
reported that these ERP findings occur with equal 
frequency in both type 1 and 2 AIP. Therefore, 
ERCP is likely most helpful in patients suspected 
of type 2 AIP as they tend to be negative for IgG4 
in both serum and tissue samples. While brushing 
or biopsy of pancreatic duct strictures can be per-
formed to rule out malignancy, there are no data 
to suggest its utility in diagnosing AIP.

Because AIP is a diffuse inflammatory disease 
of the pancreas, the bile duct can be involved, 
and therefore, the cholangiographic features 
can be helpful in diagnosing AIP [44]. The pres-
ence of a smooth stricture of the distal bile duct 
as well as stenosis of the hilum or intrahepatic 
ducts has been reported more frequently in pa-
tients with AIP than patients with pancreatic can-
cer [44]. Primary sclerosing cholangitis (PSC) 
and cholangiocarcinoma are also included in the 
differential diagnosis in patients with these types 
of biliary strictures. Short annular or band-like 
strictures, diverticulum-like out pouchings, and 
a beaded appearance are seen more commonly 
in patients with PSC, whereas long strictures 
with more pre-stenotic dilatation is seen more 
commonly in IgG4-related disease [41]. When 
compared to patients with cholangiocarcinoma, 
patients with AIP have multifocal strictures and 
mild proximal dilatation despite a long stricture 
[41]. IgG4 staining of biopsies from the biliary 
stricture may infrequently help differentiate AIP 
from malignancy, and this tissue IgG4 positivity 
is independent of elevated serum IgG4 levels [45, 
46]. The sensitivity and specificity of IgG4 stain-
ing of biliary biopsy specimens ranges from 18 
to 88 % and 9–100 %, respectively [41]. The am-
pulla can also be involved in AIP, and IgG4 stain-
ing of ampullary biopsies may aid in diagnosing 
AIP with reported sensitivity and specificity of 
60 and 97 %, especially in situations when pan-
creatic tissue cannot be obtained [41]. Transpap-
illary intraductal ultrasound (IDUS) can help dif-
ferentiate IgG4-related bile duct strictures from 
malignant strictures. The most specific IDUS 
finding for IgG4-related disease is bile duct wall 
thickening (> 1 mm) in the nonstrictured region 
with a reported specificity of 100 % and sensi-
tivity of 85 % [41, 46]. The thickened bile duct 
wall is typically symmetric, homogeneous with 
smooth inner and outer wall layers.

Can MRCP Replace Diagnostic ERCP in 
Patients Suspected of AIP?

ERCP is an invasive investigation with the poten-
tial for post-ERCP pancreatitis (PEP). Despite this 

Fig. 15.6   ERP demonstrating the characteristic features 
of autoimmune pancreatitis with diffusely irregular and 
attenuated main pancreatic duct without dilation
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potential, there are no published reports of PEP in 
patients with AIP. This may be due to the underly-
ing fibrosis and decreased enzymatic activity, the 
same factors used to explain the decreased PEP 
rates in patients with established chronic pan-
creatitis. It also may result from under reporting 
since mild PEP could be masked by the patient’s 
ongoing smoldering pancreatitis due to AIP. Be-
cause of the potential risk of ERCP, MRCP has 
been studied to determine whether this less inva-
sive method of obtaining cholangiopancreatogra-
phy can substitute for ERCP in the investigation 
of patients with suspected AIP. [41]. The new 
Korean criteria for the diagnosis of AIP have sug-
gested that MRCP can replace ERCP. However, a 
few studies have shown that MRCP does not have 
equivalent diagnostic accuracy as ERCP for AIP 
although these studies are limited by the use of 
mainly older MRI scanners with few patients un-
dergoing three-dimensional MRCP [46–48]. One 
study showed MRCP had modest accuracy of 65 % 
compared to the gold standard ERCP for detect-
ing each pancreatic duct abnormality in AIP with 
most of the disagreement resulting from MRCP 
overestimating ductal narrowing [48]. Another 
study found that in diffuse-type AIP, the diffuse 
narrowing of the pancreatic duct documented on 
ERCP was seen as skipped nonvisualized lesions 
in 50 %, faint visualization in 19 %, and nonvisu-
alization in 31 % on MRCP [45]. Side branches 
arising from the narrowed portion of pancreatic 
duct were visualized well on ERCP, but faintly in 
only 21 % of patients on MRCP [45]. Also, in the 
segmental type of AIP, the pancreatic duct nar-
rowing appreciated on ERCP was seen as faint vi-
sualization in 14 % and nonvisualization in 86 % 
patients on MRCP [45]. Thus, pancreatic duct 
narrowing and side branches arising from within 
a narrowed segment are rarely seen on MRCP.

Although currently MRCP cannot completely 
replace ERCP for diagnosis of AIP, because it 
is noninvasive and provides both ductal and pa-
renchymal information, it should be used as an 
initial diagnostic modality in patients with sus-
pected AIP. ERCP should be reserved for patients 
with indeterminate cross-sectional imaging and 
serology, and those who require intraductal biop-
sies and/or biliary decompression.

ERCP in Intraductal Papillary 
Mucinous Neoplasms (IPMN)

IPMNs are unique cystic tumors of the pancreas 
that are being increasingly diagnosed because of 
greater utilization and availability of high-quality 
cross-sectional imaging, primarily MDCT scan-
ners. They are mucin-secreting neoplasms that 
arise from the epithelial lining of the MPD and/
or one or more of the side branches to correspond 
with the main duct and branch duct forms of 
IPMN. The biologic behavior of IPMN can range 
from innocuous benign lesions to frank invasive 
malignancy [49]. IPMN poses two difficult yet 
important challenges to the treating physician: 
firstly, differentiating IPMN from other cystic le-
sions of the pancreas and secondly, distinguish-
ing a benign from a malignant cyst. Traditionally, 
the diagnosis of main duct IPMN was based upon 
the triad of ERCP findings described by Ohashi 
et al. (1) patulous bulging “fish eye” papilla, (2) 
mucin secretion, and (3) a dilated MPD [50]. 
Fish mouth papilla occurs in up to 40 % of pa-
tients with main duct IPMN. However, with the 
increased prevalence of branch duct IPMN and 
the availability of high-resolution imaging such 
as MRCP, MDCT, and EUS along with EUS-
guided cyst aspiration, the role of ERCP in the 
diagnosis of IPMN has diminished significantly 
[51]. In fact, ERCP is considered contraindicated 
in branch duct IPMN because if the duct is inject-
ed sufficiently to visualize the dilated side branch 
filled with mucin, the risk of pancreatitis is very 
high. With the advent of pancreatoscopy and 
IDUS, however, ERCP can play a role in locating 
the lesion in main duct IPMN which can aid sur-
gical planning. The combination of pancreatos-
copy and IDUS for lesion localization along with 
pancreatic duct aspirate for cytology and tumor 
marker analysis can all be helpful in treatment 
planning for patients with main duct IPMN.

Pancreatoscopy

The ability to directly visualize ductal abnormali-
ties and sample them under direct vision can help 
in the evaluation of patients with suspected main 
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duct IPMN. Despite the availability of a mother–
baby cholangioscopy system for a long time, its 
routine clinical application has been limited due 
to instrument fragility, cost, the requirement of 2 
experienced endoscopists, long procedure time, 
and modest image quality [52]. The development 
of a single-operator system that provides four-
way tip deflection, tissue acquisition, and endo-
therapy has rekindled interest in pancreatoscopy 
to investigate main duct IPMN [52].

Scopes for Ductoscopy
The endoscopes available for pancreatoscopy 
can be broadly classified into single-operator or 
two-operator systems. The details of the vari-
ous endoscopes will not be discussed in detail 
here and are reviewed elsewhere [53]. The two-
operator system or “mother–baby” system in-
volves a smaller diameter (baby) cholangiopan-
creatoscope that is inserted into the pancreatic 
duct through the working channel of a mother 
duodenoscope. Most of the available baby en-
doscopes have fiberoptic technology, external 
diameter ranging between 2.8 and 3.1 mm, and 
single-plane (up down) deflection only. Because 
of restraints on overall instrument diameter, fi-
beroptic technology will have only modest image 
resolution. Newer video baby endoscopes using 
charged coupled device (CCD) video chip tech-
nology have led to a significant improvement 
in image quality [53]. Current generation video 
baby scopes have a 1.2-mm operating channel 
with an outer diameter of 3.3 mm. The develop-
ment of an ultra-miniature CCD propelled the 
development of a prototype electronic pancreato-
scope with an external diameter of 2.1 mm and 
no accessory channel.

Two different endoscopy systems can be used 
to perform single-operator cholangiopancreatos-
copy: an ultraslim gastroscope or the SpyGlassR 
direct visualization system (Boston Scientific, 
Marlborough, MA). The ultraslim gastroscopes 
have a diameter ranging from 5 to 6 mm making 
insertion difficult. To date, direct pancreatoscopy 
using an ultraslim gastroscope has rarely been 
reported [54, 55]. The SpyGlassR system con-
sists of a 3.3-mm-diameter, disposable catheter 
with a four-way tip deflection and three channels 

(one for the optical probe, one for accessories 
including special biopsy forceps or laser or elec-
trohydraulic lithotripsy probe, and one for water 
infusion). Visualization and light are delivered 
by an optical fiber probe passed down 1 of the 
channels [53]. The diameter of this instrument re-
quires a dilated pancreatic duct for insertion and 
can require a generous pancreatic sphincterotomy 
if the pancreatic orifice is not patulous. To allow 
deeper and easier visualization of the pancreatic 
duct, a modified technique of pancreatoscopy 
has been proposed where the 0.8-mm fiber optic 
probe from the SpyGlassR system is inserted into 
the pancreatic duct through the already-deeply 
inserted ERCP cannula [56]. The advantage of 
this method is the ability to visualize nondilated 
ducts without requiring sphincterotomy. Inability 
to sample lesions is the major limitation with this 
approach. Although these two systems have not 
been directly compared, the image quality of the 
SpyGlassR system appears inferior to the video 
pancreatoscopes [53].

The technique of pancreatoscopy depends 
upon the degree of dilation of the MPD, the 
presence or absence of strictures or masses, the 
tortuosity of the MPD, and the degree of “pat-
ulousnes” of the pancreatic orifice. [54]. The 
pancreatoscope can be directly inserted into the 
pancreatic duct only in the presence of a patulous 
papilla; otherwise, pancreatic sphincterotomy 
is required. The depth of insertion may be lim-
ited by the presence of tortuous segments of the 
pancreatic duct or narrow diameter of the duct. 
Stiffer guidewires may help maneuver the pan-
creatoscope around tortuous turns through the 
application of tension on the wire in the oppo-
site direction. Mucin may impair visualization. 
Techniques to remove the mucin include saline 
infusion and aspiration, balloon extraction before 
pancreatoscopy, or irrigation with 1 % N-acetyl-
cysteine [54].

Ductoscopy for Diagnosis and 
Management of IPMN
As with all other neoplasms, accurately dif-
ferentiating benign from malignant lesions and 
delineating the exact extent of disease are criti-
cally important in determining the best treatment 
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strategy for patients with IPMN. Unfortunately, 
the currently available imaging modalities have 
limited accuracy for answering these questions, 
and therefore, pancreatoscopy, with its ability to 
directly visualize ductal lesions, has immense po-
tential in guiding the management of main duct 
IPMN. Direct pancreatoscopy can detect unsus-
pected high-risk features of malignancy, such as 
mass lesions and tumor vessels, but most impor-
tantly, can determine the extent of disease in the 
main duct. IPMN can be multifocal, and pancre-
atoscopy can aid in determining whether a dis-
tal pancreatectomy, Whipple resection, or total 
pancreatectomy is indicated. Pancreatoscopy can 
also play a role in detecting the presence of main 
duct disease in suspected mixed IPMN (combi-
nation of main duct and branch duct IPMN) [54].

The various ductal findings described on 
pancreatoscopy in patients with IPMN include 
the presence of mucin, papillary projections in 
the main duct or from a side branch, and subtle 
mucosal nodular changes (Fig. 15.7) [54]. These 
ductal lesions on pancreatoscopy have been iden-
tified in 67–83 % of patients with IPMN [53]. 
Difficulty or inability to perform biopsy from 
these lesions is the most significant limitation of 
the current generation slimmer pancreatoscopes 
as the diameter of accessory channel is very 
small. Pancreatic fluid can be easily aspirated 
for cytology. The diagnostic yield of cytology for 

detecting IPMN from pancreatic juice sampled 
through the suction channel of a baby endoscope 
after saline lavage was higher compared to the 
fluid collected through an ERCP cannula. Cy-
tology of the pancreatic juice collected during 
pancreatoscopy diagnosed malignant IPMN cor-
rectly in 50 % of patients [53, 57]. This higher 
yield is hypothesized to result from the ability 
to collect pancreatic juice immediately adjacent 
to the culprit lesion under direct vision. Recent 
studies of detecting newer markers, such as pan-
creatic secretory trypsin inhibitor (PSTI) or stain-
ing the pancreatic juice with mucin stain, have 
shown increased accuracy for diagnosing as well 
as differentiating benign from malignant IPMN 
[58, 59]. The addition of IDUS and NBI imag-
ing to pancreatoscopy may improve our diagnos-
tic ability to differentiate benign from malignant 
IPMN [53, 60, 61].

Pancreatoscopy is generally a safe procedure, 
and post-procedure pancreatitis is rare. This 
probably reflects the fact that only experienced 
endoscopists undertake this challenging proce-
dure. When pancreatitis occurs, it is usually be-
cause the MPD is insufficiently dilated to accom-
modate the diameter of the baby endoscope or the 
pancreatic orifice is not adequately patent [53]. 
The primary issue in pancreatoscopy is maintain-
ing adequate visualization. Mucin easily obscures 
the optic and light fibers; clearing mucin requires 
saline or water infusion. During pancreatosco-
py, the pancreatic duct can behave like a closed 
space, especially in a narrow duct, upstream from 
a stricture with a nonpatulous pancreatic orifice. 
Infusion of water within a closed space will lead 
to pancreatitis. Balancing adequate visualization 
while not overfilling the pancreatic duct is the 
major technical challenge of pancreatoscopy.

ERCP in Malignant Pancreatic Duct 
Strictures

Pancreatic cancer has dismal prognosis as most 
are unresectable at diagnosis. The key to good 
prognosis is early diagnosis, and EUS has consid-
erably improved our ability to visualize as well 
as sample small pancreatic lesions. However, the 

Fig. 15.7   Pancreatoscopy image using SpyGlass scope 
(Boston Scientific) on the right demonstrating typical 
papillary projections seen in main duct IPMN. Endo-
scopic view on the left showing Spyscope inserted into 
the pancreatic duct. (Courtesy: Dr. Linda Lee, Brigham 
and Women’s Hospital, Boston, MA)
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diagnostic yield of EUS-fine needle aspiration 
in chronic pancreatitis and isolated ductal stric-
tures is low [62]. Although the majority of ductal 
strictures in chronic pancreatitis are benign, early 
pancreatic cancers or pancreatic intraepithelial 
neoplasia can present as isolated ductal strictures 
in up to 12 % of patients [63]. In these clinical 
situations ERCP may help differentiate benign 
from malignant strictures. Various pancreato-
graphic findings of the main duct, branch ducts 
or the acinar field of the pancreas have been 
described in the literature [64]. However, these 
findings have poor discriminating efficacy, and 
even the addition of conventional brush cytology 
has limited diagnostic accuracy [65]. Direct duc-
tal inspection and image-guided tissue acquisi-
tion by pancreatoscopy may improve diagnostic 
yield in indeterminate pancreatic duct strictures. 
However, clinical experience with pancreatos-
copy is limited to small case series only, which 
have described various pancreatoscopic find-
ings in ductal adenocarcinoma including coarse 
mucosa, friability, erythema, protrusion, tumor 
vessels, and papillary projections [54, 66]. Simi-
lar to IPMN, increased diagnostic yield from 
cytology of pancreatic juice aspirated during 
pancreatoscopy has been reported for pancreatic 
adenocarcinoma [67]. A major limitation of pan-
creatoscopy in a substantial number of patients 
is the inability to reach the stricture because of 
a mismatch between the size of the duct and the 
baby endoscope.

Malignant pancreatic strictures may occasion-
ally lead to obstructive pain, which is defined as 
postprandial pain in the epigastric or left upper 
quadrant region lasting 1–2 h [68]. Stenting may 
help relieve obstructive pain although gaining 
wire access through the stricture may be dif-
ficult. Smaller caliber (0.018  in.), hydrophilic, 
or angled guidewires may help. Tight strictures 
may require balloon or bougie dilation prior to 
inserting a plastic stent. There are case reports 
of successful metal stent placement as well [69]. 
Small case series suggest 66–81 % technical suc-
cess rate for inserting a stent with accompanying 
partial or complete pain relief in 62–100 % of pa-
tients and no reported complications [70].

Key Points

•	 PD is the most common congenital variant 
of the pancreas and its increased frequency 
in patients with idiopathic pancreatitis lends 
support to its possible pathogenic role.

•	 A minority of patients with PD present with 
one of three clinical conditions: ARP, chronic 
pancreatitis, or pancreatic type abdominal 
pain without evidence of pancreatitis.

•	 ERCP is the gold standard for diagnosing PD, 
but CT, MRCP, s-MRCP, and EUS have fairly 
good accuracy as well. Therefore, ERCP should 
be reserved for therapeutic management.

•	 Recurrent pancreatitis without a defined cause 
is the best indicator of minor papilla stenosis, 
and these patients respond best to endoscopic 
therapy.

•	 The preferred endoscopic approach for open-
ing the minor papilla is papillotomy, which 
can be performed via needle-knife papillot-
omy or standard pull-type papillotomy.

•	 No single clinical, laboratory, or imaging fea-
ture is diagnostic of AIP, and histology is the 
reference standard for the diagnosis.

•	 ERCP can help in diagnosing difficult cases 
of AIP, especially if the imaging findings are 
indeterminate, serology is nondiagnostic, and 
there is no evidence of other organ involve-
ment.

•	 The main role of ERCP in intraductal papil-
lary mucinous neoplasm (IPMN) is in local-
izing the lesion in main duct IPMN using pan-
creatoscopy and intraductal ultrasound, which 
can aid surgical planning.

•	 Stenting malignant pancreatic strictures can 
help patients with obstructive pancreatic pain.

Conflict of Interest  The authors declare no conflict of 
interest.

Video Captions

Video 15.1 EUS for diagnosing pancreas divi-
sum. This video shows the body, genu, and head 
of the pancreas using a radial echoendoscope. 
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The normal nondilated MPD can be seen to the 
left of the screen diving downward toward the 
ventral pancreas and major papilla from the body 
and genu. This excludes PD

Video 15.2 Minor sphincterotomy
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Introduction 

Bleeding from the papilla is often referred to as 
hemobilia, implying a bile duct source of hem-
orrhage. In reality, blood can also come down 
from the pancreatic duct, and this is known as 
hemoductal or hemosuccus pancreaticus. Iatro-
genic injury of the bile duct caused by percuta-
neous cholangiography, tissue ablation, or liver 
biopsy is the leading source of hemobilia [1, 2] 
(Table 16.1). On the other hand, the most com-
mon cause of hemosuccus pancreaticus is rup-
ture of an arterial pseudoaneuysm within the 
pancreas, caused by acute or chronic pancre-
atitis (Table 16.2). There is no accurate account 
of how common hemobilia and hemosuccus 
are, as they are both unusual pancreaticobiliary 
conditions. The clinician should have a strong 
index of suspicion of these problems in order to 
anticipate their occurrences. Whenever a pan-
creatic or biliary complaint accompanies overt 
gastrointestinal (GI) bleeding, hemosuccus, or 
hemobilia must be listed high on the differential 
diagnosis.

Hemobilia and hemosuccus pancreaticus are 
rarely encountered in daily practice. Given their 

variable presentations, we have selected a few 
of our own cases to highlight the key features 
and clinical scenarios in which bleeding from 
the papilla may occur.

Case 1

A 33-year-old man presented with right upper 
quadrant pain and jaundice. He underwent a cho-
lecystectomy, common duct exploration and T-
tube placement for acute cholecystitis and a large 
common bile duct stone. He remained deeply 
jaundice after surgery and had required six units 
of packed red blood cell transfusion over the next 
week. He then developed intermittent low grade 
fever. During this time, both the T-tube and per-
cutaneous subhepatic drain had low outputs of 
blood tinged fluid.

What is the Differential Diagnosis?

An extensive biliary and gallbladder surgery, 
followed by cholangitis and persistent jaundice, 
is worrisome for a bile duct injury such as extra-
hepatic bile duct transection, retained stone or 
diffuse liver injury. The low T-tube output sug-
gested a patent bile duct or T-tube malfunction. 
The latter possibility was supported by difficult 
bedside irrigation through this small-caliber 
tube. The blood tinged fluid via the percutane-
ous drain and T-tube pointed to bleeding within 
and outside of the biliary tract, raising suspicion 
for both bleeding and communication between 
these two drains. On the other hand, having 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_16) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_16.
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Table 16.1   Causes of hemobilia
Iatrogenic Liver biopsy

Transhepatic cholangiography
Transhepatic ablative therapy
Transhepatic biliary drainage
Cholecystectomy
Bile duct surgery
Endoscopic retrograde cholangiopancreatography (ERCP) manipulation (stent-

ing, sphincterotomy, biopsy, lithotripsy, stricture dilation, etc.)
Trauma Penetrating injury to liver or bile duct

Blunt liver trauma
Neoplastic Primary liver cancer

Gallbladder cancer
Bile duct cancer
Benign liver tumor
Metastatic cancer to liver/bile duct

Gallstones Gallstone irritation
Gallbladder/bile duct Inflammation
Vascular Pseudoaneurysm from inflammatory condition

Arteritis
Arteriovenous malformation
Arterial aneurysm

Pancreatic Pseudocyst
Cancer invasion

Infection Parasite
Liver abscess

Table 16.2   Causes of hemosuccus pancreaticus
Pancreatitis Pancreatic necrosis

Pseudocyst
Splenic artery pseudoaneurysm

Pancreatic tumor Pancreatic cancer
Neuroendocrine tumor
Metastatic cancer to the pancreas
Serous cystadenoma

Vascular disease Aneurysm of the celiac or splenic artery
Segmental arterial mediolysis
Pancreatic arteriovenous malformation

Pancreatic trauma Penetrating injury
Blunt trauma

Iatrogenic pancreatic injury Needle aspiration of pancreatic cyst
Endoscopic necrosectomy
Pancreatic stenting
Ductal dilation
Pancreatic stone lithotripsy

Pancreatic infection Brucellosis
Tuberculosis
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some minor oozing after extensive manipula-
tions of the bile duct was not definitive evidence 
of a bleeding complication. Of the four possible 
ways to investigate the integrity of the biliary 
tract, including radionuclide biliary scan, T-tube 
cholangiograms, magnetic resonance cholan-
giopancreatography (MRCP), and endoscopic 
retrograde cholangiopancreatography (ERCP). 
ERCP is perhaps most accurate and potential-
ly therapeutic. Before doing so, an abdominal 
computed tomography (CT) should be done to 
exclude an abscess, hematoma, or biloma.

Case Continued 

An abdominal CT showed no significant fluid 
collection or abscess cavity. On post-operation 
day number 12, an ERCP was performed. At 
the procedure, the papilla appeared normal. Ini-
tial contrast injection was difficult, as the en-
tire bile duct was packed with some ill-defined 
filling defects. After a sphincterotomy, balloon 
sweeps retrieved a large amount of fresh blood 
and clots. Bile leak was discovered at the cys-
tic duct stump and at the T-tube site (Fig. 16.1). 
After evacuating blood and debris from the bile 
duct, two 10 French plastic stent biliary stents 
were placed. This patient recovered unevent-
fully after the ERCP, without further jaundice, 
fever, or bleeding. The stents were removed 2 
months later.

Hemobilia 

Iatrogenic injury of the bile duct or liver tissue 
is the most common cause of hemobilia, ac-
counting for roughly two thirds of all such cases 
[2]. Transient bleeding via the papilla is often 
noted after a percutaneous liver biopsy and is 
thought to be due to the close proximity be-
tween the intrahepatic bile duct, hepatic artery, 
and portal vein [3]. Needle puncture can easily 
penetrate these structures to form arteriovenous 
fistula, arterial bile duct fistula, or venous bile 
duct fistula. Venous bile duct fistula bleeding is 
typically mild and self-limited, rarely requiring 
any therapeutic intervention. Transhepatic chol-
angiography and percutaneous biliary drainage, 
which causes hemorrhage in 2− 2.5 % of the 
procedures [4], may result in life-threatening 
hemobilia through injury to the hepatic artery 
or portal vein [5]. Even internal biliary stents, 
particularly metallic prosthesis, may result in 
direct vascular puncture or formation of pseu-
doaneurysm of the hepatic artery [6].

A strong clue to hemobilia is the presence of 
the triad of overt GI bleeding, jaundice, and right 
upper quadrant pain [7]. However, this is often 
the exception rather than the rule, as all three 
signs exist only in 22 % of all hemobilia cases 
[2]. More commonly, the endoscopist discovers 
blood either within the bile duct or oozing from 
the major papilla during an ERCP. Rarely, he-
mobilia is the cause of unexplained obscure GI 

Fig. 16.1   Hemobilia occurring after cholecystectomy. 
a Initial contrast injection was difficult, and cholangio-
gram showed extensive filling defects in the common 
and right hepatic ducts. b After sweeping clear some 

blood clots from the extrahepatic bile duct, contrast was 
noted leaking out of the cystic duct stump and the T-tube 
insertion site of the bile duct
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bleeding. Depending on the location of bleeding, 
cholangitis, cholecystitis, pancreatitis have all 
been reported. Massive hemorrhage can mimic 
lower GI bleeding.

Evaluation for hemobilia depends on the 
clinical presentation and suspicion for hemobi-
lia [1]. In patients with high suspicion for he-
mobilia, CT angiography is the test of choice 
not only to identify presence of bleeding, but 
also to identify the source and plan for potential 
therapeutic angiography. Otherwise, patients 
displaying signs and symptoms of GI bleeding 
should be evaluated with upper endoscopy. A 
side-viewing duodenoscope is necessary to vi-
sualize the papilla adequately. In patients pre-
senting with cholangitis or biliary obstruction, 
ERCP is a reasonable initial diagnostic proce-
dure with or without antecedent radiology im-
aging such as transabdominal ultrasound, CT 
or MRCP. On cholangiography, blood clots are 
poorly outlined and they do not retain a constant 
shape like gallstones do. These ghost-like filling 
defects may mimic those from neoplastic tis-
sues. Interestingly, fresh blood and blood clots 
are best seen during the initial contrast filling of 
the bile duct. When the bile duct is more satu-
rated with contrast, the filling defects may dis-
appear. Therefore, it is always a good practice to 
observe the fluoroscopy or obtain radiographs at 
the beginning of contrast injection. The ultimate 
proof of hemobilia is visualization of blood 
coming out of the bile duct, usually occurring at 
the time of a balloon sweep. Depending on the 
duration of clot formation, some of this material 
may appear as soft hemorrhagic tumors. Indeed, 
blood in the bile duct often contains tumor cells 
and should be suctioned into a container for cy-
tology evaluation.

A trivial amount of bleeding may be seen 
during ERCP following balloon stricture dila-
tion, forceps biopsy, or stone extraction and is 
not out of the ordinary or a major issue. How-
ever, when encountering spontaneous and large 
quantity bleeding, it is important to think about 
the probable cause, extent of disease and back-
up plan before embarking on a more thorough 
investigation or manipulation of the bile duct. 

In particular, biliary bleeding in advanced por-
tal hypertension [8], pseudoaneurysm, indwell-
ing stent erosion into the periductal vasculature, 
and sphincterotomy bleeding related blood re-
flux into the bile duct should all be taken seri-
ously. Fatal hemobilia has been reported in the 
literature [9]. Sudden exsanguination may occur 
in these settings, and a good anticipatory plan 
should be in place before proceeding further. In 
massive bleeding that does not stop spontane-
ously, one possible way to temporize the situa-
tion is to occlude the bile duct with a retrieval 
balloon. Among the ultimate treatment options 
are emergency angiographic embolization [10], 
balloon tamponade, fully-covered metal stent-
ing, and a full range of endoscopic bleeding 
treatment modalities.

Not all patients with hemobilia require treat-
ment as most iatrogenic bleeding after percuta-
neous liver biopsy or percutaneous biliary drain-
age stop spontaneously. For ongoing or recurrent 
bleeding, angiography with embolization is the 
treatment of choice with reports of 75–100 % 
success [1]. ERCP does not have a role in treat-
ing bleeding and is only indicated for establish-
ing biliary drainage.

This case illustrates that multiple biliary com-
plications, including bile leak, hemorrhage, bili-
ary obstruction, and cholangitis, can take place 
simultaneously when an adverse event has oc-
curred during gallbladder surgery. In spite of 
the potential devastation, these problems can be 
successfully treated with simple biliary stenting. 
While fully covered metal stents have been re-
ported as effective [8, 11, 12], even plastic stents 
as were used here may be just as useful.

Case 2 

A 46-year-old female presented with jaundice 
and a suspected hilar mass. A transhepatic study 
failed to pass through her biliary stricture. ERCP 
showed a high grade obstruction of the proxi-
mal common hepatic duct, with dilated right 
and left hepatic ducts (Fig.  16.2). Catheter as-
piration of the intrahepatic fluid showed bloody 
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material with some pus. Further injection of 
contrast demonstrated ill-defined filling defects 
throughout the obstructed ducts, consistent with 
hemobilia or tumor infiltration. After stricture 
brushing and dilation, a 10 French plastic stent 
was placed, draining a large amount of bloody 
fluid. The brush cytology was positive for ad-
enocarcinoma.

Another Iatrogenic Cause of 
Hemobilia 

This case demonstrates that transhepatic needle 
punctures may lead to hemobilia, especially 
after an extended effort made to access the bile 
duct for drainage. The initial cholangiograms 
show linear, serpiginous, filling defects that 
might represent biliary ascaris or tumor infiltra-
tion and not hemobilia. Of course, the only way 
to confirm biliary hemorrhage is to visualize 
blood through a patent biliary stent or balloon 
sweeps. While bleeding from a failed puncture 
attempt is usually self-limited, hemorrhage from 
an indwelling transhepatic catheter may present 
recurrently from a pseudoaneurysm [13]. It has 
previously been reported that 50 % of biliary 
source of bleeding takes place in the intrahe-
patic bile ducts and the other half is from the 
extrahepatic system and the gallbladder [14]. 
With increasing transhepatic therapies, there are 
probably more intrahepatic bleeding cases in 
these days.

Case 3 

A 44-year-old male presented to an outside facil-
ity with jaundice and right upper quadrant pain. 
ERCP showed a liver hilum mass and blood clots 
in the extrahepatic bile duct, with bile duct biop-
sy showing hepatocellular carcinoma. Multiple 
subsequent ERCPs and stenting failed to improve 
his liver function and he was referred to our in-
stitution for further evaluation. Upon removal 
of his internal stents, a large amount of blood 
passed through the papilla. Some materials that 
were swept out appeared to be soft tumor tissue 
or well-formed clots (Fig. 16.3). Cholangiograms 
showed extensive, irregularly shaped, filling de-
fects. Despite multiple plastic stents, metal stent, 
and even a nasobiliary drain placement over the 
next few weeks, the patient remained jaundice 
with on-going blood transfusion requirements. 
He ultimately underwent a very difficult biliary 
surgical resection and lived for another 2 years.

A Non-iatrogenic Cause of Hemobilia 

Hemobilia is a common presentation of hepato-
cellular carcinomas that locate centrally and have 
invaded the bile duct. These tumors are highly 
vascular and bleeding can be massive or con-
tinuous as in this case. The diagnosis should be 
suspected in spontaneous intraductal bleeding in 
the proximal common hepatic duct or intrahe-
patic ducts. However, we have observed some 

Fig. 16.2   Cholangiograms after a failed transhepatic 
drainage of common hepatic duct stricture. a High grade ob-
struction of the common hepatic duct. Note: Blood appears 

as linear serpiginous filling defects. b Further contrast in-
jection shows different appearance of the intrahepatic duct 
filling defects, characteristic of blood clots in the bile duct
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hepatocellular carcinomas that extended down 
the entire bile duct and even infiltrated the pa-
pilla. Tissue acquisition for diagnosis is read-
ily achieved in these cases, as either the blood 
clots or exophytic tissues are easily obtained 
to determine the nature of the cancer. Most of 
these lesions are unresectable and are difficult 
to manage. As opposed to stenting a tumor with 
minimal bleeding tendency, palliative stenting of 
a hepatoma that causes hemobilia is frequently 

ineffective, as continuous hemorrhage may lead 
to early stent failure and clogging. Even large 
caliber metallic biliary stents do not ensure ad-
equate patency because of the large blood clots. 
Likewise, transhepatic or vascular interventions 
may be ineffective in stopping bleeding of these 
highly vascular lesions. Chemotherapy treatment 
of advanced hepatocellular carcinoma had been 
linked to fatal hemobilia and should be used with 
caution in patients with a prior history of hemo-

Fig. 16.3   Hepatocellular carcinoma presenting with he-
mobilia. a Initial cholangiogram shows blood filling the 
entire bile duct, leaving narrow spaces around the bile 
duct to be filled with contrast, giving the appearance of 
double contrast outlining of the extrahepatic bile duct. b 

Blood clots mixed with hilar liver cancer, presenting as a 
large mass occupying the bile duct bifurcation. c A large 
blood clot being extracted from the bile duct. d This large 
soft mass appears to be a cross between a clot and a tumor, 
containing tissue positive for hepatocellular carcinoma
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bilia [15]. This case is a perfect example of such 
a problematic situation. Despite the risk and tech-
nical difficulty, surgical resection may be the only 
viable option in some cases. Rarely, blood clots 
and even sloughed tumors may act like gallstones 
and induce acute pancreatitis [16, 17], requiring 
sphincterotomy for relief. The finding of pancre-
atitis in these cases may mislead us to consider 
hemosuccus pancreaticus instead of hemobilia.

Case 4 

A 91-year-old female was referred from an out-
side facility for severe choledocholithiasis. Be-
fore coming to our center, she had undergone 
two ERCPs and had sphincterotomy and biliary 
stenting done. In spite of the procedures, her liver 
tests continued to be elevated and her white blood 
cell count was further elevated. Endoscopic ex-
amination at our unit showed a small amount of 
blood oozing out of the papilla. However, there 
was no definite evidence of bleeding from the old 
sphincterotomy. Injection of contrast was diffi-
cult, as if the bile duct was very small or congest-
ed with stones. Indeed, there were extensive fill-
ing defects in the bile duct, which all turned out 
to be fresh blood and clots (Fig. 16.4). No stone 
was seen during balloon extraction. After biliary 
stenting, three endoscopic clips were placed over 

the sphincterotomy cut edge. No further bleeding 
or cholangitis was encountered.

Bleeding Mimicking Choledocholi-
thiasis 

Biliary tract obstruction following ERCP and 
stone extraction should automatically raise the 
suspicion that there are more biliary stones left 
behind or new stones have come down from 
an in-situ gallbladder. Additional explanations 
would include sphincter edema due to recent 
manipulations or sphincter occlusion from 
a missed ampullary infiltrating lesion. One 
rarely considered entity is post-sphincterotomy 
bleeding [18], with blood accumulating inside 
the bile duct, mimicking residual stones. Inter-
estingly, the sphincterotomy site may appear 
dry, like this case, without the obvious signs 
of bleeding. Sphincterotomy bleeding should 
always be considered as the source of hemo-
bilia whenever an ERCP has been performed 
within the previous few days. The approach to 
persistent jaundice in this situation is to first 
investigate for the cause by repeating an ERCP. 
While it is easy to find blood inside the bile 
duct, it may be difficult to determine where it 
is coming from. Sweep clearance and careful 
inspection of the bile duct should be done to ex-

Fig. 16.4   Sphincterotomy bleeding presenting as he-
mobilia. a The papilla initially appeared clear of any 
bleeding. Balloon sweep shows blood coming out of the 
papilla. b Bile duct contrast showed extensive filling de-

fects made of blood clots. c: Bleeding stopped after bili-
ary stenting and clip placement on the upper edge of the 
sphincterotomy
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clude missed lesions and bile duct injury from 
the recent procedure. After eliminating a ductal 
cause of bleeding, sphincterotomy hemorrhage 
should be seriously considered as the etiology. 
Whenever a clear cut diagnosis cannot be es-
tablished, a biliary stent should be placed to 
maintain biliary patency. A fully covered stent 
may be considered to additionally address po-
tential recurrent bleeding by providing tampon-
ade against the papilla. Alternatively, the cut 
edges of the papilla can be treated with clip-
ping, cautery, or submucosal injection, depend-
ing on the skill and personal preference of the 
endoscopist.

Case 5

A 78-year-old male had a cholecystectomy 
done for acute cholecystitis. Due to technical 
difficulty, the laparoscopic procedure was con-
verted to an open surgery with drain placement. 
A large amount of bile was noted in the drain-
age device and the diagnosis of bile leak was 
made. The patient then underwent an ERCP, 
which showed extensive ductal extravasation 
at the mid common hepatic bile duct, and right 
and left intrahepatic systems. After clearing out 
bile and blood clots from the ducts, multiple 
leaks and probable necrosis of the right lobe of 
the liver were noted (Fig. 16.5). The operative 
report of hepatic artery injury requiring repair 
provided probable cause for the extensive bile 

leak and liver injury. Multiple plastic stents 
were placed and exchanged bimonthly over the 
next 24 months. The bile leak eventually re-
solved and the abdominal drain was removed. 
However, he went on to develop numerous right 
and left intrahepatic ischemic biliary strictures, 
advanced cirrhosis, and recurrent cholangitis, 
leading to his demise.

Severe Iatrogenesis 

Severe vascular injuries during cholecystectomy, 
leading to acute liver necrosis, have been report-
ed [19]. Hemobilia in this patient was most like-
ly induced by tissue necrosis and bleeding from 
direct ductal trauma. Alternatively, blood within 
the surgical dissection field might have entered 
through the large defects of the extrahepatic bile 
duct, leading to hemobilia. Bleeding from liver 
injury is usually self-limited, as in this case. On 
the other hand, cavity formation, abscess devel-
opment, recurrent cholangitis, ischemic biliary 
strictures, and ultimately secondary biliary cir-
rhosis may become bigger issues. Patients with 
both bile duct and vascular injury develop liver 
necrosis with or without abscess in up to 75 % 
[19]. Vascular studies and a surgical consultation 
are necessary to consider arterial reconstruction 
and liver resection, even though bile leakage can 
be readily handled with internal biliary stent-
ing. Unfortunately, the patient’s liver and bile 
duct injuries were felt by our liver surgeons to 

Fig. 16.5   Post-cholecystectomy bleeding. a Blood clots 
readily removed from the bile duct. b The normal right he-
patic system was replaced by contrast extravasating into 

the liver parenchyma, representing loss of ductal integrity 
and likely liver necrosis
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be too extensive to benefit from biliary bypass 
or segmental liver resection. The only treatment 
option was liver transplantation, which was not 
possible due to his age and poor health.

Case 6 

A 53-year-old male was transferred from an out-
side hospital for management of upper GI bleed-
ing and pancreatitis. He had a history of chronic 
pancreatitis secondary to alcohol use and had 
been admitted to the hospital 2 weeks earlier 
with hematemesis. During that hospitalization, 
upper endoscopy and colonoscopy investigations 
were unremarkable. A CT scan demonstrated a 
peripancreatic fluid collection anterior to the 
stomach. On this admission, he initially present-
ed with an acute flare of pancreatitis. He then de-
veloped two episodes of hematemesis, with he-
moglobin dropping to 5 g. He received nine units 
of packed blood transfusion during this hospi-
talization. On upper endoscopy, fresh blood and 

clots were noted in the duodenum (Fig.  16.6). 
A side viewing scope identified a clot protrud-
ing from the ampulla. Endosonography (EUS) 
was performed to investigate for possible gastric 
varices or bleeding within the pseudocyst, and 
it revealed a 9 cm, well circumscribed but het-
erogeneous, cystic structure in the region of the 
body and tail of the pancreas without definite 
Doppler flow. Needle aspiration revealed grossly 
bloody fluid. Interestingly, his serum liver and 
pancreatic enzymes remained normal throughout 
the hospital stay. An angiographic study showed 
a splenic artery pseudoaneurysm and coil embo-
lization was done to occlude two feeding vessels. 
No further bleeding was encountered during the 
next 8 months of follow up.

Hemosuccus Pancreaticus 

Hemosuccus pancreaticus, also referred to as 
hemoductal pancreaticus, Wirsungorrhaghia 
and pseudohemobilia, occurs less often than 

Fig. 16.6   Hemosuccus pancreaticus with severe bleed-
ing. a Initial examination of the duodenum for gastroin-
testinal bleeding showed a large amount of fresh blood. b 
After cleaning up the duodenum, a blood clot was noted to 
be protruding from the papilla. c Endosonography (EUS) 

discovered a large, heterogeneous filling defect within a 
cyst of the pancreas. d Angiogram showed a pseudoan-
eurym of the splenic artery. e Coils were placed inside 
the pseudoaneurys. f Radiograph of the abdomen after the 
coil embolization was complete

 



272 S. K. Lo

hemobilia and is potentially life threatening. It 
is most commonly seen in the setting of acute 
or chronic pancreatitis when the splenic artery 
is directly involved in the inflammatory pro-
cess, giving rise to a pseudoaneurysm. While 
the splenic artery is the predominant vessel 
(60–65 %) involved in this condition, hepatic, 
gastroduodenal, and pancreaticoduodenal ar-
teries have all been linked to hemosuccus [20, 
21]. When the pseudoaneurysm ruptures and 
blood escapes through a short fistula into the 
pancreatic duct, bleeding occurs via the major 
or minor papilla [22, 23]. Contrary to hemobi-
lia, hemosuccus is more difficult to diagnose. 
Analogous to the triad for hemobilia, hemosuc-
cus may present with intermittent and recur-
rent epigastric pain, GI bleeding, and elevated 
amylase. The lack of obvious clinical signs, 
such as jaundice and abnormal liver enzymes, 
and intermittent nature of bleeding may lead to 
a delay in investigation and therefore missing 
the critical moment of witnessing blood coming 
out of the papilla. Endoscopic visualization of 
bleeding from the papilla, such as in this case, 
is uncommon although blood may be present 
in the duodenum in about half these cases [24, 
25]. Intermittent epigastric pain followed by 
an overt episode of GI bleeding typically me-
lena and less commonly hematemesis within 
30–40 min is an important clue to hemosuccus 
[26]. Bleeding is usually intermittent and recur-
rent often leading to anemia and does not typi-
cally cause hemodynamic instability although 
massive hemorrhage has been reported. Eleva-
tion of the pancreatic enzyme may also be help-
ful in raising the suspicion [25], although it may 
be caused by hemobilia rather than hemosuccus. 
In the present case, the relapsing epigastric pain 
from chronic pancreatitis might have masked 
the episodic occurrence of pain related to he-
mosuccus. Despite endoscopic confirmation, 
this patient did not have any elevation of liver 
or pancreatic enzymes, indicating that they are 
not essential evidences for this condition. Even 
when blood is definitively confirmed as com-
ing from the pancreatic duct, localization of the 
point of bleeding may still be difficult unless 
an aneurysm is documented on imaging stud-

ies [27]. Radiologic investigation can include 
transabdominal ultrasound with Doppler, con-
trast enhanced CT scan, which may suggest the 
diagnosis especially if a sentinel clot is visual-
ized in the pancreatic duct on CT, and magnetic 
resonance imaging (MRI). Angiography is the 
ultimate gold standard for definitive diagnosis 
and also offers potential therapy with success 
reported in 60–100 % of cases although mortal-
ity rates have been reported ranging from 8 to 
14 % either from failed embolization or com-
plications. [26] This patient has splenic arterial 
pseudoaneurysm as the definitive proof, which 
responded to angiographic coil embolization. 
It should be emphasized that the rich collateral 
blood supplies of the pancreas may require em-
bolization of more than one feeding vessel in 
order to stop the bleeding, as was the case in 
this patient. Surgery typically involving partial 
pancreatectomy is indicated for failed angiogra-
phy with ongoing or recurrent bleeding, which 
occurs in about 30 % of cases, or severe uncon-
trollable bleeding.

Case 7 

A 79-year-old female presented with mild ab-
dominal pain, passage of melena and severe 
anemia. Over the course of the next few days, 
she required 20 units of packed cells blood 
transfusion. On upper endoscopy, she was found 
to have blood coming out of her major papilla 
(Fig.  16.7). Cross-sectional imaging identified 
probable pancreatic carcinoma and liver metas-
tasis. Angiography could not identify the bleed-
ing vessel. At ERCP, catheter insertion into the 
pancreatic duct reviewed blood in the lumen. 
Blood clots came through the pancreatic orifice 
after the performance of a sphincterotomy. A 
short pancreatic duct stricture was noted at the 
head of the pancreas, with contrast filling up an 
ill-defined cystic structure, thought to be caused 
by tumor necrosis. The pancreatic duct upstream 
was dilated and filled with defects, likely repre-
senting blood elements. Tamponade using a di-
lating balloon did not stop the bleeding. A pan-
creatic stent was placed, but it did not result in 
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slowing of bleeding either. The patient declined 
further intervention and was transferred back to 
her originating hospital for comfort care.

Hemosuccus Pancreaticus in 
Pancreatic Cancer 

Pancreatic cancer is a well-known cause of he-
mosuccus pancreaticus, as are metastatic tumors 
to the pancreas [28]. Even benign tumors of the 
pancreas, such as serous cystadenomas and mu-
cinous cystic neoplasms, have been reported to 
cause spontaneous bleeding through the pancre-
atic orifice [29, 30]. Since many patients with 
known pancreatic or metastatic cancer have 
chronic anemia, hemosuccus may not be read-
ily suspected unless they present with melena, 
hematemesis, or hematochezia. Aside from wit-
nessing blood coming out of the papilla and pan-
creatograhic evidence of poorly outlined filling 
defects, ERCP may identify changes character-
istic of the tumor. In this case, the ductal stric-
ture typical of pancreatic cancer was found. Fur-
thermore, a cavity caused by tumor necrosis was 
also visualized. However, normal pancreatic 
duct, nonspecific ductal irregularity, or changes 
of chronic pancreatitis may be observed as well. 
ERCP therapies, such as stenting and balloon 
tamponade, do not have a role in the treatment of 
spontaneous tumor related bleeding except per-

haps for relief of pain caused by the buildup of 
blood clots. Angiographic embolization and sur-
gery are usually the only treatment options [31].

Case 8 

A 47-year-old male presented with intermittent 
episodes of melena, usually associated with short 
durations of intense abdominal pain. He had a 
remote history of alcohol abuse and pancreatitis 
but without any clinical or radiographic evidence 
of pancreatitis at the time of this presentation. 
As a result of his bleeding, he had been hospital-
ized continuously for 4 weeks and had required 
over 60 units of packed cells blood transfusion. 
His work up included upper and lower endosco-
pies, serum liver and pancreatic enzyme tests, 
two abdominal CT studies with intravenous con-
trast, two mesenteric angiograms, two capsule 
endoscopies, two push enteroscopies (deep bal-
loon enteroscopy was not available at the time), 
and an intraoperative total enteroscopy. All these 
studies yielded negative results. Because of the 
epigastric pain related bleeding, an ERCP was 
performed and the pancreatic ductogram showed 
a mid-body smooth polypoid nodule and mild 
post-obstructive ductal dilation (Fig. 16.8). Even 
with the catheter probing the nodule, bleed-
ing could not be induced. A linear array EUS 
showed that the nodular lesion had an anechoic, 

Fig. 16.7   Hemosuccus pancreaticus caused by a pan-
creatic head cancer. a Inspection of the papilla showed 
a small streak of blood coming out of the major pa-

pilla. b Catheter aspiration, placed inside the pancre-
atic duct, retrieved fluid that was obviously bloody
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Doppler positive component to it and that it was 
contiguous with the splenic artery. This finding 
was highly suggestive of a pseudoaneurysm of 
the splenic artery, resulting in a mid-pancreatic 
resection with tissue confirmation of the vascu-
lar abnormality. These bleeding episodes stopped 
immediately after the surgical resection.

Role of EUS in Hemosuccus 
Pancreaticus

This was an amazing case of challenging ob-
scure GI bleeding caused by pseudoaneurysm of 
the splenic artery, almost certainly due to past 
episodes of acute pancreatitis. Despite many 
imaging studies focusing on the pancreas, there 
was no confirmative finding pointing to he-
mosuccus pancreaticus. A very high index of 
suspicion, combined with some degree of des-
peration, led to the performance of ERCP and 
ultimately discovery of the ductal aneurysmal 
lesion. In hind sight, EUS would have identified 
the vascular lesion and the potentially higher 
risk ERCP might have been avoided. Regardless 
of whether ERCP should have been done, this 
case illustrates how difficult it can be to confirm 
hemosuccus as the cause of obscure GI bleeding 
and the value of EUS in identifying vascular le-
sions [32]. Case reports have noted the utility of 
EUS in diagnosing pseudoaneurysms even fol-

lowing failed detection by abdominal CT, and 
that 1 % of EUSs performed for what appeared 
to be pancreatic cysts ultimately were diagnosed 
as aneurysms by CT [33, 34]. This report of four 
cases noted a typical “donut” appearance of the 
aneurysms with a thick wall and anechoic center 
on EUS. One of these aneurysms did not demon-
strate flow with Doppler leading to fine-needle 
aspiration (FNA) returning blood, which could 
occur in aneurysms with sluggish flow, calci-
fied wall, or thrombus, or if the Doppler is ori-
ented perpendicular to the direction of vascular 
flow. When aspirates show blood, FNA must be 
stopped and the lesion observed for any hyper-
echoic changes suggestive ongoing bleeding in 
addition to administering prophylactic antibi-
otics. Follow-up imaging should be performed 
to evaluate for aneurysms. Similar to tumor in-
duced bleeding, endoscopy has very little role in 
treating aneurysmal bleeding. Perhaps the only 
time that hemosuccus can be effectively treated 
endoscopically is when dealing with bleeding 
and fistula formation in an acute injury or post-
pancreatic resection.

Conclusion

In conclusion, bleeding from the papilla is 
rarely suspected before ERCP. It must be con-
sidered whenever there are pancreatic or biliary 

Fig. 16.8   Hemosuccus pancreaticus presenting as severe 
obscure overt gastrointestinal bleeding. a ERCP showed a 
normal caliber pancreatic duct up to the neck of the pan-
creas. An ERCP catheter with a black dot at its tip ( long 
thin arrows) was inserted to probe the polypoid structure 

at the neck of the pancreas ( large arrow). The pancreatic 
duct upstream was mildly dilated ( small solid arrows). b 
Endosonography (EUS) demonstrated that the main pan-
creatic duct nodule ( large arrow) was actually a pseudoa-
neurysm of the splenic artery
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signs and symptoms, along with evidence of ac-
tive GI bleeding. Concurrent pancreatic tumor, 
pancreatitis, bile duct condition, and recent 
surgery and liver instrumentation are common 
conditions in which hemobilia or hemosuccus 
pancreaticus arises. Traumatic or iatrogenic 
cause of hemobilia may resolve spontaneously, 
and initial management is usually focused on 
keeping the biliary tract patent with ERCP. A 
variety of endoscopic, radiologic, and surgical 
modalities are available to treat hemobilia. By 
contrast, endoscopy has a very small role in the 
management of clinically significant hemosuc-
cus pancreatitis. Angiographic interventions are 
typically the first line therapy, with surgery re-
served for treatment failures. High clinical sus-
picion must be maintained based on the patient’s 
history in order to diagnose these conditions.

Key Points

•	 Always consider and maintain a high sus-
picion for hemobilia and hemosuccus pan-
creaticus as potential sources of obscure 
GI bleeding based on the patient’s clinical 
history.

•	 When hemorrhage from the papilla is noted, 
determine if the origin is in the bile duct, pan-
creatic duct, or the major papilla.

•	 Recent biliary, pancreatic, papillary, or liver 
instrumentation provides a strong clue to the 
origin of the bleeding.

•	 In significant hemobilia, consider empiric 
placement of a fully covered biliary metal 
stent to maintain biliary patency and possi-
bly deliver tamponade-induced hemostasis 
depending on the bleeding site.

•	 Selective angiographic embolization is the 
therapy of choice in many cases of hemosuc-
cus pancreaticus and hemobilia.

Video Caption 

Video 16.1 Hemobilia during stent removal
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Introduction

Pancreatobiliary problems in patients with al-
tered gastrointestinal anatomy present a special 
challenge. The difficulties are distributed across 
all the relevant clinical domains including diag-
nosis, endoluminal access (as a result of the al-
tered length), technical modifications of the pro-
cedure and aftercare. Indications for endoscopic 
retrograde cholangiopancreatography (ERCP) in 
patients who are post-surgical encompass all the 
indications for the procedure in patients with na-
tive gastrointestinal anatomy. Some conditions 
are more common in patients who have under-
gone weight loss surgery. Rapid weight loss in-
creases bile lithogenicity and thus the likelihood 
of gallstone formation in those patients with in-
tact gallbladders.

Making a prompt diagnosis of pancreatobi-
liary conditions in patients with altered anatomy 
may require a heightened index of suspicion and 
a nuanced approach to the interpretation of axial 
imaging. Biliary sepsis in patients with altered 

anatomy, for example, may not always present 
with all the elements of fever, jaundice and bio-
chemical dysfunction. Appreciation of this possi-
bility enables a clinician to make a prompt diag-
nosis when the clinical picture is subtle.

Technically, endoluminal access and the ap-
proach to the pancreatic and bile ducts depend on 
two major considerations:
a.	 The presence of an intact ampulla versus a 

surgical anastomosis
b.	 The distance of the pancreatobiliary limb from 

the portal of entry (usually the mouth)
These considerations are summarized in 
Table 17.1. Generally speaking, deep enterosco-
py or trans-abdominal access is necessary if the 
ampulla or surgical pancreatobiliary anastomoses 
cannot be reached within 180 cm from the point 
of insertion (Fig. 17.1). In these cases, ERCP can 
be performed using device-assisted enteroscopy 
with single- or double-balloon enteroscopy, short 
double-balloon enteroscopy, spiral overtube en-
teroscopy or through-the-scope balloon enter-
oscopy. When these techniques are technically 
overly onerous, unavailable or unsuccessful, the 
bile and pancreatic ducts can be accessed via 
percutaneous gastrostomy/jejunostomy or during 
laparoscopy via a port. There are ever-increas-
ing reports in the literature of successful ERCP 
in patients with altered surgical anatomy using 
a variety of endoscopes across the spectrum of 
altered anatomy. The success rates are variable 
with very high rates reported for Billroth II and 
the most difficult being accessing an intact am-
pulla in a patient with long-limb Roux-en-Y gas-
tric bypass (RYGB). It is against this backdrop 
that it is imperative to consider risk–benefit ratio, 
details of the actual surgical operation, avail-
ability of appropriate endoscope and/or assistive 
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springer.com/chapter/10.1007/978-1-4939-2320-5_17.
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technologies, and availability of necessary endo-
scopic expertise prior to contemplating ERCP in 
these patients.

Case Study

Initial Presentation

A 62-year-old gentleman who works as a chiro-
practor presented with 1 day of fevers, chills and 
right upper quadrant pain. He had experienced 
similar symptoms in the past; however, these 

were always transient. Persistence and profound 
worsening of his symptoms prompted entry to the 
emergency room. His physical exam was notable 
for a fever of 102 °F, scleral icterus, well-healed 
laparoscopy port entry scars and RUQ abdominal 
tenderness. He was found to have total bilirubin 
3.8, alkaline phosphatase 641, ALT 440 and AST 
152. His white blood cell count was elevated at 
16,600 with neutrophil predominance. His past 
medical history was significant for sleep apnea 
and type II diabetes, both of which had improved 
to the point of resolution following weight loss 
from RYGB. After RYGB 2 years prior, he 

Table 17.1   Surgical alteration relevant to altered anatomy ERCP
Type of procedure Common indication Approximate afferent 

(biliopancreatic) limb 
lengtha

Biliary drainage

Roux-en-Y gastric bypass Weight management Long limb > 100 cm Intact papilla
Billroth II gastrojejunostomy Complications of peptic 

ulcer disease
Short limb < 50 cm Intact papilla

Total gastrectomy with 
esophagojejunostomy

Gastric cancer Short limb < 50 cm Intact papilla

Pancreaticoduodenectomy 
(Whipple) resection

Pancreatic head cancer Short limb < 50 cm Bilioenteric anastomosis

Roux-en-Y hepatico- or 
choledochojejunostomy

Bile duct injury, chol-
angiocarcinoma, liver 
transplant

Variable Bilioenteric anastomosis

a Please note that the lengths do not include the distance to the entero-enteric anastomosis

Fig. 17.1   Standard scope length and distance from the mouth to the biliary orifice following surgical alteration of the 
gastrointestinal tract. BPD biliopancreatic diversion, RYGBP Roux-en-Y gastric bypass procedure
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had lost a total of 76 kg (167.2 lbs). In the ER, 
a diagnosis of acute cholangitis was made. A 
right upper quadrant ultrasound demonstrated 
a 14-mm dilated common bile duct without ac-
companying filling defect. A CT scan of the ab-
domen demonstrated the aforementioned biliary 
dilatation and post-surgical changes. He was not 
enthusiastic about a percutaneous biliary proce-
dure and was referred for consideration of ERCP. 
His surgical records were reviewed, revealing a 
standard laparoscopic gastric bypass. Following 
administration of intravenous fluids and antibiot-
ics, deep enteroscopy with ERCP was planned. 
He was orotracheally intubated and placed in su-
pine position for ERCP examination.

What Techniques Enable Reaching the 
Ampulla or Pancreatobiliary-Enteric 
Anastomosis?

The initial choice of scope to try to reach the 
ampulla or pancreatobiliary-enteric anastomosis 
depends on the surgical anatomy.

Billroth II Surgery

In contrast to RYGB, a standard duodenoscope 
or forward-viewing pediatric colonoscope read-
ily accesses the afferent limb in most patients 
with Billroth II anatomy depending on the avail-
able expertise. In a single-center study of 855 
ERCPs in 537 patients with Billroth II, all pro-
cedures began with a standard duodenoscope, 
and the duodenal stump and papilla were identi-
fied 89 % (477/537) of the time. There was a 2 % 
(11/537) jejunum perforation rate [1]. Therefore, 
most patients with Billroth II anatomy can be ap-
proached using a standard duodenoscope or, as 
an alternative, a pediatric colonoscope. Standard 
colonoscope insertion techniques including loop 
reduction, abdominal pressure and turning the 
patient may aid in Billroth II and other surgical 
anatomies.

Whipple Surgery

Similarly, in Whipple patients, the area of the 
pancreatobiliary-enteric anastomoses in the af-
ferent limb is successfully reached in 86–93 % 
by using the duodenoscope in 76 % of cases and 
the rest accessed with a gastroscope and adult or 
pediatric colonoscope [2–4]. Complications oc-
curred in 1 % consisting of conservatively man-
aged retroperitoneal perforation. The challenges 
the endoscopist face in reaching the anastomoses 
in Whipple patients include entering the afferent 
limb and advancing to the anastomoses. Tips to 
aid in entering and reaching the anastomoses in-
clude changing to a forward-viewing endoscope, 
application of abdominal pressure to prevent en-
doscope looping, changing the patient’s position, 
inserting a stiffening wire (Enteroscope stiffen-
ing device, Zutron Medical, Lenexa, KS) into the 
accessory channel to stiffen the scope and tattoo-
ing the entrance to the afferent limb.

Roux-en-Y Anatomy

Patients with a RYGB will require an alternative 
method to reach the afferent limb due to its long 
length. Device-assisted enteroscopy (DAE) with 
double balloon (DBE), short double balloon, 
single balloon (SBE) and spiral enteroscopy (SE) 
is one such method. It has improved our ability 
to reach the ampulla or bilioenteric anastomosis 
to perform therapy in RYGB patients, although 
it has limitations. Several reports of DAE-ERCP 
using DBE, short double balloon and SBE in pa-
tients with altered anatomy have been published 
in the literature with success rates ranging from 
60 to 95 %. A multicenter study of 129 patients 
with post-surgical anatomy (63 RYGB, 30 with 
other Roux-en-Y anatomy) who had DAE-ERCP 
reported that enteroscopy success (visualizing 
papilla or pancreatobiliary-enteric anastomosis) 
was achieved in 92 of 129 (71 %). The most com-
mon reason for ERCP failure was inability to 
reach the papilla or pancreatobiliary anastomo-
sis [5]. Despite the possible increased success of 
reaching the ampulla or pancreatobiliary-enteric 
anastomosis with DAE-ERCP, this technique is 
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limited due to the absence of an elevator on the 
enteroscopes and the limited number of entero-
scope-compatible ERCP accessories.

In DAE, the use of a balloon or rotating over-
tube to sequentially reduce and pleat the small 
bowel over a standard enteroscope allows for 
deep intubation into the small bowel. During 
DAE-ERCP, the enteroscope and overtube are 
advanced through the mouth, across the end-
to-side gastrojejunostomy and down the jejunal 
Roux limb to the jejuno-jejunostomy (Fig. 17.2). 
To facilitate insertion, low insufflation and se-
quential inflation/deflation of the overtube bal-
loon accompanied by aggressive pleating of the 
small bowel should be performed. One challenge 
at the jejuno-jejunal anastomosis is to identify the 
biliopancreatic limb. At the anastomosis, the en-
doscopist may visualize 2 lumens. An additional 
blind-end lumen may be present if the anastomo-
ses have been created in an end-to-side fashion. 
Though not infallible, the direction of the valvu-
lae conniventes provides a more reliable guide 
than the presence of bile, which is frequently 
found in both limbs. The use of fluoroscopy may 
help identify the biliopancreatic limb. Inadver-
tent entry into the common channel/efferent limb 
is often followed by the appearance of multiple 
intestinal loops in the pelvis on fluoroscopy. An 
enterogram obtained by injecting contrast via the 

accessory scope channel can often delineate the 
likely positions of the biliopancreatic and the 
common limb. When the common limb is un-
intentionally intubated, the enteroscope should 
be withdrawn slowly to the level of the jejuno-
jejunostomy. A submucosal tattoo placed at the 
entrance to the common limb is very helpful to 
minimize repeated inadvertent entry to that limb.

Often, the biliopancreatic limb is situated at 
an obtuse angle and requires abdominal counter 
pressure and good endoscopic technique to enter 
this limb. A change in the patient’s position may 
facilitate this process. Passage of a colon length 
dilator or special length stone extraction balloon 
into the biliopancreatic limb and inflating the 
balloon can sometimes simplify entry into this 
limb by stiffening the enteroscope and providing 
counter traction. A stiffening wire advanced into 
the accessory channel of the enteroscope can also 
aid when looping. The overtube or balloon also 
acts as a splint which allows negotiation of these 
acute angulations often found at the gastrojejunal 
or jejuno-jejunal anastomoses.

Regardless of the approach, it is optimal for 
the bare enteroscope to enter the limb followed 
by the overtube. Following an established posi-
tion in the biliopancreatic limb, pleating of the 
small bowel assists navigation to the ampulla or 
bilioenteric anastomosis. In RYGB patients, the 

Fig. 17.2   Endoscopic view of jejuno-jejunal anastomosis 
in RYGB with enteroscope seen emerging from the Roux 
limb in the upper left. The entrance to the afferent/pancre-

aticobiliary limb is seen below to the left. (Courtesy Dr. 
Linda Lee, Brigham and Women’s Hospital, Boston, MA)
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pylorus and excluded stomach denote the end of 
the navigation portion of the procedure as does 
the blind end of the loop in patients with a Roux-
en-Y loop.

Attempts to traverse the afferent limb endo-
scopically have been made with varying success 
using the side-viewing duodenoscope, pediatric 
colonoscope and push-enteroscope. The side-
viewing duodenoscope is the preferred endo-
scope to perform ERCP and duct cannulation. 
The side view of the papilla is optimal, and the 
presence of the elevator makes selective duct 
cannulation easier. However, reaching the am-
pulla with a duodenoscope is usually unsuccess-
ful in Roux-en-Y anatomy with its long afferent 
limbs. One study reported the papilla could be 
reached in only 33 % of patients with Roux-en-Y 
anatomy using a duodenoscope [6].

The pediatric colonoscope offers the advan-
tage of a longer working length (164  cm) but 
the forward-view approach and lack of elevator 
make cannulation of the bile duct challenging. 
One way to overcome these challenges is to use 
the pediatric colonoscope or push-enteroscope 
to reach the papilla, place a long stiff guidewire 
over which the colonoscope or enteroscope is re-
moved under fluoroscopy and the duodenoscope 
is subsequently advanced back to the papilla over 
the wire. A 15- or 18-mm stone extraction bal-
loon can be advanced as far down the afferent 
limb as possible or into the excluded stomach in 
RYGB, inflated, and then used to pull the duode-
noscope into position. Despite this, success rates 
remain variable. One study that looked at ERCP 
using adult or pediatric colonoscopes in patients 
who had Roux-en-Y hepaticojejunostomy for 
orthotopic liver transplant reported 29 % failure 
at reaching the papilla [7]. In another study that 
employed the guidewire exchange technique in 
15 patients with long Roux-en-Y anatomy and 
a native papilla, the papilla was reached in 67 % 
(10/15) of patients. The main reason for failure 
was the inability to advance the duodenoscope 
to the region of the papilla. In some cases, the 
duodenoscope was pulled into the afferent limb 
with a wire-guided balloon passed retrograde 
into the afferent limb. Cannulation and therapy 
were primarily performed with a duodenoscope 

after exploration and placement of a guidewire in 
the afferent limb with a forward-viewing colono-
scope. Of note, the five patients in whom ERCP 
was not possible all had RYGB anatomy, which 
highlights the need for alternative methods to 
perform successful ERCP in this specific patient 
population [8].

At the Papilla—Now What?

Identifying the Ampulla and 
Pancreatobiliary-Enteric Anastomoses

Native papillae are typically readily identified 
endoscopically. Unfortunately, pancreatobiliary-
enteric anastomoses may be very difficult to iden-
tify, and simply reaching the end of the afferent 
limb/Roux-en-Y jejunal loop does not guaran-
tee success. Techniques to aid in identifying the 
anastomoses include the following: observing for 
an air cholangiogram on fluoroscopy, carefully 
examining the antimesenteric side of the afferent 
limb, filling the jejunum with contrast and repo-
sitioning the patient to encourage the contrast to 
reflux into the ducts, spraying methylene blue in 
the area where the anastomoses may be located, 
and injecting secretin to elicit pancreatic secre-
tions (Fig.  17.3). In Whipple patients, the cho-
ledochojejunostomy is typically located down-
stream from the pancreaticojejunostomy, which 
is found near the end of the afferent limb. The 
anastomoses are often variable in position and a 
number of findings may denote their location—
the presence of surgical material such as sutures/
staples and a frequently bland appearance of the 
mucosa surrounding the perimeter of the anasto-
mosis (Fig.  17.4). In some instances, high-vol-
ume contrast enterography once the endoscope 
is situated in the periphery of the anastomoses 
may help identify the position of the anastomo-
ses. The choledochojejunostomy is more readily 
identified in 85 % of cases and is an end-to-side 
anastomosis [4]. The sutured pancreaticojejunos-
tomy may be end-to-side or end-to-end and is lo-
cated in only 42–50 % of patients.
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Cannulating and Performing Therapy

Once the ampulla/pancreatobiliary-enteric anas-
tomosis has been identified, further challenges 
may await. The ideal situation is having reached 
these orifices using a duodenoscope through 
which all the standard ERCP accessories may be 
used over an elevator. The colonoscope or shorter 
forward-viewing scopes will allow use of most 
ERCP accessories, but lack the elevator which 
can make cannulation difficult. The diameter of 
the working channel of a pediatric colonoscope 
will not accept 10-Fr plastic stents. Finally, the 
2-m-long single- and double-balloon enteroscope 
platforms are too long to permit use of standard 

length sphincterotomes and accessories. A spe-
cial length stone extraction balloon (Tri-Ex ex-
traction balloon), sphincterotome (Classic Cotton 
cannulatome), needle knife sphincterotome (Zim-
mon needle knife papillotome), dilation balloon 
(Quantum TTC biliary balloon dilator), dilation 
catheter (Soehendra biliary dilation catheter) and 
extra-long guidewire (Tracer metro direct guide-
wire 600  cm long) are all commercially avail-
able through Cook Medical (Bloomington, IN) 
and well suited for use via the 2.8-mm accessory 
channel of the enteroscope. The short double-bal-
loon enteroscope system uses an enteroscope that 
is 152 cm long and allows use of standard ERCP 
accessories. Regardless, the 2.8-mm channel of 

Fig. 17.3   a. Fluoroscopy of ERCP in patient following 
Whipple surgery and another Roux-en-Y reconstruction 
using pediatric colonoscope with partial air cholangio-
gram visualized superior to the end of the colonoscope 
b. Contrast filling the jejunal loop and refluxing back 

through the choledochojejunostomy into the CBD. These 
techniques allowed endoscopic identification of the cho-
ledochojejunostomy. (Courtesy Dr. Linda Lee, Brigham 
and Women’s Hospital, Boston, MA)

 

Fig. 17.4   Choledochojejunos-
tomy ( arrow) with nearby suture 
material. (Courtesy Dr. Linda 
Lee, Brigham and Women’s 
Hospital, Boston, MA)
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these enteroscopes limits the size of deployable 
stents to 7-Fr stents. At the author’s institution, 
the use of a through-the-scope balloon with an 
adult colonoscope for these procedures is evolv-
ing and permits the placement of the entire arma-
mentarium of stents. This is a single-use balloon 
catheter advanced through the accessory channel 
ahead of the scope and requires at least a 3.7 mm 
channel diameter. After inflating the balloon, the 
scope is advanced to the balloon while holding 
counter traction on the balloon catheter, the bal-
loon is deflated and the cycle repeated [9]. Data 
are awaited on the use of this device in ERCP. If 
DAE-ERCP is planned, careful preparation must 
be done beforehand to ensure that the appropriate 
accessories are available.

Success rates of DAE-ERCP are lower in cases 
with an intact papilla (50–60 %) versus bilioen-
teric anastomoses (80–90 %) although a recent 
large retrospective series suggested comparable 
cannulation success rates for native papilla and 
anastomoses [5, 10–13]. Cannulating the ampul-
la or anastomosis can be technically intricate for 
multiple reasons including the forward-viewing 
approach and the absence of an elevator. From 
the author’s personal experience, manipulating 
the ampulla to a near 6 o’clock position when-
ever possible is often helpful as well as approach-
ing the ampulla using the closest en-face posi-
tion possible. The special length sphincterotomes 
do not provide much of an arc, and this position 
enables precise sphincterotome placement using 
the torque of the endoscope shaft with or with-

out abdominal counter pressure. Placement of a 
pancreatic duct stent prior to biliary cannulation 
is a very helpful consideration in patients with 
altered surgical anatomy as it enables true orien-
tation with regard to the position of the bile duct. 
This “real-time” orientation facilitates both bili-
ary cannulation and the orientation for sphincter-
otomy and is superior in most instances to an a 
priori “guestimate” of the position and orienta-
tion of the bile duct. The simplest and safest way 
to approach performing a sphincterotomy is to 
place a stent in the bile or pancreatic duct to act as 
a guide. Sphincterotomy is then performed using 
a needle knife over the stent. Another relatively 
straightforward technique which may mitigate 
some perforation risk is to perform a partial or 
“small” sphincterotomy in the cephalad direction 
followed by balloon sphincteroplasty (Fig. 17.5).

In Whipple patients, cannulation of the bile 
or pancreatic duct is successful once the anasto-
moses have been identified [3, 4]. Cannulation is 
also highly successful in Billroth II patients with 
success rates from 91 to 100 % although it may 
be more challenging when using a forward-view-
ing scope without an elevator [14]. Additionally, 
in Billroth II anatomy, the ampulla is oriented up-
side-down or reversed from the normal anatomy 
with the bile duct coursing along the 5–6 o’clock 
rather than the 11–12 o’clock position. Wire-
guided cannulation through a Billroth II papillo-
tome with the cutting wire oriented in the inferior 
position (opposite the normal position on a stan-
dard sphincterotome), rotatable sphincterotomes 

Fig. 17.5   a. Normal-appearing ampulla approached ret-
rograde via SBE-ERCP in patient following RYGB b. 
Small sphincterotomy performed followed by balloon 

sphincteroplasty and extraction of a biliary stone seen to 
the left of the dilated sphincterotomy site. (Courtesy Dr. 
Linda Lee, Brigham and Women’s Hospital, Boston, MA)
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and sphincterotomes with an S-shaped tip aid in 
cannulating [15–17]. Straight-tipped catheters 
may also be used, and molding the tip with a 
downward curve may help. Sphincterotomy in 
the setting of a Billroth II surgery is reversed and 
in the caudad rather than cephalad direction; the 
Billroth II papillotome can be quite helpful. In the 
author’s experience, a rotatable sphincterotome 
like the Autotome RX (Boston Scientific, Marl-
borough, MA) provides more precise orientation 
for performing sphincterotomy in the setting of a 
Billroth II ampulla. Once the sphincterotome is 
down the channel of the endoscope, rotating the 
handle may not get transmitted to the tip of the 
instrument in a 1:1 fashion. Tips to overcome this 
problem include the following: pulling and push-
ing the sphincterotome back and forth inside the 
biopsy channel, straightening the endoscope, and 
lubricating the channel with silicone or lubricat-
ing jelly. Because the orientation of the bile duct 
is reversed, placing a stent within the bile duct 
and performing a needle knife papillotomy over 
the stent is another option.

How are Accessories Exchanged During 
Enteroscopy-Assisted ERCP?

Exchanging accessories can be challenging 
whenever a 2-m enteroscope is used. The spe-
cialized ERCP accessories, such as the G22732 
Cotton cannulatome and 275 cm Tri-Ex balloon 
(Cook Medical, Bloomington, IN), are not espe-
cially suited for wire exchange, and it is critical 
not to lose ductal access during a wire exchange. 
Whenever possible, the longest 600  cm guide-
wire should be used. Delivering and exchanging 
the guidewire through a hole created in the side 
of the distal portion of the sphincterotome greatly 
facilitate exchange. A 60-cc water-filled syringe 
can be attached to the sphincterotome or another 
accessory, and the counter pressure applied using 
a static column of water will often maintain duc-
tal access during exchange.

Case Continued

The ampulla was reached, identified and subse-
quently cannulated using a special long-length 
sphincterotome and a standard 450-cm guide-
wire. Contrast was injected in retrograde fashion 
demonstrating a dilated common hepatic and in-
trahepatic duct with a moderate amount of amor-
phous sludge in the common hepatic duct. The 
gallbladder was surgically absent; however, there 
was a filling defect in a dilated cystic duct rem-
nant and the distal common bile duct with a short 
1.5-cm benign appearing biliary stricture distal-
ly. A 7-fr, 7-cm plastic Cotton-Leung stent was 
placed, which was the largest diameter possible 
through the enteroscope. Following stent place-
ment, there was copious drainage of discolored 
bile and particulate material from the ducts.

How Successful is ERCP in Surgically 
Altered Anatomy?

Despite improved technology and techniques, the 
overall success of ERCP in patients with surgi-
cally altered anatomy is variable. This variability 
reflects the diversity of surgically altered anato-
my (Figs. 17.6, 17.7, and 17.8). In one study of 
patients who had Roux-en-Y hepaticojejunos-
tomy for orthotopic liver transplant using colo-
noscope for ERCP, overall 71 % (22/31) diag-
nostic and therapeutic success rate was reported 
with median procedure time of 43  min and no 
complications [7]. A small study of 15 patients 
with long Roux-en-Y anatomy and native papilla 
using the guidewire technique to ultimately ad-
vance the duodenoscope noted successful biliary 
sphincterotomy in 100 % of patients in whom the 
papilla was reached.8 Mean procedure time was 
137 min with no complications when the papilla 
was not reached. Complications occurred in 16 % 
of patients following completed ERCP (2 mild-
to-moderate pancreatitis and 1 mild bleeding).

In the large single-center study of 537 patients 
with Billroth II anatomy mainly using a duode-
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Fig. 17.7   Roux-en-Y gastric by-
pass ( RYGB): Note gastric pouch, 
gastrojejunal anastomosis and 
jejuno-jejunal anastomosis

 

Fig. 17.6   Billroth II anatomy: 
Note antrectomy and end-to-side 
gastro-enteral anastomosis
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noscope, biliary or pancreatic duct cannulation 
was successful in 93 % of these cases [1]. An 
older study randomly assigned 45 patients with 
Billroth II to ERCP using a duodenoscope or pe-
diatric colonoscope. Cannulation of the papilla 
was successful in 68 % (15 of 22) of the duode-
noscope group, and in 87 % (20 of 23) from the 
colonoscope group. Sphincterotomy was suc-
cessfully completed in 80 % (8 of 10) of the duo-
denoscope group, and in 83 % (10 of 12) from 
the colonoscope group. The cannulation failures 
in the duodenoscope arm were mainly due to 
four cases of jejunal perforation while no perfo-
ration occurred in the colonoscope group [18]. 
Another study randomized Billroth II patients to 
sphincterotomy using a needle knife over a bili-
ary stent or balloon sphincteroplasty and found 
no significant differences in overall success (83–
88 %), median procedure time (63 and 40  min, 
respectively) or complications (39 versus 19 %, 
respectively) [19]. One caveat to this study is the 
small sample size which precluded sample size 
calculation.

In Whipple patients, technical success dra-
matically differed between those with a biliary 
compared to a pancreatic indication for ERCP 

(84 versus 8 %, p < 0.001) [2]. This mainly results 
from the difficulty in locating the pancreaticoje-
junostomy despite use of adjunctive techniques 
including spraying methylene blue and secretin 
injection.

A recent comprehensive review of DAE-ER-
CP (DBE, SBE, spiral enteroscopy) included 945 
procedures in 679 patients with a variety of sur-
gical anatomies and reported overall 74 % suc-
cess in completing the intended ERCP procedure 
(ERCP success) and 3.4 % major complications 
[13]. Perforation was most common with nearly 
half requiring surgery followed by pancreatitis 
and rarely bleeding. Success rates were highest in 
Billroth II patients with 96 % endoscopic success 
defined as reaching and identifying the ampulla 
or pancreatobiliary-enteric anastomosis and 90 % 
ERCP success. As expected, RYGB patients had 
lowest success rates (80 % endoscopic success, 
70 % ERCP success) while other Roux-en-Y 
anatomies (Whipple and hepaticojejunostomy) 
had 85 % endoscopic success and 76 % ERCP 
success. Cannulation rates of native ampulla and 
anastomosis were similar (90 and 92 %, respec-
tively).

Fig. 17.8   Pyloric-sparing 
Whipple: Note pancreatic, biliary 
and duodenal resection, a short 
duodenojejunostomy and the 
afferent ( biliopancreatic) and 
efferent loops
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The US multicenter study of 129 patients with 
post-surgical anatomy undergoing 945 ERCPs 
using DAE (SBE, DBE, spiral enteroscopy) 
found that ERCP success, defined as complet-
ing the intended pancreatobiliary procedure, was 
achieved in 81 of 129 (63 %) patients. When the 
ampulla or pancreatobiliary-enteric anastomosis 
could be visualized, ERCP was accomplished 
successfully in 81 of 92 (88 %) patients. ERCP 
and native papilla cannulation success were inde-
pendent of the type of DAE used. Median proce-
dure time ranged from 90 to 120 min. Complica-
tions occurred in 12 % of patients and included 
pancreatitis, bleeding, perforation (one required 
surgery for afferent limb perforation in a Whipple 
patient) and a death from an embolic stroke [5].

Another study compared the diagnostic and 
therapeutic yield of SBE to spiral-assisted (SE) 
ERCP in 34 patients with Roux-en-Y who under-
went 54 ERCP procedures. There were no sig-
nificant differences between the two approaches 
including rates of successful cannulation (48 % 
SBE and 40 % SE) and therapy (100 % SBE and 
89 % SE). No differences in procedure time and 
rates of complication were reported [10].

A recent retrospective series evaluated the 
utility of the short double-balloon enteroscope 
in post-surgical patients [20]. Overall success 
was 81 % with nearly all cases of failure to reach 
the ampulla or anastomosis occurring in RYGB 
patients. Cannulation was achieved in 90 % of 
patients in whom the ampulla or anastomosis 
was reached with most cannulation failures re-
sulting from inability to identify the papilla or 
anastomosis. Therefore, the short double-balloon 
enteroscope may be a useful tool especially for 
non-RYGB patients allowing the use of standard 
ERCP accessories.

Transabdominal Approach to ERCP

When ERCP is not successful using one of the 
previously described endoscopic techniques, a 
transabdominal approach via a mature gastrosto-
my tract or 15 mm trocar at laparoscopy may be 
required. The advantage to using this approach 
for ERCP is that a duodenoscope and all other 

standard ERCP accessories can be used. The 
gastrostomy tract can be created percutaneously 
(by interventional radiology or gastroenterology 
via DAE), laparoscopically or via open surgery. 
ERCP through a gastrostomy in a Roux-en-
Y anatomy was first reported by Baron et  al in 
1998 [21]. An open Stamm gastrostomy of the 
bypassed stomach was created with placement of 
a 24-F Malecot tube. The gastrostomy tract was 
allowed to mature for 2 weeks, then the tube was 
removed and wire-guided dilation of the tract was 
performed, permitting insertion of the duodeno-
scope to perform the ERCP. Since then, several 
versions of the same method have been reported 
with good success rates [22–28]. One case series 
included 28 patients with RYGB who underwent 
laparoscopic gastrostomy for pancreatobiliary 
access and reported 100 % success rate in pancre-
atobiliary cannulation. One of the laparoscopies 
had to be converted to open access. Complica-
tions in this series included pancreatitis, superfi-
cial wound infection and gastrostomy leak [23]. 
A modification on the original technique allows 
single-session ERCP through a gastrostomy in 
RYGB patients. The excluded stomach is reached 
with DAE followed by placement of three T-tags 
around the intended gastrostomy site to appose 
the stomach and abdominal walls. Following cre-
ation of the gastrostomy, a fully covered esopha-
geal stent is deployed, dilated and held in place 
while ERCP is performed through it. Finally, a 
26-Fr gastrostomy tube is left in place followed 
by removal of the stent after it is cut longitudi-
nally [29].

A retrospective study compared 28 DBE-
ERCP with 44 ERCP through a gastrostomy 
in RYGB patients [30]. Indications for ERCP, 
procedure length, success and complications all 
significantly differed between the two groups. 
Sphincter of Oddi dysfunction was the most 
common reason for ERCP through a gastrostomy 
while choledocholithiasis and malignant stric-
tures were the most common indications in the 
DBE-ERCP group. Compared with DBE-ERCP, 
gastrostomy-ERCP was significantly shorter 
(mean 46 versus 101  min) and more success-
ful (100 versus 56 %). Complications were also 
more common with gastrostomies than DBE (15 
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versus 3 %); however, this was attributable to 
gastrostomy-related issues. While gastrostomy-
ERCP appears appealing, it requires waiting 
nearly a month for the tract to mature. Single-
session ERCP with gastrostomy creation requires 
further study.

Laparoscopic-assisted ERCP is another 
well-established method of performing ERCP 
in Roux-en-Y patients. This method involves 
close coordination between the surgeon and 
the endoscopist. The surgeon creates a laparo-
scopic access into the gastric remnant or small 
bowel in addition to a trochar that measures up 
to 15 mm for introduction of the duodenoscope. 
The endoscopist then advances a sterile standard 
duodenoscope through the trochar into the lapa-
roscopic access point created. This method has 
been reported in several case series with high 
success rates (90–100 %) and low complication 
rates, mostly mild pancreatitis [24, 27, 31, 32]. 
One study compared 24 laparoscopic-assisted 
ERCP to 32 DAE-ERCP. Laparoscopic-assisted 
ERCP was superior for papilla identification 
(100 versus 72 %, p = 0.005), cannulation rate 
(100 versus 59 %, p < 0.001) and therapeutic suc-
cess (100 versus 59 %, p < 0.001). Total length of 
the Roux limb combined with the biliopancreatic 
limb being greater than 150  cm was associated 
with poor therapeutic success during DAE-ER-
CP [26]. Thus, in patients with total limb length 
greater than 150 cm, laparoscopic-assisted ERCP 
may be considered the first approach if the exper-
tise is available.

Case Continued

Given the ERCP findings, anticipated need for 
multiple ERCPs in the future, and the background 
of a comprehensive pre-procedure discussion with 
the patient and his daughter, a decision was made 
to establish a gastrostomy to offer easy access 
for subsequent procedures. The excluded stom-
ach was entered, a point of unequivocal transil-
lumination was identified, and a standard 20-Fr 
PEG tube was placed. To facilitate passage via the 
overtube, an ERCP hybrid guidewire was used in-
stead of the standard kit guidewire (Video 17.1).

After biliary decompression, the patient im-
proved clinically and was discharged following 
resolution of pain and fevers. His biochemistries 
resolved over a fortnight. He returned 7 weeks 
later for stent revision. The gastrostomy tube was 
removed and a small caliber endoscope inserted 
via the PEG tract to the duodenojejunal angle be-
yond the ampulla. A guidewire was placed into 
the jejunum and the endoscope withdrawn. Over 
this wire, sequential dilatation of the gastrostomy 
site was performed using Savary dilators. In the 
author’s experience, this offers the safest effec-
tive option for dilating the tract prior to trans-
abdominal ERCP. A diagnostic duodenoscope 
was inserted without difficulty and the ampulla 
reached within 20 cm. The biliary stent was re-
moved with a snare. A complete biliary sphinc-
terotomy was performed without difficulty. A 
wire-guided lithotripter compatible basket was 
used to easily capture and crush the biliary stone. 
To treat the distal CBD stricture, a 10 × 60 mm 
fully covered self-expandable metal stent (Wall-
flex, Boston Scientific, Marlborough, MA) was 
placed. This is the largest caliber stent that can 
be placed using a diagnostic duodenoscope. Fol-
lowing placement, there was marked egress of 
stone debris and particulate material from the 
bile duct. The scope was withdrawn and a 24-Fr 
low-profile gastrostomy button was inserted into 
the gastrostomy. He returned 8 months later for 
another transabdominal ERCP. The stent was re-
moved and repeat cholangiogram demonstrated 
complete resolution of the distal CBD stricture. 
The PEG tube was removed, and the gastrostomy 
was left to close spontaneously. The patient has 
remained asymptomatic, and his liver function 
tests are being monitored on a quarterly basis.

Key Points

•	 Post-surgical anatomy portends challenges 
for pancreatobiliary procedures due to the 
distance to the papilla and the approach for 
cannulation. The best approach must be deter-
mined for each individual case.

•	 Based on the type of surgery, the expected 
limb length and biliary orifice (native papilla 
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versus anastomosis) should be known. Cannu-
lating a native papilla is more challenging via 
a retrograde approach.

•	 Standard duodenoscopes may be successful 
in known short Roux limbs as with Billroth 
II anatomy. If this approach is unsuccessful, a 
pediatric colonoscope or enteroscope may be 
used to perform the ERCP or allow the inser-
tion of a guidewire over which a duodeno-
scope can be advanced.

•	 Device-assisted enteroscopy has increased 
ERCP success rates in Roux-en-Y anatomy. 
Though scant, present data suggest no differ-
ences in outcome with the type of device used.

•	 For patients with a long Roux limb and native 
papilla, the better option is often transabdomi-
nal ERCP through a gastrostomy or jejunos-
tomy or a laparoscopic-assisted ERCP if the 
expertise is available.

Video Caption

Video 17.1 The patient in this video had under-
gone a laparoscopic cholecystectomy complicat-
ed by biliary injury requiring Roux-en-Y hepati-
cojejunostomy. Many years later, she presented 
with biliary colic and elevated LFTs. MRCP 
demonstrated biliary stones with mild narrow-
ing of the distal bile duct and anastomosis. This 
video demonstrates device-assisted enteroscopy 
using single-balloon enteroscopy to navigate 
across the jejuno-jejunal anastomosis and then to 
the hepaticojejunostomy where migrated suture 
material is visible emerging from the bile duct 
with a bland appearance of the mucosa surround-
ing the anastomosis. Cholangiogram (not shown 
here) showed mild distal biliary/anastomotic de-
formity and narrowing. Balloon dilation of the 
distal bile duct and anastomosis was performed 
using a hydrostatic balloon over a long guide-
wire. Note subsequent direct endoscopic visual-
ization of stones followed by balloon extraction 
of the stones. Subsequent to the video, the mi-
grated suture was removed using argon plasma 
coagulation
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Introduction

Adenomas of the ampulla of Vater are rare with 
prevalence of 0.04–0.12 % at autopsy [1–4]. 
Nonetheless, these lesions are encountered not 
infrequently by endoscopists, likely owing to the 
small size at which they may result in symptoms 
of biliary obstruction as well as the increased use 
of endoscopy. The potential early onset of symp-
toms, in addition to increasing experience with 
therapeutic ERCP, likely contributes to the early 
detection, treatment, and excellent survival asso-
ciated with these lesions.

Ampullary adenomas are most commonly 
small, sessile polypoid lesions. Pathologically 
they are generally villous and tubulovillous ad-
enomas. They are often sporadic, though they also 
occur in association with genetic polyposis syn-
dromes such as familial adenomatous polyposis 
(FAP), which confer a 300-fold increased risk of 
developing an ampullary adenoma [5, 6]. Nearly 

90 % of FAP patients develop ampullary adeno-
mas in their lifetime with about 4 % progressing to 
malignancy [7]. This contrasts with sporadic am-
pullary adenomas which have a reported incidence 
of malignant transformation ranging from 25 to 
85 %. Therefore, these lesions require resection or 
surveillance [8, 9]. Resection has historically been 
limited to pancreaticoduodenectomy (PD) and 
transduodenal excision (TDE); however, in 1993 
the first report of endoscopic resection with cura-
tive intent, also known as endoscopic ampullec-
tomy (or papillectomy), was published [10]. Since 
that time, with growing interest in minimally inva-
sive techniques aimed at lowering the morbidity 
and mortality associated with such procedures, in-
vestigations into choosing optimal candidates for 
and techniques of endoscopic ampullectomy have 
ensued. Additionally, more optimal application 
of new and existing technologies, including en-
doscopic ultrasound (EUS), may aid in the selec-
tion of patients who will most likely benefit from 
therapeutic endoscopic ampullectomy.

Indications for Ampullectomy

There exist no clear and widely accepted guide-
lines regarding selection of patients for surveil-
lance versus resection of ampullary adenomas 
[11]. There are however known differences in 
risk of transformation to carcinoma depending on 
patient characteristics, with the main differentiat-
ing factor being the presence or absence of a he-
reditary polyposis syndrome. Classification and 
plan of care differ for patients with ampullary 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_18) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_18.
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adenomas in the setting of FAP compared to 
those with sporadic ampullary adenomas.

Case 1

A 22-year-old male with history of FAP under-
goes a screening upper endoscopy during which 
numerous polyps are discovered throughout the 
stomach. At the ampulla, a smooth, 5-mm pol-
ypoid lesion is noted and biopsy results are con-
sistent with an adenoma. What is the next step?

FAP-Associated Adenomas

Patients with FAP are often discovered to have 
multiple upper gastrointestinal adenomas, mak-
ing resection of only an ampullary lesion unat-
tractive if the goal of resection is total prevention 
of carcinoma. The risk of histologic progression 
of upper intestinal adenomas in FAP has been 
demonstrated to be low (on the order of 11 % 
in one large study), making surveillance with 
biopsies of an ampullary lesion a reasonable ap-
proach in most of this patient population [7, 12]. 
Microscopic adenomatous changes within an en-
doscopically normal-appearing ampulla are com-
mon, occurring in up to 27 % of patients; there-
fore, biopsies should be obtained of the ampulla 
regardless of endoscopic appearance in FAP pa-
tients [13]. The patient may be informed of the 
possibility of missing progression with endo-
scopic forceps biopsy surveillance, though stud-
ies aimed at evaluating this risk have not focused 
on the FAP patient population [14, 15].

After colon cancer, ampullary carcinoma 
is the most prevalent malignancy and lead-
ing cause of mortality in FAP patients, affect-

ing about 5–6 % of patients [16]. Spigelman 
et al developed a severity classification system 
for FAP patients with duodenal polyps, which 
includes ampullary lesions (Table  18.1) [17]. 
Using this model, points are accumulated ac-
cording to number, size, pathology, and degree 
of dysplasia of polyps to obtain a stage classifi-
cation from 0 to IV. Stage I indicates mild dis-
ease, and stages III–IV indicate severe polypo-
sis. Most patients (80 %) have stage I-III disease 
with 10–20 % harboring stage IV disease. Over 
time, more patients develop advanced stage IV 
disease with up to 43 % at age 60 and 52 % by 
age 70 [18, 19]. Stage IV disease is also asso-
ciated with higher probability (up to 36 % at 
10  years) of developing cancer compared to 
less than 1 % for stages I-III; therefore, stage IV 
patients warrant surgical referral, as they may 
be candidates for pancreaticoduodenectomy 
[19, 20]. However, a recent study demonstrated 
that endoscopic management of stage IV FAP 
patients may be feasible. Patients with stage 
IV FAP underwent endoscopic treatment with 
removal of all duodenal polyps > 1  cm includ-
ing ampullary adenomas and control of smaller 
polyps with intensive ongoing endoscopic sur-
veillance. All these patients achieved Spigelman 
downstaging with no invasive duodenal cancer 
diagnosed at mean 9-year follow-up, and 8.5 % 
required surgery for advanced neoplasia [21]. 
Therefore, endoscopic management of even 
stage IV disease by removing > 1  cm lesions 
with close surveillance may be successful with 
potentially decreased mortality from ampullary 
and duodenal cancers. In addition, if histologic 
progression is identified on biopsy surveillance, 
or symptoms of biliary obstruction occur with 
ampullary lesions, evaluation for excision of the 
lesion should be pursued.

Table 18.1   Spigelman classification of duodenal polyps in familial adenomatous polyposis
Score (points) 1 2 3
No. of polyps 1–4 5–20 > 20
Size (mm) 1–4 5–10 > 10
Histology Tubular Tubulovillous Villous
Dysplasia Mild Moderate Severe
Stage 0: 0 point, Stage I: 1–4 points, Stage II: 5–6 points, Stage III: 7–8 points, Stage IV: 9–12 points
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Case 1 Continued

The patient is classified as stage II by the Spigel-
man classification with 5 total points. Therefore, 
after discussion with his gastroenterologist, he 
elects to continue with routine surveillance of the 
ampullary lesion given his relatively low risk of 
malignant transformation.

Sporadic Adenomas

Sporadic adenomas are most frequently discov-
ered in patients over the age of 40, and most com-
monly in the seventh decade of life, during evalu-
ation for signs or symptoms of biliary obstruc-
tion. Painless jaundice is by far the most common 
presenting symptom found in 50–75 % of these 
patients [22, 23]. Other symptoms include bili-
ary colic, weight loss, and vague abdominal pain 
with reports of acute pancreatitis. In general, un-
like FAP-associated adenomas, sporadic adeno-
mas of the ampulla require resection especially 
when symptoms are present or histology is con-
sistent with high-grade dysplasia.

Case 2

A 72-year-old female with severe aortic steno-
sis, diabetes, and prior myocardial infarction 
presents with new-onset painless jaundice and 
mild transaminitis on comprehensive metabolic 
profile. Right upper quadrant ultrasound reveals 
dilation of the common bile duct, which is con-
firmed on contrast-enhanced CT of the abdomen. 
No pancreatic mass or other signs of metastatic 
disease are noted on CT. What is the next step?

What Diagnostic Tools are Available?

The diagnosis and workup of an ampullary ad-
enoma relies on endoscopic, radiographic, and 
histologic evaluation. Many non-adenomatous 
lesions including Brunner’s gland tumors, in-
flammatory polyps, carcinoid tumors, and 

hamartomas may cause lesions of the ampulla 
(Table 18.2). The goal of this evaluation is to rule 
out cancer, which would require surgical inter-
vention, and to diagnose adenomas, which may 
be amenable to endoscopic resection.

Endoscopy: How Accurate is Ampullary 
Biopsy?

Endoscopy provides useful information from 
both endoscopic visualization of the ampullary 
lesion and histology from forceps biopsy. It is 
important to recognize foci of cancer may still 
exist within an otherwise benign-appearing ad-
enoma, and furthermore, false-negative biopsy 
results may occur in 17–40 % [24–28]. Accura-
cy of forceps biopsy of ampullary lesions may 
improve by performing biopsies after sphinc-
terotomy. An old study reported that the false-
negative rate dropped to 0 % by waiting to take 
biopsies at least 10 days after sphincterotomy 
[29] while another report confirmed improved 
accuracy when biopsies were taken immediately 
after sphincterotomy [30]. However, a prospec-
tive study of ampullary biopsy before and after 
sphincterotomy found sensitivity of forceps bi-
opsy for malignancy improved insignificantly 

Table 18.2   Histopathologic lesions of the ampulla of 
Vater [35]
Benign Malignant
Tubulovillous adenoma 

(40 %)
Adenocarcinoma

Villous adenoma 
(30 %)

Neuroendocrine tumor

Tubular adenoma 
(10 %)

Cystadenoma

Adenomyoma Signet ring cell carcinoma
Carcinoid Lymphoma
Hemangioma
Leiomyoma
Lipoma
Lymphangioma
Neurofibroma
Hamartoma
Fibroma
Granular cell tumor
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from 21 % to only 37 % following sphincterot-
omy [31]. In addition, this practice is likely not 
feasible unless the patient has had prior sphinc-
terotomy or is having an ERCP for other indica-
tions necessitating a sphincterotomy at the time 
an ampullary lesion is discovered. Care should 
be taken to avoid the pancreatic orifice during 
biopsy as pancreatitis has been reported follow-
ing ampullary biopsies [32].

Despite the problem of biopsy sampling error, 
recently confirmed by a large series where 53 % 
of invasive cancers were missed by biopsy, only 
5 % of these invasive cancers were deemed endo-
scopically resectable. The following endoscopic 
findings are believed to indicate potential malig-
nancy and therefore unsuitable for endoscopic 
ampullectomy: friability, ulceration, more than 
50 % lateral extension, obvious duodenal infil-
tration with induration and firmness, and intra-
ductal extension more than 1 cm from the papilla 
[10, 33]. There are growing reports of adjunctive 
endoscopic technologies in the evaluation of am-
pullary lesions including narrow band imaging 
and magnification endoscopy [34]. Given the 
inaccuracy of endoscopic biopsy for diagnosing 
invasive malignancy in ampullary adenomas, 
further evaluation may be needed. This could 
ultimately entail endoscopic resection of the am-
pulla to obtain a definitive diagnosis in addition 
to providing potentially curative therapy.

Radiology

Transabdominal ultrasound is commonly used as 
a first-line examination in patients with jaundice 
and may demonstrate ductal dilatation proximal 
to the ampullary adenoma. Pancreatic protocol 
multidetector row CT of the abdomen with con-
trast is often used to rule out a pancreatic mass 
and metastatic disease in patients with painless 
jaundice and should be performed for this indica-
tion prior to ERCP and ampullectomy. Spiral CT 
is likely the best modality for the evaluation of 
vascular invasion though its role in evaluating the 
presence of carcinoma in ampullary lesions is lim-
ited [35]. Magnetic resonance cholangiopancrea-
tography (MRCP) provides non-invasive imaging 
of pancreatic and biliary ductal anatomy, which 
may not be necessary in all patients, but is use-
ful in high-risk populations. Finally, percutaneous 
transhepatic cholangiography (PTC) may be used 
to evaluate the biliary tree in the case of a failed or 
difficult ERCP although this is rarely necessary.

EUS: When is EUS Indicated?

EUS offers several advantages in the workup of 
ampullary adenomas to evaluate for the presence 
of invasive cancer. Ultrasonographic architec-
ture and three-dimensional reconstruction of the 
lesion may be used to detect invasive carcinoma 
which is not evident on forceps biopsy or other 
imaging techniques [36, 37]. Ampullary carcino-
mas are staged using the TNM staging similar to 
other cancers (Table  18.3). As with other can-
cers, M staging is best performed with radiolog-
ic imaging, typically CT or MRI. EUS and IDUS 
are the modalities of choice for local T staging of 
ampullary carcinoma (Table  18.4). Overall ac-
curacy of EUS T staging is estimated at 78–84 % 
with greatest accuracy for T2 and T3 stages (T1 
60 %, T2 92 %, T3 92 %, T4 50 %) [35]. Over-
staging can occur from peritumoral inflamma-
tion or concomitant pancreatitis [38]. EUS ac-
curacy for N staging ranges from 50 to 100 %. 
Intraductal ultrasound has the highest accuracy 
(70–100 %) of all modalities for T staging [39]. 
A recent study comparing IDUS and EUS for T 
staging demonstrated similar overall accuracy 

Table 18.3   TNM staging of ampullary carcinoma
Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor limited to ampulla of Vater or sphinc-

ter of Oddi
T2 Tumor invades duodenal wall
T3 Tumor invades pancreas
T4 Tumor invades peripancreatic soft tissues or 

other adjacent organs or structures other 
than pancreas

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
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(78 versus 63 %, p = 0.1) although there was a 
trend toward increased accuracy with IDUS for 
T1 and T2 (T1: 86 versus 62 %, T2: 64 versus 
45 %, T3-4: 75 versus 88 %) [40]. While EUS 
is performed before ERCP and ampullectomy, 
IDUS is more invasive and occurs only during 
ERCP after achieving bile duct cannulation by 
passing a 20- to 30-MHz probe over a guide-
wire into the bile duct and slowly withdrawing 
through the ampulla. A recent retrospective 
study reported that EUS and ERCP had com-
parable accuracy (91% and 84%) for determin-
ing intraductal extension of ampullary lesions. 
In addition, there was no difference in accuracy 
between radial and linear echoendoscopes [41]. 
Most experts agree that EUS is indicated for le-
sions > 3  cm, displaying potentially malignant 
endoscopic features, or demonstrating high-
grade dysplasia or carcinoma in situ on histol-
ogy [42]. Others also advocate EUS for lesions 
> 2 cm in size [35, 43]. Small benign-appearing 
lesions, especially those less than 1 cm, are un-
likely to harbor malignancy, and EUS evaluation 
is generally unnecessary prior to proceeding to 
endoscopic snare resection [43].

The technique of EUS imaging of the ampulla 
uses water or saline to fill the duodenum. Once in 
the second portion of the duodenum, the echoen-
doscope is rotated counterclockwise maintaining 
apposition to the duodenal wall until the ampulla 
is visualized by EUS. Alternatively, the ampulla 
can be located endoscopically followed by EUS 
imaging of this region. It is important to assess 
the lesion for tissue invasion, ductal infiltration, 
and evidence of local lymphadenopathy. The 
choice of a radial or linear echoendoscope is per-
sonal preference although the ability to perform 
fine-needle aspiration (FNA) favors the linear 
scope. EUS-FNA should be performed on lymph 
nodes as well as ampullary masses using a 22- or 

25-gauge needle as 19-gauge needles are typi-
cally difficult to use in the duodenum.

What are Indications for Endoscopic 
Versus Surgical Resection?

If EUS identifies invasive carcinoma, regardless 
of tumor staging, pancreaticoduodenectomy is 
the treatment of choice when the goal is curative 
therapy. Studies have demonstrated high recur-
rence rates for these lesions with transduode-
nal resection [14, 44]. Lesions with high-grade 
dysplasia, carcinoma in situ, and/or ductal inva-
sion less than 1 cm may still be considered for 
endoscopic resection [39, 45, 46]. Generally 
endoscopic resection is reserved for ampullary 
masses smaller than 4–5 cm. Multivariate analy-
sis of factors associated with malignancy iden-
tified only a negative saline lift sign as predic-
tive of malignancy (odds ratio 28.4, p = 0.015) 
while size ≥ 2  cm trended toward significance 
( p = 0.059) [47].

Surgical excision is currently recommended 
for the following:
•	 Larger lesions (> 4–5 cm)
•	 Lesions with carcinoma (histologic or suspi-

cious on endoscopic evaluation)
•	 Lymph node involvement or significant ductal 

invasion (> 1 cm)
•	 Lack of access to experienced interventional 

endoscopist
•	 Patient preference

Case 2 Continued

The patient proceeds to EUS, which reveals a 2.5-
cm ampullary mass with endoscopically benign 
features. There is minimal ductal invasion and 

Table 18.4   T and N staging accuracy of CT, MRI, EUS, and IDUS [35, 39, 75]
CT MRI EUS IDUS

T staging accuracy 
(%)

5–24 46 75–84 78–100

N staging accuracy 
(%)

33–59 77 50–100 67–93

CT computed tomography, MRI magnetic resonance imaging, EUS endoscopic ultrasound, IDUS intraductal ultrasound
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no vascular invasion on EUS. Endosonographic 
images also reveal no submucosal invasion or 
signs of local metastatic disease. Biopsy results 
are consistent with tubular adenoma. Given her 
comorbid conditions and lesion characteristics, 
the patient elects for endoscopic ampullectomy 
over surgical resection.

Techniques of Ampullectomy

For benign and pre-malignant lesions, debate 
continues not only regarding endoscopic versus 
surgical resection, but also between the two most 
common surgical approaches to ampullectomy. 
Endoscopic ampullectomy for benign ampullary 
lesions has demonstrated equivalent efficacy and 
mortality with decreased morbidity compared to 
surgical ampullectomy [48].

Surgical Approach to Benign Adenoma

Two procedures, pancreaticoduodenectomy and 
transduodenal resection, may be considered. For 
benign adenomas, transduodenal resection is pre-
ferred given the reduced morbidity and mortality 
associated with the procedure although it comes 
with a higher recurrence rate. Using a midline or 
subcostal laparotomy, the mass is identified and 
lateral duodenectomy is performed. Circumfer-
ential ampullary resection is undertaken using 
needle-tip electrocautery. Morbidity and poten-
tial mortality associated with surgery may be un-
desirable or unacceptable for some patients with 
comorbid conditions.

Endoscopic Ampullectomy/
Papillectomy

Endoscopic ampullectomy (EA) may be consid-
ered in patients meeting the previously described 
indications for endoscopic resection and for non-
surgical candidates. The technique varies greatly 
across centers. Regardless, the procedure re-
quires proficiency with a side-viewing therapeu-
tic duodenoscope, which is used to visualize the 

lesion and allows use of thermal ablation probes. 
Many institutions perform the procedure under 
conscious sedation, though general anesthesia 
may also be employed.

After inspection, a double-lumen sphinc-
terotome and hydrophilic guidewire are used 
for biliary and pancreatic duct cannulation 
(Fig. 18.1 and Video 18.1). Contrast should be 
injected into both ducts to assess for intraductal 
extension of the ampullary adenoma. Gener-
ally, biductal sphincterotomy is performed to 
allow for decompression and stenting post-
ampullectomy although there is a concern for 
potential increased risk of complications of 
bleeding and perforation and interference with 
pathologic evaluation of the resected speci-
men from cautery [49, 50]. Furthermore, with 
larger lesions it may be difficult to identify ap-
propriate landmarks to perform sphincterotomy 
safely. Post-resection sphincterotomies may 
be done as well. Some centers place wires into 
the ducts and proceed with ampullectomy with 
wires in place. Next, submucosal injection of 
epinephrine diluted in saline 1:20,000 may be 
used to facilitate lifting the tumor from the mus-
cularis propria. This also may provide evidence 
of unidentified carcinomatous invasion if lift 
is not accomplished (absence of the “positive 
lift sign”) [51]. The risk of bleeding and deeper 
penetration of tissue burning is also mitigated 
by the submucosal lift technique [52]. Never-
theless, this step may make snare placement and 
resection more challenging and distort the am-
pullary anatomy, and the author usually avoids 
submucosal injection.

Ampullectomy is then performed, preferably 
en bloc, using a monopolar polypectomy snare 
(as in colon mucosal polypectomy) with elec-
trocautery at 40–60  W using blended current, 
though currently there are neither guidelines 
regarding power output nor mode of current. 
The snare may be groomed prior to insertion to 
generate a slight curve at the tip of the snare 
to aid in en bloc resection. Typically the tip of 
the snare is anchored immediately above the le-
sion and opened to unfold around the lesion in 
a cephalad to caudal direction. Lesions greater 
than 2 cm may require piecemeal resection.
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Immediately after resection, the specimen(s) 
should be retrieved to avoid loss distally, and 
snare or Roth net (US Endoscopy, Mentor, OH) 

retrieval is preferred over aspiration given the 
importance of maintaining specimen architec-
ture for histologic evaluation. Administering 

Fig. 18.1   Procedural steps of endoscopic ampullectomy. 
a Lesion is identified and margins examined. b EUS per-
formed for staging prior to resection without evidence of 
invasion or extension into the bile duct. (c) Pancreatic 
duct sphincterotomy is performed. d Cholangiogram con-

firms no evidence of ductal invasion. e Snare is deployed 
around the ampullary lesion. f Snare is firmly closed 
around the lesion for en-bloc resection. g Ampullary site 
is examined for residual abnormal tissue. h Prophylactic 
pancreatic duct stent is placed
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intravenous glucagon is helpful to diminish 
peristalsis and thereby aid in tissue retrieval. 
Ablative therapy may be used as primary thera-
py for recurrent small flat lesions not amenable 
to snare resection, or adjuvant treatment for 
residual abnormal tissue in the resection bed. 
Various forms of ablative therapies have been 
suggested including monopolar or bipolar elec-
trocautery, Nd:YAG laser photoablation, and 
argon plasma coagulation, with data lacking to 
guide the use of one approach over the other. 
A retrospective series of 103 patients with am-
pullary adenomas (both sporadic and FAP) re-
ported that performing ablative therapy after 
resection did not affect long-term success of 
ampullectomy (81 % with ablation versus 78 % 
without ablation) although there was a trend 
toward decreased recurrence with ablation (3 
versus 14 %, p = 0.2) [53].

After ampullectomy is performed, a short 
3-Fr or 5-Fr pancreatic duct (PD) stent must be 
placed to reduce the risk of post-ampullectomy 
pancreatitis [54]. If pre-resection sphincteroto-
my was not performed, techniques to help iden-
tify the pancreatic orifice, in addition to careful 
inspection, include injecting dilute methylene 
blue mixed with contrast into the pancreatic 
duct before resection which will stain the pan-
creatic orifice blue and using intravenous se-
cretin to promote flow of clear pancreatic juice. 
A 3-Fr pancreatic stent will typically fall out, 
and this should be confirmed with an abdominal 
X-ray. With 5-Fr stent placement, repeat duo-
denoscopy 2–3 weeks post-ampullectomy will 

allow for stent retrieval as well as excision or 
fulguration of any remaining abnormal tissue. 
Common bile duct (CBD) stenting may also be 
performed, though there are no data to suggest 
it is necessary to prevent post-ampullectomy 
cholangitis. In cases with smaller lesions, the 
PD stent may be placed prior to ampullectomy 
to avoid the difficulty of cannulating post-am-
pullectomy. This may also protect the orifice 
from electrocautery damage during snare resec-
tion and fulguration of any residual tissue [55]. 
Table 18.5 reviews the steps in performing en-
doscopic ampullectomy.

Complications of the procedure may occur 
in up to 15–28 % of cases. Post-ampullectomy 
pancreatitis (5–33 %) is generally mild and re-
solves with conservative management. Ampul-
lectomy bleeding (2–13 %) may be controlled 
with conservative measures and endoscopic 
hemostasis. Papillary stenosis (0–8 %) may be 
treated with sphincterotomy, stenting and/or 
balloon dilation. Perforation (0–4 %) and chol-
angitis (0–4 %) are both infrequently encoun-
tered and mortality is exceedingly uncommon 
[6, 10, 29, 33, 53, 55–64].

Prophylactic Interventions

Prophylactic placement of PD and CBD stents 
is discussed above. Whether routine use of pro-
phylactic antibiotics is necessary remains unan-
swered, but is not currently recommended [65]. 
There is strong evidence to support the utility of 

Table 18.5   Procedural steps of endoscopic ampullectomy. (Adapted from [35])
Inspection Evaluate for firmness, ulceration, induration, friability, size
Cannulation Achieve with double lumen sphincterotome and hydrophilic guidewire. Assess for 

intraductal invasion or stricture. Inject dilute epinephrine solution for flat lesions
Sphincterotomy Routine pancreatic sphincterotomy recommended. Biliary sphincterotomy performed 

routinely or in absence of free bile flow
Resection Polypectomy snare used to grasp adenoma at the base. Apply 45–60 W blended current 

to cut/cauterize
Ablation Monotherapy for flat or small lesions. Adjunctive therapy for residual tissue 

post-ampullectomy
Stenting 3- or 5-Fr stent placed in PD, may be placed prior to ampullectomy for small lesions. 

Biliary stenting for poorly draining bile duct after sphincterotomy
Observation Observe site for evidence of bleeding. If present, inject 1:20,000 epinephrine
Prophylaxis Rectal indomethacin immediately post-procedure to prevent pancreatitis
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routine prophylactic rectal indomethacin in the 
prevention of post-ERCP, and by corollary, post-
ampullectomy pancreatitis [66].

Endoscopic Palliation

In patients who are not surgical or endoscopic 
ampullectomy candidates, endoscopic biliary 
drainage with palliative intent is very appropri-
ate. Ampullectomy or transpapillary stent place-
ment may be employed for decompression of the 
biliary or pancreatic ducts in cases of obstruction 
from an ampullary mass [67].

Case 2 Continued

Three months after ampullectomy, the patient 
returns for surveillance duodenoscopy, which re-
veals no residual adenoma or recurrence of her 
previously resected lesion. She is scheduled for 
another EGD in 6 months to survey for recur-
rence at the site of prior ampullectomy.

Surveillance

Unlike patients who undergo colectomy for 
colon cancer, patients do not require endoscopic 
surveillance following pancreaticoduodenecto-
my for an ampullary lesion, unless they have a 
polyposis syndrome. There are no guidelines on 
the interval and duration of endoscopic surveil-
lance following endoscopic or transduodenal am-
pullectomy. An initial examination with an expe-
rienced interventional endoscopist, side-viewing 
duodenoscope, and biopsies at 1–6 months with 
repeat examination every 3–12 months for at 
least 2 years is recommended [11]. ERCP is not 
necessary in the absence of symptoms. In patients 
with lesions ≥ 2 cm, intraductal involvement, or 
high-grade dysplasia on post-resection histology, 
surveillance intervals should be on the more fre-
quent end of these ranges. Technical factors with 
an individual case may also dictate surveillance 
intervals; for example, in lesions with incomplete 
or piecemeal resection, more frequent examina-

tions may be required in order to prevent or detect 
recurrence. FAP patients should then continue 
with routine upper endoscopy surveillance of du-
odenal polyps in the upper gastrointestinal tract, 
which is based on the Spigelman classification 
(stage 0/I: every 5 years; stage II: every 3 years; 
stage III: every 1–2 years.) [20]. The endpoint for 
surveillance in patients with sporadic ampullary 
adenomas is unclear with experts recommending 
at least 2-year follow-up [68]. Very long-term 
follow-up studies of endoscopic ampullectomy 
patients are lacking, and surveillance guidelines 
may change when these data become available.

Recurrence

Mean endoscopic success rate with complete 
excision of the ampullary lesion from a review 
of 967 patients was 82 % [64]. In patients who 
have undergone surgical transduodenal ampul-
lectomy, recurrence has been reported to occur in 
0–50 % of patients [27, 69–73]. Reported recur-
rence rates following endoscopic ampullectomy 
for sporadic lesions are lower, ranging from 0 to 
33 % [33, 74]. In a recent study of FAP patients, 
recurrence rates after endoscopic ampullectomy 
are higher at 58.3 % over mean 7-year follow-up 
[13]. The only factor predictive of recurrence was 
lesion size > 1 cm (77 versus 36 % in smaller le-
sions, p = 0.002). Only 3 patients (12 %) required 
Whipple surgery during follow-up although these 
were not performed due to ampullary adenoma re-
currence. In a retrospective analysis of endoscopic 
ampullectomy, predictors of successful endoscop-
ic ampullectomy and lower recurrence included 
age over 48, male sex, lesion size less than 24 mm, 
and absence of familial polyposis syndrome [6]. A 
more recent study of 182 patients following endo-
scopic ampullectomy noted the following factors 
associated with recurrence: jaundice at the time 
of presentation, ampullary adenocarcinoma, intra-
ductal involvement noted on ERCP, and piecemeal 
resection [75, 76]. With recurrent adenomas, the 
treatment algorithm is the same as the initial thera-
peutic approach. Recurrent tumor should be re-
moved and ablated every 2–3 months until biopsy 
specimens return with no residual adenoma [53].
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Key Points

•	 Ampullary adenomas are often asymptom-
atic and most frequently present with painless 
jaundice, and 70 % are tubulovillous or villous 
adenomas

•	 Ampullary adenomas may occur sporadi-
cally or in the setting of polyposis syn-
dromes like FAP, and the risk of progression 
to carcinoma is present in both, which man-
dates at a minimum ongoing biopsy surveil-
lance. Sporadic adenomas should be resected 
(Fig. 18.2).

•	 EUS enables pre-therapy staging to guide the 
ideal choice of therapy (pancreaticoduodenec-
tomy, transduodenal ampullectomy, or endo-
scopic ampullectomy) prior to resection in 
many patients.

•	 Malignant ampullary lesions should be 
referred for surgical resection, preferably pan-
creaticoduodenectomy.

•	 Endoscopic ampullectomy may be preferred 
for benign lesions less than 4–5  cm with no 
malignant endoscopic or EUS features given 

the equivalent risk of recurrence and favorable 
morbidity compared to surgery.

•	 Surveillance of all patients post-ampullec-
tomy should continue at 3–12 month intervals 
for at least 2–5 years after resection.

•	 Recurrent adenomas should be evaluated 
and  treated in the same way as a primary 
lesion.

Video Caption

Video 18.1 Endoscopic ampullectomy
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Introduction

Pregnancy is associated with an increased fre-
quency of gallstones and related disease. Studies 
worldwide have reported the prevalence of biliary 
sludge as 5–31 % and cholelithiasis ranging from 
2–12 % [1–4]. Physiological changes during preg-
nancy increase risk of cholesterol stone formation 
through estrogen-induced bile lithogenicity and 
progesterone-induced biliary stasis [5].

Most pregnant women with cholelithiasis 
remain asymptomatic and stones are likely to 
clear spontaneously during the postpartum pe-
riod. However, up to one third of pregnant pa-
tients with cholelithiasis are at risk of biliary 
colic [1, 2]. Assuming 3 % prevalence for gall-
stones of which 5 % become symptomatic, even 
a conservative estimate is that 1/1000 pregnant 
women suffer from symptomatic cholelithiasis 
[6]. More severe complications including acute 
cholecystitis, cholangitis, and acute pancreatitis 
occur in less than 10 % of the symptomatic pa-
tients [7]. Following appendectomy, acute cho-

lecystitis is the second most common indication 
for non-obstetric-related surgical intervention. 
The incidence of acute cholecystitis in pregnant 
women with gallstones is 0.05-0.08 % [8]. Gen-
erally, conservative management is provided 
while safely delaying any intervention until after 
delivery or the second trimester when surgical in-
tervention is relatively safer.

Patients with symptomatic choledocholithiasis 
relapse frequently (58− 72 %) and usually require 
repeated hospitalization [9]. Choledocholithiasis 
during pregnancy is uncommon and occurs in 1 
out of every 1200 deliveries [10]. Choledocholi-
thiasis and its related complications are the most 
common indications for ERCP during pregnancy. 
The rate of performing ERCP in pregnancy has 
been reported as 1 in 1415 births [11]. Due to the 
relapsing nature of biliary symptoms, performing 
ERCP in the setting of choledocholithiasis may 
be indicated to decrease the chance of recurrenc-
es and potential fetal and maternal complications.

Case Presentation

A 20-year-old Hispanic woman, gravida 1 para 0 
at 35 weeks of gestation, was transferred to our 
institution for further evaluation and manage-
ment of biliary colic.

She developed abdominal pain 5 days prior to 
transfer. The pain was located in the epigastric 
and right upper quadrant areas without radiation, 
and was worse with food and associated with 
nausea. She presented to her local emergency de-
partment with worsened pain and vomiting. She 
denied any fever, chills, jaundice, or diarrhea. 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_19) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_19.
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Her pregnancy course had been without any 
complications, and she denied any prior episodes 
of similar symptoms. Her past medical history 
was otherwise unremarkable.

Her initial laboratory evaluation revealed: 
WBC 6300/mm3, hemoglobin 12.4 g/dl, platelet 
128 × 103/mm3, albumin 3.2 g/dL, AST 126 IU/L, 
ALT 102  IU/L, alkaline phosphatase 234  IU/L, 
total bilirubin 1.4 mg/dL, lipase 58  IU/L, amy-
lase 96 IU/L, and PT/INR 12.8/1.0 s. Urinalysis 
was negative for urine protein and WBC. She 
was admitted to the obstetric antepartum service.

What Is the Differential Diagnosis of 
Abdominal Pain and Elevated Liver 
Function Tests During Pregnancy?

The differential diagnosis of abdominal pain 
and increased LFTs during pregnancy is broad; 
clinical presentation, diagnostic imaging, and 
laboratory findings can help to discern the vari-
ous causes. The presenting features of biliary 
disease may include abdominal pain, nausea, 
vomiting, jaundice, pruritus, and liver biochemi-
cal test abnormalities. Presentation of gallstone 
disease in pregnancy is similar to nonpregnant 
patients. However, other complications that may 
occur during pregnancy should be considered as 
they can mimic the clinical presentations of bili-
ary disease [12]. The differential diagnoses can 
be categorized according to the trimester of the 
pregnancy and specific abnormal laboratory find-
ings as outlined below (Table 19.1).

Hyperemesis gravidarum usually occurs 
during early pregnancy and resolves before 20 
weeks gestation. Elevations in the serum trans-
aminases occur in more than half of the cases and 
are typically less than 1000 IU/L with serum ALT 
usually higher than AST. Intrahepatic cholesta-
sis of pregnancy is characterized by pruritus and 
should be considered in pregnant patients during 
the 2nd or 3rd trimester. High levels of serum 
transaminases up to 500  IU/L and serum bile 
acids (4–10 times normal) with a normal GGTP 
are the usual laboratory findings. The HELLP 
syndrome (hemolysis, elevated liver enzymes, 
and low platelets) is characterized by abdominal 
pain and occurs during late pregnancy or shortly 
thereafter. Transaminase elevations can occur in 
the several thousand ranges but the prothrom-
bin time is normal unless complicated by dis-
seminated intravascular coagulation. Acute fatty 
liver of pregnancy also usually presents in the 
3rd trimester of pregnancy. Elevation of serum 
transaminases up to 1000 IU/L and hepatic syn-
thetic dysfunction, such as elevated prothrombin 
time and hypoglycemia in severe cases, are ob-
served. Preeclampsia can occur in both HELLP 
syndrome and acute fatty liver of pregnancy, but 
the pathophysiology is different and sometimes 
it is difficult to differentiate among these condi-
tions. Preeclampsia presents with hypertension 
and proteinuria and elevated transaminases sig-
nifies severe disease and usually occurs in the 
third trimester. Acute viral hepatitis (A, B, C) 
and hepatitis E (in endemic countries) should al-
ways be considered in any pregnant patient with 
elevated serum transaminases. A prospective 

Table 19.1   Differential diagnoses of abnormal liver function tests in pregnant patients
Disease Pregnancy trimester Laboratory abnormalities
Hyperemesis gravidarum First Elevated AST, ALT
Intrahepatic cholestasis of pregnancy Second and third trimester and 

postpartum
Elevated serum bile acids Elevated 
AST, ALT, Bilirubin Normal GGTP

Acute fatty liver of pregnancy Third trimester and postpartum Elevated AST, ALT, Bilirubin 
Elevated PT/INR Hypoglycemia

HELLP syndrome Second half of pregnancy and 
postpartum

Elevated AST, ALT Decreased PLT 
Increased LDH

Preeclampsia Third trimester and immediate 
postpartum

Elevated AST, ALT HTN, proteinuria

Viral hepatitis Any trimester Elevated AST, ALT, bilirubin
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study from the UK revealed liver dysfunction in 
3 % of the deliveries during a 15-month period. 
Preeclampsia was the most common abnormal-
ity (48 %) followed by HELLP syndrome (22 %), 
intrahepatic cholestasis of pregnancy (16 %), hy-
peremesis gravidarum (8 %), and acute fatty liver 
of pregnancy (4 %) [13].

It is important to remember that a slight in-
crease or decrease in some liver function tests 
may be seen during a normal pregnancy and 
may not be clinically significant. Serum protein 
concentrations decrease due to hemodilution in 
pregnancy; and therefore, serum albumin levels 
are significantly lower during all three trimesters. 
Serum alkaline phosphatase levels usually in-
crease late in pregnancy due to production of the 
placental isoenzyme and an increase in the bone 
isoenzyme. Serum ALT, AST, and total bile acids 
level usually remain the same but total serum 
bilirubin levels decrease during pregnancy [14].

Biliary Colic

Biliary colic is characterized by recurrent post-
prandial episodes of abdominal pain in the epi-
gastrium or right upper quadrant. It is caused 
by contraction of the gallbladder against an ob-
structed outlet due to a stone. The stone may fall 
back from the cystic duct and the pain resolves 
temporarily. During pregnancy, 28− 31 % of the 
patients may experience biliary colic [1, 2]. Al-
most two thirds of the patients who experience 
pain have stones larger than 10 mm in diameter 
[2]. Biliary pain is significantly more frequent 
among women with gallstones (5 of 17 patients, 
29 %) than among women with biliary sludge 
(2 of 42 patients, 5 %). Disappearance of bili-
ary sludge and stones after delivery is common 
and occurs in about two-thirds and one-third of 
women, respectively [1, 2]. Pre-pregnancy obe-
sity and elevated serum leptin have been shown 
to be risk factors for development of gallbladder 
disease during pregnancy [3]. Biliary colic with-
out bile duct stones is usually not associated with 
abnormal liver function tests.

Acute Cholecystitis

Acute cholecystitis is an inflammatory process 
with infection of the gallbladder as a result of 
cystic duct obstruction and bile stasis. The in-
cidence of acute cholecystitis is between 1 and 
8/10,000 pregnancies [8, 11]. Severe right upper 
quadrant pain in addition to other symptoms such 
as fever, tachycardia, nausea, vomiting, anorexia, 
and Murphy’s sign should raise the suspicion 
for acute cholecystitis. The diagnosis is usually 
confirmed with ultrasonography findings. Un-
complicated cholecystitis is not often associated 
with hyperbilirubinemia. However, mild eleva-
tion of serum aminotransferases and amylase, 
along with hyperbilirubinemia, is seen in the set-
ting of the passage of small stones and/or sludge. 
Marked elevation of the liver function tests indi-
cates the possibility of a common bile duct stone, 
cholangitis, or Mirizzi’s syndrome.

Acute Cholangitis

Acute cholangitis is a clinical syndrome charac-
terized by fever, jaundice, and abdominal pain 
that develops as a result of stasis and infection in 
the biliary tract.

Laboratory tests typically reveal an elevated 
white blood cell count with neutrophil predomi-
nance, and a cholestatic pattern of liver test ab-
normalities with elevations in the serum alkaline 
phosphatase, gamma-glutamyl transpeptidase 
(GGT), and bilirubin (primarily conjugated) con-
centration [15–17]. However, a pattern of acute 
hepatocyte necrosis can occur with aminotrans-
ferases as high as 2000  IU/L [18]. Cholangitis 
can be a common indication for ERCP during 
pregnancy.

Acute Pancreatitis

Acute pancreatitis is an acute inflammatory pro-
cess of the pancreas, which is associated with se-
vere epigastric abdominal pain, elevated serum 
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amylase, and/or lipase three times greater than 
the upper limit of normal. Any significant eleva-
tion of serum pancreatic enzymes should be con-
sidered clinically relevant since serum amylase 
and/or lipase do not normally increase during the 
course of a normal pregnancy [18].

When uncertain, the diagnosis may be es-
tablished by further radiologic findings such as 
focal or diffuse enlargement of the pancreas and/
or peripancreatic inflammatory changes seen 
on contrast-enhanced abdominal computed to-
mography (CT) or magnetic resonance imaging 
(MRI). The incidence of acute pancreatitis dur-
ing pregnancy is fortunately uncommon (< 10 in 
10,000) [19]. In a 5-year study of over 46,000 
pregnancies, the frequency of acute pancreatitis 
was 0.07 % at one institution [9]. Acute pancre-
atitis in pregnancy is most often associated with 
gallstones, which are responsible for over 70 % 
of the cases [8, 9, 19, 20]. Elevation in serum 
ALT to more than three times the upper limit of 
normal has been reported to be a very sensitive 
biomarker of biliary pancreatitis [21]. The patho-
genesis of biliary pancreatitis is related to impac-
tion or passage of a stone or crystals via the am-
pulla of Vater with pancreatic ductal obstruction 
causing activation of intra-acinar trypsinogen to 
trypsin. Biliary pancreatitis can occasionally be 
severe and associated with significant maternal 
morbidity [22]. Fetal loss is not uncommon (7 %) 
in biliary pancreatitis and is as high as 30 % when 
associated with recurrent pancreatitis [23, 24].

The second most common cause of acute pan-
creatitis during pregnancy is hypertriglyceride-
mia. In the third trimester, serum triglyceride lev-
els rise three-fold, likely due to estrogen-induced 
increase in triglyceride synthesis [25]. Treatment 
of hyperlipidemic acute pancreatitis during preg-
nancy is mostly supportive.

What Are the Diagnostic Imaging 
Options?

Ultrasonography

Ultrasonography is a safe initial step for identify-
ing gallbladder stones and sludge in pregnancy. 

Despite its high sensitivity for detection of chole-
lithiasis, it lacks sensitivity for identifying CBD 
stones. Dilated biliary ducts in the setting of ab-
normal liver function tests or pancreatitis raise 
the suspicion for choledocholithiasis.

Magnetic Resonance Imaging (MRI) and 
Magnetic Resonance Cholangiopan-
creatography (MRCP)

MRI and magnetic resonance cholangiopancrea-
tography (MRCP) provide large field view images 
of the body with excellent soft-tissue contrast and 
images of the pancreatobiliary system [19]. Gall-
stone pancreatitis is often associated with small 
stones and sludge, which can be missed even by 
MRCP especially if located in the distal CBD and 
smaller than 5–6 mm [26–28]. MRCP is an ac-
cepted alternative imaging modality for pregnant 
women when more information is needed about 
the biliary system. Because no contrast is given 
during MRCP, there is no risk of renal injury. It is 
important to examine several views as different 
projection images may provide complementary 
information as shown in Fig. 19.1. Based on the 
American College of Radiology (ACR) guid-
ance document for safe MR practice published in 
2013, MRI is only indicated during pregnancy if 
the information cannot be acquired through other 
nonionizing diagnostic imaging studies, and the 
data will potentially affect the care of the patient 
or fetus during pregnancy [26]. There are no spe-
cial considerations regarding performing MRI in 
the first compared to any other trimester of preg-
nancy.

Endoscopic Ultrasonography (EUS)

Endoscopic ultrasonography is highly sensitive 
(89–94 %) and specific (94–95 %) for detecting 
CBD stones [29, 30]. EUS has high diagnostic 
accuracy for detecting CBD stones; however, 
compared to other imaging modalities it requires 
sedation, an expert endoscopist, and specialized 
equipment. Although EUS does not allow thera-
peutic intervention, it is generally safe and does 
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not involve radiation exposure. Performing EUS 
prior to ERCP in patients with suspected CBD 
stones can help to avoid unnecessary ERCP and 
its complications in near two thirds of the patients 
[31, 32]. If a common bile duct stone is detected 
by EUS (Fig. 19.2), an ERCP with sphincterot-
omy can be performed during the same session 
[33, 34].

Case Continued

Abdominal ultrasonography showed cholelithia-
sis and moderate extrahepatic biliary duct dila-
tion. There was no evidence of cholecystitis. A 
subsequent MRCP showed a dilated bile duct 
to 1.3 cm in diameter and multiple stones in the 

common bile duct. Based on the imaging find-
ings, elevated transaminases, and her symptoms 
of abdominal pain and nausea, the likely diagno-
sis was biliary colic due to choledocholithiasis. 
The decision was made to proceed with ERCP.

What Are the Indications for ERCP in 
Pregnancy?

Choledocholithiasis and its complications are 
far and away the most common indication for 
performing ERCP during pregnancy. It is most 
important to understand that ERCP should only 
be considered when there is absolute certainty 
that endotherapy is necessary. The indications 
for performing an ERCP during pregnancy are 

Fig. 19.1   A 21-year-old at 8 weeks gestation was referred 
for evaluation of suspected biliary colic due to RUQ pain, 
nausea, vomiting, and increased LFTs. MRCP showed 
several stones in the distal bile duct that are best appreci-

ated when examining different projected images as shown 
here. ERCP was performed without fluoroscopy with 
sphincterotomy and removal of stones

Fig. 19.2   A 26-year-old at 8 weeks 
gestation was referred for sus-
pected choledocholithiasis based 
on increased ALT and dilated bile 
ducts on transabdominal ultraso-
nography. Endoscopic ultrasound 
showed a hyperechoic shadowing 
stone ( arrow) in the bile duct that 
was removed at the same session 
during ERCP
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similar but more restricted when compared to 
the nonpregnant state (Table 19.2). Furthermore, 
if possible, ERCP should be postponed until the 
second trimester or postpartum.

Development of biliary disease during the 
pregnancy, especially in the first trimester, can 
result in maternal and fetal physiologic dysfunc-
tion leading to adverse pregnancy outcome such 
as preterm labor or low birth weight. It is impor-
tant to identify complications of choledocholi-
thiasis early during pregnancy and determine if 
there is a need for intervention as promptly as 
possible.

Not surprisingly, early reports of ERCP dur-
ing pregnancy were performed for urgent indica-
tions. Baillie et al. reported the first case series of 
five patients in 1990. The indications were acute 
cholangitis in four and gallstone pancreatitis in 
one patient. All five patients delivered healthy 
babies at term [35]. Since then, ERCP during 
pregnancy is still almost always performed for 
biliary indications, but sometimes under more 
elective settings.

Historically, the care of pregnant patients with 
acute biliary related disease entailed conservative 
management with the hope of delaying interven-
tion until after pregnancy or the second trimes-
ter when organogenesis is completed. While this 
still remains true, currently, urgent ERCP with 
sphincterotomy and clearance of bile duct stones 
is indicated in patients with cholangitis and in 
those with severe acute pancreatitis and evidence 
of persistent biliary obstruction. Elective ERCP 
with biliary sphincterotomy +/− stenting may be 
indicated when there is evidence of symptomatic 
CBD stones and cholecystectomy needs to be de-
layed due to the pregnancy or for less common 
reasons such as postoperative complications like 
bile leak (Fig. 19.3). Rarely, it may be reasonable 
to consider ERCP for management of pancreatitis 
that is not due to a biliary etiology. In the report 
by Jamidar et al., only 2 of the 23 pregnant pa-
tients underwent ERCP to treat a purely pancre-
atic indication including pancreas divisum and 
pancreatic duct stricture [36].

Pre-Procedure Considerations

Informed Consent

Performing ERCP in a pregnant patient is ap-
propriate only when there are clear indications 
for endotherapy. The benefits and risks of the 
procedure should be clarified for the patient, 
spouse, and any other relevant family members. 

Fig. 19.3   A 42-year-old with a 21-week gestation under-
went open cholecystectomy for gangrenous cholecystitis. 
Due to the persistent bile drainage via a percutaneous 
drain, she was referred for ERCP for treatment of a sus-
pected bile leak. a Biliary access was obtained without 

use of fluoroscopy after a needle-knife access sphincterot-
omy over a pancreatic stent. b A bile duct stent was placed 
to ensure drainage.  A postpartum ERCP was normal and 
the bile duct stent was extracted

 

Table 19.2   Indications for ERCP during pregnancy
Urgent
Acute cholangitis
Biliary pancreatitis with suspected impacted stones
Elective
Suspected symptomatic choledocholithiasis
Post-operative complications, e.g., bile leak
Relapsing pancreatitis
Pancreatic duct disruption
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The risks include not only those to the mother 
but also to the fetus. Complications of ERCP in 
general are pancreatitis, hemorrhage, perforation, 
infections (cholangitis, cholecystitis), cardiopul-
monary complications (arrhythmia, hypoxemia, 
aspiration), stent-related complications (stent mi-
gration, stent occlusion, liver abscess, bile duct 
or pancreatic duct injury, and subsequent duct 
stricture), and death [37]. The fetus is sensitive 
to maternal hypoxia and hypotension, which can 
lead to fetal distress and demise. Other risks to 
the fetus include teratogenicity from medications 
and/or radiation exposure and premature birth. A 
full review of radiation issues will be discussed 
below. An informed consent for ERCP during 
pregnancy should include a discussion of poten-
tial risks of radiation, methods to reduce risk as 
well as an alternative for ERCP without any ra-
diation. It should be clarified that ERCP without 
use of fluoroscopy is more difficult and therefore 
potentially associated with more risk from a tech-
nical aspect. Whether or not the endoscopist is 
comfortable with no radiation techniques (see 
below) should also be discussed. If patient and 
family are completely opposed to use of any ra-
diation, then it is appropriate to discuss options 
for transfer to another expert center, if conditions 
allow.

Patient Positioning

Patient positioning for ERCP during pregnancy is 
typically different from the customary prone posi-
tion used in the nonpregnant state. During preg-
nancy, the patient’s position for ERCP depends 
on the trimester of her pregnancy and whether or 
not fluoroscopy is planned. Maintaining a prone 
position may be difficult during the second and 
third trimester, so a left lateral position with the 
use of a pelvic wedge, if needed, is preferable. It 
is generally recommended that the patient should 
not be completely supine since the gravid uterus 
can compress the vena cava or the aorta causing 
maternal hypotension and decreased placental per-
fusion [10, 38, 39]. Nonetheless, outcome of the 
pregnancy was not adversely affected in a study 
of all patients who underwent ERCP in a supine 

position.[38] If ERCP is performed without any 
fluoroscopy, then all patients regardless of preg-
nancy stage can remain in the left lateral position.

When monopolar electrocautery is anticipated 
for purposes of sphincterotomy, the return elec-
trode (cautery pad) should be placed on the trunk 
or upper abdomen. This is to ensure that the uter-
us is not between the active and return electrodes 
to avoid fetal effects [40–42].

Patient Monitoring

Standard American Society of Anesthesiologists 
(ASA) monitoring should be utilized throughout 
the procedure. In the setting of a viable fetus, 
fetal heart rhythm should be monitored continu-
ously or at a minimum before and after general 
anesthesia depending on the gestational age. Be-
fore 24 weeks, Doppler can be used to document 
the presence of fetal heart rate before and after 
the procedure. Continuous fetal heart and uterine 
contraction monitoring before, during, and after 
the endoscopy should be performed for fetuses 
older than 24 weeks. This should be discussed 
and coordinated with the obstetric team who 
should be consulted in all cases involving preg-
nant patients.

Sedation

There are potential risks to the fetus from the use 
of specific medications for sedation (Table 19.3). 
None of the medications that are used for sedation 
during ERCP are in category A of Food and Drug 
Association of the United States (FDA), so cat-
egory B or C drugs may be used [10]. Category B 
medications are considered relatively safe while 
category C drugs are likely safe and category D 
medications should be avoided unless absolutely 
needed with no safer alternatives. Most ERCPs 
are performed using a combination of benzodi-
azepine and opiates or propofol and opiates. Me-
peridine is a category B drug and does not appear 
teratogenic. However, meperidine can be consid-
ered as category D when used for long periods 
(> 36  h) in high doses at term due to concerns 
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about accumulation of its mildly toxic metabo-
lite, normeperidine. During routine endoscopy, 
the maximum suggested dose for meperidine is 
75  mg. Fentanyl is a category C drug as it has 
embryocidal effects in rats, but appears safe in 
humans at low doses. Propofol is classified as 
category B, but its use in the first trimester has 
been inadequately studied [7]. Benzodiazepines, 
including midazolam and diazepam, are category 
D drugs. Midazolam has not been associated with 
congenital abnormalities like cleft palate malfor-
mations and is preferred over diazepam when 
sedation with meperidine is inadequate, but if 
possible it should be avoided in the first trimester 
due to the potential fetal harm at that time. Glu-
cagon and lidocaine are considered category B, 
whereas flumazenil and simethicone are rated as 
category C [10].

Endotracheal intubation is generally recom-
mended for any upper endoscopy procedure due 
to the potential concern for aspiration as well 
as to maintain the airway and for a potentially 
prolonged, complicated procedure. Physiologic 
changes during pregnancy include swelling of 
the oropharyngeal tissue and narrower glottis 
opening [43].

Antibiotics

An appropriate antibiotic should be adminis-
tered in cases with evidence for acute cholangi-
tis or cholecystitis; however, selecting the right 
antibiotic during pregnancy can be complicated 
(Table 19.4). There are potential concerns regard-

ing the transplacental passage of antibiotics lead-
ing to possible teratogenic effects on the fetus. Ini-
tial antibiotic choice is empiric and should be sub-
sequently modified based on the organisms found 
in the blood and bile cultures. Most of the penicil-
lin derivatives (amoxicillin, ampicillin, ampicillin-
sulbactam, piperacillin-tazobactam), clindamycin, 
erythromycin, and cephalosporins are classified as 
category B drugs and are safe during pregnancy 
[19]. Metronidazole crosses the placenta and 
should be avoided in the first trimester [43]. Imi-
penem, which belongs to carbapenem class, is a 
category C drug, and while animal studies showed 
no teratogenic risks, there are no available human 
data [19]. Quinolones are category C with reports 
of adverse effects to the fetus, therefore their use 
should be avoided during pregnancy.

Case Continued

The decision of proceeding with ERCP was dis-
cussed with the patient’s obstetrician, and we were 
assured of staff availability during the procedure in 
case of fetal distress or pregnancy related compli-
cations. Informed consent was obtained after the 
risks, benefits, and alternatives of the procedure 
were thoroughly explained. She and her husband 
wished to have the ERCP performed without any 
fluoroscopy, if possible. Standard ASA monitors 
were placed with the addition of fetal heart moni-
toring. A labor and delivery nurse was present be-
fore, during, and after the ERCP to monitor fetal 
heart rate and rhythm, and to monitor for uterine 
contractions. Preoxygenation and rapid sequence 

Table 19.3   Medication Safety in ERCP during pregnancy
Medications FDA category Comment
Meperidine B Safe in pregnancy, avoid use at term
Propofol B Safe in pregnancy
Fentanyl C Safe at low doses
Morphine C Crosses fetal blood–brain barrier rapidly
Naloxone B Use with caution, one reported case of neonatal fatality
Flumazenil C Use only if clearly indicated
Benzodiazepines 
(diazepam)

D Possible association with mental retardation and congenital anomalies

Midazolam D Preferred over diazepam, no reports of congenital anomalies, avoid in 
1st trimester

Glucagon B Safe in pregnancy
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induction was then performed followed by a stan-
dard general endotracheal anesthetic. The patient 
was positioned in the left lateral position.

Radiation and Pregnancy

What Are the Potential Effects of 
Fluoroscopy During Pregnancy?

Use of fluoroscopy and spot radiography is in-
herent to standard ERCP procedures. Any ERCP 
during pregnancy that utilizes fluoroscopy will 
expose the fetus to potential risks of ionizing ra-
diation with the greatest risk during 8–15 weeks 
gestation. There are a number of excellent and 
comprehensive reviews on the topic [7, 10, 38, 
39, 41, 44–46].

X-ray exposure or the amount of ions per unit 
mass of air is measured in roentgens (R). The ra-
diation dose of energy deposited in tissue is mea-
sured in gray (Gy) that is equal to 1 J of energy 
per kilogram of tissue. An equivalent of approxi-
mately 0.01 (Gy) is generated by 1 R. Ionizing 
radiation is measured in radiation absorbed dose 
(rads) and radiation equivalent man (rem), and in 
the international units as gray (Gy) and seivert 
(Sv) (1 rad = 1 rem = 0.01 Gy = 0.01 Sv).

Radiation damage is classified into stochastic 
and deterministic effects. The stochastic (carci-
nogenic) effects include childhood cancer, leuke-
mia, and genetic effects. The probability, but not 
the severity, of stochastic effects increases with 
dose and does not have a threshold value. Con-
ceptus dose radiation up to 1 mGy is considered 

insignificant but doses higher than 10 mGy (1 rad 
or 0.01 Sv) will require measurement of associ-
ated risks. The National Council on Radiation 
Protection (NCRP, 1977) raised this threshold 
and suggested that fetal radiation doses up to 
50 mGy (5 rad) would still be considered a minor 
teratogenic factor and did not, by itself, justify 
therapeutic abortion [47].

Deterministic effects, such as growth and 
mental retardation depend on gestational age and 
conceptus radiation dose. The threshold dose is 
100 mGy, above which fetal growth retardation 
and malformations may develop, and the sever-
ity of the effects varies with the dose. Below this 
level there is no risk of deterministic effects. It is 
recommended that fetal radiation dose should not 
exceed 0.5 mSv per month or 1 mSv during the 
first trimester with 5  mSv being the maximum 
permitted over the entire gestation.

Factors that can affect fetal radiation dos-
age depend on the energy and size of the x-ray 
beam, the skin surface exposure to the mother, 
the depth of fetus, and the size of the mother. It is 
estimated that the fetal dose may range between 
10 and 30 % of the mother’s exposure. However, 
fetal radiation exposure may be underestimated 
due to an inability to detect scatter radiation. 
Samara et al. developed a method for assessing 
the conceptus dose from ERCP procedures based 
on mathematical and physical phantom models. 
Their study revealed that the conceptus dose 
from ERCPs might occasionally exceed 10 mGy, 
the limit above which an accurate determination 
of conceptus dose is required by placing a do-
simeter on the abdomen over the uterus. They 

Table 19.4   Antibiotic safety in ERCP during pregnancy
Antibiotics FDA category Comment
Penicillins B Safe in pregnancy
Cephalosporines B Safe in pregnancy
Erythromycin B Safe in pregnancy
Clindamycin B Safe in pregnant patients with penicillin allergy
Ampicillin- sulbactam B Safe in pregnancy
Piperacillin-tazobactam B Safe in pregnancy
Metronidazole B Avoid in first trimester
Quinolone C Avoid in pregnancy
Imipenem C Avoid in pregnancy
Tetracycline D Avoid in pregnancy
Sulfonamide C Avoid in third trimester
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emphasized that the main source of radiation 
to the fetus during an ERCP is scattered radia-
tion that is absorbed within the mother’s body; 
therefore, they concluded that external shielding 
is unnecessary since the dose reduction is trivial. 
The normalized dose data derived from this study 
may be used for accurate estimation of concep-
tus dose from an ERCP performed on a pregnant 
patient, regardless of body size, gestational age, 
operating parameters, and equipment used [41]. 
Kahaleh et al. found a linear relationship between 
fluoroscopy time and fetal radiation exposure al-
though there was up to a three-fold difference in 
the estimated exposure for a given fluoroscopy 
time. This difference makes the estimation of ra-
diation exposure based on fluoroscopy time dif-
ficult. They concluded that fetal exposure to ion-
izing radiation must be kept to the absolute mini-
mum [38]. Consultation with a radiation physi-
cist who can provide assistance in protecting the 
fetus and estimating fetal exposure is helpful.

What Are the General Principles for 
Safe and Effective Fluoroscopy in 
Pregnancy?

The following strategies and general techniques 
to minimize radiation and maximize safety should 
be considered for fluoroscopy use during ERCP 
(Table 19.5) [40]. Short taps of fluoroscopy instead 

of continuous operation will limit x-ray beam ex-
posure. Use of the last-image-hold or fluoroscopy 
loop-recording feature for image study, instruc-
tion, etc. will also decrease radiation exposure. 
The number of recorded images should be minimal 
or even avoided all together. Collimate the x-ray 
beam to the smallest field possible. This technique 
will decrease the amount of scatter radiation strik-
ing the fetus in proportion to the exposure area. 
The image quality will also improve by reducing 
the amount of scatter radiation reaching the image 
receptor. The x-ray tube should be placed as far 
as possible from the patient with the image recep-
tor as close as possible to the patient. This action 
will not only improve image quality but also de-
crease patient dose. Magnification mode should 
be used sporadically and if absolutely necessary. 
Placing a lead shield over the uterus can prevent 
direct fetal exposure. However, because the fetus 
is exposed to scatter radiation, this will provide 
only a diminutive amount of dose reduction [41]. 
If digital fluoroscopy is available, it is preferred 
over film-screen radiography because it requires 
significantly lower dose of radiation during image 
acquisition. The fluoroscopy store feature to save 
the last-image-hold images instead of acquiring a 
separate digital image should be used. A low-dose-
rate setting is recommended with digital fluoros-
copy. Advances in ERCP cannulation techniques 
are probably most important toward the goal of 
minimizing or eliminating risk of radiation (see 
next section).

ERCP Strategies and Techniques in 
Management of Pregnant Patients

Normally, fluoroscopy is used during ERCP 
to evaluate biliary anatomy, confirm, and 
monitor stone(s) and guidewire, catheter, or 
sphincterotome positions in the bile duct, and 
document ductal clearance. Some modified 
ERCP strategies and techniques are required in 
the setting of pregnancy as outlined in the algo-
rithm (Fig.  19.4). Such techniques are focused 
on limiting or eliminating the use of fluoroscopy 
and replacing it with alternative means of con-
firming biliary access and duct clearance.

Table 19.5   Techniques to reduce radiation exposure 
during ERCP in pregnancy
Use short taps of fluoroscopy instead of continuous 
operation
Use digital fluoroscopy if available
Collimate the x-ray beam to the smallest field possible
Avoid magnification of fluoroscopic image
Use fluoroscopic videotaping for documentation when 
needed instead of spot radiographs
Position patient as close as possible to the image recep-
tor and as far as possible from the x-ray tube
Adjust patient position and use shielding to minimize 
fetal radiation exposure
If possible delay ERCP from first trimester to second 
trimester to avoid fetal radiation exposure during 
organogenesis
Minimize procedure time
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Fig. 19.4   Suggested algorithm for cannulation and confirmation of biliary access and ductal clearance for ERCP dur-
ing pregnancy. NKAS: needle-knife access sphincterotomy
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As almost all ERCP procedures during preg-
nancy are therapeutic with interventions that in-
clude sphincterotomy, most endoscopists begin 
cannulation attempts using a sphincterotome pre-
loaded with a guidewire. Usually wire-guided can-
nulation is performed without contrast injection, 
and the wire is carefully advanced to an observed 
distance of approximately 10–15 cm over which 
the sphincterotome is introduced into the duct. 
[48] Alternatively, cannulation can be performed 
by advancing the sphincterotome with or without 
a guidewire several centimeters into the duct. The 
standard method to confirm biliary cannulation 
is by applying manual suction using a syringe at-
tached to the sphincterotome and observing for 
bile. An alternative approach to confirm bile duct 
cannulation entails manipulation of the guidewire 
to open the sphincter and promote bile drainage 
around the guidewire [34]. If biliary cannulation 
is confirmed, then sphincterotomy can be started 

along the intraduodenal segment in the direction 
of the bile duct (Video 19.1 and Fig. 19.5).

If biliary cannulation is uncertain after either 
guidewire access or manipulation or an initial 
sphincterotomy, then we typically place a short 
(2–3  cm) 5F stent over the guidewire and ob-
serve the stent direction and color of drainage 
via the tip and side flaps. The stent may or may 
not have proximal flaps. If the stent does not 
have proximal flaps, it may migrate out during 
the procedure. If the stent angles in the direc-
tion of the bile duct and/or bile clearly drains 
from the stent, then biliary access is certain 
(Fig. 19.6). Biliary sphincterotomy can be ini-
tiated with a sphincterotome after cannulating 
alongside the indwelling stent with a guidewire 
or with a needle knife using the stent as a guide. 
The biliary stent can be removed following 
guidewire access if it has not already migrated 
out spontaneously.

Fig. 19.6   A 29-year-old at 9 weeks gestation presented 
with her second attack of biliary pancreatitis in 2 weeks. 
The papilla was prominent and biliary cannulation could 
not be confirmed after manipulation of the guidewire. a A 

short 5F stent was placed, which appeared to angle in the 
direction of the bile duct, and bile was observed draining 
from the stent. b Sludge was noted to drain after complet-
ing the biliary sphincterotomy

 

Fig. 19.5   A 27-year-old at 21 weeks gestation presented 
with jaundice and numerous stones were noted on MRCP. 
ERCP was performed without fluoroscopy with sphincter-

otomy and removal of stones. Biliary access and drainage 
becomes obvious after a complete biliary sphincterotomy 
(a) and then stone retrieval (b) can be accomplished
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If the stent angles in the direction of the pan-
creatic duct and/or only clear fluid or no fluid 
drains from the stent, then biliary access should 
be considered unlikely, and instead, one should 
assume that the pancreatic duct has been entered 
(Fig.  19.7). Sometimes the stent may appear to 
angle in the direction of the bile duct but with clear 
and not bilious fluid draining (Fig. 19.8). Again, 
one should assume that the pancreatic duct has 
been accessed. In this situation, biliary cannulation 
can be attempted with a guidewire over the stent. 
An experienced operator may consider perform-
ing an access biliary sphincterotomy with a needle 
knife using the pancreatic stent as a guide. The 
stent can be removed at the end of the procedure 
if it has not already migrated out, and if not, left in 
place to reduce the risk of post-ERCP pancreatitis. 
If the endoscopist does not have the expertise to 

proceed with a high-risk access sphincterotomy, 
an alternative would be to discontinue the proce-
dure and consider repeat ERCP by another opera-
tor. The pancreatic stent may remain in situ if the 
repeat ERCP is planned within the next few days.

When there is evidence of an impacted stone, 
a needle-knife access sphincterotomy over the 
stone is reasonable. After biliary access and ini-
tial sphincterotomy are achieved by one of the 
methods described above, the sphincterotomy 
may be completed, if necessary, followed by 
stone retrieval and any other necessary maneu-
vers.

Ensuring ductal clearance can be difficult 
when performing ERCP with limited or even no 
fluoroscopy. Without fluoroscopy one cannot 
document location of the stones, balloon catheter 
manipulations, and confirmation of clearance. 

Fig. 19.8   A 16-year-old with a 6-week intrauterine preg-
nancy presented with biliary colic, marked elevations 
in LFTs, and an MRCP showing a distal bile duct stone. 
Guidewire cannulation was obtained without fluoroscopy 
and a short 5F stent without internal flaps was placed. a 

The stent appeared to angle in the direction of the bile duct 
but only drained clear fluid from the side flap. b Biliary 
access was obtained after needle knife sphincterotomy over 
the pancreatic stent. c The biliary sphincterotomy was com-
pleted with a papillotome followed by stone extraction

 

Fig. 19.7   A 21-year-old at 8 weeks gestation was referred 
for evaluation of suspected biliary colic due to RUQ pain, 
nausea, vomiting, and increased LFTs. MRCP showed 
several stones in the distal bile duct (See Fig.  19.1). 
Guidewire cannulation was obtained without any fluoros-
copy. a A short 5F stent without internal flaps was placed, 

which appeared to angle in the direction of the pancreatic 
duct and drained clear fluid. b A needle knife access bili-
ary sphincterotomy was performed, c followed by stone 
extraction. The pancreatic stent migrated out spontane-
ously while extracting stones
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Prior imaging can provide a reasonable esti-
mate of the number of stones allowing some 
confidence of ductal clearance by observing the 
number of stones retrieved into the duodenum. 
We typically perform several “negative” balloon 
sweeps after stone extraction(s) before consider-
ing the procedure complete.

Cholangioscopy allows direct visualization 
of the biliary tree and provides an alternative 
to fluoroscopy for stone visualization without 
apparent adverse outcomes during pregnancy 
[33, 34, 49, 50]. Limitations include the need 
for proper equipment and operator expertise 
and prolonged procedures with longer sedation 
times. A mother–daughter system may require 
two operators [33]. The single operator SpyGlass 
system (Boston Scientific, Marlborough, MA) 
can be used as designed with the SpyGlass opti-
cal catheter inserted into the SpyScope [50, 51]. 
We typically use only the SpyGlass catheter [34] 
via a standard ERCP catheter, sphincterotome, or 
needle knife accessory (Video 19.2). Imaging by 
this method may be adequate but often inferior 
due to the limited ability to achieve directional 
control of the optical catheter.

There are some reports of bile duct stent 
placement to ensure drainage if uncertainty re-
mains over stone clearance [34, 48]. This is rea-
sonable if prior imaging demonstrated significant 
stone burden, repeated balloon sweeps continue 
to retrieve stones, and/or many stones are seen on 

cholangioscopy (Fig. 19.9). Because stent occlu-
sion remains a potential complication, follow-up 
ERCP must be performed postpartum for stent 
removal and further endotherapy (Fig. 19.10).

Case Continued

A duodenoscope was introduced through the 
mouth and advanced to the second portion of the 
duodenum. Brief endoscopic survey of the stom-
ach and duodenum was normal. The major papil-
la was notable for evidence of an impacted stone. 
The common bile duct was successfully cannu-
lated using a straight-tipped guidewire technique 
(Video 19.1). Bile was noted to drain from around 
the guidewire, confirming biliary cannulation. 
Biliary sphincterotomy was performed using 
a papillotome over the guidewire. Following 
sphincterotomy, sludge drained spontaneously. 
No fluoroscopy was used, and neither pancrea-
tography nor cholangiography was attempted. 
One bile duct stone was extracted using a balloon 
catheter. Several balloon sweeps were performed. 
Cholangioscopy using Spyglass catheter showed 
biliary sludge without evidence of residual stones 
or Mirizzi syndrome (Video 19.2).

The following day, her abdominal pain, nau-
sea, and vomiting, had subsided. There was no 
concern for post-ERCP pancreatitis, and her diet 
was advanced without difficulty.

Fig. 19.9   A 23-year-old at 29 weeks gestation presented 
with biliary colic and multiple stones seen on MRCP. 
a An ERCP was performed without fluoroscopy and 
abundant stones and sludge were repeatedly removed 
with a balloon catheter. Cholangioscopy with a Spyglass 

catheter showed residual stones and sludge. b A 7 cm long 
7F biliary stent was placed to ensure drainage. An ERCP 
was performed 1 month after delivering a healthy boy 
at which time the biliary stent and multiple stones were 
removed
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Outcomes After ERCP During 
Pregnancy

Technical Aspects

Many reports on ERCP during pregnancy repre-
sent anecdotal experiences from expert centers, 
and there are no established guidelines on the 
topic. As mentioned earlier, Baillie et  al. pub-
lished the first reported case series in 1990 of five 
pregnant patients who all underwent ERCP with 
sphincterotomy using fluoroscopy and delivered 
healthy babies at term. Fluoroscopy time was 
under 10  s, no spot radiographs were obtained, 
radiation exposure was measured with dosim-
etry badges to document fetal exposure, and 
lead shields were utilized [35]. In 1990, the first 
reported ERCP without using fluoroscopy and 
using needle-knife papillotomy for an impacted 
CBD stone in a pregnant patient was published 
[52]. The actual first non-radiation ERCP was 
performed in 1988, but reported in 1991 [53]. 
Gall bladder stent placement during pregnancy in 
addition to bile duct stone removal was reported 
in 1993; this procedure required about 4 min of 
fluoroscopy [54]. In 1994, two reports of suc-
cessful ERCP without fluoroscopy described the 

bile aspiration technique to confirm biliary ac-
cess [55, 56].

A relatively large multicenter experience de-
scribed the first reported case of post-ERCP pan-
creatitis during pregnancy, albeit in a patient with 
a primary pancreatic indication [36]. In the only 
prospective study, ten patients underwent bili-
ary stenting without sphincterotomy [57]. One 
patient needed a second ERCP during pregnancy 
to remove an impacted stone after sphincteroto-
my. The remaining patients required postpartum 
ERCP for stent extractions, two of which were 
complicated by proximal stent migrations. Ra-
diation exposure was carefully reported (range 
30–90  s, mean 45  sec, 18  mrad). The authors 
proposed that this strategy might be safer than 
sphincterotomy with initial attempts at ductal 
clearance and may require less radiation expo-
sure. This approach, however, has not become 
popular likely due to need for repeat procedures 
and potential stent-related complications.

About 10-years-ago, a single center experi-
ence reported on the safety of ERCP in 15 preg-
nant patients [58]. Although fluoroscopy and 
spot radiographs were used and more than half 
the patients underwent diagnostic ERCP only, the 
authors concluded that ERCP during pregnancy 

Fig. 19.10   A 22-year-old at 34 weeks gestation was re-
ferred for jaundice and suspected bile duct stones due to 
persistently elevated LFTs. An MRCP prior to referral 
showed dilation of the gallbladder, cystic duct, and bile 
duct with a very obvious distal filling defect. An ERCP 
without fluoroscopy was performed with removal of a 
bile duct stone. The duct did not appear clear of debris on 

cholangioscopy so a 7 cm long 7F biliary stent was placed. 
She had an uneventful delivery and underwent cholecys-
tectomy and ERCP postpartum. a Following stent extrac-
tion, mechanical lithotripsy was required to remove a dis-
tal bile duct stone. b A second stone was removed with a 
balloon catheter from the cystic duct remnant
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should be performed using safety measures and 
only when there is a therapeutic intent. This re-
port spurred two letters describing small series 
of non-radiation ERCP during pregnancy with 
therapy performed in all cases [59, 60]. Since 
then, experience with ERCP during pregnancy 
has dramatically expanded in the last decade.

The largest series published by Tang et  al. 
involved 65 patients who underwent 68 ERCPs 
during pregnancy [11]. Nearly half the ERCPs 
occurred during the third trimester with a calcu-
lated rate of ERCP in pregnancy of 1 per 1415 
births. Median fluoroscopy time was 1.45  min. 
Nearly all patients underwent biliary sphincter-
otomy and biliary stenting was performed in 15 
patients (22 %) for biliary strictures or concern 
for retained stone. Post-ERCP pancreatitis was 
diagnosed in 11 patients (17 %) with one patient 
graded as severe, which is a higher rate than re-
ported in other studies.

Maternal Risks

Pregnant patients are exposed to the same general 
risks of ERCP as nonpregnant patients. These in-
clude acute pancreatitis, cholangitis, post-sphinc-
terotomy bleeding, and perforation. Pancreatitis 
is the most feared complication with isolated re-
ports of over 10 % rate of post-ERCP pancreatitis 
[11, 61]. Cappell pooled data on 296 patients from 
46 studies of ERCP during pregnancy [44]. Fortu-
nately, the overall rate of post-ERCP pancreatitis 
(6.4 %) was similar to nonpregnant patients. The 
risk for maternal bleeding after sphincterotomy 
(1 %) was also within the expected range. None 
of the cases required surgical intervention to stop 
bleeding. No biliary or gastrointestinal perfora-
tion occurred after sphincterotomy.

Fetal Risks

Development of hepatobiliary diseases may lead 
to adverse pregnancy outcome such as prematu-
rity, fetal loss, and low birth weight. Use of ion-
izing radiation during ERCP will add to the fetal 
risks of teratogenicity and carcinogenesis, which 

may take years to appear. Based on several ani-
mal studies and human observational studies of 
atomic bomb survivors, radiation exposure in the 
first trimester during which organogenesis occurs 
has the highest risk of adverse effects on the fetus. 
The average reported radiation exposures from 
available ERCP series range from 4 to 310 mrad 
[35, 38, 57, 58], which falls within the acceptable 
range. In a study that included 17 first trimester 
patients who underwent ERCP, 15 patients were 
followed to delivery. Preterm delivery occurred in 
20 % of this group compared to 5 % in the 44 pa-
tients who completed ERCP during the second or 
third trimesters [11]. None of the 59 patients who 
were followed until delivery had spontaneous fetal 
loss, perinatal death, stillbirth, or fetal malforma-
tion. In an Indian study by Gupta et al., the lon-
gest follow-up of fetal outcome with a mean of 6 
years postpartum was reported in 11 patients who 
all had healthy babies. [62]. Fetal outcomes from 
254 patients were described in a review by Cap-
pell [44]. Healthy term babies were delivered by 
234 patients. There were 11 preterm births, 3 late 
spontaneous abortions, 2 infant deaths after birth, 
1 voluntary abortion, and no associated congenital 
malformations observed.

Back to Our Case

The patient was discharged and cholecystectomy 
with intraoperative cholangiogram in the post-
partum period was recommended.

Indications for Cholecystectomy 
During Pregnancy or Postpartum

Patients with biliary colic should initially be 
managed with supportive care but those with re-
current symptoms during pregnancy will often 
need consideration for cholecystectomy. Indica-
tions for surgery in pregnancy also include se-
vere symptoms, obstructive jaundice, acute cho-
lecystitis intractable to medical management, 
and peritonitis [19]. More than 50 % of the pa-
tients have recurrent biliary symptoms with a 
higher rate of fetal loss (up to 12 %) in patients 
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managed conservatively [63, 64]. Similarly, 
from a study of 9714 pregnant patients who un-
derwent cholecystectomy, those who underwent 
surgery had significantly lower maternal (4.3 
vs. 16.5 %) and fetal (5.8 vs. 16.5 %) complica-
tions compared to patients treated nonoperative-
ly [65]. For patients with biliary pancreatitis, 
the relapse rate exceeds 70 % when not treated 
surgically before delivery [9]. If surgery is nec-
essary during pregnancy, the second or early 
third trimester are generally considered the saf-
est. During this period, organogenesis has been 
completed and the uterus is not large enough to 
occupy the operative field. An early study from 
the 1980s reported that spontaneous abortion 
was nearly twice as likely in patients undergo-
ing surgery during early pregnancy compared to 
nonpregnant patients [66]. More recent experi-
ence suggested that cholecystectomy and even 
common duct explorations can occur safely at 
any time during pregnancy although this is a mi-
nority opinion [67]. Retrospective studies com-
paring open and laparoscopic cholecystectomy 
reported no significant difference in maternal or 
fetal outcomes [23].

Postpartum cholecystectomy is indicated in 
patients who had evidence of complications of 
choledocholithiasis including a passed com-
mon bile duct stone or biliary pancreatitis. Since 
gallstones and sludge frequently resolve after 
pregnancy, the decision to proceed with surgery 
should include further imaging to confirm the 
presence of stones and the patient’s desire for 
having subsequent pregnancies.

Key Points

•	 Pregnancy associated hormonal changes 
increase the risk of gallstone formation.

•	 Complications related to gallstones dur-
ing pregnancy may benefit from therapeutic 
ERCP.

•	 Consultation from the obstetrics team should 
be obtained to help manage pregnant patients.

•	 ERCP should be performed only when there 
is a strong indication for endotherapy to treat 

choledocholithiasis and its complications, 
such as biliary colic, acute biliary pancreatitis, 
or acute cholangitis.

•	 Endoscopic ultrasonography and magnetic 
resonance cholangiography are appropriate 
diagnostic options in pregnant patients with 
suspected biliary tract disease because of 
their accuracy in detecting common bile duct 
stones and lower morbidity than ERCP.

•	 If possible, ERCP should be postponed to the 
second trimester or postpartum.

•	 Efforts should be taken during ERCP to mini-
mize or completely avoid using fluoroscopy 
to prevent possible radiation exposure to the 
fetus.

•	 ERCP is overall a safe and successful thera-
peutic option in the management of gallstone-
related complications in pregnant patients.

Video Captions

Video 19.1 In this pregnant patient with con-
firmed choledocholithiasis on MRCP, ERCP 
shows a stone at the biliary orifice. Guidewire 
cannulation is performed with bile seen subse-
quently emanating from the papilla. The wire 
is advanced into the bile duct, biliary sphincter-
otomy performed, and balloon extraction of the 
stone performed. No fluoroscopy was used dur-
ing the ERCP

Video 19.2 In the same patient, cholangiosco-
py using the optical fiber of Spyglass preloaded 
into a cannula shows biliary sludge without evi-
dence of residual stones
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Special Considerations for Pediatric 
ERCP

Special considerations must be taken into account 
when preparing and performing ERCP in infants 
and small children. These considerations include 
issues with sedation, duodenoscope selection, 
and endoscope accessories. Due to the limited 
accessories that are compatible with the pediatric 
duodenoscope, the standard adult duodenoscope 
is preferred when performing therapeutic ERCP 
even in small children. A standard adult duode-
noscope (outer diameters ranging from 10.8 to 
12.1 mm) can usually be used to perform thera-
peutic ERCP in children weighing 10 kg or more. 
In small children and infants who cannot tolerate 
a standard adult duodenoscope, pediatric duode-
noscopes with outer diameters ranging from 7.5 
to 7.6  mm are available from Pentax Medical 

and Olympus, and have been successfully used 
in ERCP [1–6]. The working channel in pediat-
ric duodenoscopes is only 2.0–2.2 mm in diam-
eter, which limits options for accessories to those 
that will pass down a 2  mm diameter channel 
(Table 20.1) [7].

A relatively large diameter of standard adult 
duodenoscope can cause tracheal compression 
and compromise with the cardiopulmonary sta-
tus of a small child. Prone position in small chil-
dren may more easily result in hypoventilation 
compared to adults in this position. As in adults, 
ERCP in supine position can be considered for 
small children. General anesthesia with endotra-
cheal intubation should be considered to main-
tain a safe and patent airway during ERCP for 
small children and infants [8].

Although special technical considerations 
must be taken into account when performing 
ERCP on infants and small children, ERCP in 
this patient population has been shown to be 
technically feasible, safe, and therapeutically ef-
fective [9–12]. Post-procedure admission is usu-
ally recommended after therapeutic ERCP, espe-
cially when sphincterotomy or sphincteroplasty 
has been performed to monitor the post-ERCP 
complications. The incidence of adverse events 
following ERCP in the pediatric population for 
both biliary and pancreatic indications appears 
similar to the rates in adults undergoing ERCP 
[13, 14]. The availability of ERCP as a diagnostic 
and therapeutic tool is essential in the evaluation 
and treatment of children with certain congenital 
or acquired pancreaticobiliary diseases.

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_20) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_20.
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Case 1

Initial Presentation

A 2-year-old boy presents to the emergency de-
partment with a 2-day history of persistent em-
esis, abdominal pain, and decreased urine output. 
He is afebrile, but tachycardic and responds to 
fluid resuscitation. Past medical history reveals 
that the patient has congenital heart disease 
(Shone’s complex), which was surgically re-
paired with aortic arch augmentation during the 
neonatal period accompanied by prolonged total 
parental nutrition during his perioperative recov-
ery. On physical examination, the patient’s sclera 
are icteric, abdomen is soft and non-tender with 
no masses palpable. Laboratory values reveal a 
total bilirubin level of 7 mg/dL, AST 145 U/L, 
ALT 314 U/L, and alkaline phosphatase 547 U/L. 
Abdominal ultrasonography revealed a slightly 
enlarged liver measuring 11  cm, a gallstone in 
the gallbladder, dilation of the intrahepatic bile 
duct, and dilation of the proximal common bile 
duct up to 1 cm.

What is the Differential Diagnosis for 
Children with Obstructive Jaundice?

Although the etiology of conjugated hyperbiliru-
binemia in the pediatric population can be similar 
to adults, one must have a higher consideration for 
congenital biliary anomalies, such as choledochal 
cyst, accessory bile duct, and biliary atresia, when 
evaluating the neonatal or pediatric patient. Al-
though malignancy of the bile duct is rare in the 
pediatric population, botryoid rhabdomyosarcoma 
can present with obstructive biliary disease, and 
a hepatic infiltrative process can resemble biliary 
obstruction in laboratory values. When evaluat-
ing the pediatric patient, the differential diagnosis 
must also include diseases seen in adults, such as 
choledocholithiasis, primary sclerosing cholangi-
tis, and infectious etiologies (Table 20.2).

Choledocholithiasis

Previously considered uncommon in children, 
cholelithiasis and choledocholithiasis are being 
diagnosed with increasing frequency in children 

Table 20.1   Accessories for endoscope with a 2 mm channel. (Adapted from [7])
Device Manufacturer Comments
ERCP cannulation catheters Boston Scientific, ConMed, Medi-

globe, Telemed
Curved, straight, or tapered tip, 
0.018–0.035 in wire

Sphincterotomes Cook Medical, Mediglobe, Olympus Limited to double lumen, cannot take 
0.035 in wire

Needle knife papillotome Cook Medical, Mediglobe, Olympus –
Stone retrieval balloons Boston Scientific, Horizons Interna-

tional, Mediglobe, Olympus
–

Table 20.2   Biliary indications and therapeutic options for pediatric ERCP
Indications Endoscopic/therapeutic maneuvers
Neonatal cholestasis/biliary atresia Flush biliary plugs
Bile leak Stent placement
Biliary stricture (e.g., bile duct anastomosis in duct-
duct orthotopic liver transplant)

Stricture dilation, stent placement, choledochoscopy

Choledochal cyst Sphincterotomy, stone removal, stent placement, preopera-
tive assessment

Choledocholithiasis Sphincterotomy, stone removal, choledochoscopy with 
lithotripsy

Malignancy (botryoid rhabdomyosarcoma) Biopsy, stent placement
Sclerosing cholangitis Stricture dilation, stent placement
Sphincter of Oddi dysfunction Sphincterotomy
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and adolescents (Figs.  20.1, 20.2, and 20.3) 
[15, 16]. Obstructive biliary disease occurs in 
28 % of the patients requiring cholecystectomy 

[16]. Risk factors for stone disease encompass 
those commonly seen in adults, such as obesity 
especially during puberty or post-pubescence, as 
well as diseases often associated with the pediat-
ric population including hematologic disorders, 
prolonged total parental nutrition, and cystic fi-
brosis. Patients usually present with acute epigas-
tric or right upper quadrant abdominal pain, ten-
derness, elevated liver transaminases, and hyper-
bilirubinemia suggestive of an obstructing biliary 
stone. The American Society of Gastrointestinal 
Endoscopy (ASGE) published guidelines strati-
fying the likelihood of choledocholithiasis based 
on patient clinical symptoms, imaging studies, 
and laboratory values [17]. Fishman et al. have 
adapted these guidelines for the pediatric popula-
tion and showed that substituting conjugated bili-
rubin for total bilirubin increased the specificity 
for identifying choledocholithiasis in children. 
In addition, the combination of conjugated bili-
rubin and identification of a common bile duct 
stone increased the odds of identifying a stone 
at ERCP. However, transabdominal ultrasonogra-
phy (US) alone had poor sensitivity for identifi-
cation of CBD stones and even when identified, 
may pass prior to ERCP [18].

Fig. 20.3   Choledocholithiasis secondary to TPN in a 
6-week-old infant

 

Fig. 20.2   Common bile duct stone and distal biliary 
stricture ( bracket) in a child with Down syndrome and 
duodenal atresia repair

 

Fig. 20.1   Cholangiogram of a stone-induced stricture 
( arrow) with proximal saccular dilation mimicking a cho-
ledochal cyst in a child with autoimmune hemolytic ane-
mia. (Note inflated 15 mm biliary stone extraction balloon 
in proximal bile duct)

 



328 Q. Y. Liu and D. S. Fishman

Choledochal Cyst

Choledochal cysts are congenital abnormal di-
lations of the biliary tree. Most present during 
childhood with some manifesting in adulthood. 
Several types of choledochal cysts exit as de-
scribed in Chap. 10. Choledochal cysts must be 
considered in young children presenting with a 
dilated bile duct with or without a bile duct stone. 
They can vary in size; and in children, a type 1B 
fusiform choledochal cyst can be difficult to dis-
tinguish from a dilated bile duct resulting from an 
obstructing bile duct stone. Stones can be present 
secondarily in the choledochal cyst on initial pre-
sentation making it more difficult to determine if 
the patient has a primary choledochal cyst, or if 
the obstructing stone led to the dilated, fusiform-
like bile duct. What appears to be stone in chole-
dochal cysts may actually be proteinaceous plugs 
[19, 20]. Differentiating a choledochal cyst from 
a secondarily dilated bile duct due to an obstruct-
ing stone is important because of the increased 
risk of biliary malignancy associated with cho-
ledochal cysts [21, 22]. Prior imaging studies of 
the biliary system before a patient’s presentation 
with biliary symptoms can be essential to deter-
mine if the patient’s abnormal biliary dilatation is 
congenital or acquired. In addition, if the patient 
undergoes ERCP with sphincterotomy, decom-
pression of the biliary system following this is 
supportive of an acquired rather than congenital 
etiology.

In a young child without risk factors for chole-
lithiaisis, magnetic resonance cholangiopancrea-
tography (MRCP) should be performed with and 
without contrast to differentiate a tumor from a 
stone as a tumor will be enhanced on T2-weight-
ed imaging. ERCP may be appropriate when 
there is concern for obstruction (elevated LFTs, 
abnormal MRCP) to differentiate obstructing 
stone disease from a choledochal cyst. However, 
definitive treatment for a choledochal cyst is sur-
gical resection.

Associated with choledochal cysts are anoma-
lous pancreaticobiliary junction (APBJ) in which 
the common channel from the ampulla to the 
pancreaticobiliary junction is abnormally long, 
typically greater than 1.5 cm. One etiologic the-

ory proposes that in APBJ, pancreatic enzymes 
reflux into the biliary tree, leading to injury of the 
bile duct and the formation of a choledochal cyst 
[23]. Similarly, APBJ is believed to predispose 
a patient to pancreatitis from bile refluxing back 
into the pancreatic duct and causing pancreatic 
irritation (Figs. 20.4, 20.5, 20.6, 20.7, and 20.8).

Fig. 20.5   Long common channel in a 3-year-old male 
with recurrent pancreatitis and obstructive jaundice. In-
flated 9 mm stone extraction balloon in distal bile duct

 

Fig. 20.4   Choledochal cyst in a 5-year-old male Pacific 
Islander treated with hepaticojejunostomy
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Biliary Atresia

Biliary atresia is an inflammatory process lead-
ing to localized obliteration of the extrahepatic 
bile ducts. This process likely begins prenatally 

and worsens during the first 1–2 months of life. 
Early and accurate diagnosis is essential as de-
layed surgical intervention is associated with 
poor outcomes [24, 25]. Although biliary atresia 
is extremely high on the differential diagnosis 
when evaluating the patient with neonatal cho-
lestasis, outside the neonatal period, it is ex-
tremely unlikely as certain mortality occurs, if 
not surgically addressed.

The gold standard for diagnosis of biliary atre-
sia is an intraoperative cholangiogram although 
the diagnosis is usually suggested by the patient’s 
clinical picture, imaging studies, and liver biop-
sy. Familial Intrahepatic Cholestasis Type 3 can 
present similarly, and MRCP has been used to 
help diagnose biliary atresia [26]. Non-invasive 
imaging and liver biopsy will fail to diagnose 
about 14 % of the infants with neonatal cholesta-
sis [27]. ERCP can exclude biliary atresia as a 
diagnosis in infants with neonatal cholestasis if 
a normal cholangiogram is visualized; and there-
fore, can spare the infant from a surgical intra-
operative cholangiogram [5, 6, 28–30]. However, 
ERCP is not widely performed in the evaluation 
of biliary atresia in most pediatric liver centers 
due to lack of availability and less invasive al-
ternatives.

Fig. 20.8   Choledochal cyst with typical saccular appear-
ance

 

Fig. 20.7   Choledochal cyst and anomalous pancreatico-
biliary union

 

Fig. 20.6   Anomalous pancreaticobiliary union in a 
12-year-old male with obstructive jaundice. Filling defect 
identified in common channel
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Tumor–Botryoid Rhabdomyosarcoma

Obstructive jaundice secondary to biliary tumor 
and malignancy is rare in children. While bot-
ryoid rhabdomyosarcoma is the most common 
biliary tumor in children, overall it is rare with 
mostly case reports in the literature and accounts 
for only 0.8 % of all rhabdomyosarcomas [31]. 
Treatment usually consists of surgical resec-
tion and chemoradiation; although, Himes et al. 
reported the role of ERCP in the diagnosis and 
management of biliary rhabdomyosarcoma with 
stenting followed by chemotherapy and radiation 
therapy (Fig. 20.9) [32].

What Diagnostic Tools Are Available 
for Children with Obstructive 
Jaundice?

US is usually the first radiographic tool to evalu-
ate the biliary system for obstructing stones or 
lesions and the gallbladder for cholelithiasis. US 
sensitivity for detecting bile duct stones ranges 
from 45 to 55 % [33, 34]. In addition, US may 
not be able to evaluate the entire bile duct due 

to anatomy and bowel gas that can obstruct the 
sonographic signals.

Computed tomography (CT), which is readily 
available, can provide valuable anatomical de-
tails of the pancreaticobiliary system in children 
with biliary obstruction. There are concerns that 
children are more radiosensitive than adults, and 
that increased exposure to ionizing radiation can 
potentially raise malignancy risk [35, 36]. There-
fore, MRCP is usually recommended instead of 
an abdominal CT in the pediatric population for 
detailed imaging of the pancreaticobiliary sys-
tem.

MRCP is the diagnostic study of choice after 
abdominal ultrasonography due to its ability to 
define the pancreaticobiliary anatomy well in a 
non-invasive manner. MRCP with and without 
contrast can evaluate for the presence of a cho-
ledochal cyst and for filling defects concerning 
obstructing lesions such as choledocholithiasis, 
or biliary neoplasms such as rhabdomyosarcoma. 
MRCP correlates highly with ERCP in the pedi-
atric population [37]. Practically, one must con-
sider whether the child can lay motionless for an 
MRCP over an extended period of time. There-
fore, with infants and young children, sedation is 
usually required to ensure optimal MRCP image 
quality.

Endoscopic ultrasound (EUS) can image 
the entire pancreaticobiliary anatomy in detail 
while providing the opportunity to perform fine-
needle aspiration and needle biopsy of concern-
ing lesions. EUS is technically feasible and safe 
while adding valuable diagnostic information in 
the care of children [38–40]. Similar to ERCP, 
EUS can be limited in children mainly due to the 
relatively large outer diameters of the echoen-
doscopes. Currently, echoendoscope diameters 
range from 11.8 to 12.8 mm, which precludes its 
use in infants and small children. The variation 
in size of duodenoscopes makes ERCP easier 
than EUS in some cases as EUS can be difficult 
in small children and infants due to the relatively 
large outer diameter and stiffness of the tip of the 
echoendoscope.

Fig. 20.9   Biliary rhabdomyosarcoma in a 4–year-old 
male with obstructive jaundice. Extensive irregular filling 
defects in mid to distal common bile duct
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Case Continued

The patient was admitted from the emergency 
department and rehydrated. Repeat laboratory 
values showed persistent conjugated hyperbili-
rubinemia and elevated markers of liver inflam-
mation. The obtained MRCP confirmed a dilated 
biliary tree of the patient’s left and right intrahe-
patic bile ducts to the mid common bile duct with 
the largest diameter of up to 1  cm. The MRCP 
also revealed a filling defect in the distal bile 
duct, suggestive of a bile duct stone.

What Are the Management and 
Therapeutic Options for a Child with 
Obstructive Jaundice from a Biliary 
Stone or Choledochal Cyst?

As the patient had persistent obstructive jaundice 
and radiographic findings suggestive of obstruct-
ing biliary stone, ERCP is a treatment option that 
can both further confirm the diagnosis and treat 
the biliary obstruction. ERCP with sphincterot-
omy and stone extraction can relieve the acute 
obstruction, treat potential ascending cholangitis, 
and reestablish bile flow. Larger stones may re-
quire more advanced techniques including me-
chanical, electrohydraulic, or laser lithotripsy. 
The latter two are performed under direct endo-
scopic visualization via a choledochoscope ad-
vanced into the bile duct (Video 20.1). As stated 
earlier, therapeutic ERCP in the pediatric popula-
tion has been shown to be safe and effective for 
pancreaticobiliary diseases [8–12]. In cases of 
potential choledochal cyst, ERCP has an estab-
lished role to better define the biliary anatomy, 
assess for the presence of an anomalous pancre-
aticobiliary junction, and aid the surgical plan-
ning for cyst resection [19, 41–46].

Case Continued

Due to persistent hyperbilirubinemia and high 
suspicion for obstructive jaundice suggested by 
MRCP, the patient underwent ERCP. Cholangio-
gram was consistent with MRCP showing dilated 

common hepatic, left, and right intrahepatic bile 
ducts. A 5 mm-filling defect was seen in the distal 
bile duct. Biliary sphincterotomy was performed 
and balloon sweep retrieved a bile duct stone. 
The patient recovered from the ERCP without 
complications and his laboratory values normal-
ized. Repeat imaging 6 months post-ERCP and 
sphincterotomy showed persistent dilation of the 
common hepatic duct and intrahepatic ducts with 
normal liver laboratory values. As the biliary sys-
tem remained dilated despite adequate drainage 
of his biliary system, the patient was diagnosed 
with a choledochal cyst and referred for surgical 
resection. After multidisciplinary discussion, it 
was decided that the patient complete all stages 
of his planned cardiac surgeries prior to the bili-
ary cyst resection to optimize his cardiopulmo-
nary status. There would also be little immediate 
risk of biliary complications, such as biliary ob-
struction with his biliary sphincterotomy provid-
ing adequate bile flow, and his risk of biliary ma-
lignancy was not immediate given his young age.

Miscellaneous Biliary Procedures

ERCP, EUS, and choledochoscopy are utilized 
for both, diagnosis and treatment in children 
after orthotopic liver transplant (OLT) and other 
abdominal organ transplants [47]. ERCP may 
be performed in the first days of transplant, al-
though ideally after two weeks in patients with 
choledochocholedochostomy (duct-to-duct) or 
related anastomoses. Although the most common 
reason for transplant is biliary atresia (which re-
quires Roux-en-Y anastomoses), in other infants 
and children, duct-to-duct anastomoses may be 
performed. Most commonly, ERCP is used in 
this population to diagnose and treat strictures 
or leaks at the anastomosis or vascular insuffi-
ciency leading to ischemic strictures (Figs. 20.10 
and 20.11, Chap.  9) [48]. Cast-syndrome and 
other stone and sludge formations can occur in 
the setting of a stricture and should be treated at 
the same session. Balloon dilation of anastomotic 
or ischemic-induced strictures (using 4–8 mm di-
ameter balloons) with or without stent placement 
(5F–10F with upsizing as appropriate) is fre-
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quently performed. Sphincterotomy with removal 
of stone and debris from the biliary tree can also 
be safely performed [47]. Direct visualization 
with choledochoscopy may be used to improve 
diagnostic yield in pediatric liver transplant pa-
tients [49, 50]. During ERCP, choledochoscopy 
has been used for a variety of indications to pro-
vide direct visualization and offer therapeutic op-

tions with subsequent change in management in 
over 60 % of the patients [50]. Percutaneous tran-
shepatic cholangiography should be considered 
if ERCP is unsuccessful, and is usually the first 
option in children with Roux-en-Y anastomoses.

Traumatic leaks from blunt or penetrating 
injury as well as postoperative leaks are treated 
with combined sphincterotomy and stent or stent 
therapy alone (Fig. 20.12) [48]. Spontaneous bile 
duct perforation has been reported in an infant 
and ERCP with stent placement was used suc-
cessfully [51]. Sphincter of Oddi manometry can 
also be performed to evaluate and treat patients 
with either suspected abnormal biliary or pan-
creatic types of sphincter of Oddi dysfunction. 
There is limited published data on normal pediat-
ric sphincter pressure values, and larger pediatric 
series are usually grouped with other therapeutic 
ERCP procedures [52–54].

Case 2

A 4-year-old boy with autism presented to the 
emergency department with acute onset of vom-
iting and abdominal pain and laboratory investi-
gation notable for a lipase of 19,000 U/L. These 
symptoms had been ongoing for 2 years, but 

Fig. 20.12   Bile leak from cystic duct stump in a 16-year-
old female after cholecystectomy

 

Fig. 20.11   Anastomotic biliary stricture ( bracket) in a 
teenager 8 days after OLT for autoimmune hepatitis

 

Fig. 20.10   Anastomotic biliary stricture ( arrow) in a 
3-year-old following OLT for metabolic disease
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pancreatic enzymes were normal during a prior 
clinic visit. He was hospitalized for the first time 
with pancreatitis, and MRCP demonstrated nor-
mal pancreatic anatomy without strictures, dila-
tion, or stones. He then had several additional 
episodes of documented pancreatitis. Genetic 
analysis confirmed a mutation encoding cationic 
trypsinogen (PRSS1).

Pancreatic Endoscopy in Children

It is generally accepted that ERCP is not neces-
sary for the first episode of pancreatitis in a child, 
unless therapy is indicated from an auxiliary 
study, such as CT or MRCP. Improved imaging 
modalities have shifted the indications for ERCP 
from diagnostic to mainly therapeutic. The evalu-
ation of recurrent pancreatitis typically involves 
a battery of labs, transabdominal ultrasound, 
and usually an MRCP (Table 20.3) [55]. ERCP 
is often considered at this point and recurrent 
pancreatitis is the most common indication for 
pancreatic ERCP in children (Table 20.4). While 

gallbladder or stone-related disease can be identi-
fied in patients of all ages, an anatomic cause is 
more likely in younger children. Multiple centers 
have reported their experience with pancreatic 
ERCP in children with recurrent pancreatitis, but 
there are limited recommendations to guide pa-
tient selection regarding pediatric-specific endo-
therapies [53, 54, 56–58].

Therapeutic ERCP for Treatment 
of Acute Recurrent and Chronic 
Pancreatitis in Children

ERCP is commonly used in the treatment of acute 
recurrent pancreatitis (ARP) and chronic pancre-
atitis (CP) for children. The diagnosis of ARP 
and CP may be difficult in children, but recent 
pediatric working groups have begun to clarify 
definitions of ARP and CP. For example, chronic 
pancreatitis is defined by the INSPPIRE consor-
tium as requiring at least one of the following 
three: (1) abdominal pain consistent with pan-
creatic origin and imaging findings suggestive 

AQ2

Table 20.3   What are the common tests performed in children with recurrent and chronic pancreatitis?
Labs
Liver panel (AST, ALT, alkaline phosphatase, GGT, and fractionated bilirubin)
Serum calcium
Triglycerides
Sweat (Cl−) testing
Genetic analysis (PRSS1, CFTR, SPINK1, and CTRC)
Imaging
Abdominal ultrasound
Vas deferens ultrasound in patients when CF is considered
CT scan
MRCP
ERCP
EUS

Table 20.4  What are the common pediatric indications for pancreatic ERCP?
Idiopathic recurrent pancreatitis
Chronic calcific pancreatitis (pancreatic sphincterotomy, stone removal, stent placement)
Pancreas divisum (minor sphincterotomy, stent placement)
Anomalous pancreaticobiliary junction
Pancreatic pseudocyst (cystgastrostomy)
Pancreatic leak secondary to trauma, tumor, pancreatitis (stent placement)
Sphincter of Oddi dysfunction (manometry with or without sphincterotomy)
Autoimmune pancreatitis
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of chronic pancreatic damage, (2) evidence of 
exocrine pancreatic insufficiency and suggestive 
pancreatic imaging findings, and/or (3) evidence 
of endocrine pancreatic insufficiency and sug-
gestive pancreatic imaging findings [55].

Several large series have investigated the role 
of ERCP in ARP and CP in children [52, 59, 60]. 
Otto et  al. reported a series of 231 ERCPS, of 
which 148 ERCPs were performed for pancreati-
tis; 106 (71.6 %) had either ARP or CP as the in-
dication and identified an etiology in 60 % (41 of 
68) with ARP. A recent study from India reported 
on 221 ERCP procedures in 172 children with 
pancreatic disease of whom 143 (83 %) had CP 
and 19 (11 %) had ARP. The ductal changes noted 
on pancreatogram in the CP patients included di-
lated and irregular main pancreatic duct (MPD) 
in 64 %, PD calculi in 53 % (84 % in the head), 
dominant MPD stricture in 16 % (69.3 % in the 
head), and PD leak in 4.9 % (Figs.  20.13 and 
20.14). There are no pediatric-specific EUS fea-
tures for chronic pancreatitis, thus EUS diagnosis 
of CP is based on extrapolation of adult criteria.

The endoscopic treatment options in children 
with ARP and CP are similar to adults and include 
major and minor papillotomy, stent placement, 
stone removal, and lithotripsy (Chaps. 13–14). In 

the Agarwal series, nearly 90 % of them underwent 
pancreatic sphincterotomy for CP (67 % major pa-
pillotomy and 22 % minor papillotomy) with 4–7 
French pancreatic stents in 55 %, and extracor-
poreal shock wave lithotripsy (ESWL) in 35 %. 
ESWL is infrequently performed in US pediatric 
centers. During mean follow-up of 61 months 
after endoscopic therapy in pediatric patients with 
CP, 71 % of the patients reported improvement in 
pain with 57 % being pain free [56, 59].

In patients with ARP, these etiologies were 
detected by ERCP: pancreas divisum in 37 %, 
biliary pancreatitis in 11 %, mildly dilated MPD 
suggestive of possible early CP in 21 %, and 26 % 
with no obvious etiology [56]. Pancreatic sphinc-
terotomy was performed in 58 % (11 of 19 pa-
tients) with ARP. During follow-up, 63 % of ARP 
patients reported pain relief. Overall complica-
tion rate for all ERCPs was 5 % with 1.5 % mild 
acute pancreatitis and 3.4 % with abdominal pain 
requiring hospitalization.

In CP, a discussion with patients and their 
families regarding alternatives to ERCP (e.g., 
ESWL, surgery, or islet cell transplant) is im-
portant. Judicious patient selection should guide 
the use of sphincterotomy and stents in children. 
In a patient with idiopathic ARP following an 

Fig. 20.13   Chronic pancreatitis with small filling de-
fects, dilated main pancreatic duct, and clubbed accessory 
branches in a 14-year-old male with mutation in cationic 
trypsinogen

 

Fig. 20.14   Chronic pancreatitis with several filling de-
fects in a dilated main pancreatic duct of a teenager with 
cystic fibrosis-related pancreatic disease
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exhaustive evaluation for biliary disease, we 
would consider ERCP in the setting of a normal 
MRCP after the second attack of pancreatitis, 
but typically only if the episodes are prolonged. 
A rule of thumb is to consider ERCP if the pa-
tient has had three or more attacks in 6 months 
or more than five episodes in a year. With limited 
data to guide endoscopic management, a young 
child with numerous episodes of pancreatitis, a 
normal MRCP, and no identifiable cause might 
receive either a trial of stent therapy or a pancre-
atic sphincterotomy, although data to support this 
practice is lacking. A child with metabolic disease 
induced recurrent pancreatitis (e.g., hypertriglyc-
eridemia) is unlikely to benefit from endoscopic 
therapy in the absence of other findings.

What is the Role of ERCP in Congenital 
Anomalies of the Pancreas?

Although its significance is debated, recurrent 
pancreatitis in children is commonly linked to 
congenital anomalies of the pancreas. Pancreas 
divisum and its variants are frequently present 
in up to 25 % of the pediatric ERCP performed 
for acute or chronic pancreatitis [53, 56, 58]. 
Agarwal et al. reported 30 of 143 (21 %) patients 
with CP and 7 of 19 (37 %) patients with ARP 
had pancreas divisum, while Otto et al. found 20 
of 106 (19 %) patients with abnormal anatomic 
variations [52, 56].

Pancreas divisum is a congenital anomaly 
caused by abnormal fusion of the ventral and dor-
sal pancreatic buds (Chap. 15). Occurring in up 
to 14 % of the general population, this may lead 
to abnormal drainage of the ventral pancreas via 
the duct of Wirsung with the predominant drain-
age from the dorsal (duct of Santorini) section. 
Pancreas divisum may lead to either stenosis or 
a functional obstruction. Minor papilla sphincter-
otomy with or without stent improves symptoms 
in 30–50 % of the pediatric patients [54, 56]. 
Other anatomic variations have been described, 
but their role in pediatric disease is less charac-
terized.

While MRCP may support a diagnosis of pan-
creas divisum, ERCP is necessary to confirm the 
diagnosis in a symptomatic patient for whom 
therapy is being considered (Fig. 20.15). Smaller 
caliber wires (e.g., 0.018, 0.021, or 0.025  in.) 
may be necessary due to the relatively small size 
of the minor ampulla and presence of stenosis. In 
addition, secretin (ChiRhoStim®, Burtonsville, 
MD, USA) may assist in the identification of the 
minor papilla and subsequent cannulation in chil-
dren with pancreas divisum.

Case Continued

After discussion with family and primary care 
physician, ERCP was performed during a pro-
longed hospitalization for acute recurrent pancre-

Fig. 20.15   ERCP with injection through major papilla 
into normal common bile duct and diminutive ventral duct 
consistent with complete pancreas divisum (a). Injection 

through minor papilla shows dorsal pancreatic duct con-
sistent with complete pancreas divisum (b). (Courtesy Dr. 
Linda Lee, Brigham and Women’s Hospital, Boston, MA)
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atitis. The pancreatic duct was cannulated with a 
0.025 in. wire, and pancreatogram demonstrated 
a dilated main pancreatic duct to 6  mm with a 
stricture at the genu and multiple filling defects 
despite a previously normal MRCP from a prior 
admission. It may be helpful to repeat MRCP if 
there has been a significant amount of time be-
tween the last imaging and planned ERCP to as-
sess for any changes. Secretin-enhanced MRCP 
has been demonstrated to be useful in the adult 
population and may offer improved visualization 
of the pancreatic duct in children as well. Mul-
tiple small-stone fragments were removed fol-
lowing pancreatic sphincterotomy and a 5F 7 cm 
stent was placed across the stricture to the junc-
tion of the body and tail. The patient did well and 
had dramatic improvement in symptoms during 
stent replacement over the next 6 weeks.

How Are Pancreatic Leaks and 
Pseudocysts Managed Endoscopically 
in Children?

Pancreatic duct leaks can occur in acute pancreati-
tis or due to traumatic injury (Figs. 20.16, 20.17, 
and 20.18). Blunt trauma (classically, a handlebar 

or seatbelt injury) is the most common mecha-
nism, but penetrating injury can occur. Although 
CT and MRCP can assist in diagnosis, ERCP is 
probably most useful for combined diagnosis and 
therapy in a patient with either a Grade III (dis-
tal transection or parenchyma and duct injury) or 

Fig. 20.17   Pancreatic duct leak in the neck of pancreas 
of a child with acute pancreatitis after Pegylated L-aspar-
aginase

 

Fig. 20.16   Pancreatic trauma from falling off a bicycle 
with small leak in midbody with stricture ( arrow) and 
mild upstream main pancreatic duct dilation, all treated 
with stent therapy (not shown) to bridge the leak and stric-
ture

 

Fig. 20.18   Pancreatic trauma secondary to motorized 
cart injury with leak and continuity with the upstream 
component of a normal appearing main pancreatic duct
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Grade IV (proximal transection or parenchyma 
and duct injuries) injury (Table  20.5) [61, 62]. 
Pancreatic stenting across a disruption may allow 
for ductal recommunication. If the stent cannot 
be advanced across the injury, a short stent may 
be placed across the sphincter; although this has 
a lower success rate of 20–40 % (Chap. 12). In 
children, 3F or 5F stents are commonly used and 
upsized as needed.

Depending on the location as well as other 
factors outlined in Chap.  12, endoscopic man-
agement of pancreatic pseudocysts and walled-
off necrosis is more commonly utilized given the 
morbidity of percutaneous and surgical drain-
age. Endoscopic drainage can be performed via 
transpapillary stent placement, cystgastrostomy, 
or necrosectomy. Several centers have reported 
their experience using ERCP or EUS, or a com-
bination of both, for diagnosis and management 
of pseudocysts in children [54, 56, 57, 63, 64]. 
In majority of the cases this is a highly effective 
procedure, but pseudocysts can recur.

Training in Pediatric ERCP

As outlined in Chap. 1, rigorous training is nec-
essary to master ERCP in a patient of any age. 
Depending on the available expertise, pediatric 
ERCP is most often performed by either an adult 
pancreaticobiliary endoscopist or a pediatric 
gastroenterologist with focused ERCP training. 
A growing number of pediatric gastroenterolo-
gists perform ERCP and receive training under 
the mentorship of an adult gastroenterologist or 
by completing an advanced endoscopy fellow-
ship to achieve requisite skills. As pediatric gas-
troenterology fellows perform fewer endoscopies 
overall compared to their counterparts in adult 
gastroenterology fellowships, advanced endos-
copy training for pediatric gastroenterologists 

need to account for this. To date, there are no spe-
cific recommendations for maintenance of skill 
in those performing pediatric ERCP, whether a 
pediatric or adult gastroenterologist. Given the 
significant variation in patient size (i.e., neonates 
to obese teenagers), equipment needs, and case 
distribution compared to adult patients, unique 
competencies may be needed to assess procedur-
alists in the future.

Future Directions

Pancreaticobiliary endoscopy in children is be-
coming more commonplace as an alternative to 
surgery or interventional radiology. Future stud-
ies should be directed at establishing guidelines 
for specific therapies (e.g., choledocholithiasis or 
recurrent pancreatitis). We would encourage a pe-
diatric registry to collect data regarding outcomes 
and adverse events. In addition, technical modifi-
cations of current equipment, including duodeno-
scopes, echoendoscopes, and papillotomes, should 
be tailored towards pediatric-sized patients and 
their disorders. Continued collaboration between 
pediatric and adult gastroenterologists is critical in 
advancing the field of pediatric ERCP and EUS.

Key Points

•	 ERCP in neonates and children has been 
shown to be safe and effective for treatment 
of, both, biliary and pancreatic diseases.

•	 In younger children, anatomic abnormalities 
and tumors should be considered in those with 
biliary obstruction or recurrent pancreatitis.

•	 Choledochal cyst must be considered in the 
differential of a child with a significantly 
dilated bile ducts and stones due to the 
increased risk of cholangiocarcinoma.

Grade Pancreatic injury
I Minor contusion
II Major contusion
III Distal transection or parenchyma and duct injury
IV Proximal transection or parenchyma and duct injury
V Massive disruption of pancreatic head

Table 20.5   Grading of 
pancreatic injury. (Adapted 
from [61])
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•	 Early diagnosis in biliary atresia is a key to 
improved surgical outcomes, and ERCP can 
help in the evaluation of exclusion of the dis-
ease in neonatal cholestasis.

•	 MRCP and ultrasonography are preferred for 
initial assessment of pediatric pancreatic and 
biliary diseases to spare children from ioniz-
ing radiation associated with CT scans.

•	 Pancreatic leaks and pseudocysts can be man-
aged endoscopically in children using trans-
papillary or transgastric methods.
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Video Caption

Video 20.1 16-year-old with large CBD stone 
pulverized with Yag-Holmium laser using single 
operator choledochoscopy
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Introduction

Endoscopic ultrasound (EUS) has evolved to 
become an established endoscopic technique in 
the diagnosis and treatment of a variety of gas-
trointestinal disorders including but not limited 
to pancreatic cysts, mucosal and subepithelial 
tumors, chronic pancreatitis, and various gastro-
intestinal malignancies. EUS has a particularly 
important role in the diagnosis and staging of 
gastrointestinal and pancreaticobiliary cancers. 
Several studies have demonstrated the superior-
ity of EUS compared to conventional abdomi-
nal computed tomography (CT) in the staging 
of esophageal, gastric, and pancreatic cancers 
[1–4]. Endoscopic ultrasound-guided fine-needle 
aspiration (EUS-FNA) is in many instances a 
preferred alternative to traditional percutaneous 
biopsies obtained under CT or ultrasound guid-
ance; an additional benefit is the ability to diag-
nose and stage the tumor in a single procedure. 
For pancreatic tumors, EUS-FNA has a sensitiv-
ity ranging between 85 and 90 % and a specificity 
of 100 % [5, 6]. More recently, in addition to the 
staging and diagnostic capabilities of EUS, there 
are several therapeutic interventions of EUS that 
have been developed including gaining access to 
and stenting the bile and pancreatic ducts, drain-
ing fluid collections, treating bleeding, injecting 

tumor suppressing agents, and placement of fi-
ducials for stereotactic radiotherapy [7]. In many 
ways, the introduction of EUS into clinical prac-
tice has transformed the field of gastroenterol-
ogy, in particular gastrointestinal oncology, with 
potential applications, especially therapeutic in-
terventions, continuing to evolve.

With the increasing use and availability of 
EUS, ensuring adequate training of practicing 
endosonographers has become a priority for the 
American Society for Gastrointestinal Endosco-
py (ASGE), as evidenced by the guidelines and 
core curriculum set forth on advanced training in 
EUS [8, 9]. The aims of this chapter are to cover 
current guidelines for individual trainees and 
practitioners, training programs, and credential-
ing in EUS. We will also discuss the merits of a 
formal year of advanced endoscopy training that 
includes training in EUS, evaluating trainees in 
their EUS proficiency, and educational resources 
available to complement clinical training. Al-
though computer-based training simulators are in 
their infancy in endosonography, they represent 
an exciting adjunct to formal training and will 
also be briefly considered.

Training in EUS: An Extra Year

As EUS becomes increasingly applied in clinical 
practice, the demand for well-trained endosonog-
raphers has risen [8, 10]. Both the ASGE and the 
European Society of Gastrointestinal Endoscopy 
(ESGE) have recently published guidelines for 
EUS training [9, 11].
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The training landscape of EUS has changed 
substantially in the past few years. Initially, a 
relative lack of training centers and the extensive 
commitment required by the trainee limited the 
availability of skilled endosonographers. EUS 
is now available at most US academic medical 
centers and most gastroenterology trainees have 
exposure to EUS in their regular fellowship cur-
riculum. This contact is usually limited to under-
standing the procedural indications and compli-
cations rather than hands-on experience.

Achieving proficiency in EUS typically re-
quires additional training beyond the scope of a 
traditional 3-year Gastroenterology fellowship 
program. The limitations of incorporating ad-
vanced endoscopic skills into the 3-year fellow-
ship curriculum have been the major impetus for 
establishing fourth-year fellowships in EUS. Cur-
rently in the USA, a 1-year Advanced Endoscopy 
fellowship following completion of an accredited 
gastroenterology training program is the most 
common training pathway for most endosonogra-
phers. Training during this year usually involves 
acquisition of other advanced endoscopic skills 
such as endoscopic retrograde cholangiopancrea-
tography (ERCP) and luminal stenting in addition 
to learning EUS. As interventional EUS becomes 
more main stream and boundaries between EUS 
and ERCP blur, endosonographers will be expect-
ed to possess a wide array of interventional skills 
in addition to core EUS skills. Only a minority 
of traditional 3-year Gastroenterology fellowship 
programs provide adequate hands-on EUS and 
ERCP training, and therefore, a formal advanced 
endoscopy fellowship is generally considered 
mandatory for proficiency in EUS. While clinical 
workshops, short-term EUS apprenticeships with 
hands-on training, animal models, EUS teaching 
videos, and computer-based training simulators 
provide experience and offer an understanding of 
the indications and complications of EUS, they 
do not substitute for formal fellowship training 
and arguably do not adequately train individuals 
as independent endosonographers. At select in-
stitutions, there may be 1- to 2-week workshops 
in EUS allowing exposure to this technology. 
These teaching methods simply represent use-
ful adjuncts to formal training and should not be 

used in lieu of a more formal supervised training 
experience. One retrospective study showed that 
endosonographers with formal supervised train-
ing experience in pancreaticobiliary EUS achieve 
a significantly higher sensitivity for EUS-FNA in 
diagnosing pancreatic malignancy compared to 
those without formal FNA training [12]. A gen-
eral consensus by expert endosonographers sug-
gests that luminal endosonography requires at 
least 3–6 months of intensive training to establish 
competency while pancreaticobiliary EUS and 
FNA may require up to 1 year [13]. In fact, one 
study suggested that the learning curve contin-
ues to develop after fellowship training because 
more procedures are needed to gain proficiency 
and efficiency with EUS-FNA of solid pancreatic 
masses [14, 15]. This is supported by a recent 
multicenter study of 12 EUS-naive advanced en-
doscopy fellows reporting sobering numbers that 
included only 2 trainees attaining competency by 
225 and 245 upper EUS procedures. another 2 fel-
lows trending towards acceptable performance by 
289 and 355 cases and the other 8 fellows requir-
ing ongoing training.

Currently, there are more than 50 Advanced 
Endoscopy training programs in the USA that 
participate in the fellowship match (www.asge.
org/education/). Many of these programs provide 
training in ERCP and EUS while a few separate 
the training into either EUS or ERCP. A survey 
by Azad and colleagues found that the majority 
of gastroenterology fellowship programs in the 
USA have the necessary EUS volume to annu-
ally train at least one EUS fellow [16]. How-
ever, most 3-year and many advanced fellows 
receive insufficient EUS training according to 
ASGE guidelines. Among 3-year GI fellows, 
55 % received less than 3 months of training with 
43 % not receiving actual hands-on experience, 
and 61 % not learning EUS-FNA. Programs of-
fering advanced training in EUS had a median 
advanced-trainee EUS volume of 200 procedures 
(range, 50–1100). Of the advanced fellows, 20 % 
failed to receive hands-on training while 52 % 
performed fewer than 200 procedures. Although 
there are limitations to this study, the findings 
highlight some of the inadequacies in training for 
EUS and demonstrate areas for improvement.
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Training Program Requirements

While programs may vary in the design of their 
training experience, two critical components 
are necessary for a qualified training program: 
adequate patient volume and recognized faculty 
expertise. Not all training programs should offer 
EUS training due to limitations of patient volume 
and faculty interests. When considering advanced 
training in EUS, a trainee should investigate all 
aspects of the training program [17]. Arguably, 
the most important aspect to a training program is 
the reputation and expertise of the faculty endo-
sonographers. Programs should have a minimum 
of one skilled endosonographer who is acknowl-
edged as an expert by his/her peers and is com-
mitted to teaching EUS. Ideally, there is a roster 
of experienced faculty who can guide the trainee. 
In addition, the program should promote the in-
teraction of the trainee with other faculty from 
the multidisciplinary teams for various disease 
states.

Unfortunately, the majority of EUS programs 
across the USA have limited, if any, extramural 
funding and may require additional clinical re-
sponsibilities from the trainee to help support the 
salary. While understanding the financial limi-
tations of most institutions, training programs 
should strive to limit the clinical responsibilities 
unrelated to EUS when developing their core 
curriculum. Ideally, programs should provide 
protected research time and encourage academic 
pursuits such as designing research protocols, 
preparing manuscripts, writing grant proposals, 
and attending EUS courses. Creating an envi-

ronment emphasizing endoscopic research and 
clinical investigation should be a fundamental 
goal for each training program. Trainees should 
be provided with the protected time and neces-
sary funds to attend at least one scientific meet-
ing during the course of their training, preferably 
one related to endosonography. A common goal 
for all committed trainees should be presenting 
their endoscopic research at either a national or 
international meeting. Many trainees in EUS may 
pursue future academic positions, and exposure 
to endoscopy unit management including sched-
uling, staffing, equipment maintenance, and 
management skills is also a valuable asset to any 
training program. These are invaluable skills to 
acquire early in an academic career. While devel-
opment of future academic endosonographers is 
a common goal for most training programs, some 
trainees may express different career interests 
that conflict with the goals of the training pro-
gram. Understanding and recognizing the pro-
gram’s expectations and trainee’s career interests 
is crucial to an enjoyable and successful training 
experience.

Each program in EUS should have the ability 
to provide sufficient numbers of procedures that 
will substantially surpass those required for mini-
mal competence (Table  21.1). Although a large 
procedure volume does not necessarily guaran-
tee competence, it is highly unlikely that a low 
volume of cases will provide sufficient exposure 
to these highly complicated and technically chal-
lenging procedures to allow adequate assessment 
of competency. Requiring a large volume of 
cases is not an elitist attempt by tertiary centers 

Table 21.1   Threshold numbers for EUS before competency can be assessed [2]
Site/Lesion Number of cases required
Mucosal tumors (cancers of the esophagus, stomach, and 
rectum)

75

Subepithelial abnormalities 40
Pancreaticobiliary 75
EUS-FNA 50 (includes 25 pancreatic FNA)
Non-pancreatic FNA 25
Pancreatic FNA 25
Comprehensive competence 150a

a Including at least 75 pancreaticobiliary and 50 FNA
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to exclude others from potential training opportu-
nities, but rather an attempt to guarantee the de-
livery of skilled endosonographers into the work-
force and answering the demand for endoscopic 
ultrasound. For these reasons, EUS training is 
concentrated in academic tertiary centers with 
highly skilled endosonographers and adequate 
patient volume to ensure successful training.

In addition to the hands-on learning, formal 
supervised EUS training should include reviews 
of cross-sectional anatomy, atlases of endoscopic 
or abdominal ultrasonography, videotaped teach-
ing cases, and didactic courses in EUS. A com-
bination of well-supervised EUS procedures and 
didactic teaching will aid in ensuring an adequate 
training experience as well as an overall under-
standing of endoscopic ultrasonography.

Training Evaluation: What Tools  
Are Available to Assess Competence?

Competency is defined as the minimum level 
of skill, knowledge, and/or expertise acquired 
through training and experience required to safe-
ly and proficiently perform a task or procedure 
[18]. Unfortunately, there have been few pub-
lished reports regarding training of individuals 
in EUS or the number of procedures required to 
attain competence [12, 19–25]. A common goal 
for all gastroenterology training programs is the 
production of knowledgeable, experienced, and 
competent endoscopists. Although there exists a 
demand for qualified endosonographers, not all 
trainees should pursue advanced training due to 
both variations in individual skill level and re-
gional manpower needs.

Competence in routine endoscopic proce-
dures should be documented as it provides a vital 
foundation for advanced endoscopic training. 
Individuals wishing to pursue further training in 
EUS must have completed at least 24 months of a 
standard GI fellowship or demonstrate equivalent 
training [9].

Obviously, trainees in endoscopy develop 
skills at widely varying rates that can be evalu-

ated by experienced endoscopists. Therefore, 
the use of an absolute or threshold number of 
procedures to demonstrate competence may be 
misleading and should be employed with cau-
tion in the evaluation of individual trainees. 
The minimum number of procedures required 
to achieve competency in EUS will vary based 
on the individual’s skill level, understanding of 
ultrasound principles, and quality of the training 
experience. Performing an arbitrary number of 
procedures does not necessarily guarantee com-
petency. Although the ASGE Standards of Prac-
tice Committee published a minimum number of 
procedures necessary to perform before assessing 
competency (Table 21.1), these numbers simply 
represent a minimum requirement and should 
serve only as a guide for evaluating individual 
trainees [26]. These numbers are derived from 
studies on training in EUS, published expert 
opinion, and consensus of the Ad Hoc EUS and 
Standards of Practice committees of the ASGE. 
Many if not most trainees will require proce-
dure numbers in excess of these minimums. A 
prospective multicenter study of five advanced 
endoscopy trainees, without any previous EUS 
experience, evaluated the variation in learning 
curves for EUS [22]. This study showed sub-
stantial variability in achieving competency with 
some trainees requiring nearly double (or more in 
some cases) the minimum number of procedures 
required to achieve competency. Ideally, compe-
tency in both the technical and cognitive aspects 
of EUS should be gauged through direct observa-
tion by an experienced endosonographer.

A variety of tools and techniques have been 
proposed to assess competency in EUS. A recent 
study utilized a combination of a survey assess-
ment tool designed to measure competence in 
EUS-FNA for mediastinal staging of non-small-
cell lung cancer (NSCLC) in addition to direct 
expert observation and video-based performance 
review [25]. In this study, three advanced en-
doscopy trainees and three experienced endo-
sonographers performed EUS-FNA on a total of 
30 patients with proven or suspected NSCLC. 
The experienced endosonographers evaluated 
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the trainees by direct observation. Digital video 
recordings of these procedures were made and 
reviewed by the expert endosonographers in a 
blinded fashion 2 months later. They then com-
pleted a scoring sheet called the Endoscopic Ul-
trasound Assessment Tool (EUSAT). The EUSAT 
is a scoring sheet specifically created for the stan-
dardized assessment of EUS-FNA in mediastinal 
staging of NSCLC. The assessment consists of 
twelve items related to the techniques of endo-
scope insertion, identification and presentation 
of anatomical landmarks, and biopsy sampling. 
There was good intra-rater reliability for direct 
observation and blinded video recording, and the 
assessment tool provided an objective discrimi-
nation between trainees and expert physicians. 
These results suggest that objective assessment 
tools can be combined with direct supervision 

and video-based feedback to create a high-quali-
ty EUS training experience.

Areas of Competence for  
an Endosonographer

Competence in EUS requires both cognitive and 
technical skills [27], including an understanding 
of the appropriate indications for endoscopic ul-
trasound, conducting appropriate pre- and post-
procedure evaluations, and managing procedure-
related complications. Trainees must be able to 
perform the procedure in a safe and efficient 
manner while also recognizing and understand-
ing the ultrasound images [28]. The ASGE re-
cently published quality indicators for EUS sum-
marized in Table 21.2.

Table 21.2  Quality Indicators for EUS by ASGE/ ACG Taskforce on Quality in Endoscopy [28]
Quality Indicator Grade of 

recommendation
Goal (%)

Appropriate and documented indication 1C >80
EUS-specific consent obtained and documented 3 >98
Appropriate antibiotics administered during FNA of cysts 2C Not available
EUS performed by trained endosonographer 3 >98
Relevant structures as per indication documented 3 >98
*All gastrointestinal cancers staged with TNM staging system 3 >98
Size of pancreatic mass, vascular involvement, lymphadenopathy, 
and distant metastases documented

3 >98

EUS wall layers involved in subepithelial lesions documented 3 >98
EUS-FNA of distant metastases, ascites and lymph nodes and 
primary tumor when sampling both would alter management

1C >98

Adequate sample for diagnosis in all solid lesions by EUS-FNA 3 ≥85
*Adequate diagnostic rate and sensitivity for EUS-FNA of pan-
creatic mass

1C Diagnostic rate ≥70
Sensitivity ≥85

Adverse events after EUS-FNA documented 3 >98
*Appropriate incidence of adverse events after EUS-FNA 1C Acute pancreatitis <2%

Perforation <0.5%
Clinically significant 
bleeding <1%

*Priority indicators
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)
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)
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Cognitive Skills in EUS

Equally important as the technical training of en-
dosonography is the cognitive training in EUS. 
The ASGE Training Committee recently pub-
lished an EUS Core Curriculum summarizing the 
technical and cognitive aspects of training [8]. 
The curriculum should focus on a thorough un-
derstanding of the relevant anatomical and clini-
cal aspects of EUS (Table 21.3). These include 
knowledge of the cross-sectional anatomy of the 
human body and understanding the principles of 
ultrasonography. The trainee must appreciate the 
basic principles by which ultrasound waves cre-
ate an image through various media as well as the 
principles of Doppler imaging and how it is used 
to identify and differentiate vascular structures. 
EUS is used to stage malignancies, and the trainee 
must understand TNM staging and how staging is 
used to guide therapy. A thorough understanding 
of the indications, contraindications, individual 
risk factors, and benefit–risk considerations for 
individual patients must be demonstrated. Being 
able to clearly and accurately describe the pro-
cedure, its indications, and potential complica-
tions to patients and obtain informed consent is 
critical. The trainee should also understand the 
alternatives to EUS and their strengths and limi-
tations. Acquiring skills in drafting an accurate, 

comprehensive, and easy-to-read EUS report is 
also important. The trainee must also demon-
strate excellent interpersonal and communication 
skills. When EUS is used to diagnose and stage 
cancers, knowing how to communicate EUS 
findings in a compassionate and sensitive man-
ner to the patient is imperative. Also, the trainee 
must be able to effectively communicate with the 
multidisciplinary team and participate in the co-
ordination of patient care.

Thorough knowledge of the technical features 
of the EUS processor, echoendoscopes, and ac-
cessories is vital to transition from training to 
future independent practice. The trainee must be 
agile enough to adapt to the EUS equipment that 
is available at the practice, which may be differ-
ent from the equipment used during training. The 
sonographer should also be involved in decisions 
regarding EUS equipment purchase to ensure 
that appropriate equipment is available for a suc-
cessful EUS practice, especially if EUS is being 
introduced into the practice for the first time.

Lastly, it is important for the trainee to un-
derstand and document quality measures of 
endosonography including the proper indication 
for performing EUS as well as adequate visual-
ization and description of the anatomical struc-
tures relevant to the procedure’s indication [8]. 
Evaluating quality measures such as the use of 
prophylactic antibiotics prior to FNA of a cystic 
lesion and the appropriate use of EUS-FNA is a 
necessary part of EUS training. Also, keeping a 
record of complication rates of EUS procedures 
(i.e. the incidence of pancreatitis, infection, or 
bleeding after FNA) is an essential part of EUS 
training and quality improvement.

Technical Skills in EUS

Technically, the trainee must be able to safely in-
tubate the esophagus, pylorus, and duodenum to 
acquire the necessary images. EUS is performed 
in a variety of anatomical locations for various 
indications [29]. These indications include evalu-
ation and staging of mucosally based neoplasms 
(esophagus, stomach, colon, and rectum), evalu-
ation of subepithelial abnormalities, assessment 

Table 21.3   EUS comprehensive curriculum [8]
Cross-sectional human anatomy
Principles of ultrasonography
Principles of oncology
TNM staging systems
 Stage-directed therapy
Indications and risks of EUS
Alternatives to EUS
EUS terminology
EUS equipment: echoendoscopes and processors
Safe passage of the echoendoscope
EUS evaluation of structures
Interpretation of images and detection of pathology
Tissue sampling
Recognition and management of complications
Advanced techniques
Interpersonal and communication skills
System-based practice and improvement



34921  Training in Endoscopic Ultrasound

of the pancreas and pancreaticobiliary ducts, and 
performance of EUS-FNA.

Mucosal Tumors
A crucial component of an EUS training program 
is achieving proficiency in gastrointestinal tumor 
staging. Where available, EUS has become the 
standard of care in staging several gastrointesti-
nal malignancies including esophageal, gastric, 
rectal, and pancreatic cancers. Accurate imag-
ing of the lesion and recognition of surrounding 
lymphadenopathy, in particular the celiac axis 
region for upper tract cancers, are critical to the 
diagnosis and correct staging of mucosally based 
tumors. Evaluation of rectal cancers should in-
clude intubation of the sigmoid colon and identi-
fication of the iliac vessels. A prospective study 
reported competent intubation of the esophagus, 
stomach, and duodenum was achieved in 1–23 
procedures (median 1–2), with visualization of 
the esophageal or gastric wall in 1–47 procedures 
(median 10–15) [19]. Adequate evaluation of 
the celiac axis region required 8–36 procedures 
(median 10–15).

Unfortunately, there are limited studies ad-
dressing the learning curve for staging mucosal 
tumors of the gastrointestinal tract. Only two stud-
ies have evaluated the learning curve in esopha-
geal cancer staging. Fockens et al. [20] reported 
that adequate staging accuracy was achieved 
only after 100 examinations, while Schlick and 
colleagues [21] reported an 89.5 % T stage accu-
racy after a minimum of 75 cases. A survey of 
the American Endosonography Club in 1995 sug-
gested an average of 43 cases for esophageal im-
aging, 44 for gastric, and 37 for rectal [19]. Once 
competence is achieved in one anatomic location, 
the threshold number of procedures for other 
anatomical locations may be reduced depending 
on the skill and training of the endosonographer. 
The ASGE currently recommends a minimum of 
75 supervised cases, at least 2/3 in the upper GI 
tract, before competency for evaluating mucosal 
tumors can be assessed [26].

Determining the accuracy of tumor staging by 
a trainee is an important aspect of trainee evalua-
tion as EUS staging potentially alters the clinical 
neoadjuvant/adjuvant treatment plan and surgical 

decisions. Studies in endosonographic staging of 
esophageal cancer suggested that at least 75–100 
procedures were required before an acceptable 
level of accuracy was achieved [20, 21]. Ideally, 
the accuracy of EUS staging should be com-
pared to a gold standard such as surgical pathol-
ogy; however, surgical specimens are not always 
readily available, and any preoperative chemora-
diation therapy may affect staging. In these cir-
cumstances, staging by a skilled and competent 
endosonographer should be considered the gold 
standard comparison for the trainee. The trainee 
should achieve accuracy in tumor staging compa-
rable to published medical literature (Table 21.4) 
[8]. Appropriate documentation of all EUS 
procedures in a training log, along with review 
of surgical pathology results, will further assist 
in improving the accuracy of tumor staging. Fur-
thermore, the implications of EUS findings in 
staging gastrointestinal malignancies must be in-
corporated into the whole treatment plan for each 
patient (i.e. surgical, medical, and/or radiation 
oncology referrals).

Subepithelial Abnormalities
Evaluation of subepithelial lesions has become 
a common indication for EUS. Discriminating 
between neoplasms, varices, enlarged gastric 
folds, and extrinsic compression from extramural 
masses can be performed with traditional echo-
endoscopes or catheter-based ultrasound probes. 
With the advent of the catheter-based probes, 
some practitioners have developed competency 
in subepithelial abnormalities without achiev-
ing competence in other indications for EUS. 
Although no studies are available for determin-
ing the threshold number of cases required to ac-
curately assess subepithelial abnormalities, the 
ASGE Standards of Practice Committee current-

Table 21.4   Staging accuracy of EUS for common GI 
malignancies [3]
Indication T stage (%) N stage (%)
Esophageal cancer 85 79
Gastric cancer 78 73
Pancreatic cancer 90 75
Ampullary carcinoma 86 72
Rectal cancer 84 84
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ly recommends a minimum of 40–50 supervised 
cases [30].

Pancreaticobiliary Imaging
Most endosonographers will agree that accurate 
imaging and interpretation of images of the pan-
creaticobiliary system including the gallbladder, 
bile duct, pancreatic duct, and ampulla are more 
technically challenging than evaluating mucosal 
and subepithelial lesions. For this reason, a larger 
volume of supervised pancreaticobiliary cases are 
required before competence can be adequately 
assessed. A multicenter, 3-year prospective study 
reported that adequate imaging of the pancreatic 
and bile ducts required 13–135 cases (median 
55), while imaging of the pancreatic parenchyma 
required 15–74 cases (median 34) [31]. Adequate 
assessment of the ampulla required 13–134 cases 
(median 54). Although technical competence in 
pancreaticobiliary imaging may be achieved in 
less than 100 cases, a survey from the American 
Endosonography Club suggests that interpretive 
competence of pancreatic images may require 
additional procedures (120 cases) [19]. Other 
expert opinion suggests a higher threshold of 150 
cases before assessing interpretative competence 
[27]. Currently, the ASGE Standards of Practice 
Committee recommends a minimum of 75 pan-
creaticobiliary cases before competency can be 
assessed [26].

EUS-FNA
EUS-FNA has emerged as an important diag-
nostic tool for obtaining tissue from intramural 
lesions, peri-gastrointestinal adenopathy, pancre-
atic lesions, and others [32]. Training in EUS-
FNA requires knowledge of basic endoscopic 
ultrasound principles along with mastery of the 
skills necessary for obtaining and interpreting 
EUS images. Understanding and appreciating 
the complexity and risk that EUS-FNA adds to 
the procedure is critical for successful training. 
A recent study suggested that introducing train-
ees to EUS-FNA from the onset of training is a 
safe and feasible way to maximize exposure to 
FNA during training [24]. This is the first re-
ported study evaluating the safety and diagnos-
tic yield of EUS-FNA by attending supervised 
advanced endoscopy trainees. It found similar 

diagnostic yield comparing attending versus fel-
low FNA passes when the trainee is supervised. 
Unfortunately, the minimum number of FNA 
cases needed to achieve competence has not been 
studied. Due to the lack of literature supporting a 
threshold number for EUS-FNA, these numbers 
were adopted from the guidelines set forth for 
therapeutic ERCP. The similarities between EUS 
and ERCP including use of side-viewing instru-
ments and combined endoscopic and radiologic 
imaging led to these recommendations. The cur-
rent recommendation suggests that the trainee 
perform a minimum of 50 EUS-FNA procedures, 
split between non-pancreatic and pancreatic FNA 
[8]. It is generally agreed that EUS-FNA of pan-
creatic lesions carries higher complexity and risk 
for potential complications than other anatomical 
sites. Therefore, the number of pancreatic FNAs 
is considered separately from other anatomical 
locations. Competence in EUS-FNA of pancre-
atic lesions requires demonstrating proficiency 
in at least 75 pancreaticobiliary EUS cases in 
addition to 25 supervised FNA of pancreatic 
lesions. For non-pancreatic lesions (i.e. intramu-
ral lesions, lymph nodes, and ascites), the trainee 
should perform at least 25 supervised FNA cases 
before competency can be assessed [26]. Large 
clinical studies are needed to further assess the 
validity of these recommendations.

Advanced and Interventional EUS
In addition to the standard techniques used in 
EUS, a number of new advanced diagnostic and 
therapeutic EUS procedures have been described. 
EUS elastography has been used to analyze the 
tissue stiffness of solid pancreatic masses and 
may help differentiate benign and malignant le-
sions [32, 33]. When ERCP is unsuccessful, EUS-
guided biliary and pancreatic access has been 
described as an alternative to percutaneous bili-
ary drainage or surgery [34]. EUS has also been 
established in the drainage of symptomatic pan-
creatic fluid collections and walled-off pancre-
atic necrosis [35], and management of pancreatic 
pain by celiac plexus neurolysis and block [36]. 
EUS may also have a role in providing vascular 
access and therapy for conditions such as gastric 
variceal hemorrhage [37]. It is important to real-
ize that many of these applications are still being 
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developed, and that there are no currently accept-
ed training guidelines or competency criteria to 
allow for their evaluation during EUS training.

Comprehensive EUS Competence
Some practitioners may desire to acquire com-
petence in only one or two areas of EUS and 
can therefore focus their efforts on specific ana-
tomical locations as outlined above. However, 
for those practitioners aspiring to achieve com-
petence in multiple areas of EUS, training must 
include exposure to a variety of procedures and 
clinical pathology. Once competence has been 
established in one area of EUS, the number of 
cases required to achieve competence in other 
areas is likely reduced. For trainees interested in 
only mucosal and subepithelial lesions, perform-
ing a minimum of 100 supervised cases is gen-
erally recommended [26]. Comprehensive EUS 
competence, including pancreaticobiliary imag-
ing and FNA, requires a minimum of 150 cases, 
including 50 EUS-FNA and at least 75 pancreati-
cobiliary EUS although the recent study of learn-
ing curves amongst EUS-naive advanced endos-
copy fellows suggests much greater numbers are 
necessary [15].

Credentialing in EUS

Credentialing is the process of assessing and 
validating the qualifications of a licensed in-
dependent practitioner to provide patient care. 
Determining qualifications for credentialing is 
based upon an assessment of the individual’s 
current medical license, knowledge base, train-
ing and/or experience, current competence, and 
ability to independently perform the procedure or 
patient care requested. The ASGE has provided 
guidelines for credentialing and granting hospi-
tal privileges to perform routine gastrointestinal 
endoscopy [18]. Furthermore, the ASGE has 
also established guidelines for credentialing and 
granting privileges in EUS [26]. Credentialing 
for EUS should be determined separately from 
other endoscopic procedures such as sigmoid-
oscopy, colonoscopy, esophagogastroduodenos-
copy, endoscopic retrograde cholangiopancrea-
tography, or any other endoscopic procedure. An 

endoscopist may be competent in one or more of 
these areas depending on his/her level of train-
ing and interest. Privileging in one or more of 
these areas may be considered separately, but 
training must be considered adequate in the areas 
for which privileging is requested. Determining 
competency and qualifications for credentialing 
can be challenging, as trained individuals pos-
sess varying degrees of skill in EUS along with 
recognized limitations. Nevertheless, provid-
ing a minimum number of procedures necessary 
prior to assessing competency (Table 21.1) cre-
ates some objective criteria for assessment in the 
credentialing process. As with credentialing in 
general gastrointestinal endoscopy, competency 
is ultimately assessed by the training director or 
other independent proctor.

Recredentialing and Renewal of EUS 
Privileges

Over time, physicians who have received appro-
priate privileges to perform EUS may change the 
scope of their clinical practice and subsequently 
reduce the frequency of performing endoscopic 
ultrasound procedures. It has been suggested that 
ongoing experience in advanced endoscopy is 
necessary to retain the technical skills required 
to safely and adequately perform these techni-
cally challenging procedures [38, 39]. The goal 
of recredentialing is to ensure continued clinical 
competence while promoting continuous qual-
ity improvement and maintaining patient safety. 
If ongoing experience is not maintained at some 
objective level, the quality of care provided to 
the patient may diminish, potentially leading to 
adverse events.

The ASGE has provided useful guidelines 
for renewing endoscopic privileges and assur-
ing continued clinical competence in EUS [40]. 
However, it is the responsibility of each institu-
tion to develop and maintain individual guide-
lines for granting and renewing privileges. The 
threshold number of procedures necessary for re-
credentialing may vary among institutions; how-
ever, this threshold must be commensurate with 
the technical and cognitive skills required for 
advanced endoscopic procedures such as EUS. 
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Individual institutions must establish a frequency 
for the renewal process along with contingency 
plans when minimal competence cannot be as-
sured. The Joint Commission on the Accredita-
tion of Healthcare Organizations (JCAHO) has 
mandated that clinical endoscopic privileges be 
granted for no more than 2 years [41]. Endo-
sonographers seeking renewal of privileges must 
document an adequate caseload over a set period 
of time in order to maintain the necessary skills 
required for EUS. This documentation may in-
clude procedure log books or patient records and 
should focus on objective measures such as num-
ber of cases, success rates, and complications. 
It is also important that endosonographers keep 
qualitative records of EUS, which may include 
indications for the procedure as well as any com-
plication from FNA. Ongoing quality improve-
ment efforts may be assessed as part of the recre-
dentialing process and may include measurement 
of specific quality metrics and diagnostic yield 
of EUS-FNA [42] Continued cognitive training 
through participation in educational activities 
should also be a prerequisite for the renewal of 
privileges. New EUS procedures and clinical ap-
plications continue to emerge requiring a com-
mitment to continued medical education within 
this specialized field.

Resources for Trainees and Continued 
Learning

There are several resources to complement the 
hands-on clinical training in EUS. Simulators 
can be very helpful in acquiring and practicing 
EUS skills and are discussed in detail below. In 
addition to several excellent traditional resources 
such as textbooks and journals, there is a pleth-
ora of potentially beneficial electronic resources. 
The ASGE maintains an Online Learning Cen-
ter with various endoscopic videos and practice 
guidelines (https://www.extendmed.com/asge/) 
that are routinely updated. Several excellent EUS 
DVDs recorded by experts are also available 
from the ASGE through the Endoscopic Learn-
ing Library (http://www.asge.org/Education/). 
Of particular interest to the trainee or a practitio-

ner new to EUS are the instructional videos that 
highlight the technique of examining a particular 
organ such as the pancreas or performing EUS-
FNA. Similar resources are available through 
the United European Gastroenterology Society 
(www.e-learning.ueg.eu/home.html). In addition 
to the resources offered through the endoscopy 
societies, websites dedicated to the practice of 
endoscopy such as the Dave Project-Gastroenter-
ology (daveproject.org) are also quite useful.

Simulators in Endoscopic Ultrasound

Endoscopic simulators have been developed for 
training in flexible sigmoidoscopy, EGD, colo-
noscopy, ERCP, and most recently EUS [43]. 
Since development of the first endoscopic man-
nequin simulator in the late 1960s [44], consider-
able technological advances have been made in 
endoscopic simulators. A variety of simulators 
are available today ranging from animal-based 
simulators (Erlangen Endo-Trainer; Erlan-
gen Germany) to the computer-based simula-
tors manufactured by CAE Healthcare (Endo 
VR Simulator; Montreal, Quebec, Canada) and 
Simbionix Corp. (GI Mentor II; Cleveland, OH) 
[45]. Validation studies and small, prospective, 
clinical trials assessing the utility of endoscopic 
simulators have been conducted for upper endos-
copy, flexible sigmoidoscopy, and colonoscopy 
[46–52]. The benefits of simulator training have 
not been clearly demonstrated in EUS, emphasiz-
ing the need for further investigation with large, 
prospective trials. Nevertheless, this technology 
represents an exciting and potentially useful ad-
junct to formal endoscopic training.

Practicing EUS-FNA on a model prior to per-
forming on a patient may potentially avoid safety 
and credentialing issues that would ordinarily 
limit the training endosonographer. Recently, a 
porcine training model for EUS-FNA of lymph-
adenopathy was reported [23]. The authors in-
jected autologous blood admixed with carbon 
particles into the mediastinal lymph nodes of 
female pigs. After 2 weeks, the pigs were re-
examined with EUS and demonstrated signifi-
cant lymph node enlargement, thereby allowing 
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EUS-FNA of lymph nodes in various locations 
within the mediastinum. Training on this porcine 
model led to improved trainee performance in the 
accuracy, speed, and adequacy of sampling. This 
represents a potential in-vivo hands-on porcine 
model for future training in EUS-FNA.

Simbionix Corp. (www.simbionix.com) de-
veloped the first computer-based EUS simulator 
providing a platform for hands-on training and 
practice of EUS procedures (Fig. 21.1), [45]. The 
computer-based simulator generates ultrasound 
images in real time based on 3-dimensional 
anatomical models constructed from CT and 
MRI images from real patients. The trainee in-
serts a customized echoendoscope into the spe-
cially designed GI Mentor mannequin and si-
multaneously receives visual feedback from the 
monitor along with tactile sensation from scope 
maneuvering during the procedure. A highly 
sensitive tracking system translates position and 
direction of the camera into realistic computer-
generated images. The EUS module enables the 
trainee to switch from endoscopic to ultrasound 
images in real time and also provides training 
in both radial and linear ultrasound. Split screen 
capability provides ultrasound images alongside 
three-dimensional anatomical maps further as-
sisting in the interpretation and understanding of 
generated EUS images. The module also allows 

trainees to practice keyboard functions such as 
labeling of organs, magnifying images, changing 
frequencies, and measuring with calipers. Fol-
lowing completion of the examination, the com-
puter software permits performance evaluation 
by reviewing all saved images (up to 50 frozen 
images per procedure) and indicating anatomy 
and landmarks that were improperly identified 
by the user.

Although the Simbionix GI-Mentor II EUS 
training module presents an exciting approach to 
training in EUS, there are currently no published 
validation studies or clinical trials assessing EUS 
simulators. A small study was published on learn-
ing EUS using the new Erlangen Active Simulator 
for Interventional Endoscopy (EASIE-R) (ENDO-
SIM, LLC, Marlborough, MA) [53]. This simula-
tor consists of a complete porcine gastrointestinal 
tract explant with surrounding structures including 
the bile duct and pancreas, all embedded in an ul-
trasound gel. Data were presented from a study ex-
amining the use of EASIE-R simulator during three 
EUS hands-on courses. A total of fifty-nine gastro-
enterologists who used the simulator completed a 
survey designed to assess the ease of using the sim-
ulator and provide initial evaluation data [54]. Over 
half the gastroenterologists surveyed had less than 
1 year of experience with EUS. The simulator was 
described as realistic, easy to use, and useful for 
teaching EUS skills [55]. A novel 3-D printer gen-
erated polycarbonate dilated bile duct enabled ex 
vivo practice with EUS-guided biliary access. This 
model was judged as simulating real life by 71% 
of the experienced endosonographers and being at 
least suitable for all steps involved in EUS-guided 
biliary access except for stent placement. Although 
simulators represent useful educational tools, 
randomized controlled trials will be necessary to 
determine their validity in EUS training. Unfortu-
nately, these simulators are not readily available at 
most training institutions due to cost restraints and 
regional needs.

Conclusion

EUS has become an important imaging tool for 
the evaluation of a variety of gastrointestinal dis-
orders. It is a challenging endoscopic procedure 

Fig. 21.1   Simbionix GI-Mentor simulator
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requiring both cognitive and technical skills 
beyond the general scope of traditional gastro-
enterology fellowship training. As the demand 
for skilled endosonographers continues to rise, 
training guidelines must be critically analyzed to 
assure the production of well-trained and com-
petent future endosonographers. Although guide-
lines have been established for credentialing and 
granting privileges in EUS, additional studies of 
threshold numbers necessary to achieve compe-
tence are needed to fill existing gaps in the cur-
rent literature. Endoscopists interested in learning 
EUS must recognize and appreciate the complex-
ity of this procedure and risks for potential com-
plications. Clearly, a 1- 2-week course in EUS is 
inadequate training and may potentially expose 
patients to unnecessary risks and poor quality of 
care. For those truly interested in mastering the 
skills required for EUS, a formal supervised Ad-
vanced Endoscopy fellowship training program 
is far superior to hands-on workshops, teaching 
videotapes, simulators, and inadequate exposure 
during a standard GI fellowship.

There are several traditional and electronic re-
sources to complement hands-on clinical training, 
and it is recommended that trainees and practitio-
ners utilize these resources for continued learn-
ing. Simulators for training in EUS represent an 
exciting and useful adjunct to supervised instruc-
tion. Although clinical trials investigating the ef-
ficacy of simulators in EUS training are lacking, 
the potential applications for this technology are 
promising. Unfortunately, these simulators are 
not readily available at most institutions due to 
cost restraints and regional needs. Further studies 
are necessary to determine the role of endoscopic 
simulators in EUS training.

Key Points

•	 Achieving proficiency in EUS typically 
requires additional training beyond the tradi-
tional 3-year Gastroenterology fellowship pro-
gram. This most commonly involves an addi-
tional year of advanced endoscopy training.

•	 The American Society for Gastrointestinal 
Endoscopy (ASGE) has published minimum 

procedure numbers before competency can 
be assessed in EUS procedures and proposed 
an EUS core curriculum which can serve as a 
guide in the training process.

•	 Being expert in EUS involves achieving com-
petency in both the technical and cognitive 
aspects, and this should ideally be gauged 
through direct observation by an experienced 
endosonographer.

•	 Pancreaticobiliary EUS is usually technically 
more challenging and may require a higher 
volume of cases to achieve proficiency.

•	 Several educational resources, including 
books and videos, are widely available as 
complements to supervised clinical training.

•	 Simulators, though in their infancy for EUS, 
are increasingly available and can be useful 
adjuncts to clinical training.
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Introduction

Over the past decade, endoscopic ultrasound 
(EUS) has evolved to be a first line modality for 
diagnostic and therapeutic procedures in man-
aging gastrointestinal conditions. Among its 
many applications, EUS has been shown to be 
particularly effective for cancer staging, pseu-
docyst drainage, fine-needle aspiration (FNA), 
and celiac plexus neurolysis. Given the variety 
of indications for EUS, the technology has been 
adapted to perform multiple functions. Current 
echoendoscopes have the capacity for excellent 
resolution and are accompanied by a wide array 
of accessories, including needles and miniprobes. 
This chapter will discuss the various EUS equip-
ment in detail, addressing how it works, when it 
should be used, and who makes it.

Echoendoscopes

General Echoendoscope Design: How 
Are Images Generated by EUS?

Endoscopic ultrasonography is an effective tool 
for accurate visualization of intra- and extralu-

minal structures within and around the gastro-
intestinal tract as well as for performing FNA. 
Currently, two types of echoendoscopes are 
commercially available: radial array and curved 
linear array. Although several differences exist 
between the two, both in terms of the technol-
ogy and applications, the basic components are 
the same.

The most integral part of any echoendoscope 
is the ultrasound transducer, which generates the 
images. The transducer is composed of thou-
sands of piezoelectric crystals. These crystals can 
vibrate at different frequencies, emitting sound 
waves that travel through space until they re-
flect off a given tissue back to the crystal. The 
returning sound wave (i.e., the echo) vibrates the 
crystal that emitted it in the first place and the vi-
bration is converted into electrical current, which 
then travels to the processor and is converted into 
an image. Structures that have a higher density, 
such as solid organs or bone, will reflect more 
sound waves and appear brighter on ultrasound 
images, while lower density tissues, such as hol-
low organs or air-filled cavities, will reflect a 
smaller percentage of the sound waves, and ap-
pear darker. A single piezoelectric crystal would 
generate an image of a very thin line of tissue, but 
an array of thousands of these crystals together 
allows for many adjacent “lines” to be generated 
at the same time and summated into a complete 
image.

In order for this ultrasound technology to be 
effective, air interference between the probe and 
the tissue needs to be minimized. When using 
transcutaneous ultrasound, lubricating gel is 
applied to the body to address this problem. To 
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achieve a similar effect during EUS, the scope is 
equipped with the ability to inflate and deflate a 
water-filled balloon around the transducer.

All echoendoscopes are equipped with a light 
source and a water irrigation system for cleaning 
the objective lens. A high-resolution video chip 
is also incorporated into every model. Its purpose 
is to electronically transmit the images visual-
ized by the objective lens onto a monitor, creat-
ing real-time video footage of the gastrointestinal 
lumen as the scope is advanced. In addition, each 
scope has an instrument channel, which is used 
for introducing different equipment into the gas-
trointestinal lumen. The size of this channel var-
ies depending on whether the echoendoscope is 
radial array or curved linear. The latter type tends 
to have larger diameter channels to accommodate 
the needles used in FNA, drainage, or other pro-
cedures. With the linear array echoendoscopes, 
the instrument channel also has an adjacent el-
evation function, which allows the adjustment 
of the needle position after it advances into the 
lumen without moving the scope itself. It is also 
worth noting that although these components are 
present in all of the scopes, the instrument chan-
nel, water nozzle, and light source are all located 
proximal to the transducer in the Olympus mod-
els and distal to the transducer, at the very tip of 
the scope, in the Pentax models.

What are the Differences Between 
Radial and Linear Echoendoscopes?

Radial Echoendoscopes
The radial echoendoscope has the capacity for 
very accurate and complete visualization of the 
gastrointestinal tract (Fig. 22.1). To achieve this 
effect, the ultrasound transducer is positioned 
perpendicular to the long axis of the scope, which 
allows for a 360° cross-sectional view, analogous 
to images obtained with cross-sectional com-
puted tomography (CT) scans. However, since 
the transducer is unable to provide a longitudinal 
view, the scope cannot be used for performing 
FNA because there is no way to directly visualize 
the needle in real time as it is advanced out of the 
scope and into the lumen.

Radial echoendoscopes can be subdivid-
ed into two types: mechanical and electronic 
(Table  22.1). The mechanical echoendoscope 
is the predecessor of the electronic technology 
and currently Olympus is the only company to 
produce a mechanical model. It contains a trans-
ducer with a single piezoelectric element that 
physically rotates perpendicular to the long axis 
of the scope generating circumferential, 2D (or 
B-mode) ultrasonographic images of the gas-
trointestinal mucosa and underlying structures. 
Earlier models designed the motor to be part of 
the operating handle, which made the equipment 
very heavy. However, more recent models have 
moved the motor to the base of the cord, which 
makes the echoendoscope lighter and easier to 
use.

The echoendoscope can operate at one of four 
frequencies, ranging from 5 to 20 mHz. Lower 
frequencies are ideal for viewing organs located 
further away from the scope, such as components 
of the pancreaticobiliary system, while higher 
frequencies can be used for up-close, detailed as-
sessment of nearer structures, such as the gastro-
intestinal wall and its layers. Although the qual-
ity of these images is fairly good, the technology 
does create several disadvantages. First and fore-
most, the fact that the transducer is composed of 
multiple, mechanical parts makes the scope more 
prone to technical malfunctions and frequent 
repairs. In addition, since the transducer needs 
to physically rotate, it has a plastic cap filled 
with oil to lubricate and protect the mechanism. 
However, the oil and cap interfere with the ul-
trasound signals, creating ring-like artifacts that 
can impede visibility. Finally, mechanical radial 
echoendoscopes do not have Doppler or video 

Fig. 22.1   Radial echoendoscope
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capabilities, which restricts the type of informa-
tion that can be obtained from the images.

To overcome these limitations, an electronic 
radial echoendoscope was developed. Like its 
mechanical counterpart, this technology utilizes 
transducers that create a transverse view of the 
gastrointestinal tract. However, instead of the 
rotating technology, the scope’s transducer has 
its crystals arranged in a fixed, circular array, 
which eliminates a lot of artifact and produces 
better quality images. In addition, the electronic 
echoendoscope is equipped with Doppler and tis-
sue harmonic imaging (THI) capabilities. Power 
and color Doppler technology allows for accurate 
identification of the vasculature and evaluation 
of blood flow through tissue. THI is an ultra-
sound method that receives only second harmon-
ic acoustic signals transmitted through the vari-
ous tissues of the body, which are subsequently 
reconstructed into images. Multiple studies have 
shown that ultrasound systems utilizing the sec-
ond harmonic increase the sound-to-noise ratio 
and reduce artifact, thus optimizing the resolu-
tion of the images created [1, 2].

Initially, the biggest disadvantage of the elec-
tronic radial echoendoscope was the ability to 
create only a 270° view, leaving behind a 90° 
“blind spot.” However, this issue was resolved 
within the past several years with the develop-
ment of a 360° scope. As a result of these techno-
logical advances, the electronic echoendoscope 
was consistently found superior to the mechani-
cal echoendoscope for visualizing structures 
within the gastrointestinal tract, in both prospec-
tive and retrospective studies [3–5].

Curved Linear Echoendoscopes
The curved linear echoendoscope has imaging 
capabilities similar to those of the electronic 
radial echoendoscope, with the advantage of 
being able to perform procedures such as FNA, 
cystgastrostomy, and celiac plexus neurolysis 
(Fig. 22.2). The ultrasound transducer is oriented 
at an oblique angle to the long axis of the scope, 
which allows direct, real-time visualization of the 
needle as it emerges from the instrument channel 
at the same angle as the transducer. However, this 
advantage comes at the expense of the scanning 
range, which is limited to 120–180° at a time, 
depending on the model (Table 22.2). Therefore, 
the scope must be manually rotated by the opera-
tor to obtain a complete circumferential view.

Theoretically, this may create certain limita-
tions for this type of echoendoscope, as it requires 
an operator with a more advanced level of experi-
ence and cannot generate complete, circumferen-
tial images. However, the clinical implications of 
the differences between the two scopes remain un-
clear. Several studies have compared the imaging 
capabilities of the linear and radial technologies 
in diagnosing and staging various gastrointestinal 

Table 22.1   Characteristics of current radial echoendoscopes
Radial echoendoscopes
Brand Model Type Field of 

view
Scanning 
range

Display mode Frequency 
(MHz)

Channel 
diameter 
(mm)

Olympus GF-UM160 Mechanical 100° 360° B-mode 6/9/10/20 2.2
GF-UE160-AL5 Electronic 100° 360° B-mode, M-mode, D-mode, 

color Doppler, power 
Doppler

5/6/7.5/10 2.2

Pentax EG-3670URK Electronic 140° 360° B-mode, color Doppler 5/7.5/10 2.4
Fujinon EG-530UR2 Electronic 140° 360° B-mode, M-mode, color 

Doppler, power Doppler
5/7.5/10/12 2.2

Fig. 22.2   Linear echoendoscope with needle emerging 
from the tip
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malignancies, but those have yielded mixed re-
sults, with the majority concluding that the two 
types of scopes were equivalent [6–10].

Although these oblique viewing echoendo-
scopes have proven both effective and efficient, a 
new class of forward viewing models is currently 
being developed to improve upon the original 
technology. The ultrasound transducer on these 
echoendoscopes faces straight forward and has a 
scanning angle of 90°. The instrument channel is 
positioned so that a needle advanced through it 
will emerge straight out, parallel to the long axis 
of the scope, rather than at an angle. The potential 
advantage of this setup is the ability to perform 
a targeted puncture of certain lesions, such as 
those in the uncinate or head of the pancreas, that 
may be difficult to access by a needle deployed 
at an angle. In addition, a needle that emerges in 
a straight line enables more efficient transmis-
sion of force compared to an angled needle when 
puncturing through tissue. And finally, a straight 
instrument channel without an adjacent elevator 
function allows for a bigger diameter, which, in 
turn, can accommodate larger bore needles or 
other devices.

However, these benefits must be weighed 
against the smaller scanning range of the forward 
viewing echoendoscope as well as the absence 
of the elevator function, which may decrease the 
accuracy during a needle puncture. To date, only 
several small studies with very small cohorts have 
evaluated the forward viewing linear echoendo-
scopes as the technology is still fairly new. Overall, 
all the studies seemed to conclude that the forward 
viewing and oblique viewing technologies are es-
sentially equivalent, both in terms of imaging ac-
curacy and success of therapeutic and diagnostic 
procedures [11–13]. However, more prospective, 
randomized controlled trials with larger cohorts are 
needed to assess more definitively the potential ad-
vantages of the newer forward viewing technology.

Endoscopic Ultrasound Processors

How Can We Adjust the Settings of the 
Echoendoscope Processors to Obtain 
Optimal Imaging?

As described above, echoendoscopes are 
equipped with multiple capabilities that can be 

Table 22.2   Characteristics of current linear array echoendoscopes
Linear array echoendoscopes
Brand Model Viewing 

direction
Field of 
view

Scanning 
range

Display mode Frequency 
(MHz)

Channel 
diameter 
(mm)

Olympus GF-UC160P-OL5 55° forward 
oblique

100° 150° B-mode, color Dop-
pler, power Doppler

7.5 2.8

GF-UCT160-OL5 55° forward 
oblique

100° 150° B-mode, color Dop-
pler, power Doppler

7.5 3.7

GF-UC140P-AL5 55° forward 
oblique

100° 180° B-mode, M-mode, 
D-mode, color Dop-
pler, power Doppler

5/6/7.5/10 2.8

GF-UC140T-AL5 55° forward 
oblique

100° 180° B-mode, M-mode, 
D-mode, color Dop-
pler, power Doppler

5/6/7.5/10 3.7

GF-UCT180 55° forward 
oblique

100° 180° B-mode, M-mode, 
D-mode, color Dop-
pler, power Doppler, 
flow mode

5/6/7.5/10

Pentax EG-3870UTK 50° forward 
oblique

120° 120° B-mode, color 
Doppler

5/6//7.5/10 3.8

Fujinon EG-530UT2 40° forward 
oblique

140° 124° B-mode, M-mode, 
color Doppler, power 
Doppler

5/7.5/10/12 3.8
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manipulated by the available ultrasound pro-
cessors. The endoscope companies have paired 
with ultrasound manufacturers to develop plat-
forms for their echoendoscopes. Both Pentax and 
Olympus have partnered with Hitachi Aloka to 
generate different platforms for their own com-
pany’s scopes (Hi Vision Preirus processor for 
Pentax scopes and ProSound F75 for Olympus 
scopes, Figs. 22.3 and 22.4). Fujinon also owns 
its own processor (SU-8000). The main goals 
when performing EUS are to minimize artifacts, 
optimize visibility of structures, and utilize the 
available Doppler technology. Most of the cur-
rent echoendoscope processors have several dif-
ferent ultrasound modalities. The B-mode gener-
ates 2D images in rapid succession to create real-
time imaging of anatomic structures.

When utilizing the B-mode, the GAIN knob 
can be used to change amplification of all echoes. 
By turning the gain higher or lower, the bright-
ness of an image can be increased or decreased, 
respectively. Increasing the gain too high in 
order to brighten weak echoes can inadvertently 
brighten artifactual echoes as well, which de-
creases contrast between structures and blurs the 
image. The ultrasound processor also contains 
the time-gain compensation (TGC) function, 
which is used to improve image uniformity. As 
ultrasound waves travel through various tissues, 
they are attenuated due to absorption, scattering, 

and reflection. In general, the processor compen-
sates for this phenomenon with amplification of 
echoes of deeper structures under the assumption 
of uniform attenuation. However, if the tissue 
has very low density, such as cysts, or very high 
density, such as blood or liver, this amplification 
effect can over- or undercompensate for the at-
tenuation. TGC is composed of multiple sliding 
knobs, each corresponding to a different tissue 
depth that can be moved left to right to adjust the 
gain of inappropriately bright or dark portions of 
an image, creating a more uniform and accurate 
picture [14].

Evaluation of a particular target can be fur-
ther optimized using the depth and frequency 
functions. The depth/range knob can increase 
or decrease the depth of the viewing field, while 
different frequencies can be used for finding a 
particular structure. Most of the current echoen-
doscopes operate at four different frequencies, 5, 

Fig. 22.4   EUS processor (ProSound F75, Hitachi Aloka 
Medical, Wallingford, CT)

 

Fig. 22.3   EUS processor (Hi Vision Preirus, Hitachi 
Aloka Medical, Wallingford, CT)
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6, 7.5, and 10 mHz. The lower frequencies allow 
better penetration to the deeper organs at the 
expense of resolution, which facilitates cursory 
scanning through multiple structures and organs 
at one time. Once a specific target is identified, a 
higher frequency mode can be selected to obtain 
finer resolution and further characterize the area 
of interest. The zoom function can be applied 
when the operator needs magnification. This 
may be particularly useful for evaluating small 
structures and distances, especially if they need 
to be measured accurately. The focus button can 
be used to converge the ultrasound beam onto a 
particular point in the image, which can improve 
lateral resolution. The freeze button allows the 
image to be frozen and a cine function allows the 
endosonographer to scroll back over the previous 
several seconds of images.

The EUS processor also has the capability 
to evaluate the vasculature. The color Doppler 
mode allows the assessment of blood flow direc-
tion and velocity. The red color generally repre-
sents blood flow toward the transducer, while the 
blue color represents blood flow away from the 
transducer. The angle between the US wave and 
the direction of the flow (also known as the in-
sonation angle) should be less than 60° to create 
a good signal and maximize accuracy of blood 
flow measurement. If that angle is higher, and es-
pecially as it approaches 90°, the perpendicular 
orientation precludes any blood flow from being 
detected at all. The angle knob allows adjust-
ments to the angle. When assessing very small 
vessels, the power Doppler is available. This set-
ting can be very useful during FNA by assisting 
the endoscopist to avoid blood vessels during 
puncture, minimizing bleeding risk. Power Dop-
pler, however, cannot provide information about 
direction of flow or velocity.

Velocity can be measured using the pulsed 
wave spectral Doppler (PW). A gate is placed in-
side the blood vessel of interest and flow through 
the gate is detected as the rate at which the fre-
quency changes, which is subsequently convert-
ed into velocity by the fast Fourier transform. 
The range of the gate can be modified with the 
sample volume button. Decreasing the sample 
volume may be helpful when measuring flow 

in very small vessels or a specific portion of the 
vessel, while increasing it may be more optimal 
for evaluating flow in larger arteries and veins, 
where accurate velocity would be the mean of 
all the velocities in the vessel. When using larger 
sample volume, it is also important to appreci-
ate the possibility of detecting artifactual flow 
information from adjacent vessels. This can be 
addressed by the Doppler filter function, which 
removes low-frequency noise. A low-filter set-
ting can be used when analyzing low-flow struc-
tures within nonmoving tissue, but it does leave 
behind some wall noise. High-filter settings are 
better equipped for high-flow systems within tis-
sue that has an element motion, but may fail to 
detect lower velocities along the walls of the ves-
sel, which would result in calculating artificially 
high mean velocity.

What New Technologies Are Available 
to Improve Endoscopic Ultrasound 
Imaging?

Contrast-enhanced Ultrasonography

Contrast-enhanced ultrasonography (CE-EUS) is 
a newer accessory tool for electronic radial and 
linear echoendoscopes, which allows more ac-
curate characterization of gastrointestinal tumors 
based on their microvascular patterns. This tech-
nique involves injecting a peripheral vein with 
a contrast agent composed of gas-filled micro-
bubbles enveloped in an albumin or phospholipid 
shell [15]. After injection, the Doppler or THI 
functions of the echoendoscope can be used to 
assess vascular flow in the area of interest. Color 
or power Doppler accurately identifies hyper- 
and hypovascular structures, while harmonic 
imaging evaluates both the extent of the vascu-
lature as well as parenchymal perfusion [16, 17]. 
In pancreaticobiliary tumors, CE-EUS has been 
shown to be superior to standard EUS in differen-
tiating different types of neoplasms, distinguish-
ing malignant from benign lymph nodes, and 
more accurately determining the depth of tumor 
invasion [18–23].
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3�D Endoscopic Ultrasound

3D ultrasonography is another relatively new 
tool for endoscopic imaging that reconstructs a 
sequence of 2D images into multiplanar struc-
tures. To ensure accuracy of the reconstruction, 
the angle and position of the echoendoscope dur-
ing every acquired 2D image need to be known 
and the images must be obtained in a rapid se-
quence to minimize motion artifact [24]. This 
is easily accomplished with an electronic radial 
echoendoscope, because an axial view is gener-
ated without the need for manual rotation. With 
linear array echoendoscopes, obtaining an ac-
curate 3D view can be more difficult, as manual 
rotation of the scope along its longitudinal axis 
can introduce artifact or error if certain areas are 
missed [25]. Therefore, operator experience is an 
integral part of generating accurate 3D represen-
tations of the anatomy. Once all the 2D images 
of interest are obtained, specialized software will 
import each digitized picture into its appropriate 
location within a 3D grid, ultimately creating a 
complete image of the area of interest. Current-
ly, 3D imaging has been shown advantageous 
for characterizing rectal neoplasms, though this 
technology has yet to be utilized on a broad scale 
for evaluating other types of gastrointestinal ma-
lignancies, especially pancreatic cancer [26–28].

Endoscopic Ultrasound Elastography

Elastography is a method of determining real-
time tissue stiffness, which is a property that can 
help distinguish malignant from benign lesions. 
Specialized software is used to measure stiffness 
by analyzing the changes in EUS images due to 
vascular pulsations and respiratory movements 
during tissue compression [29]. This information 
can then be translated into the degree of elastic-
ity, either as a qualitative or quantitative measure. 
Qualitative elastography is based on the detec-
tion of the degree of tissue compressibility and 
converting that information into a color scheme 
overlying the B-image. In this setup, the color 
blue represents hard tissue, green/yellow is in-
termediately hard tissue, and red depicts soft tis-

sue; harder tissue corresponds to a higher likeli-
hood of a malignant lesion [30, 31]. Quantitative 
elastography is a more objective technique that 
involves converting the differences between tis-
sue elasticity into a strain ratio, which may in-
crease accuracy for differentiating benign from 
malignant lesions [32, 33]. To date, this software 
has been primarily employed in evaluating pan-
creatic masses and further studies are awaited to 
assess the value of this technique in assessing 
malignancies of the hepatobiliary tract.

Ultrasound Miniprobes

What Are the Advantages and 
Limitations of Echoendoscope 
Miniprobes?

As the applications of EUS continued to grow in 
the late 1980s, a more streamlined process along 
with higher resolution images was necessary [34, 
35]. One important advancement in the world of 
EUS was the development of ultrasound mini-
probes, also known as high frequency ultrasound 
sonography (HFUS) (Table  22.3, Fig.  22.5). 
Miniprobes were aimed at combining endoscopy 
and EUS in one continuous process, compared 
with what was considered “traditional” EUS, 
which encompassed two separate procedures 
with endoscopy followed by EUS. By passing 
the miniprobe down the accessory channel of 
the endoscope, it allowed the gastroenterologist 
to combine endoscopy and EUS into one pro-
cedure. In addition to providing this advantage, 
the technology behind miniprobes also focused 
on improving resolution in order to help discern 
between inflammatory and oncologic processes 
[36]. Miniprobes also gave gastroenterologists 
new access through tighter strictures and bile 
ducts, leading to a more detailed exploration of 
anatomy previously unavailable to EUS.

Miniprobes provide high-resolution radial im-
ages that can be used during upper endoscopy, 
enteroscopy, colonoscopy, and endoscopic ret-
rograde cholangiopancreatography (ERCP). In 
addition to radial images, some miniprobes have 
dual reconstruction abilities, which provide both 
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radial and linear images. There are two basic 
types of catheters: electronic and mechanical 
[37, 38]. Mechanical catheters contain a single 
ultrasound transducer that produces a 360° 
image perpendicular to the longitudinal axis of 
the miniprobe catheter. The transducer cap holds 
oil, which provides an acoustic interface for the 
miniprobe. Electronic catheters contain a probe 
with several fixed ultrasound transducers at the 
tip, however they do not have a rotating system 
as found with the mechanical catheters.

There are two primary brands of miniprobes: 
Fujinon® and Olympus®. Miniprobes are avail-
able in a variety of diameters (2.2–2.9  mm), 
lengths (1.7–2.2  m), and frequencies (12–
30 MHz) [39]. A list of available miniprobes is 
provided in Table 22.3. With higher frequencies 
between 12 and 30 MHz, resolution is possible 
between 0.07 and 0.18 mm [40, 41]. Higher res-
olution also allows identification of up to 9–11 

layers of the gastrointestinal tract, whereas tradi-
tional EUS usually visualizes up to 5 layers [42, 
43].

A drawback of the higher resolution provided 
by miniprobes is the concomitant reduction in sig-
nal penetration. The depth of imaging decreases 
as frequency increases, ranging from 29 mm with 
12  MHz, to 18  mm with 20  MHz, and 10  mm 
with 30 MHz [44–46]. Therefore, many gastro-
enterologists prefer the 20-MHz miniprobe, since 
it is between the extremes of resolution and depth 
of signal penetration.

Several acoustic coupling techniques are avail-
able for miniprobes. The first option includes a 
balloon sheath placed over the probe, which can 
be instilled with water to create an air–water in-
terface [47, 48]. There is also a “condom” prod-
uct available that is attached to the distal end of 
the endoscope, and requires air insufflations with 
a normal endoscope first followed by filling with 
water.

Miniprobes do have some limitations that 
should be considered prior to utilization. As dis-
cussed before, miniprobes provide higher resolu-
tion, but at the cost of limited depth of penetra-
tion, which may limit tumor, node, metastasis 
(TNM) staging due to incomplete visualization 
of surrounding lymph nodes. Miniprobes have 
a limited lifetime use, with most probes averag-
ing up to 30 total uses before they need to be re-
placed. There are some reports of up to 80–100 Fig. 22.5   Ultrasound miniprobe

 

Table 22.3   Ultrasound miniprobes. (Adapted from Liu et al. [37])
Company Probe model # Working length (meters) Probe diameter (mm) Frequencies (MHz)
Fujinon PL 1726a

PL 1926a

PL 2226a

1.7, 1.9, 2.2 2.6 12, 15, 20

PL 2220a 2.2 2.0 12, 15, 20
PL 2226-7.5B 2.14 2.5 7.5

Olympus UM-2R 2.14 2.5 12
UM-3R 2.14 2.5 20
UM-S20-20R 2.14 2.0 20
UM-S30-20R 2.14 2.0 30
UM-S30-25R 2.14 2.5 30
UM-DP12-25Ra 2.2 2.5 12
UM-DP20-25Ra 2.2 2.5 20
UM-BS20-26R-3 2.14 2.6 20
UM-G20-29R 2.14 2.9 20

a Radial/linear mode
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uses before replacement is needed [49, 50]. Most 
of the damage that necessitates replacement in-
curs to the plastic sheath near the tip of the probe. 
This can represent a significant expense as most 
miniprobes cost between $ 3000 and 7000 each. 
Miniprobes also lack Doppler and FNA capabili-
ties.

The development of miniprobes has allowed 
for their extension into numerous clinical ap-
plications. Miniprobes accurately stage several 
types of cancer, including colorectal, cholangio-
carcinoma, esophageal, gastric, and pancreatic. 
The accuracy rates for diagnosing superficial le-
sions are relatively high and reported between 60 
and 90 % [51, 52]. Higher resolution of the gas-
trointestinal tract layers can potentially provide 
a new way to study motility disorders, since the 
muscularis mucosa and propria are more visible 
with miniprobes. This improved resolution also 
allows a more specific template for endoscopic 
mucosal resection (EMR). Intraductal ultrasound 
(IDUS), which previously was more difficult 
with larger diameter EUS probes, is possible with 
the smaller diameter miniprobes. They also pass 
through malignant strictures more easily, espe-
cially in the esophagus and biliary ducts. Future 
areas of expansion for miniprobes include the 
continued development of 3D products and fur-
ther extension into more specialized therapeutic 
applications such as EMR and IDUS.

EUS Accessories

Since first being developed as a basic diagnostic 
tool in the 1980s, the role of EUS in technically 
advanced diagnostics and therapeutics within 
gastroenterology has exponentially expanded. 
Numerous accessories are available to aid gas-
troenterologists in the art of EUS. These are tra-
ditionally designed for linear echoendoscopes 
because the ultrasound image provided is in the 
same plane as the accessory about to be utilized. 
It is always important to verify the brand and 
diameter of the working channel of the specific 
echoendoscope being used because many of the 
EUS accessories have specific specifications 
needed in order to function properly.

What Different Types of EUS Needles 
Are Available for Fine-Needle 
Aspiration?

EUS Needles
FNA has become one of the most commonly used 
modalities of EUS in the last decade. Most FNA 
needles are disposable, however some models 
are reusable. Working channels on the echoendo-
scope should be at least 2.8 mm to accommodate 
most FNA needles with larger channel diameters 
(3.7–4.2  mm) required for additional devices 
such as stents and brushes [53]. FNA needles are 
available in three basic sizes: 19, 22, and 25G. 
In general, all FNA needles come with central 
stylets, which can be either ball or bevel-tipped 
[54, 55]. These stylets help provide rigidity to 
the needle, which assists in passing the needle 
through the targeted tissue. Similar to much of 
the data regarding FNA needles, there is no clear 
advantage with the type of stylet tip used.

When deciding on the needle to use during 
an EUS-guided biopsy, the question of cytology 
versus histology should be addressed. In general, 
cytology refers to obtaining only cells from tis-
sue and can be performed with a smaller needle. 
In contrast, histology requires an intact piece of 
tissue that preserves the architecture. This usu-
ally takes longer and requires a larger bore nee-
dle. Typically, an FNA provides cytology with a 
minimum of the tissue microarchitecture intact. It 
is usually performed with a smaller, finer needle 
(22 or 25G). These smaller gauge needles can 
help prevent injury and bleeding, which poten-
tially makes the cytology difficult to interpret 
[56]. Larger bore needles, such as 19G, may col-
lect more cells if the aspirate is not complicated 
by bleeding. These larger bore needles are typi-
cally reserved for diagnosing malignancies that 
potentially require more cytology such as sus-
pected lymphomas [57]. The accuracy of FNA in 
diagnosing cancer is relatively high with rates as 
high as 85–95 % in pancreatic cancer [58–60].

To deliver more definitive tissue sample dur-
ing an EUS, core biopsy needles were developed. 
A core biopsy provides more intact tissue archi-
tecture and aids in examining histology. The older 
core biopsy needles (QuickCore needle, Cook 
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Medical, Bloomington, IN) were more rigid than 
standard FNA needles, could rotate (which as-
sists in the radial positioning of the tissue sam-
pling), and were associated with greater compli-
cations [61]. In general, core biopsy needles are 
more expensive, and their use is usually reserved 
for cases when histology is absolutely necessary 
for diagnosis or FNA sampling and cytology are 
indeterminate. Core biopsy needles have been 
used to sample tissue from lymph nodes, pancre-
atic tissue including both solid and cystic lesions, 
hepatic lesions, and the celiac ganglia [62–64].

When comparing the different types of EUS 
needles, there are both limited and variable data 
on which of the 19, 22, or 25G needles provides 
the best diagnostic yield and least complications 
[65–68]. Future studies including cost analyses 
are needed to further discern which needles, if 
any, would consistently provide both a diagnos-
tic and safety advantage. Several different types 
of EUS needles and other devices are listed in 
Table 22.4.

In addition to tissue sampling during EUS, 
specific needles are also used to deliver medica-

tions during celiac plexus block and neurolysis 
[69]. Medications such as steroids (e.g., triam-
cinolone), ethanol, and anesthetics (e.g., bupiv-
icaine) can be injected during EUS to relieve 
pain in patients with chronic pancreatitis or pan-
creatic cancer. These medications can be admin-
istered through standard FNA needles, with the 
22-G needle commonly used. A specialized 20-G 
needle, the EchoTip Celiac Plexus Neurolysis 
Needle (Cook Medical, Bloomington, IN), was 
specifically developed for this application. It 
does not contain a stylet and has numerous side 
holes at the end of the needle to deliver medi-
cations into the celiac plexus. There is a paucity 
of data comparing celiac plexus block and neu-
rolysis via EUS and other modalities such as CT-
guided blockades [70].

EUS-FNA needles can also deliver differ-
ent types of medications, such as chemotherapy 
and botulinum toxin to various intraabdominal 
regions besides the celiac plexus. While further 
research is necessary, EUS may provide a very 
specialized modality to deliver more localized 

Table 22.4   EUS needles and additional devices. (Adapted from Adler et al. [54] and Tharian et al. [53])
EUS device Manufacturer Max working 

length (cm)
Sheath diameter Needle gauge Max insertion 

depth (cm)
FNA/core biopsy
Powershota Olympus 145 2.35 mm 22G 9
EZ shot Olympus 140 1.8 mm 22G 8
Vizeon Conmed 142.5 2.1 mm (19G)

1.8 mm (22G)
19G
22G

8.5

EchoTip Cook Endoscopy 140 5.2F 22G 8
EchoTip Ultra Cook Endoscopy 140 4.2-5.2F

5.2F
19G, 22G, 25G 8

EchoTip Procore Cook Endoscopy 140 4.8F
5.2F

19G, 22G, 25G 8

Expect Boston Scientific 141.5 5.5F
4.9F
4.6F

19G
22G
25G

8

BNX Covidien 143 7.5F 19G, 22G, 25G 8
QuickCore EUS needle Cook Endoscopy 140 5.2F 19G 8
EchoTip echobrush Cook Endoscopy Compatible 

w/19G needle
EchoTip celiac plexus 
neurolysis needle

Cook Endoscopy 20G

FNA fine-needle aspiration, EUS endoscopic ultrasound
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chemotherapy to organs like the pancreas while 
potentially limiting the systemic side effects.

EUS Brushes
EUS brushes provide an alternate way of obtain-
ing cytology that can be used in combination 
with FNA especially when biliary strictures are 
encountered during ERCP [71]. The EchoBrush 
(Cook Medical) passes through a 19-G needle 
and provides a 1 × 5  mm brush at its end. This 
brush can improve diagnostic yield, however, 
increased complications such as bleeding have 
been reported [72]. Despite attempts to improve 
the brush, successful products have not been 
developed, and future research in this area is 
needed.

Conclusion

EUS continues to prove valuable in both diagnos-
tic and therapeutic applications within gastroen-
terology. Advancements in 3D imaging and nee-
dles will make EUS one of the more rewarding 
procedures for gastroenterologists in the future. 
With these new advances in technology, EUS 
will undoubtedly represent an important skill to 
both develop and master as a gastroenterologist.

Key Points

•	 There are currently two types of echoendo-
scopes: radial array and curved linear array.

•	 The linear array echoendoscope is used to per-
form FNA of lesions.

•	 EUS miniprobes can be passed down a chan-
nel of a conventional endoscope and provide 
high resolution radial ultrasound images with 
lower depth of penetration.

•	 Both 3D endosonography and elastography 
require specialized software to examine tis-
sue during EUS. 3D EUS is a new tool that 
involves reconstructing a sequence of 2D 
images into multiplanar structures, potentially 
allowing for more accurate staging of gastro-
intestinal malignancies, while elastography 
relies on detecting variations in stiffness of 

tissue to differentiate benign from malignant 
lesions.

•	 CE-EUS requires intravenous injection of 
specialized contrast to potentially improve 
detection of malignant lesions and staging of 
tumors.

•	 A variety of EUS needles are available that 
either provide an aspirate for cytology or a 
core biopsy sample for histology.
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Introduction

Endoscopic ultrasound-guided fine needle aspi-
ration (EUS-FNA) is an essential diagnostic tool 
and currently the most accurate technique for tis-
sue diagnosis of tumors and lesions of the gas-
trointestinal (GI) wall and adjacent organs. It can 
safely provide, both, cytological and histological 
samples from mural and extra-mural lesions with-
in reach of the linear echoendoscope. In daily GI 
practice, it is most commonly used for pancreatic 
masses and cysts as it is the best method for sam-
pling pancreatic lesions. Implementation of EUS-
FNA in GI practice has significantly improved 
the diagnostic sensitivity and specificity for pan-
creatic cancer [1]. The overall current sensitivity, 
specificity, and diagnostic accuracy of EUS-FNA 
for the diagnosis of malignant pancreatic neo-
plasms are 77–95 %, 96–100 %, and 79–97 %, re-
spectively [2]. A recent study using medicare data 

to investigate changing trends in tissue acquisi-
tion in pancreatic disease found out that over the 
span of 5 years (2006–2010), use of EUS-FNA 
increased approximately to 70 % in the USA [3].

Depending on the target lesion, EUS-FNA pro-
vides adequate cytological or histological material 
in 70–100 % of cases [2, 4–7]. However, the re-
ported high success and diagnostic accuracy rates 
of EUS-FNA is mostly operator-dependent, and 
endoscopist experience is the most critical factor 
for obtaining these results [8, 9]. Proper train-
ing of endosonographers increased the accuracy 
of EUS-FNA from 33 to 91 % in one study; and 
EUS-FNA errors during the initial learning phase 
were primarily due to inadequate specimens [10]. 
Therefore, similar to many other complicated in-
terventions, proficiency in EUS-FNA also requires 
learning the useful technical details and tips from 
all available sources. This chapter mainly reviews 
the current literature for EUS-FNA and provides 
up-to-date information on patient selection, tech-
nical details, equipment, and diagnostic accuracy.

Case Study

Initial Presentation

A 72-year-old woman presented with a history of 
periumbilical pain, abdominal bloating, and dis-
comfort over the past 4 weeks. Physical exami-
nation and basic laboratory tests, including blood 
count, biochemistry, urine analysis, and plain ab-
dominal X-ray, were unremarkable. She was given 
symptomatic treatment at a nearby hospital but ad-
mitted again 4 weeks later with increased symp-

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_23) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link. 
springer.com/chapter/10.1007/978-1-4939-2320-5_23.
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toms. A transabdominal ultrasonography (US) 
and then CT scan demonstrated significant retro-
peritoneal adenopathy from the aortic bifurcation 
up to the celiac axis. A right inguinal lymph node 
biopsy was performed, which was unremarkable. 
A bone marrow aspirate, biopsy, and a bone scan 
were also unremarkable. An MRI of the abdomen 
again confirmed retroperitoneal adenopathy. Ulti-
mately, patient was referred to a tertiary center for 
an EUS-FNA of abdominal lymph nodes given the 
high suspicion of non-Hodgkin lymphoma.

Is This An Appropriate Indication 
for EUS-FNA, and What Impact Does 
EUS-FNA Have on Management  
of This Patient?

EUS-FNA is generally safe and reliable with a 
low complication rate. However, the cost effec-
tiveness and possible risks and benefits should 
always be weighed carefully before the proce-
dure. The procedure is indicated if the results will 
potentially impact patient management. If there 
is an alternative method for diagnosis, which is 
safer and reliable, it should be the first priority. 
The indications and contraindications of EUS-
FNA are summarized in Table 23.1.

In our case, the patient had unexplained dif-
fuse abdominal lymphadenopathy. Evaluation 
of unexplained periluminal lymphadenopathy 
is among the important indications of EUS and 
EUS-FNA. Before an FNA procedure, the patient 
first needs a diagnostic EUS to assess for a pos-
sible mediastinal or abdominal lesion, which may 
be related to lymphadenopathy.

EUS and EUS-FNA may have an important 
impact in the management of this patient. The 
procedures will likely provide a tissue diagnosis. 
Furthermore, the risk of EUS-FNA of enlarged 
lymph nodes is relatively low.

Case Continued

The patient underwent a diagnostic EUS with a 
linear array echoendoscope. Many malignant-
appearing, round, hypoechoic lymph nodes with 

well-defined margins were visualized in the aor-
topulmonary window, the paraesophageal medi-
astinum, and the mediastinal periaortic region. 
The largest measured 10 by 10 mm in maximal 
cross-sectional diameter (Fig.  23.1). A round, 
well-defined, hypoechoic and homogenous, 
20  mm by 20  mm in maximal cross-sectional 
diameter mass was identified in the pancreatic 

Table 23.1   Indications and contraindications of EUS-
FNA
Indications
Primary diagnosis of pancreatic masses
Differentiation of cystic pancreatic lesions
Evaluation of unexplained periluminal 
lymphadenopathy
Diagnosis of gastrointestinal intramural lesions
Staging of digestive and pulmonary malignancies
Sampling of peritoneal and pleural fluid
Contraindications
Risks outweigh the expected benefits
Results would not affect patient management
Lesions that cannot be visualized clearly
Lack of informed consent or cooperation of the patient
Uncorrectable coagulopathy (INR  > 1.5) or thrombocy-
topenia (< 50,000/µl)
Under thienopyridines therapy
Relative contraindications
Failure of control of needle position
Biliary obstruction without prior decompression
Luminal stenosis
Venous collaterals in the path of the needle tract

EUS endoscopic ultrasound, FNA  fine needle aspiration

Fig. 23.1   Round, hypoechoic, and well-defined lymph 
node in peripancreatic area
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body (Fig. 23.2). The mass appeared atypical for 
pancreatic adenocarcinoma. There was no sign of 
significant endosonographic abnormality in the 
left lobe of the liver.

Does the Patient Still Need EUS-FNA 
and Which Lesion Should Be Sampled?

This patient had a pancreatic mass and diffuse 
lymphadenopathy. The EUS findings were not 
typical for a pancreatic adenocarcinoma. How-
ever, a pancreatic cancer with diffuse metastasis 
still remained in the differential diagnosis. The 
atypical imaging findings of diffuse lymphade-
nopathy also raised suspicion of pancreatic lym-
phoma. As management of these two conditions 
differ, a definite cytological or histological di-
agnosis was necessary to guide treatment of the 
patient at this stage, and EUS-FNA of both the 
lymph nodes and pancreatic mass was required. 
The first EUS-FNA should always target the le-
sion, which likely represents the most advanced 
stage of malignancy. This approach will help pre-
vent subsequent seeding.

When sampling a suspected pancreatic cancer 
is indicated, EUS-FNA should be the first-line 
procedure. It has significant advantages over 
percutaneous US or CT-guided biopsies [11, 12]. 
EUS and EUS-FNA are superior for detecting 

early malignancies, obtaining cytologic mate-
rial, and minimizing the risk of tissue seeding. 
EUS-FNA may diagnose a potentially resectable 
mass or pancreatic metastasis, and exclude other 
pancreatic tumors such as lymphoma or neuroen-
docrine tumor, in addition to benign disease such 
as chronic or autoimmune pancreatitis.

A preoperative diagnostic EUS-FNA is con-
troversial in patients who are good surgical can-
didates with a high suspicion of pancreatic ad-
enocarcinoma. The negative predictive value of 
EUS-FNA for pancreatic cancer is approximate-
ly 70 %; thus, a negative result cannot rule out 
malignancy with adequate reliability [13–15]. 
Therefore, routine preoperative EUS-FNA of po-
tentially resectable pancreatic adenocarcinomas 
is not generally advised. However, in cases where 
other types of pancreatic malignancies (e.g., neu-
roendocrine tumors, lymphomas, metastatic dis-
ease) are suspected, EUS-FNA is indicated to as-
sist in planning appropriate management.

What Is the Preparation for EUS-FNA?

Initial planning and preparation for EUS-FNA is 
similar to other endoscopic interventions. Prior 
to starting the procedure, the medical history and 
records of the patient should be reviewed with all 
necessary laboratory and radiological tests, and 
then informed consent should be obtained after 
discussing the indication, benefits, and risks of 
the procedure with the patient and the family. The 
diagnostic success of EUS-FNA is highly related 
to the preparation of the patient and instruments 
as well as the expertise of the whole endoscopy 
team. Therefore, each step of the procedure needs 
to be carefully planned and executed with the 
entire team. The risk of bacteremia is rare and 
similar to other endoscopic procedures. As such, 
prophylactic antibiotics are not routinely recom-
mended [16]. Serious infectious complications 
have only been reported after EUS-FNA of cysts 
(e.g., pancreatic and mediastinal) and the Ameri-
can Society for Gastrointestinal Endoscopy 
(ASGE) guideline recommends periprocedural 
antibiotics only in these patients [17, 18].

Fig. 23.2   A round, well-defined, hypoechoic and ho-
mogenous, 2  cm in maximal diameter mass in the pan-
creatic body
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EUS alone, without FNA, is a low-risk pro-
cedure for bleeding, but EUS with FNA is clas-
sified as a high-risk procedure. There is no need 
to stop aspirin, thienopyridines including clopi-
dogrel or warfarin for patients undergoing a low-
risk procedure for bleeding [19]. Aspirin may be 
continued even in patients undergoing EUS-FNA 
of solid lesions, but clopidogrel should be discon-
tinued 7–10 days prior to the procedure. Warfarin 
should be stopped 2–5 days before the procedure 
in all patients who are scheduled for EUS-FNA 
and restarted within 24 h after the procedure. A 
bridge therapy with low molecular weight hepa-
rin should be considered in patients with higher 
risk conditions for thromboembolic event [19]. 
These decisions regarding antiplatelet agents and 
anticoagulants should be discussed with the pa-
tient’s cardiologist and/or neurologist prescribing 
those medications.

Sudden movements during FNA may lead to 
injury of adjacent structures and effective seda-
tion of patients is important for a complication-
free procedure. Sedation may be provided with 
intravenous conscious sedation (IVCS) or with 
monitored total anesthesia during EUS-FNA. A 
recent study compared the impact of IVCS and 
general anesthesia (GA) on diagnostic yield of 
EUS-FNA in patients with pancreatic mass [20]. 
Anesthesiologist-delivered GA was associated 
with a significantly higher diagnostic yield of 
EUS-FNA compared to IVCS. The authors com-
mented that GA may improve EUS-FNA yield by 
improving patient cooperation and stillness dur-
ing the procedure. There was no difference in the 
complication rates between the groups.

Before proceeding with EUS-FNA, a com-
plete diagnostic EUS should be performed to 
evaluate the lesion and adjacent structures to 
allow adequate staging and in order to choose 
the optimal needle tract. A radial EUS examina-
tion is usually suggested for areas other than the 
pancreas, but selecting the radial or linear scope 
for diagnostic EUS depends on the endoscopist’s 
experience. The linear echoendoscope provides 
complete visualization of the pancreas. After 
the target lesion is identified, the scope should 
be placed in a stable position adjacent to the le-
sion, and if possible, within the projected plane 
of the needle path. Doppler function should be 
utilized to exclude an interposed vessel between 
the transducer and the target lesion.

Once the target lesion is localized and an ap-
propriate position is achieved, the needle catheter 
device is advanced through the biopsy channel 
to begin the puncture. The location of the target 
lesion affects the difficulty of the procedure. In 
general, transduodenal FNA is difficult, while 
transgastric is easier and transesophageal easiest.

What Factors Impact the Choice  
of Needle Type and Size?

EUS-FNA is classically performed with 19-, 22-, 
and 25-gauge (G) aspiration needles from several 
manufacturers (Table 23.2 and Fig. 23.3). There 
is no optimal needle size for EUS-FNA, and each 
size may have advantages and disadvantages de-
pending on the location and type of lesion. Larger 
diameter needles do not increase the risk of the 
procedure, and no significant difference in com-

Table 23.2   Commercially available fine-needle aspiration and biopsy needles
Type of needle Available sizes (G) Device Manufacturer
Aspiration 19, 22, 25 Expect

EchoTip Ultra
EzShot2
SonoTipII
BNX system
Clearview

Boston Scientific
Cook Medical
Olympus
Medi-Globe
Covidien
Conmed

Trucut biopsy 19 Quick-Core Cook Medical
Core biopsy 19, 22, 25 Echotip Procore Cook Medical
Aspiration flex 19 Expect flex Boston Scientific
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plication rates has been shown among the differ-
ent sized FNA needles [6]. The 19G needle is the 
stiffest and may be difficult to manipulate in the 
duodenum where the scope is sharply angulated. 
For this reason, technical failure rate is higher 
with 19G needles used for pancreatic head le-
sions [21, 22]. Although the 19G needle may ob-
tain tissue fragments from suspected tumors and 
potentially increase diagnostic accuracy, it may 
cause more trauma and bloodier samples. Con-
versely, a 25G needle offers ease of use and less 
risk of a bloody aspirate [23]. The 25G needle 
may be particularly useful for difficult pancreatic 
head lesions [24]. Several prospective studies 
have compared the 22G and 25G needles for their 
performance, diagnostic accuracy, and safety [7, 
25, 26]. In general, diagnostic yield and compli-
cations appear comparable between the 22G and 
25G needles [27, 28]. Endoscopists should be fa-
miliar with all needle sizes and choose the size 
based on the flexibility needed, the size which 
may provide optimal tissue yield, and the safest 
size for a particular location and type of lesion.

A new 19G aspiration needle made of nitinol 
with enhanced flexibility (Expect flex, Boston 
Scientific, Marlborough, MA, Fig. 23.4) was de-
signed to overcome the limitations of current 19G 
needles. A recent study demonstrated successful 
tissue acquisition adequate for cytological assess-
ment in all 38 patients (100 %), which included 
transduodenal passes, and therapeutic interven-
tions were also effective in 12 patients [29]. In an-
other pilot study with this needle, EUS-FNA was 
successful in all eight cases with six involving 
the pancreatic head, and adequate specimen was 
obtained with a mean of 1.2 passes [30].

To obtain adequate histologic samples and 
overcome some limitations of EUS-FNA, EUS-
fine needle biopsy (EUS-FNB) has been per-
formed with a 19G Tru-cut biopsy needle (TBN) 
(Fig. 23.5). The needle consists of a 5 mm sty-
let tip, an 18-mm specimen tray, a 19G internal 
cutting sheath, the outer catheter sheath, and the 
handle portion. It permits procurement of tissue 
specimen automatically with a spring-loaded 
handle mechanism. The needle is advanced to the 
target lesion with the handle in the retracted fir-
ing position. The specimen tray is inserted into 
the target lesion and the handle is pressed for-
ward until resistance is felt. The specimen tray 
and cutting sheath are visualized within the target 
tissue with distinct echo features. Increased pres-
sure on the handle fires the device, moving the 
cutting sheath quickly over the tray to acquire a 
tissue sample. Straightening the echoendoscope 
and needle, proper device orientation, and tar-
geting the lesion are important technical details 
when using this needle. By preserving the tis-
sue architecture, this needle may be more help-
ful for the diagnosis of specific conditions such 
as gastrointestinal stromal tumors, lymphomas, 
well-differentiated neoplasia, neuroendocrine 

Fig. 23.3   Fine-needle aspiration needles in different type 
and sizes. (Cook Medical Inc. and Olympus Inc) 

 

Fig. 23.4   A new 19G aspiration needle made of nitinol 
with enhanced flexibility (Boston Scientific)
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tumors, and autoimmune pancreatitis. However, 
the rigidity of the needle limits its usage especial-
ly in difficult locations such as duodenal bulb, 
fundus, and antrum [22].

Recently, 19G, 22G, and 25G biopsy needles 
were designed with a cutting knife (Procore, Cook 
Medical, Fig. 23.6, Table 23.2). The flexibility of 
the 22G and 25G core needles may offer advan-
tages in difficult locations. Several recent studies 
compared the diagnostic yield of 22G aspiration 
needles with 22G core needles for solid lesions 
of the pancreas and gastrointestinal tract with in-
conclusive findings. Depending on the study, the 

diagnostic yield of the 22G aspiration needle was 
equal, superior, or inferior to the 22G core biopsy 
needle [6, 7, 28]. Procore needles may require 
fewer passes compared to aspiration needles. The 
diagnostic yield on the first pass of the 22G Pro-
core needle was approximately twice compared 
to the 22G aspiration needle [31]. Downsides of 
the core needles include their greater expense and 
need for additional training and technical assis-
tance. A new core needle (SharkCore fine needle 
biopsy, Covidien) is now available in 19G, 22G, 
and 25G with a unique design of 6 cutting sur-
faces, and needs study to determine its utility and 
place within the current armamentarium of aspi-
ration and biopsy needles. Both types of needles 
may offer advantages and may prove more useful 
in different lesions and individuals. Table  23.3 
summarizes suggested needle type and size ac-
cording to specific characteristics of the case.

In our case, the mediastinal and peripancreatic 
lymph nodes were suitable for EUS-FNA. For 
better staging and to prevent subsequent seeding, 
the first EUS-FNA should target the lesion, which 
likely represents the most advanced stage of ma-
lignancy. Thus, the mediastinal lymph nodes were 
targeted first by a transesophageal approach. For 
lymph node aspiration, 22G and 25G needles 
may be easiest to use. The mass in the pancreatic 

Fig. 23.6   Procore EUS biopsy needle in different sizes. (Cook Medical Inc.). EUS endoscopic ultrasound

 

Fig. 23.5   19G Tru-cut EUS biopsy needle (Cook Medical 
Inc.). EUS  endoscopic ultrasound
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body was accessed transgastrically. For atypical 
lesions, a larger needle to obtain tissue fragments 
for histology may be more helpful for diagnosis. 
Considering all these factors, starting with a 22G 
for the lymph nodes and then a 19G for the pan-
creatic mass or using a 22G aspiration needle for 
both lesions are reasonable choices in this case. 
EUS-FNB with a 22G Procore needle for both 
the lymph nodes and pancreatic mass may be an 
alternative, especially for atypical lesions, and if 
Rapid Onsite Evaluation (ROSE) is not available.

How Is EUS-FNA Performed?

Most single-use EUS-FNA needles are very simi-
lar in design and operation [32]. They consist of 
a hollow metallic needle inside a semirigid pro-
tective sheath with a plastic rigid cylinder handle 
containing a port (Figs. 23.3, 23.4, 23.6). From 
the port, there is a solid removable stylet inside 
the needle to enhance its rigidity during puncture 
and to prevent clogging the needle tip with in-
testinal mucosa. The port is also used to attach 
a vacuum syringe. The handle is attached to the 
accessory channel of the echoendoscope via a 
Luer Lock to stabilize the system during use. 
Markings at 1 cm intervals on the handle enable 
to set and monitor the depth of the needle. The 
maximum needle length from the tip of the echo-
endoscope is usually 8–9 cm. The handle has a 

stopping device to set the maximum needle ex-
cursion. This safety mechanism helps to keep the 
needle within the limits of the target lesion. To 
facilitate the passage of multiple needles through 
a single delivery catheter, a new system called 
BNX (Beacon Needle Exchange) has been devel-
oped (Beacon Endoscopic, Covidien) (Fig. 23.7). 
The system has the ability to remove the needle 
from the sheath and place different sized needles 
through the same sheath to perform multiple 
passes. The aim of the system is to increase the 
diagnostic yield of EUS-FNA with low cost and 

Table 23.3   Suggested EUS-guided aspiration or biopsy needle according to lesion and patient characteristics
Characteristics Suggested needles
Access 22 and 25G for transduodenal approach

19 and 22G for transgastric and transesophageal puncture
Location 22 and 25G for pancreatic head, neck, and uncinate

19 and 22G for other locations
Cellularity and diagnostic yield 22 and 25G for pancreatic head and uncinate

19G for other locations (possible more cells obtained)
Nature of the lesion For lesions with a high suspicion of GIST, lymphoma, and metastatic tumor, 

Trucut and core biopsy needles. Alternative: 19G aspiration flex
On-site cytopathology Aspiration needles. If on-site evaluation is not available, core needles and 19 G 

aspiration flex may be better
Ancillary studies and histological 
samples

Core biopsy needles. Alternative: 19G aspiration needle and 19G aspiration flex

Contamination and bleeding Smaller gauge needles (possible decreased contamination and risk of bleeding)
Cost effectiveness Aspiration needles
Safety No definite data, but 19G aspiration and Trucut possibly more traumatic

Fig. 23.7   Beacon needle exchange FNA system with 
multiple size needles and delivery device (Beacon Endo-
scopic, Covidien). FNA fine needle aspiration
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increased efficiency, but no clinical study has 
been published yet about the effectiveness of this 
system.

After the target lesion is identified and the 
scope placed into a stable and proper position for 
the lesion, the needle system is inserted through 
the working channel of the echoendoscope and 
advanced to the tip of the scope with the lesion in 
close proximity. To achieve the proper position, 
the transducer of echoendoscope should contact 
the luminal wall firmly near the target lesion, and 
the lesion should be within the potential direction 
of the needle in order to perform FNA without 
difficulty, which is usually at the 6 o’clock posi-
tion on the EUS screen. Slow movements of the 
echoendoscope and using the up and down knob 
and the elevator may help to achieve the proper 
position and to set the needle angle. Straighten-
ing the tip of the echoendoscope is especially 
important when puncturing lesions located in the 
pancreatic head. It may be difficult to pass the 
needle system if the echoendoscope is angulated. 
In this situation, instead of pushing the system by 
force, the endoscopist should reduce the scope to 
a straight position, insert the needle system com-
pletely, and then reposition the scope at the target 
lesion. The use of small gauge needles reduces 
the difficulty of passing the needle through an 
angulated scope.

After the needle system is completely inserted 
into the channel, it is firmly screwed onto the bi-
opsy channel and the needle stop is set to limit 
the maximum distance that the needle can be ad-
vanced. The stylet inside the needle may prevent 
contamination of the needle tip during punctur-
ing the intestinal wall; although, recent studies 
have questioned the benefit of using a stylet [33, 
34]. If the stylet is used, it is withdrawn slightly 
before advancing the needle into the target tissue 
to facilitate entry and then may be readvanced 
to remove any potential tissue clogging the tip 
of the needle. Transgastric puncture sometimes 
may be difficult due to the thicker and redundant 
gastric wall. Suctioning the gastric wall and ad-
vancing the needle with a brisk but controlled, 
forceful maneuver may overcome this problem.

The needle is always advanced into the target 
lesion under direct EUS guidance. To avoid ex-

cessive needle excursion, the palm of the right 
hand grasps the handle with the last three fingers 
and the movable part is controlled by the thumb 
and index finger. The elevator of the scope can 
help deflect the needle with small adjustments. 
After the lesion is punctured properly, the stylet 
may be removed completely or left inside the 
needle. If a vacuum syringe is used, the stylet 
is removed completely after puncturing the le-
sion and a 10  ml vacuum syringe is affixed to 
the handle port for permanent suction. Then, the 
needle is moved back and forth about 5–10 times 
through the lesion to shear-off cells under sono-
graphic control. If a vacuum suction syringe is 
not used, the stylet is retracted slightly inside the 
needle and the needle passed through the lesion. 
Before withdrawing the needle from the lesion, 
5–10 ml of suction may be applied for a few sec-
onds. The endoscopist should be careful to keep 
the needle inside the lesion and to turn the suc-
tion off before withdrawing the needle from the 
lesion. After the procedure has been completed, 
the needle is removed from the scope and the 
aspirant is expressed onto a slide or container. 
An air-filled 10 ml syringe or stylet through the 
needle can be used to express the aspirate from 
the needle tip. After all the material is evacuated 
from the needle, it is cleansed and rinsed in ster-
ile saline or alcohol by aspiration and flushing. 
Then it is reassembled for the next pass.

The overall experience with EUS-FNB is lim-
ited compared to EUS-FNA. Suction or stylet 
use is not suggested when using a 19G needle 
or core biopsy needle since it might increase the 
bloodiness of specimens. Repeated insertion of 
the needle into the same area should be avoided. 
Multiple biopsies may increase bleeding, and 
more than three passes is usually not suggested. 
The needle may be moved back and forth within 
the lesion 2 or 3 times.

How Can We Increase Diagnostic Yield 
of EUS-FNA?

Small technical tricks and details during EUS-
FNA may increase diagnostic yield and success 
of the whole procedure. A “fanning” technique 
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involves advancing the needle into different areas 
within the lesion to secure cells from, both, the 
center and periphery of the mass (Fig. 23.8). A 
recent study has shown that this FNA technique 
was superior to the standard approach because 
fewer passes were required for diagnosis, and 
there was a trend towards increased diagnostic 
accuracy (96 vs. 77 %, p = 0.05) [35].

The use of 5–10 ml of suction for a few sec-
onds before withdrawing the needle from the 
target lesion may increase cellular yield. A pro-
spective randomized controlled trial showed that 
EUS-FNA of solid masses using suction yielded 
significantly higher sensitivity and negative pre-
dictive value for diagnosis without increasing 
bloodiness [36]. However, another study found 
that applying suction during FNA of lymph 
nodes did not improve diagnostic accuracy 
and increased specimen bloodiness compared 
to without suction [37]. It may be suggested to 
start EUS-FNA of solid lesions without suction 
but add further passes with suction if the cellu-
lar yield is inadequate. The European Society of 
Gastrointestinal Endoscopy (ESGE) technical 
guideline recommends using suction for EUS-
FNA of solid masses/cystic lesions and not using 
suction for lymph nodes [38].

The number of needle passes to obtain cyto-
logically adequate samples is unclear. ROSE may 
decrease the number of passes [39]. If on-site 
cytopathology is not available, 4–6 passes for a 

mass lesion, 3–4 passes for a lymph node, 5 for 
subepithelial lesions, and 2–3 for liver lesions is 
generally suggested to optimize diagnostic yield 
[37, 40]. Directing the needle to different parts of 
the lesion with each pass may increase the qual-
ity of sample. Advancing the needle repeatedly 
through the same tract may result in bloodier 
samples with decreased quality. Moreover, tar-
geting the periphery of large lesions may also in-
crease the diagnostic yield since the central areas 
are usually associated with necrosis.

What If Enough Material Cannot 
Be Aspirated or Cytology Shows 
Inconclusive Results?

When confronted with nondiagnostic or indeter-
minate cytology, the patient should be reevalu-
ated carefully. If there is a high clinical and/or 
imaging suspicion of cancer, the next step may 
be surgery.

If a cytological diagnosis is essential for man-
agement, patients can undergo repeat EUS-FNA. 
The diagnostic yield for repeat EUS-FNA of 
suspected pancreatic cancer ranged between 27 
and 82 % in different studies [41–43]. The rate of 
repeat FNA varied among the centers from 5 to 
10 % [41–43].

One of the important factors to increase di-
agnostic yield of FNA is ROSE of the cytologi-
cal material. Nearly all published studies have 
demonstrated advantages of on-site cytopathol-
ogy during EUS-FNA [44]. The use of ROSE for 
EUS-FNA decreases the number of patients who 
require a repeat procedure [41]. ROSE increases 
the diagnostic yield of EUS-FNA approximately 
10–15 to 92 % sensitivity and 100 % specificity 
[45]. However, despite data supporting ROSE, 
widespread use remains limited due to restricted 
availability beyond academic and specialized 
centers, and low reimbursement rates.

Using a core needle to obtain a histological 
sample may be another option. Adequate his-
tological samples may overcome the problem 
with limited use of ROSE. Core histology speci-
mens may enable tissue profiling and cell cul-
ture as molecular-targeted agents and biological 

Fig. 23.8   Fine needle aspiration of a pancreatic mass and 
schematization of “fanning” technique

 



380 A. Kadayifci and W. R. Brugge

therapies are assuming more importance in the 
treatment of GI cancers. EUS-FNB can be per-
formed during the same EUS session if FNA 
failed or ROSE showed inconclusive results 
after three or four passes. If ROSE is not avail-
able, using a core needle to procure a histological 
sample may increase diagnostic yield. A recent, 
multicenter prospective study showed that EUS-
FNB with a 22G Procore needle produced a sam-
ple suitable for histological evaluation in 88.5 % 
of the cases after only one needle pass [46]. No 
study has evaluated the value of using a Procore 
needle during the same session following failed 
EUS-FNA or inconclusive ROSE results. How-
ever, this seems a more efficient option than re-
peating EUS-FNA. We suggest an algorithm for 
choosing needle type and size based on location 
of the lesion, ROSE availability, and desire for 
core tissue (Fig. 23.9).

Case Continued

Two passes into a mediastinal lymph node 
were performed using a 22G aspiration needle 
(Fig. 23.10). ROSE was available, and the smear 

was positive for malignant cells. The lymph 
node was diagnosed as a metastatic large cell 
carcinoma. Then, the pancreatic mass was tar-
geted with the 22G aspiration needle and after 
two passes, ROSE showed positive malignant 
cells consistent with high grade adenocarcinoma. 
Subsequent cytological diagnosis confirmed the 
ROSE results. The patient was diagnosed with an 
advanced stage pancreatic adenocarcinoma and 
referred to oncology for chemotherapy.

Fig. 23.10   EUS-FNA of lymph node in the patient. EUS 
endoscopic ultrasound; FNA fine needle aspiration

 

Fig. 23.9   An algorithm for needle type and size choices based on location of lesion, availability of ROSE, and need 
for core tissue
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EUS-FNA for Cystic Lesions

Cystic lesions of the pancreas show a wide spec-
trum of demographic, morphological, and his-
tological characteristics. The accurate diagnosis 
and discrimination of these lesions are very im-
portant because of the presence of malignancy 
or tendency to develop malignancy over time in 
some pancreatic cysts. Clinically, mucinous (in-
traductal papillary mucinous neoplasm (IPMN), 
mucinous cystic neoplasm (MCN)), and nonmu-
cinous cysts (pseudocysts and serous cystadeno-
ma) must be distinguished. Cross-sectional imag-
ing tests and EUS alone are often inadequate to 
accurately differentiate between benign or malig-
nant and mucinous or nonmucinous cysts. EUS-
FNA is currently the most helpful procedure for 
the differentiation and clinical management of 
these patients [47–49].

EUS-FNA of pancreatic cystic (Video 23.1) 
lesions needs extra care compared to solid le-
sions. Complications including infection, bleed-
ing, and pancreatitis have been reported more 
frequently following EUS-FNA of cystic lesions 
compared to solid masses [38, 50, 51]. Prophy-
lactic antibiotics are usually recommended for 
patients undergoing FNA of pancreatic cysts. 
The aspiration of all cyst contents may minimize 
the risk of infection and maximize diagnostic 
yield. The tip of the needle should be careful-
ly maintained within the cyst lumen since wall 
abrasion may lead to bleeding during complete 
evacuation of the cyst. The largest and most ac-
cessible locule should be targeted in multilocular 
cysts. A solid component associated with the cyst 
should increase the suspicion of malignancy and 
be targeted for FNA. Due to the high viscosity of 
mucinous fluid, a 22G or 19G aspiration needle 
is more appropriate for cyst aspiration; how-
ever, a 25G needle may also be used for small 
(< 2 cm) nonmucinous cysts or a transduodenal 
approach. The 19G needle may aspirate viscous 
fluid more efficiently and allows the use of novel 
instruments such as cytobrushing and confocal 
probes. The new 19G Flex needle may offer the 
large diameter of a 19G needle while providing a 
more flexible device for accessing head lesions. 

Occasionally, debris or clot may block the needle 
tip and interfere with cyst aspiration. Clot, mucin 
globules, and septations should be avoided dur-
ing FNA. The stylet may be used to dislodge ad-
herent or obstructing material from the needle tip 
and/or channel by advancing the stylet through 
the needle.

After EUS-FNA, cyst fluid is routinely evalu-
ated for gross appearance, amylase levels, CEA, 
and cytology. Genetic mutations (KRAS and 
GNAS) may aid in the diagnosis in select cases 
[52]. Recently, a confocal laser endomicroscopy 
miniprobe (nCLE) has been developed for use 
during EUS-FNA to visualize cyst wall and epi-
thelium directly (Fig. 23.11). Preliminary studies 
of pancreatic cystic lesions showed promising 
cyst wall imaging findings to differentiate muci-
nous and nonmucinous cysts [53]. A pilot study 
reported 100 % specificity to diagnose mucinous 
pancreatic cysts by nCLE with 3 % rate of pan-
creatitis [54]. Further studies are needed to as-
certain the contribution of nCLE for diagnosing 
cystic pancreatic lesions.

What Are Complications of EUS-FNA 
and How Can they Be Avoided?

EUS-FNA is generally a safe procedure with low 
incidence of complications. The most frequent 
complications are infection, bleeding, and acute 

Fig. 23.11   Confocal laser endomicroscopy miniprobe on 
left, and papillary structures in a patient with IPMN on 
right. IPMN intraductal papillary mucinous neoplasm
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pancreatitis. The frequency and severity of com-
plications vary according to the type of lesion 
and endosonographer experience. Most stud-
ies reported a procedure-related complication 
rate between 0.5 and 3.5 %. A systematic review 
pooling 10,941 patients from 51 articles reported 
an approximately 1 % overall morbidity rate for 
EUS-FNA [50]. The mortality rate attributable to 
EUS-FNA was 0.02 %. The morbidity rate was 
significantly higher in prospective studies com-
pared to retrospective studies (2.44 vs. 0.35 % for 
pancreatic mass and 5.07 vs. 2.33 % for pancre-
atic cysts). Therefore, complication rates may be 
underestimated in retrospective studies.

The most important risk factors for compli-
cations include endosonographer inexperience 
and FNA of cystic lesions [38, 50, 51]. Cysts are 
more prone to infection and bleeding. Antibiotic 
prophylaxis typically with a fluoroquinolone is 
administered routinely before and for 3–5 days 
after aspiration of any cystic lesion [38]. In large 
prospective series using antibiotic prophylaxis, 
0–1.4 % rate of infectious complications have 
been reported [17, 55]. Multiple passes into a 
cyst may increase risk of infection. Therefore, the 
goal of cyst aspiration is to completely drain the 
cyst contents to minimize risk of infection and 
maximize diagnostic yield. Aspiration of simple 
mediastinal cysts is contraindicated and indicated 
only when the cyst appears atypical or complex 
to rule out malignancy. There is no clear evidence 
that EUS-FNA of solid lesions may cause bacte-
remia and infectious complications.

A single-center study including 327 proce-
dures of solid pancreatic lesions reported 3.4 % 
post-procedural adverse event [56]. Multivariate 
analysis showed that pancreatic lesions less than 
2  cm in diameter and neuroendocrine tumors 
were associated with more frequent complica-
tions. These results have not been confirmed by 
other studies.

Rates of acute pancreatitis after EUS-FNA 
range from 0.26 to 2 % in different studies [17, 
57, 58]. No significant risk factors were identi-
fied for post-EUS-FNA pancreatitis. A history of 
recent pancreatitis appeared to be a potential risk 
factor in one study [58]. If there is not a clear in-
dication that may change clinical management, it 

is best to avoid EUS-FNA in the setting of recent 
pancreatitis.

Self-limited minor bleeding without clinical 
findings may occur following EUS-FNA of solid 
lesions, but clinically significant extra-luminal 
bleeding is very rare [59, 60]. Bleeding is more 
frequent and may cause significant consequences 
in FNA of cystic lesions. The rate was reported 
as 6 % in a prospective study [61]. A gradually 
expanding hyperechoic area within the cyst after 
needle puncture is an important finding indica-
tive of bleeding. In these cases, the procedure 
should be stopped and a short course of antibiotic 
is suggested. EUS-FNA should not be performed 
in patients with uncorrectable coagulopathy or on 
antiplatelet agents [62].

Less frequent complications have been report-
ed after EUS-FNA in case reports and most were 
not directly related to FNA. Tumor cell seeding 
following EUS-FNA has been reported in a few 
cases. The actual risk of this is unknown, but sig-
nificantly lower compared to percutaneous CT or 
US-guided FNA [63].

Key Points

•	 EUS-FNA should be performed if the results 
will impact patient management.

•	 Endosonographer experience, availability of 
adequate equipment, expertise of endoscopy 
staff, effective sedation, and quality of cyto-
logical examination are key factors for suc-
cess.

•	 The location, route of access, nature of the 
lesion, need for histologic sample, and avail-
ability of rapid onsite evaluation (ROSE) 
should be considered when deciding the type 
and size of needle to use.

•	 Procore biopsy needles can obtain histologic 
samples, which may decrease the number of 
passes necessary for diagnosis and may be a 
better choice when ROSE is not available.

•	 The use of a stylet does not seem to impact 
diagnostic yield. Suction may help increase 
cellular yield. The “fanning” technique likely 
improves diagnostic accuracy.
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•	 Complication rates may be higher in EUS-
FNA of cystic lesions; and thus, require extra 
care compared to solid lesions.
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Video Caption

Video 23.1 EUS-FNA of pancreatic cyst
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Abbreviations

ROSE	 Rapid on-site evaluation
EUS-FNA	� Endoscopic ultrasound-guided fine-

needle aspiration
FNA	 Fine-needle aspirate
Pap stain	 Papanicolaou stain
RPMI	 Roswell Park Memorial Institute
GIST	 Gastrointestinal stromal tumor
IPMN	� Intraductal papillary mucinous neo-

plasm
MCN	 Mucinous cystic neoplasm
HCC	 Hepatocellular carcinoma

General Principles of Rapid On-site 
Evaluation (ROSE)

Rapid on-site evaluation (ROSE) entails having 
either a cytopathologist or cytotechnologist at-
tend the EUS-FNA in order to provide immediate 

assessment and feedback about cellular material 
obtained during the procedure. In some institu-
tions, however, physical distance may preclude 
the attendance by the pathologist, and in this set-
ting, telepathology may be a formidable substi-
tute. The reported sensitivity and specificity of 
EUS-FNA at most sites are between 80–90 % 
and 85–100 %, respectively, and ROSE has been 
demonstrated to improve the sensitivity and ac-
curacy of EUS-FNA procedures [1–4]. It maxi-
mizes diagnostic yield, results in fewer fine-nee-
dle aspiration (FNA) passes, allows for proper 
triaging of the obtained material, and leads to an 
overall decrease in repeat procedures minimizing 
healthcare expenditure.

What is needed for the establishment of a 
successful ROSE service? Foremost, it requires 
the time of both the endoscopist and pathologist. 
ROSE may delay the turnaround time for endo-
scopic procedures with the hope of improved pa-
tient outcomes. A schedule of planned procedures 
should be made available to the pathologist in 
order to guarantee his/her presence at the time of 
the procedure. A stationary setup including glass 
slides, stains, and microscope should be located 
in or near the endoscopy suite; alternatively, the 
pathology service may have mobile carts with the 
necessary equipment (Fig. 24.1).

At a minimum, the endoscopist can expect the 
cytopathologist or cytotechnologist to provide an 
assessment of specimen adequacy, i.e., determin-
ing whether or not sufficient cellular material 
has been aspirated in order to obtain a diagnosis. 
However, oftentimes the pathologist will be able 
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to accurately render a preliminary interpretation. 
Of note, preliminary interpretations can some-
times differ from the final diagnosis, and thus, 
it is crucial that clinical decisions and treatment 
are based on finalized reports whenever possible. 
Clear communication between the endoscopist 
and the pathologist is essential during EUS-FNA. 
The clinical history and imaging features of the 
targeted lesion represent invaluable information 
and this should be communicated to the patholo-
gist, particularly at the time of preliminary as-
sessment.

Preparation and Triaging of Cellular 
Material

Preparation and triaging cellular material are key 
elements in diagnostic EUS-FNA procedures. 
Various techniques can be utilized with the most 

common ones concisely summarized and illus-
trated below.

In our institutions, once the lesion has been as-
pirated, the FNA needle is passed to the cytopa-
thologist or cytotechnologist, and using the stylet, 
the material is extruded onto a single, properly 
labeled glass slide (Fig.  24.2a and 24.2b). At-
taching a syringe to the FNA needle can further 
help expel residual cellular material. Depending 
on the cellularity of the obtained sample, direct 
smears can then be prepared. The preparation of 
direct smears is somewhat of an art, and it takes 
experience to recognize how much material 
should and should not be placed on the slide as 
well as the degree of pressure that is needed to 
produce an evenly distributed smear. In our prac-
tice, we use two glass slides placed parallel to 
each other with enough contact pressure to break 
up and distribute the material evenly (Fig. 24.2c). 
With a quick gliding motion, pulling the slides 

Fig. 24.1   The FNA mobile cart is equipped with a double-headed microscope as well as a Diff–Quik setup to stain 
slides for on-site assessment
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in opposite directions, two slides are produced; 
one is left to air-dry (for the on-site rapid Ro-
manowsky stain), while the other is immediately 
placed in an ethanol fixative (for later laboratory 
staining via the Papanicolaou method). Alterna-
tively, the top slide can be quickly pulled apart 
from the bottom slide in an upward motion. In 
either technique, if performed correctly, the two 
resulting slides are mirror images of each other 
and should provide identical cellular material for 
the two complementary stains in the evaluation 
of the obtained lesional material.

As previously mentioned, the air-dried slide 
is then stained using a Romanowsky technique. 
Many utilize Diff–Quik, a commercially pre-
pared Romanowsky stain. This particular stain-
ing method consists of only three solutions, al-
lows for rapid staining on-site, and highlights 
cytoplasmic detail well; however, detailed nu-
clear morphology is not readily evaluable with 
this stain. In contrast, the strength of the Papa-
nicolaou stain (Pap stain), which is more time-
consuming and performed later in the laboratory 
with the ethanol-fixed slide, lies in its revelation 
of nuclear detail. While particular pathologists 
tend to prefer one or the other stain, both stains 
complement each other.

After rapid Diff–Quik staining of the air-dried 
slides, the pathologist examines the slides under 
the microscope. The major goal at this point is to 
ensure that adequate material has been obtained 

and, if necessary, to triage the material for ancil-
lary studies such as flow cytometry or microbi-
ology. Acquisition of sample for ancillary tests 
may require several additional FNA passes. Of 
note, Roswell Park Memorial Institute (RPMI) 
medium is a cell preservative devoid of formalin 
and the preferred medium for flow cytometry and 
cytogenetics, especially if the suspicion for a he-
matolymphoid malignancy is high.

Oftentimes, abundant cellular material and 
blood are expelled onto a glass slide. Immedi-
ate preparation of direct smears will yield thick 
smears that greatly hinder the preliminary micro-
scopic examination and may even result in inter-
pretative errors. Hence, in this scenario, using 
the “pick and smear” technique, a portion of the 
cellular material is separated and transferred onto 
additional glass slides to produce direct smears 
[5]. The remaining material is allowed to con-
geal, thus forming a clot/pseudotissue biopsy, 
which can easily be picked up with the tip of a 
small needle or end of another slide and subse-
quently transferred directly into formalin for later 
use as a cell block.

Alternatively, needle rinses or additional FNA 
passes can be expelled directly into formalin or 
other media such as RPMI or CytoLyt in order to 
create a cell block. Many cell block preparation 
techniques are in use, and they often involve mix-
ing the cellular material with a gelling agent to 
create a mold that can be processed like a routine 

Fig. 24.2   Slide preparation during FNA. a. A typical 
setup during FNA. At our institution, the cytotechnologist 
carries a container that holds all the material needed to 
make smears including slides, ethanol fixative, and media 
for ancillary studies such as RPMI into the procedure 
room. b. The needle is placed onto a slide, and a second 
slide is used to capture the spray of any splashed material. 

The material is then extruded onto the slide. c. The two 
slides are then placed parallel to each other, and enough 
contact pressure is used to disperse the material evenly 
between the two slides. The slides are then pulled in op-
posite directions to produce two slides. One slide is left to 
air-dry (for on-site assessment), while the other is placed 
in an ethanol fixative (for later processing)
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surgical biopsy specimen. The cell block has the 
advantage of providing material for subsequent 
immunohistochemistry which may be necessary 
to best classify a lesion.

In some practices, the pathologist may prefer 
to use a thin-layer cytologic technique such as 
ThinPrep. This technique does not allow for rapid 
on-site interpretation but does produce a concen-
trated preparation, which reduces the number of 
slides to be examined [6]. Many pathologists re-
serve this technique for cyst fluid interpretation 
in the setting of EUS-FNA.

Pathology Terminology

Pathology reports aim to state a diagnosis in con-
cise and direct terms. For example, in the category 
of “positive for malignancy,” the pathologist will 
try to render the most specific subcategorization 
possible (such as “adenocarcinoma”). However, 
sometimes the pathologist may resort to terms 
such as “atypical” and “suspicious.” Unfortunate-
ly, the meaning that is conveyed by these terms is 
subject to interobserver variability. In our practice, 
the term “suspicious” is used when the specimen 
is quantitatively insufficient for a specific diagno-
sis. For example, an aspirate may consist of only 
one or two groups of cells with the features of ma-
lignancy. “Atypical” suggests that the cytologic 
features deviate from normal, but there are insuffi-
cient features to make a specific diagnosis. There-
fore, “atypical” may refer to cellular changes seen 
in non-neoplastic or neoplastic lesions. Often, 
these indeterminate diagnoses are accompanied 
by an explanatory note. These comments convey 
essential information regarding the pathologist’s 
overall interpretation and should be read in their 
entirety; they should figure heavily when the clini-
cian is considering the pathology results.

Cytologic Features of Normal 
Structures Sampled in EUS-FNA

As EUS-FNA traverses the luminal gut, the pres-
ence of contaminating (normal) structures such 
as esophageal, duodenal, and gastric epithelium 

is frequently seen in aspirate smears (Fig. 24.3). 
The approach of the aspirate, for example trans-
gastric versus transduodenal, should thus be con-
veyed to the pathologist.

Cytopathologic Features of Commonly 
Sampled Entities

This section will give the endoscopist a brief 
overview of the most commonly sampled patho-
logic entities by EUS-FNA. A detailed descrip-
tion of rare non-neoplastic and neoplastic lesions 
and an expansion on ancillary studies are beyond 
the scope of this chapter.

Luminal Gut

The vast majority of cancers affecting the luminal 
gut are epithelial. Most of these epithelial tumors 
are sampled by forceps biopsy; however, some 
tumors may predominate beneath the mucosa and 
are better accessed by EUS-FNA.

Epithelial Malignancies
Adenocarcinomas are gland forming malignan-
cies and account for the majority of tumors in the 
distal esophagus, stomach, and small and large 
intestines. Although there are some site-specific 
cytologic features, in general, these tumors look 
remarkably similar. In metastatic adenocarci-
noma, immunohistochemistry can be helpful for 
localization of the primary [7]. Colorectal adeno-
carcinomas typically express CK20 and lack ex-
pression of CK7 [15]. Esophageal, gastric, and 
small intestinal adenocarcinomas often show 
expression of both CK20 and CK7 [8]. CDX2, 
a gene involved in intestinal differentiation, is 
expressed in the vast majority of luminal gut ad-
enocarcinomas as well as a subset of pancreatico-
biliary adenocarcinomas [9].

Cytologically, adenocarcinomas are character-
ized by three-dimensional aggregates and sheets 
of cohesive cells. The neoplastic cells demon-
strate high nuclear-to-cytoplasmic ratios, nuclear 
hyperchromasia and irregularities, coarse chro-
matin pattern, and prominent nucleoli (Fig. 24.4). 
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These nuclear features, while etiologically 
non-specific, indicate malignancy. Evidence of 
glandular differentiation such as cytoplasmic 
vacuolization, lumen formation, or mucin, when 
present, is very helpful in supporting a diagno-
sis of adenocarcinoma. Of note, colorectal carci-
noma tends to have characteristic tall columnar 
cells and contains a “dirty” necrotic background 
(Fig. 24.5). These cytologic features may help in 
the setting of malignancy of unknown primary.

Squamous cell carcinomas tend to arise in 
areas lined by squamous epithelium (esophagus 
and anus), but they can occur anywhere along the 
luminal gut. Aspirates demonstrate flat sheets of 
cohesive cells with polygonal shapes and dense 
cytoplasm (Fig.  24.6). The nuclear features are 
similar to those described for adenocarcinoma. 
Keratinization, which is best appreciated on the 
Papanicolaou stain as orangeophilic staining, is 

a defining feature of squamous cell carcinoma 
(Fig. 24.6). Immunohistochemistry (p63, p40, cy-
tokeratin 5/6) can be used to confirm that a tumor 
has squamous differentiation; however, it does not 
provide information regarding site of origin [10].

Neuroendocrine carcinomas including carci-
noid tumors can occur anywhere along the lu-
minal gut [11, 12]. Aspirates are in general very 
cellular, composed of a loosely cohesive, mono-
morphic cell population [13]. Nuclei are round to 
oval, eccentrically placed, and exhibit regular nu-
clear contours and finely stippled, “salt-and-pep-
per” chromatin (best seen on a Pap-stained slide). 
As the cytologic features of neuroendocrine tu-
mors can overlap with other entities, immuno-
histochemistry may be needed for confirmation. 
Neuroendocrine carcinomas express cytokeratins 
as well as specific neuroendocrine antigens such 
as synaptophysin and chromogranin [11, 12]

Fig. 24.3   Contaminating duodenal epithelium from 
EUS-FNA of pancreatic mass. Duodenal epithelium can 
appear as large sheets containing small, round nuclei. The 

pale staining cells interspersed throughout the sheet rep-
resent goblet cells, which are helpful in recognizing this 
epithelium as duodenal (Pap stain, 10x)
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Mesenchymal Neoplasms
Most gastrointestinal mesenchymal tumors are 
subepithelial and best sampled by EUS-FNA. 
There are a host of mesenchymal tumors that can 
occur in the gastrointestinal tract. Location mat-
ters as leiomyomas are most commonly seen in 
the esophagus, whereas gastrointestinal stromal 
tumors (GISTs) are more common in the stomach 
and small intestine [14, 15]. A preliminary inter-
pretation of “spindle cell neoplasm” is reserved 
for the majority of these cases. Procurement of 
additional material for cell block preparation is 
crucial as immunohistochemistry is essentially 
required for a more definitive diagnosis. In this 
section, we will limit our discussion to the most 
common mesenchymal tumor of the luminal gut, 
the gastrointestinal stromal tumor (GIST).

A GIST on aspirate is usually characterized 
by cellular fragments of spindle-shaped tumors 
cells (Fig. 24.7) [15, 16]. Some cases may feature 
round-to-oval tumor cells and these are designat-
ed as epithelioid GISTs. Perinuclear vacuoles are 
sometimes seen. Neoplastic nuclei typically have 
delicate chromatin and inconspicuous nucleoli. 
The cytoplasm may appear metachromatic on a 
rapid Romanowsky stain. Necrosis and mitoses 
are uncommon and suggest a more aggressive 
behavior.

GISTs are often responsive to treatment with 
tyrosine kinase inhibitors such as imatinib and 
sunitinib [15]. Molecular testing is sometimes 
performed prior to treatment, and sufficient ma-
terial to form a cell block should be obtained. 
Additionally, immunohistochemistry is essential 

Fig. 24.4   Pancreatic adenocarcinoma. The general fea-
tures of malignancy can be appreciated in this image. The 
cells demonstrate variability in cell size, nuclear hyper-
chromasia, and occasional nuclear membrane irregulari-

ties. Many of the cells demonstrate prominent nucleoli. 
Some of the tumor cells also demonstrate nuclear overlap-
ping and loss of polarity which creates a “drunken honey-
comb” appearance (Pap stain, 20x)
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to confirm and distinguish a GIST from other 
spindle cell lesions. Most GISTs demonstrate 
expression of CD117, DOG1, and CD34 by im-
munohistochemistry [14, 15]. In fact, the aspirate 
appearance of both leiomyoma and schwannoma 
can look almost identical to GISTs, and we al-
ways perform a small panel of immunohisto-
chemistry (CD117, CD34, SMA, S100) to distin-
guish these tumors [14–16].

Lung and Mediastinum

EUS-FNA can be used to sample the lung, me-
diastinum, and even pleura. Epithelial malignan-
cies are the most common lesions evaluated in 
the lung. General categories of primary malig-

nant pulmonary epithelial neoplasms include ad-
enocarcinoma, squamous cell carcinoma, large 
cell undifferentiated carcinoma, and tumors with 
neuroendocrine differentiation (typical and atypi-
cal carcinoid tumors, small cell carcinoma, and 
large cell neuroendocrine carcinoma). The cy-
tologic features of pulmonary adenocarcinomas 
and squamous cell carcinomas do not substan-
tially differ from their counterparts arising in other 
sites. However, pulmonary adenocarcinomas can 
be extremely well differentiated with very little 
atypia, making diagnosis potentially very difficult. 
A helpful feature in distinguishing a well-differ-
entiated adenocarcinoma from reactive bronchial 
epithelial cells is the lack of cilia in the former 
and the presence of intranuclear pseudoinclusions 
in the latter [17]. At the time of a preliminary 

Fig. 24.5   Colonic adenocarcinoma. Aspirates contain 
tall, columnar, hyperchromatic cells. The nuclei often re-
tain a basal orientation which imparts a “picket fence” ap-

pearance. Note the extensive, grungy, amorphous debris 
in the background (Diff–Quik, 10x)

 



394 A. A. Shah et al.

assessment, the term “non-small cell carcinoma” 
may be used; this term encompasses epithelial 
malignancies other than small cell carcinoma and 
other low-grade neuroendocrine carcinomas. A 
more specific final diagnosis is highly encouraged 
as targeted molecular therapies are now available. 
With the advent of molecular-based targeted thera-
pies, testing for EGFR, KRAS, and ALK mutations 
is often requested by oncologists and obtaining ad-
equate material for a cell block in order to perform 
these tests should be considered.

In the setting of a poorly differentiated malig-
nancy, immunohistochemistry may be helpful to 
confirm the epithelial differentiation of the tumor 
and to further define the specific epithelial sub-
type. For example, TTF-1 and Napsin are mark-
ers for primary lung adenocarcinomas [18, 19]. 

These markers are typically negative in squa-
mous cell carcinoma, although TTF-1 expression 
can be seen in small cell carcinoma [20].

It is important to recognize small cell carci-
noma as treatment modalities differ compared 
to non-small cell carcinoma. The tumor cells of 
small cell carcinoma are approximately three times 
larger than a standard lymphocyte and feature fine 
chromatin with inconspicuous nucleoli (Fig. 24.8) 
[21, 22]. Nuclear molding, apoptotic bodies, fre-
quent mitoses, and crush artifact are all typical cy-
tologic features (Fig. 24.8) [21, 22]. Unlike other 
pulmonary epithelial tumors, small cell carcinoma 
demonstrates a dotlike immunohistochemical 
staining pattern with antibodies to cytokeratins 
[22]. These tumors also demonstrate expression 
of CD56, synaptophysin, and chromogranin and 

Fig. 24.6   Squamous cell carcinoma. Aspirates of squa-
mous cell carcinomas have flat sheets with polygonal 
cells. Nuclear pleomorphism is also demonstrated in this 

image. A hallmark finding is the single-cell component 
with prominent dense, orangeophilic cytoplasm (Pap 
stain, 10x)
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lack expression of p63 [22, 23]. p63 is a marker 
that is expressed by the majority of squamous cell 
carcinomas and can be helpful in distinguishing a 

basaloid squamous cell carcinoma from other high-
grade epithelial malignancies such as small cell 
carcinoma [23].

Fig. 24.7   a Gastrointestinal stromal tumor. Large cel-
lular sheets of tumor cells can be appreciated on low 
power (Diff–Quik, 2x). b Gastrointestinal stromal tumor. 

At higher power, the tumor is composed of spindled cells 
with poorly demarcated cell borders (Diff–Quik, 20x)

 

Fig. 24.8   Small cell carcinoma. The tumor cells of small 
cell carcinoma are two to three times larger than a rest-
ing lymphocyte. The tumor cells have scant cytoplasm 

and fine nuclear chromatin with inconspicuous nucleoli. 
Crush artifact and nuclear molding are characteristic fea-
tures of small cell carcinoma (Pap stain, 20x)
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The mediastinum can be sampled to stage 
lymph nodes most commonly in the setting of 
lung cancer or to investigate adenopathy of un-
known etiology. Primary neoplasms and other 
pathologic processes in the mediastinum can also 
be aspirated. It is important that the pathologist 
knows the patient’s history, mediastinal loca-
tion (anterior, middle, or posterior), and imaging 
characteristics of the lesion as the differential di-
agnosis varies depending on these variables.

Lymph Nodes

EUS-FNA can be used to evaluate adenopathy of 
unknown etiology as well as to stage epithelial 
malignancies. Commonly sampled nodes that are 
accessible by EUS-FNA include paraesophageal, 
mediastinal, perigastric, peripancreatic, retro-
peritoneal, and perirectal lymph nodes. The dif-
ferential diagnosis for adenopathy is extensive; 
however, common etiologies include metastases, 
lymphoma, infection, or non-neoplastic condi-
tions such as sarcoidosis. On-site assessment of 
lymph nodes can be extremely helpful in appro-
priately triaging material obtained for ancillary 
studies.

With respect to metastatic tumors, the cyto-
morphology is in most cases identical or similar 
to the primary tumor. However, sometimes the 
metastatic tumor cells will be few in number and 
admixed with the background nodal lymphocytes 
that can make identification of rare tumor cells 
difficult. Occasionally, immunohistochemistry 
may be needed to further define the site of ori-
gin and a cell block will be necessary. Follow-
ing treatment of adenocarcinomas, often all that 
remains is thick mucinous pools admixed with 
inflammatory cells. In this post-treatment setting, 
mucin signifies prior disease and does not consti-
tute residual tumor.

EUS-FNA is useful for diagnosing lymphop-
roliferative disorders. Most lymphoma aspirates 
are characterized by a monotonous population 
of discohesive, often enlarged cells with a very 
high nuclear-to-cytoplasmic ratio, i.e., very scant 
cytoplasm (Fig. 24.9). The cytologic appearance 
of lymphomas is heterogeneous and beyond the 

scope of this chapter. However, a preliminary 
interpretation of “lymphoma” or “suspicious 
for lymphoma” and even “polymorphous lymph 
node favor reactive lymphadenopathy” often 
requires an additional important step: triaging 
material for flow cytometry. Flow cytometry is 
helpful in identifying B-cell clonality but less 
useful in detecting T-cell lymphomas. While cy-
tomorphology with flow cytometry may provide 
a diagnosis, subclassification sometimes requires 
additional tests. Other ancillary studies such as 
cytogenetics, fluorescent in situ hybridization, 
and molecular testing may aid in diagnosis. 
Multiple separate FNA passes are often required 
to yield an adequate sample for these ancillary 
studies, and a generous lesional sample for cell 
block is often desired. A recent study demon-
strated that sufficient material can be recovered 
from EUS-FNA to perform immunohistochem-
istry [24]. A specific lymphoma was diagnosed 
in 88.8 % cases (135 of 152 cases), and enough 
material was obtained for flow cytometry and cy-
togenetics in this study [24]. In our experience, 
the diagnosis of some lymphoproliferative dis-
orders, such as T-cell lymphomas and Hodgkin’s 
lymphomas, can be challenging with EUS-FNA, 
and repeat procedures are sometimes needed to 
obtain diagnostic material.

For infectious etiologies (e.g., preliminary 
interpretations of “acute inflammation,” “granu-
lomatous inflammation,” or “reactive lymphade-
nopathy”), some of the obtained material or ad-
ditional passes should be submitted for culture. 
Clues to a possible fungal or mycobacterial in-
fection include granulomatous inflammation and 
necrotic debris. Unstained direct smear slides 
or adequate cell block samples can also be pre-
pared for special histochemical studies such as 
a silver stain to identify fungal organisms and a 
FITE/AFB stain to identify mycobacteria. In gen-
eral, both microbiology and histochemical stains 
should be performed as a dual approach to iden-
tify an infectious etiology.

Sarcoidosis is considered a diagnosis of ex-
clusion and requires clinical correlation. As 
such, cytology can only suggest the diagnosis. 
The typical cytologic finding in sarcoidosis is 
non-necrotizing, granulomatous inflammation. 
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The granulomas of sarcoid are tightly clustered 
and contain epithelioid macrophages that impart 
a fairly distinct appearance. Necrosis is notably 
absent. In addition, cultures and histochemical 
stains for fungal elements and mycobacteria are 
negative.

Pancreas

A diagnostic algorithmic approach can be utilized 
with aspirates of pancreatic lesions (Fig.  24.10). 
The differential diagnosis varies depending on 
whether the lesion is predominantly solid or cys-
tic. The first step for the cytopathologist always 
starts with determining whether lesional material 
has been obtained. Second, the pathologist must 
establish whether the tissue represents a neoplastic 

or non-neoplastic condition. The final initial step 
is to ensure that adequate material has been ob-
tained to render a specific diagnosis. With regard 
to pancreatic adenocarcinoma, the most com-
mon pancreatic neoplasm, the diagnosis is usu-
ally straightforward and requires no immunohisto-
chemical stains [25]. However, other lesions such 
as pancreatic neuroendocrine tumors, acinar cell 
carcinomas, and solid pseudopapillary neoplasms 
can look very similar on cytology and often re-
quire immunohistochemistry [26]. For the latter 
three, a preliminary interpretation of “epithelioid 
neoplasm, defer to cell block and immunohisto-
chemistry” is prudent. A brief discussion regard-
ing the more commonly encountered primary 
pancreatic tumors follows; however, as with other 
sites, the pancreas can be involved by metastases 
and lymphoproliferative disorders.

Fig. 24.9   Diffuse large B-cell lymphoma. The tumor cells are discohesive and relatively monotonous with very scant 
cytoplasm (Pap stain, 10x)
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Solid Lesions
Pancreatic Ductal Adenocarcinoma

Variability in nuclear size (anisonucleosis) is one 
of the key cytologic features that distinguishes 
pancreatic ductal adenocarcinoma from benign 
ductal or reactive epithelial cells (Fig. 24.4). The 
cells of pancreatic ductal adenocarcinoma are 
often enlarged and have enlarged nuclei with ir-
regular nuclear membranes, granular chromatin, 
and prominent nucleoli (Fig. 24.4). The architec-
ture or arrangement of cells can also be a helpful 
feature especially in well-differentiated tumors. 
Normal ductal epithelium displays an orderly 
“honeycomb” arrangement; however, the cells 
of ductal adenocarcinoma are often overlapping 

and demonstrate a loss of polarity, thus render-
ing the so-called drunken honeycomb appear-
ance (Fig. 24.4). Single atypical cells in the back-
ground are also helpful. Necrosis and mucinous 
and inflammatory debris are often observed in 
the background.

Pancreatitis, A Mimicker of Pancreatic Ductal 
Adenocarcinoma
Chronic pancreatitis can mimic ductal adeno-
carcinoma in its both clinical presentation and 
radiologic appearance [27]. Not infrequently, 
the two processes can coexist. Aspirates of 
chronic pancreatitis are composed of fragments 
of pancreatic tissue with some degree of fibrosis 
(Fig.  24.11). When present, acini are separated 

Fig. 24.10   An algorithmic approach to the cytopathologic classification of pancreatic masses
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by fibrotic stroma and a mixed inflammatory in-
filtrate together with calcific debris and foamy 
histiocytes in the background. The ductal epithe-
lium may demonstrate reactive changes such as a 
mild increase in cell size and more conspicuous 
nucleoli. The honeycomb architecture is often 
preserved, but some nuclear overlapping may 
be seen. Anisonucleocytosis, however, is usually 
minimal. Distinguishing a well-differentiated 
ductal adenocarcinoma from reactive ductal epi-
thelial cells can be exceptionally challenging and 
may require several passes before convincing 
evidence to support either diagnosis is obtained. 
Moreover, as the Pap stain helps evaluate the 
nuclear features of neoplasia, a definite diagnosis 
may not be possible during ROSE.

Acute pancreatitis is not often sampled by 
FNA. However, the cytologic findings of acute 
pancreatitis include cellular degeneration, acute 
inflammation, and granular debris [1]. Fat necro-

sis and foam cells (histiocytes filled with lipid) 
may also be present. The ductal epithelium can 
appear markedly atypical mimicking ductal ad-
enocarcinoma. Thus, the pathologist should exer-
cise caution before making a diagnosis of cancer 
in the setting of acute pancreatitis.

Autoimmune pancreatitis can present as a 
mass-forming lesion or bile duct stricture [28]. 
Aspirates sometimes demonstrate cellular stro-
mal fragments with lymphocytes and plasma cells 
[28]. The venulitis often seen on histology is not 
visualized in cytologic samples [28]. Autoimmune 
pancreatitis can be a difficult, if not impossible, 
diagnosis to render on cytology and requires clini-
cal correlation. Evaluation of adequate cell block 
material for the presence of IgG4-positive plasma 
cells aids in the diagnosis of type 1 autoimmune 
pancreatitis (IgG4-related disease). Patients may 
have elevated levels of serum IgG4, but up to 30 % 
of patients will have a normal level [29].

Fig. 24.11   Chronic pancreatitis. Stromal fragments composed of spindled cells are often seen in aspirates of chronic 
pancreatitis (Pap stain, 10x)
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Acinar Cell Carcinoma
Acinar cell carcinoma is a relatively uncom-
mon malignancy [30]. In contrast to the cohe-
sive grapelike clusters seen in aspirates of nor-
mal pancreas, the neoplastic cells of acinar cell 
carcinoma tend to be less cohesive with sheets, 
single cells, and occasional acinar structures 
(Fig.  24.12) [30]. Aspirates are typically very 
cellular [30]. Tumor nuclei are enlarged with 
prominent nucleoli, and cells contain moder-
ate amounts of granular cytoplasm. The degree 
of atypia and pleomorphism are not as striking 
as seen with ductal adenocarcinoma. Caution 
should be exercised with sparsely cellular sam-
ples to avoid the overdiagnosis of normal acinar 
parenchyma as acinar cell carcinoma.

Pancreatic Neuroendocrine Tumor
Aspirates of the more common pancreatic neu-
roendocrine tumors can look very similar to 
those of acinar cell carcinomas. These are also 
very cellular aspirates, composed of loose clus-
ters and single cells with frequent “naked” nuclei 
in the background (Fig. 24.13). The tumor cells 
contain round, often eccentrically placed nuclei 
and a moderate amount of cytoplasm which may 
be vacuolated or contain granules. Binucleation 
is a common feature. Distinguishing a pancre-
atic neuroendocrine neoplasm from an acinar cell 
carcinoma and solid pseudopapillary neoplasm 
often requires the use of cell block and immuno-
histochemistry [26, 30].

Fig. 24.12   Acinar cell carcinoma. This aspirate of aci-
nar cell carcinoma demonstrates sheets, single cells, and 
small acinar structures (Diff–Quik, 4x). The tumor cells 
as well as the architectural pattern can look remarkably 

similar to those seen with pancreatic neuroendocrine tu-
mors. Immunohistochemistry is often needed to distin-
guish these neoplasms
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Solid Pseudopapillary Neoplasm
Solid pseudopapillary neoplasm tends to occur 
in young- to middle-aged women; however, 
they have been rarely reported in men, chil-
dren, and older patients [31]. Aspirates display 
certain characteristic features such as papillary 
fronds with central capillaries and a myxoid to 
metachromatic stroma (Fig.  24.14) [31]. The 
low power appearance has been likened to that 
of a “Chinese character” arrangement. Howev-
er, single cells and loose clusters are also ob-
served and may predominate. The tumor cells 
are round to oval and occasionally have grooved 
nuclei. Hyaline globules and cercariform cells 
(tumor cells with a cytoplasmic tail-like exten-
sion) have been described in aspirates of these 
tumors [31]. The background contains granular 
debris, cholesterol clefts, metachromatic globu-
lar material, and foam cells. Nuclear expression 
of beta-catenin is very helpful in distinguishing 

this tumor from pancreatic neuroendocrine tu-
mors and acinar cell carcinomas [31, 32].

Cystic Lesions
There are several neoplastic and non-neoplastic 
cystic lesions that can affect the pancreas. It is 
important to remember that any solid tumor 
can undergo cystic change and these should be 
considered in the differential diagnosis. The pa-
thologist should be made aware of the patient’s 
clinical history, the radiologic and sonographic 
impression as well as the results from cyst fluid 
analysis prior to rendering a cytologic diagnosis.

Pancreatic Pseudocyst
Pancreatic pseudocyst is the most common cys-
tic lesion of the pancreas. These arise in patients 
with a prior history of pancreatitis. Aspirates 
have a “dirty,” granular background with cal-
cification, proteinaceous material, and variable 

Fig. 24.13   Pancreatic neuroendocrine tumor. The tumor cells in this aspirate have round nuclei, and many are eccentri-
cally placed. Tumor cells have a moderate amount of cytoplasm
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numbers of inflammatory cells. The term pseu-
docyst implies that there is no true epithelial lin-
ing of the cyst, and as such, the only epithelium 
present in the aspirate should be contaminating 
gastrointestinal epithelium.

Mucinous Neoplasms
Mucinous neoplasms include both intraductal 
papillary mucinous neoplasm (IPMN) and muci-
nous cystic neoplasm (MCN). Aspirates of these 
often yield thick mucin that is typically thicker 
than contaminating gastrointestinal mucin. These 
aspirates are variably cellular and often pauci-
cellular. When epithelium is present, it is often 
contaminating gastrointestinal epithelium. The 
procedural approach, transgastric versus trans-
duodenal, should be conveyed to the pathologists 
to help them decipher contaminating epithelium 
from lesional epithelium (Fig.  24.3). Mucinous 
neoplasms can demonstrate a spectrum of atypi-
cal change, and the degree of atypia should be 
mentioned in the cytology report. In general, the 
more the atypia that is present, the more cellular 
the aspirate (in IPMNs, even papillary fragments 
may be seen). When features of malignancy are 
present, it must be mentioned that the presence 
or absence of invasion cannot be assessed on an 

aspirate. In addition, cytology alone cannot dis-
tinguish IPMN from MCN, as the ovarian-like 
stroma that characterizes a MCN is not present 
on aspirates.

Immunohistochemistry, cyst fluid analysis, 
and molecular testing have all been used to sepa-
rate mucinous neoplasms from other pancreatic 
cysts and to risk stratify mucinous cysts [33, 34]. 
In our experience, cyst fluid analysis is the most 
commonly used modality. Typically, mucinous 
neoplasms have higher CEA concentrations com-
pared to other cysts [34]. Amylase concentration 
is increased in pseudocysts as well as IPMNs [35, 
36].

Serous Cystadenomas
Serous cystadenomas are almost impossible to 
diagnose on cytology [37, 38]. They can be mi-
crocystic or macrocystic and may demonstrate 
a central stellate scar on endoscopy [37]. Aspi-
rates demonstrate clear or serosanguinous fluid 
and are often paucicellular. When epithelium is 
present, it often has a sheetlike architecture and 
the tumor cells are cuboidal to columnar. If suf-
ficient epithelium is available for a cell block, a 
PAS stain will highlight the glycogen present in 
the cells of this neoplasm.

Fig. 24.14   a Solid pseudopapillary neoplasm. At low 
power, the aspirate demonstrates papillary fronds with 
central capillaries that have a surrounding metachromatic 
stroma (Diff–Quik, 4x). b Solid pseudopapillary neo-

plasm. At higher power, single cells and naked nuclei are 
appreciated. This image also demonstrates characteristic 
round, metachromatic intracytoplasmic, and extracellular 
hyaline globules (Diff–Quik, 10x)
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Extrahepatic and Biliary System

EUS-FNA is effective for sampling extrahepatic 
biliary and gallbladder lesions. Adenocarcinoma 
is the most common neoplasm affecting these 
sites, and the cytologic features are remarkably 
similar to those of pancreatic ductal adenocarci-
noma. These lesions can be diagnostically chal-
lenging as reactive epithelium, due to prior stent 
or other obstructive processes, can look very 
similar to well-differentiated adenocarcinoma. 
Information regarding the presence or absence of 
a mass-forming lesion and history of prior stent-
ing should be provided to the pathologist. Often 
these cases may be signed out as “atypical” or 
“suspicious” with a note discussing the limita-
tions in rendering a specific diagnosis.

Liver

The liver is another commonly sampled organ by 
EUS-FNA. Both a variety of primary neoplasms 
and metastatic tumors can affect the liver. The 
cytologic findings of metastatic tumors will vary 
depending on the primary tumor site, and cyto-
logic features alone may be insufficient for the 
pathologist to render an entirely specific diagno-
sis [39]. In this setting, immunohistochemistry 
will be helpful. The importance of providing the 
pathologist with a good clinical history cannot 
be overemphasized, especially when the patient 
has a history of a remote malignancy. Often the 
liver is sampled as part of tumor staging; this is 
especially true for pancreatic malignancy [40]. If 
the primary tumor has not already been assessed 
for malignancy, sampling both organs simultane-
ously may prove valuable by providing a mor-
phologic comparison.

Hepatocellular carcinoma (HCC) accounts for 
the vast majority of primary liver malignancies 
[40]. HCC often presents as a single tumor mass in 
a background of cirrhosis. The cytologic features 
of a well-differentiated HCC include numerous 
background stripped atypical nuclei with tumor 
cells having macronucleoli, increased mitoses, and 
multinucleation [41, 42]. On aspirates, widened 
trabeculae with capillaries traversing tissue frag-

ments can be seen [39]. Characteristic rimming 
of tumor fragments by endothelial cells, a feature 
known as “endothelial wrapping,” is often present 
(Fig. 24.15) [39]. Poorly differentiated HCC can 
mimic metastatic tumors as well as intrahepatic 
cholangiocarcinomas, and immunohistochemistry 
may be required for a definitive diagnosis. Fur-
thermore, there are cases of combined hepatocel-
lular carcinomas and cholangiocarcinomas.

Intrahepatic and extrahepatic cholangiocarci-
nomas appear morphologically similar to pan-
creatic adenocarcinomas [43]. These tumors also 
share a similar immunophenotypic profile, and 
thus, it is not unreasonable to diagnose these tu-
mors as adenocarcinomas of pancreaticobiliary 
origin. However, with adequate clinical and ra-
diologic history, a definitive diagnosis can usu-
ally be achieved.

Of note, cytology alone cannot reliably distin-
guish most benign hepatocellular growths such 
as hepatocellular adenoma, dysplastic nodules, or 
focal nodular hyperplasia. Aspiration of these le-
sions yields hepatocytes only. Clinicoradiograph-
ic correlation and cell block preparation can help 
to secure the diagnosis in this setting.

Adrenal Gland

The adrenal gland can be involved by both me-
tastases and primary tumors [44]. These can usu-
ally be distinguished by their radiographic fea-
tures; however, occasionally FNA is performed 
to differentiate between them [44]. Because of its 
proximity to the gastrointestinal tract, the left ad-
renal gland is much more commonly sampled by 
EUS-FNA than the right. In the setting of meta-
static tumors, obtaining a cell block to perform 
immunohistochemical studies is often needed. 
Lung adenocarcinoma is the most common tumor 
to metastasize to the adrenal gland [45].

With regard to primary adrenal tumors, benign 
adrenal cortical adenomas far exceed the rare ad-
renal cortical carcinomas. The cytologic features 
of an adrenal cortical adenoma resemble normal 
cortical elements. Therefore, a preliminary in-
terpretation of “adrenal cortical cells” with the 
endosonographer’s assurance that the lesion has 
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been sampled equates to a diagnosis of adrenal 
cortical adenoma. In most cases, the cytologic 
findings together with the clinical and radio-
graphic features can separate an adrenal adenoma 
from a carcinoma. However, adrenal cortical car-
cinomas can exhibit a spectrum of morphologic 
features mimicking both benign adenomas and 
metastatic tumors [46]. Immunohistochemistry 
may be needed for the diagnosis of an adrenal 
cortical carcinoma [46].

Conclusion

EUS-FNA is a powerful diagnostic modality that 
is increasingly being used to sample the gastroin-
testinal tract and peri-intestinal organs, especially 
the pancreas. A thoughtful approach to triaging 
material obtained at the time of procedure is 
necessary and best achieved through on-site col-

laboration with a cytopathologist. If on-site as-
sessment is not feasible, the endoscopist needs 
to have a thorough understanding of the variety 
of pathologic entities that can occur in the vari-
ous sites and the ancillary studies (immunohis-
tochemistry, flow cytometry, culture, molecular 
testing, etc.) that may be necessary to provide a 
specific diagnosis or guide treatment. With this 
knowledge, appropriate decisions regarding sam-
ple preparation and triaging of material can be 
made. It is our hope that the content in this chap-
ter has provided a framework for these concepts.

Key Points

•	 A basic understanding of cytopathology is 
requisite for the successful endosonographer.

•	 Rapid on-site evaluation can improve the sen-
sitivity and accuracy of EUS-FNA.

Fig. 24.15   Hepatocellular carcinoma. Characteristic endothelial cell wrapping of neoplastic hepatocytes is seen. The 
trabeculae are also widened, and capillaries are seen traversing the tissue fragments (Pap stain, 10x)
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•	 A rapid Romanowsky stain is used during on-
site evaluation. This stain highlights cytoplas-
mic detail well; however, nuclear morphology 
is best appreciated on Papanicolaou-stained 
slides.

•	 A thoughtful approach to triaging material 
obtained at the time of EUS-FNA is neces-
sary. Sometimes ancillary testing such as flow 
cytometry, microbiology, or molecular analy-
sis may be needed to guide further diagnosis 
and treatment.

•	 Occasionally, a specific cytopathologic diag-
nosis can only be achieved with the use of 
adjunct immunohistochemistry. In this setting, 
a cell block is highly desirable.
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Introduction

Esophageal cancer is the eighth most common 
cancer and the sixth most common cause of 
cancer-related mortality worldwide, with over 
450,000 new cases and over 400,000 deaths an-
nually [1]. In the USA, it is estimated that there 
will be 17,990 new diagnoses of esophageal can-
cer and 15,210 related deaths in 2013 [2]. Togeth-
er, squamous cell carcinoma (SCC) and adeno-
carcinoma account for over 90 % of esophageal 
cancers. Worldwide, SCC is the most common 
type of esophageal cancer, and over 80 % of cases 
occur in developing countries. In Western coun-
tries, the incidence of SCC has decreased, but 
esophageal adenocarcinoma has become increas-
ingly common over the past few decades [3, 4].

Tobacco use is associated with increased risk 
of both SCC and adenocarcinoma, and risk in-
creases with both quantity of cigarettes smoked 
and duration of smoking. Medical radiation to 
the mediastinum also predisposes patients to 

both SCC and adenocarcinoma. However, other 
risk factors differ by histological subtype. SCC is 
increased with chronic irritation and inflamma-
tion, as can be seen with heavy alcohol intake, 
history of caustic ingestion, achalasia, or esopha-
geal diverticuli. Risk factors for adenocarcinoma 
include gastroesophageal reflux disease, obesity, 
and Barrett’s esophagus, where the rate of neo-
plastic transformation is estimated to be approxi-
mately 0.5 % per year [5–8].

At the time of diagnosis of esophageal cancer, 
at least three-quarters of patients have dyspha-
gia. SCC is distributed along the entire esopha-
gus, especially in the mid-esophagus, whereas 
75 % of adenocarcinomas are found in the distal 
esophagus [9]. Regardless of subtype, cancer may 
spread rapidly once it develops; almost half of 
the patients with esophageal cancer have locally 
advanced or metastatic disease at the time of pre-
sentation. Therefore, five-year survival is poor, 
3.5 % for those with metastatic disease and 17.3 % 
overall [2]. In patients with localized, potentially 
resectable disease, disease stage correlates with 
survival, especially in patients with disease con-
fined to the mucosa or submucosa (T1), who have 
a high cure rate from surgical or in some cases en-
doscopic therapy alone [10]. Patients with locally 
advanced disease are increasingly being offered 
neoadjuvant chemoradiotherapy in an attempt to 
improve outcomes [11, 12]. However, those with 
tumors which invade through the esophageal wall 
(T3) or with positive nodes have poor long-term 
survival even with multimodality therapy. In ad-
dition, surgery for esophageal cancer has high 
morbidity and mortality.

Therefore, for esophageal cancer, preopera-
tive assessment of disease stage is crucial for the 
appropriate selection of patients for endoscopic 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_25) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_25.
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or surgical resection, chemotherapy, radiation, 
and palliative treatment.

Case 1

A 76-year-old male had a 6-year history of reflux 
symptoms. Four years prior, he underwent upper 
endoscopy which revealed Barrett’s esophagus 
involving 4  cm proximal to the gastroesopha-
geal junction. Four quadrant biopsies were taken 
every centimeter and revealed intestinal metapla-
sia with no dysplasia. He took a proton pump in-
hibitor intermittently for reflux symptoms and re-
turned for follow-up when the medication failed 
to control his discomfort. He underwent repeat 
upper endoscopy which revealed a mass in the 
distal third of the esophagus (Fig. 25.1). Biopsies 
showed poorly differentiated adenocarcinoma 
arising in Barrett’s mucosa.

Diagnosis of Esophageal Cancer

Esophageal cancer is usually diagnosed after 
identification of a lesion by barium swallow or 
endoscopy, followed by endoscopic biopsy for 
pathologic diagnosis to determine histological 
type (squamous cell, adenocarcinoma, or other 

rarer types) and grade (well, moderately, or poor-
ly differentiated, or undifferentiated).

Staging of Esophageal Cancer: How 
Do CT, PET, and EUS Compare in TNM 
Staging?

After the diagnosis of esophageal cancer is es-
tablished, clinical staging is crucial to determine 
prognosis and choose appropriate therapy. Stag-
ing is performed according to the tumor, node, 
metastasis, histological grade (TNMG) classifi-
cation of the 7th edition of the American Joint 
Committee on Cancer (AJCC) published in 2010 
(Tables  25.1, 25.2 and 25.3). Since esophageal 
SCC and adenocarcinoma have different etiolo-
gies, natural histories, and outcomes, separate 
TNM staging has been developed for each sub-
type [13]. Assessment of T, N, M, and G status 
is usually based on a combination of endoscopy 
with biopsy, computed tomography (CT), posi-
tron emission tomography, and endoscopic ultra-
sound (EUS).

For tumor location, the esophageal regions are 
designated as follows: (1) the cervical esophagus 
(from the lower border of the cricoid cartilage to 
the thoracic inlet), (2) the upper thoracic esopha-
gus (from the thoracic inlet to the tracheal bifur-
cation), (3) the mid-thoracic esophagus (from the 
tracheal bifurcation to 32 cm from the incisors), 
and (4) the lower thoracic and abdominal esoph-
agus (from the mid-esophagus to the esophago-
gastric junction, at approximately 40 cm from the 
incisors).

Prior to the 2010 TNM staging system, if the 
primary tumor was located in the upper or middle 
thoracic esophagus or was SCC, the finding of 
a malignant celiac area lymph node was staged 
as M1a metastatic disease and considered unre-
sectable. In the 2010 staging system, however, 
a regional lymph node was redefined to include 
any periesophageal lymph node from the cervical 
nodes to the celiac nodes. Therefore, instead of 
being staged as M1a, celiac node involvement is 
currently considered regional node disease [14].Fig. 25.1   White light endoscopy showing near circumfer-

ential mass in distal esophagus (Courtesy Dr. Tamas Gonda, 
Columbia University Medical Center, New York, NY)
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Table 25.1   TNM staging (AJCC: Esophageal and esophagogastric junction. In: Edge SB, Byrd DR, Compton CC, 
et al., editors. AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer, 2010, pp. 103−15)
Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis High-grade dysplasia
T1 Tumor invades lamina propria, muscularis mucosa, or submucosa
T1a Tumor invades lamina propria or muscularis mucosa
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades adventitia
T4 Tumor invades adjacent structures
T4a Resectable tumor invading pleura, pericardium, or diaphragm
T4b Unresectable tumor invading other adjacent structures such as aorta, vertebral body, and trachea
Regional lymph nodes (N)
NX Regional lymph node(s) cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in seven or more regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
Histological grade
GX Grade cannot be assessed—stage grouping as G1
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
G4 Undifferentiated—grouping as G3 squamous

Table 25.2   Anatomical stage/prognostic group: esophageal squamous cell cancer (AJCC: Esophageal and esophago-
gastric junction. In: Edge SB, Byrd DR, Compton CC, et al., editors. AJCC Cancer Staging Manual. 7th ed. New York, 
NY: Springer, 2010, pp 103−15)
Stage T N M Grade Location
0 Tis (HGD) N0 M0 1,X Any
IA T1 N0 M0 1,X Any
IB T1 N0 M0 2–3 Any

T2–3 N0 M0 1,X Lower, X
IIA T2–3 N0 M0 1,X Upper, middle

T2–3 N0 M0 2–3 Lower, X
IIB T2–3 N0 M0 2–3 Upper, middle

T1–2 N1 M0 Any Any
IIIA T1–2 N2 M0 Any Any

T3 N1 M0 Any Any
T4a N0 M0 Any Any

IIIB T3 N2 M0 Any Any
IIIC T4a N1–2 M0 Any Any

T4b Any M0 Any Any
Any N3 M0 Any Any

IV Any Any M1 Any Any
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Computed Tomography

CT of the chest and upper abdomen can be uti-
lized to evaluate the primary tumor and identify 
any enlarged regional lymph nodes or distant 
metastatic disease. For T staging, CT is not able 
to consistently determine the depth of primary 
tumor invasion [15, 16]. For regional lymph node 
involvement, the overall accuracy of CT is ap-
proximately 50 to 70 % [17]. Because size is the 
criterion used to define malignant nodes on CT, 
CT is inherently unable to detect metastases in 
normal-sized nodes and may identify enlarged, 
reactive nodes as malignant, leading to false pos-
itives. It also has poor sensitivity for celiac axis 
node involvement [18]. For distant metastases, 
CT has a sensitivity of 40 to 80 % and a specific-
ity of 25 to 70 % [19]. However, it has limited 
sensitivity for identifying small metastases, espe-
cially within the peritoneum [18, 19].

Positron Emission Tomography

PET scans may also be used to identify a meta-
bolically active primary tumor and visualize 
metabolically active lymph nodes or metastatic 
foci. However, PET is not consistently sensi-

tive in identifying the primary tumor [20–22]. 
Because of its reduced spatial resolution, PET 
has also limited ability to differentiate depth of 
tumor invasion. The sensitivity of PET for lymph 
node disease is only equivalent to CT, with a 
pooled sensitivity from 43 to 70 % compared to 
41–60 % for CT. Because PET can detect disease 
in normal-sized lymph nodes, and may be able 
to differentiate between inflammatory and malig-
nant activity, it has better specificity for N stag-
ing than CT, with a pooled specificity from 76 to 
95 % compared to 77–89 % [18, 20, 21, 23–25]. 
PET is particularly limited when assessing nodal 
disease in the area of the primary tumor due to 
poor spatial resolution. The greatest utility of 
PET is in detecting M stage, as it is more sensi-
tive for the detection of unsuspected metastatic 
disease than CT [21, 22, 24, 26–28]. Therefore, 
patients with no evident distant disease on CT are 
typically recommended to undergo PET to assess 
for metastatic foci. PET scans also offer the op-
portunity to identify synchronous neoplasms. 
Care must be taken to investigate areas of uptake 
that may be synchronous neoplasms, rather than 
metastases, to avoiding upstaging the primary 
tumor [29].

The combination of PET/CT is likely superior 
to CT alone in detecting nodal disease. A recent 

Table 25.3   Anatomical stage/prognostic group: esophageal and esophagogastric junction adenocarcinoma (AJCC: 
Esophageal and esophagogastric junction. In: Edge SB, Byrd DR, Compton CC, et al., editors. AJCC Cancer Staging 
Manual. 7th ed. New York, NY: Springer, 2010, pp 103−15)
Stage T N M Grade
0 Tis (HGD) N0 M0 1, X
IA T1 N0 M0 1–2, X
IB T1 N0 M0 3

T2 N0 M0 1–2, X
IIA T2 N0 M0 3
IIB T3 N0 M0 Any

T1–2 N1 M0 Any
IIIA T1–2 N2 M0 Any

T3 N1 M0 Any
T4a N0 M0 Any

IIIB T3 N2 M0 Any
IIIC T4a N1–2 M0 Any

T4b Any M0 Any
Any N3 M0 Any

IV Any Any M1 Any
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study suggested significantly higher specificity 
and positive predictive value for detecting lymph 
nodes with PET/CT (97 % versus 94 % and 65 % 
versus 44 %, respectively) [30]. Similarly, PET/
CT appears more sensitive than PET alone for 
nodal disease (46 % versus 33 %) [31].

Endoscopic Ultrasound

In patients without evident metastatic disease on 
CT or PET, EUS plays an important role in the 
staging of esophageal cancer because of its util-
ity in determining the depth of tumor invasion (T 
status) and regional lymph node metastases (N 
status).

Utilizing a 7.5- or 12-MHz echoendoscope, 
EUS offers the ability to assess the relationship of 
an esophageal mass to the five different layers of 
the esophageal wall, as shown in Table 25.4 and 
Fig.  25.2. Regarding terminology, hyperechoic 
refers to structures appearing bright (light gray 
to white like fat and bone), hypoechoic is dark 
gray and darker than surrounding structures like 
muscle, and anechoic is black like fluid. It is easy 
to use a radial echoendoscope for luminal can-
cer staging, as it provides a 360 degree view and 
requires less torquing to assess the esophageal 
wall layers and mediastinal structures. However, 
utilizing a linear echoendoscope for staging per-
mits the endoscopist to perform fine-needle aspi-
ration without changing echoendoscopes during 
the procedure. A randomized study compared the 
radial and linear echoendoscopes for esophageal 
cancer staging and found 88 % agreement for T 
staging with more lymph nodes detected using 
the radial echoendoscope ( p = 0.009) [32]. There-
fore, this may favor the use of the radial echoen-
doscope, given that the 2010 TNM staging sys-

tem now incorporates the number of malignant 
lymph nodes into N staging. Whichever echoen-
doscope is utilized, staging should be performed 
in a systematic manner beginning distally in the 
stomach and moving proximally to visualize the 
entire length of the mass, and the highest T stage 
present within the mass should be reported.

Esophageal cancer appears as a hypoechoic le-
sion disrupting the usual wall layers (Figs. 25.3, 
25.4 and 25.5). There is no difference in the EUS 
appearance of squamous cell carcinoma and ad-
enocarcinoma [33]. The endoscopic wall layer 
abnormality has been correlated with the tumor 
depth of invasion [34]. The accuracy of EUS for T 
staging, compared to surgical pathology, is clear-
ly superior to CT and PET, and was found to be 
80–90 % across various studies and meta-analyses 
[19, 35]. However, the accuracy of EUS varies by 
T stage. EUS is better for T3 and T4 tumors with 
86 % accuracy for T4. Staging accuracy may be 
less for superficial tumors (T1) because the low 
frequency used with the echoendoscope impairs 
visualization of the muscularis mucosa [36].

Table 25.4   Esophageal wall by EUS (echoendoscope)
EUS layer Esophageal wall layer Echogenicity
1 Lamina propria Hyperechoic
2 Muscularis mucosa Hypoechoic
3 Submucosa Hyperechoic
4 Muscularis propria Hypoechoic
5 Adventitia Hyperechoic

Fig. 25.2   Endoscopic ultrasound image of normal 
esophageal wall corresponding to wall layers described in 
Table 25.4 with outer muscularis propria ( layer 4) visual-
ized as inner circular ( hypoechoic), connective tissue ( hy-
perechoic), and outer longitudinal ( hypoechoic) muscle 
layers (Courtesy Dr. Linda Lee, Brigham and Women’s 
Hospital, Boston, MA)
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EUS also offers the ability to assess for re-
gional lymph node disease. By endosonographic 
appearance, involved nodes may be enlarged, 
rounded, uniformly hypoechoic, or well-defined 
being distinctly differentiated from surrounding 
fat, as compared to benign nodes which are often 
hyperechoic, elongated, and with less demar-
cated borders [37–39]. The presence of all four 

features is 80–100 % predictive of a malignant 
node; however, only a minority (20–30 %) of all 
malignant lymph nodes harbor all four features 
[37–39]. The accuracy of EUS for N staging is 
75 % [35]. EUS is superior to CT and PET for 
N staging; in one study, the accuracy was 81 % 
compared to 69 and 56 %, respectively [40]. Be-
cause the visual characteristics are subjective, 
diagnostic error is possible with EUS imaging 
alone. Utilization of EUS-guided fine-needle as-
piration (FNA) for lymph node cytology there-
fore improves sensitivity and specificity [41]. 
One study showed that, compared to EUS alone, 
EUS-FNA improved sensitivity from 63 to 93 %, 
specificity from 81 to 100 %, and accuracy from 
70 to 93 % [42]. When local lymph nodes are 
seen at the level of the primary tumor, FNA is 
usually not pursued due to the concern that tra-
versing the tumor carries the risk of false-positive 
results as well as translocating tumor cells into an 
area without malignant disease [40]. If multiple 
periesophageal lymph nodes are visualized away 
from the primary tumor, it is reasonable and prac-
tical to perform FNA of one to two representative 
malignant-appearing nodes. Additional lymph 
nodes that appear malignant can be counted as 
such for staging purposes, based solely on their 
similar malignant appearance.

Fig. 25.5   Endoscopic ultrasound image showing 
hemicircumferential esophageal mass invading layer 5 
(T3) (Courtesy Dr. Linda Lee, Brigham and Women’s 
Hospital, Boston, MA)

 

Fig. 25.4   Endoscopic ultrasound image showing 
hemicircumferential esophageal mass invading layer 4 
(T2) (Courtesy Dr. Linda Lee, Brigham and Women’s 
Hospital, Boston, MA)

 

Fig. 25.3   Endoscopic ultrasound image showing small 
mass invading layer 3 tagged by blue marker (T1sm) 
(Courtesy Dr. Linda Lee, Brigham and Women’s Hospi-
tal, Boston, MA)
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Many studies of EUS specifically evaluated its 
ability to detect celiac node involvement. EUS is 
highly sensitive and specific for the assessment 
of the celiac axis [43, 44]. Although in the 2010 
TNM staging system, celiac node involvement 
contributes to regional node status and not distant 
metastatic disease, celiac node involvement, when 
identified, portends a poor prognosis [45–47].

EUS can contribute to M staging via assess-
ment of the liver for lesions or identification of 
malignant ascites.

Obstructing Tumors: What Are the 
Options for EUS Staging?
In some cases, endoscopic ultrasound is limited 
by an obstructing esophageal tumor. The propor-
tion of tumors which are non-traversable varies 
from study to study, but may be up to 45 % [19, 
48, 49]. Most non-traversable tumors are at least 
T3 tumors. Gentle dilation up to 14 to 16  mm 
may be pursued to facilitate passage of a gas-
troscope and echoendoscope. In a study of 132 
patients with esophageal cancer, dilation was re-
quired to complete the EUS examination in 44 
patients (32 %), advanced disease was identified 
in 8 patients (19 %), and no complications oc-
curred. Dilation to 14 to 16  mm was sufficient 
for staging in 87 % patients [50]. In another study 
of 267 patients, dilation was required to complete 
the EUS examination in 81 patients (30 %) and 
was successfully performed to 14 mm in 69 pa-
tients (85 %), with no complications. Staging was 
T3 in 57 % and T4 in 21 %, N1 in 75 %, and M1 
in 10 % (49).

In cases of obstructing tumors, another al-
ternative is to use ultrasound probes in place of 
standard echoendoscopes. These miniprobes op-
erate at a higher ultrasound frequency and there-
fore have a decreased depth of penetration. One 
application is to assess tumors that cannot be tra-
versed with upper echoendoscopes. However, the 
miniprobes’ high frequency may limit their abil-
ity to evaluate the full depth of tumor penetration 
and regional lymph node involvement. Nonethe-
less, at least one study has shown better T staging 
and comparable N staging with miniprobe EUS 
compared to conventional EUS in patients with 
both traversable and non-traversable tumors [48].

Case 1 Continued

The patient underwent CT which showed thick-
ening of the esophageal wall and subcentimeter 
periesophageal lymphadenopathy. No celiac 
lymphadenopathy was noted.

The patient then underwent EUS using a radi-
al echoendoscope which showed a circumferen-
tial mass involving the middle and lower esopha-
gus. The endosonographic borders were poorly 
defined. The mass was seen to invade into layer 
5, the adventitia (Fig. 25.6). An abnormal peri-
esophageal lymph node was visualized. It was 
8  mm, oval, and hypoechoic and had well-de-
fined margins. The celiac region also contained 
an abnormal node, which measured 17  mm by 
16 mm. The node was round and hypoechoic and 
had well-defined margins (Fig. 25.7). EUS-FNA 
was performed of the celiac axis node as the peri-
esophageal lymph node was lying deep to the 
mass, and the cytology from the celiac node re-
vealed poorly differentiated carcinoma. No liver 
lesions were seen on EUS. EUS staging therefore 
showed T3N1 disease.

As the oncologists were formulating a treat-
ment plan for the patient, the initial CT was re-
reviewed, and a small lesion in the right hepatic 
lobe was noted but was too small to be character-
ized, so the patient then underwent PET imaging. 
PET imaging showed FDG avidity of the thick-
ened mid- and distal esophagus, FDG avid right 
periesophageal and gastroesophageal lymph 

Fig. 25.6   Endoscopic ultrasound image showing poorly 
defined mass ( yellow arrow) invading layer 5 (Courtesy 
Dr. Tamas Gonda, Columbia University Medical Center, 
New York, NY)
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nodes, and an FDG avid liver lesion, which was 
felt to be consistent with metastatic disease.

Thus, the patient was diagnosed with stage IV 
disease and initiated palliative chemotherapy.

After Chemoradiation: What is the Role of 
EUS in Staging
In patients with locally advanced but not meta-
static disease, neoadjuvant therapy may be rec-
ommended to downstage the tumor, reduce re-
currence, and enable more patients to have poten-
tially curative surgery. Re-staging after therapy is 
crucial as it determines whether patients may be 
recommended for surgery or referred for pallia-
tive treatment. Although EUS plays an important 
role in the initial staging of esophageal cancer, 
after neoadjuvant chemotherapy and/or radia-
tion, EUS is an unreliable tool for re-staging. In 
one recent study of patients who had EUS after 
neoadjuvant chemotherapy and had histological 
correlation from surgical specimens, the overall 
accuracy for T staging was only 29 %, and the 
T stage was overstaged in 51 % of patients [51]. 
This supports prior studies with similar results 
[52–54]. It is thought that the local responses 
to chemotherapy and radiation—particularly in-
flammation and fibrosis—lead to hypoechoic 
wall thickening which can result in overestima-
tion of tumor invasion.

Case 2

A 72-year-old male developed symptoms of 
heartburn 12 years ago. He underwent endos-
copy, was found to have reflux esophagitis, and 
started on daily PPI. A repeat endoscopy was done 
which showed Barrett’s esophagus. Surveillance 
endoscopy revealed low-grade dysplasia on two 
occasions. His most recent endoscopy showed 
high-grade dysplasia with possible intramucosal 
carcinoma, so he was referred for further evalua-
tion (Video 25.1).

Early Esophageal Cancer

As a consequence of surveillance endoscopies 
for Barrett’s esophagus, high-grade dysplasia 
and early cancers are being increasingly detected. 
For many years, esophagectomy was the standard 
management for not only invasive esophageal 
cancer, but also malignancies limited to the mu-
cosa. However, such superficial lesions may be 
amenable to endoscopic treatment, such as endo-
scopic mucosal resection (EMR), photodynamic 
therapy, or radiofrequency ablation. With the ad-
vent of these therapeutic options, pretreatment 
staging, particularly to determine the depth of in-
vasion, is crucial to selecting appropriate therapy. 
It is thought that the disruption of the muscularis 
mucosa is directly linked to lymph node dissemi-
nation; for a lesion confined to the mucosa, the 
risk of lymph node involvement is 0–3 %, and 
for a lesion invading the submucosa, the risk is 
15–50 % [55–57]. Therefore, surgical resection 
is indicated for any lesion involving the submu-
cosa, while endoscopic options may be pursued 
for mucosal lesions.

EUS has been utilized to distinguish between 
these mucosal (T1m) and submucosal (T1sm) le-
sions. However, because of its lower frequency, 
conventional EUS does not allow accurate visu-
alization of the muscularis mucosa [36]. Studies 
have shown that there may be thickening and 
duplication of the muscularis mucosa in patients 
with Barrett’s esophagus. With EUS, these mus-
cularis mucosa abnormalities may be mistaken 

Fig. 25.7   Endoscopic ultrasound image showing 1.7 cm 
x 1.6 cm, round, hypoechoic, well-defined lymph node in 
celiac axis (Courtesy Dr. Linda Lee, Brigham and Wom-
en’s Hospital, Boston, MA)
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for muscularis propria, perhaps contributing to 
inaccurate staging [58, 59].

Miniprobe ultrasound utilizes higher-frequen-
cy ultrasound for imaging, usually 20 to 30 MHz. 
This permits imaging of the esophageal wall in 
nine layers (Table 25.5). The muscularis mucosa 
in particular can be seen in greater detail. There-
fore, for localized superficial carcinomas, the high 
frequency of the miniprobe may permit better dif-
ferentiation of mucosal and submucosal lesions 
and may improve staging accuracy. Because the 
ultrasound miniprobe is passed through the work-
ing channel of a gastroscope, it also offers the 
advantage that the probe can be placed on the rel-
evant lesion under direct endoscopic view. A 2010 
randomized crossover study of patients with early 
cancer in Barrett’s esophagus found that 93 % ver-
sus 67 % lesions were assessable, respectively, by 
high-frequency and conventional ultrasound [60]. 
Incorporating this improvement in accessibility 
into an “intention-to-diagnose” analysis, the study 
found that T staging was more accurate with mini-
probe compared to conventional ultrasound (64 % 
versus 49 %, p < 0.0001) compared to histology, 
although both were overall disappointing. A 2008 
study of 106 early esophageal cancers including 
SCC and adenocarcinomas found a miniprobe ac-
curacy of 74 % in distinguishing T1m from T1sm 
tumors using pathology as the gold standard. 
There was a trend toward overstaging early le-
sions; 32 lesions were diagnosed as submucosal 
with 25 of these undergoing EMR due to surgical 
contraindications, and 68 % were then found to 
be limited to the mucosa [61]. Using higher-fre-
quency miniprobes (30 MHz) did not improve ac-
curacy compared to the 20-MHz miniprobes, and 

inaccurate staging was significantly higher with 
distal compared to proximal esophageal lesions 
(48 % versus 87 %, p = 0.00039). Interestingly, 
the technique of imaging with the miniprobe did 
seem to affect staging accuracy. Filling the lumen 
with water resulted in more accurate staging than 
using balloon-sheathed catheters (69 % versus 
43 %, p = 0.015).

For superficial esophageal malignancies, 
EMR may be used both as a diagnostic and stag-
ing method and as a potentially curative treat-
ment. Given the limited accuracy of EUS in stag-
ing small, superficial lesions, EMR has largely 
replaced EUS as a staging modality. Evaluation 
of the resected specimen by a pathologist can 
determine the depth of invasion and possibly pro-
vide information regarding invasion of lymphat-
ics and blood vessels. This information can assist 
in determining a final therapeutic strategy. EMR 
may be considered curative for lesions with a low 
risk of dissemination to lymph nodes. For larger 
lesions (> 10 mm), prior to EMR or endoscopic 
submucosal dissection (ESD), EUS can play the 
important role of ruling out that the lesion has in-
vaded the muscularis propria, since this may in-
crease the usually low risk of perforation during 
the procedure. In addition, EUS can survey for 
lymph node involvement. A recent meta-analysis 
confirmed the value of EUS in high-grade dys-
plasia and early adenocarcinoma with advanced 
disease (≥T1sm or ≥N1) detected by EUS in 14% 
of these patients.  The number of patients needed 
to undergo EUS in order to identify one patient 
with advanced disease was 7. Furthermore, EUS 
identified advanced disease in 4% of patients 
with no endoscopically visible nodules. [62]

Table 25.5   Esophageal wall by EUS: (high-frequency miniprobe)
EUS layer Esophageal wall layer Echogenicity
1 Superficial mucosa Hyperechoic
2 Superficial mucosa Hypoechoic
3 Lamina propria Hyperechoic
4 Muscularis mucosa Hypoechoic
5 Submucosa Hyperechoic
6 Muscularis propria: inner circular muscle Hypoechoic
7 Muscularis propria: intermuscular connective tissue Hyperechoic
8 Muscularis propria: Outer longitudinal muscle Hypoechoic
9 Adventitia Hyperechoic
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Case 2 Continued

Repeat endoscopy showed Barrett’s mucosa from 
the upper extent of the gastric folds at 40 cm from 
the incisors to the Z-line at 36 cm from the incisors. 
A nodule surrounded by irregular-appearing mu-
cosa was seen from 37 to 39 cm, concerning for 
malignancy. The nodule was examined using white 
light endoscopy (Fig. 25.8). A 20-MHz miniprobe 
EUS used by filling the lumen with water showed 
a hyperechoic mass with well-defined borders and 
sonographic evidence suggesting invasion into 
layer 3, the submucosa (Fig. 25.9). There was no 
evidence of involvement of the muscularis pro-
pria. For further staging to assess for lymph node 
involvement, standard EUS was performed with 
a radial echoendoscope, which revealed localized 
wall thickening up to 5.7 mm of the distal esopha-
gus. The wall layers were intact with no disruption 
of the muscularis propria (Fig. 25.10). Two small 
lymph nodes were seen in the middle paraesopha-
geal mediastinum, which appeared benign with 
an irregularly shaped, hyperechoic appearance 
and well-defined margins (Fig. 25.11). No lymph 
nodes were seen in the celiac axis or porta hepatis. 
No lesions were visualized in the left lobe of the 
liver. Endoscopic mucosal resection of the nodule 
was performed.

Pathology revealed poorly differentiated in-
tramucosal adenocarcinoma, arising in Barrett’s 

mucosa with high-grade dysplasia. Malignant 
glands were seen extending into thickened mus-
cularis mucosa up to 1 μm from, but not clearly 
invading, the submucosa. No carcinoma was iden-
tified on the deep margin (Figs. 25.12 and 25.13).

Fig. 25.10   Endoscopic ultrasound showing slight esoph-
ageal wall thickening up to 5.7  mm ( marked by green 
tags) with intact layers and no disruption of the muscula-
ris propria (Courtesy Dr. Amrita Sethi, Columbia Univer-
sity Medical Center, New York, NY)

 

Fig. 25.9   High-frequency miniprobe ultrasound showing 
a hyperechoic mass ( yellow arrow) with well-defined bor-
ders and sonographic evidence suggesting invasion into 
the submucosa layer ( green arrow), but no evidence of 
involvement of the muscularis propria layer ( blue arrow) 
(Courtesy Dr. Julian Abrams, Columbia University Medi-
cal Center, New York, NY)

 

Fig. 25.8   White light endoscopy showing distal esopha-
geal nodule ( yellow arrow) arising in Barrett’s mucosa 
(Courtesy Dr. Julian Abrams, Columbia University Medi-
cal Center, New York, NY)
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PET/CT showed esophageal uptake but no 
metastatic disease.

Given the poorly differentiated histology and 
close to submucosal involvement, the patient was 
referred for consideration of esophagectomy with 
lymph node dissection. However, he declined 
surgery and elected close endoscopic manage-
ment and surveillance.

Key Points

•	 Survival for advanced esophageal cancer is 
poor even with combination therapy of che-
motherapy, radiation, and surgery, and these 
treatments may be associated with significant 
morbidity. Treatment does vary depending on 

Fig. 25.13   Pathology images on medium power 
showing extensive intramucosal carcinoma arising in a 
background of Barrett’s with high-grade dysplasia. The 
carcinoma is mainly poorly differentiated and of high 
nuclear grade. Malignant glands extend into thickened 
muscularis mucosae but are not clearly invading into 
submucosa. Dysplastic intestinal glands are identified on 
one cauterized edge, and squamous mucosa is present on 
another. No carcinoma is identified on the deep margin 
(Courtesy Dr. Kathleen O’Toole and Dr. Anne Koehne 
de González, Columbia University Medical Center, New 
York, NY)

 

Fig. 25.12   Pathology images on low power showing 
extensive intramucosal carcinoma arising in a back-
ground of Barrett’s with high-grade dysplasia. The 
carcinoma is mainly poorly differentiated and of high 
nuclear grade. Malignant glands extend into thickened 
muscularis mucosae but are not clearly invading into 
submucosa. Dysplastic intestinal glands are identified on 
one cauterized edge, and squamous mucosa is present on 
another. No carcinoma is identified on the deep margin 
(Courtesy Dr. Kathleen O’Toole and Dr. Anne Koehne 
de González, Columbia University Medical Center, New 
York, NY)

 

Fig. 25.11   Endoscopic ultra-
sound showing benign-appearing 
paraesophageal lymph node 
( yellow arrow) with well-defined, 
irregularly shaped, and hyper-
echoic appearance (Courtesy Dr. 
Amrita Sethi, Columbia Univer-
sity Medical Center, New York, 
NY)
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tumor stage; therefore, accurate cancer stag-
ing is crucial.

•	 CT and PET are important especially for M 
staging, but also N staging, of esophageal 
tumors.

•	 EUS is important for T and N staging of 
esophageal tumors.

•	 High-frequency ultrasound probes are useful 
for assessing T stage in obstructing lesions 
and superficial tumors.

•	 Given the limited utility of EUS for accu-
rately staging small superficial tumors, EMR 
is more important for determining the T stage 
by depth of invasion.

•	 For larger tumors, EUS is important for assess-
ing safety of EMR by evaluating involvement 
of the muscularis propria and for detecting the 
presence of lymph nodes.

Video Caption

Video 25.1 Endoscopic assessment of esophageal 
carcinoma arising in Barrett’s esophagus and en-
doscopic ultrasound staging of the tumor detect-
ing T3N1 disease
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Introduction

Gastric cancer remains one of the most preva-
lent cancers and is responsible for an estimated 
989,600 new cases (8 % of total cancer cases) 
and 738,000 deaths (10 % of total cancer deaths) 
a year worldwide, which contrasts with the de-
clining incidence and cancer-related deaths from 
gastric cancer in the USA [1, 2]. Because optimal 
treatment differs with each gastric cancer stage, 
a comprehensive strategy for cancer staging is 
important.

Endoscopic ultrasound (EUS) was introduced 
into clinical practice in the late 1970s. Along with 
computed tomography (CT), magnetic resonance 
imaging (MRI), and positron emission tomogra-

phy (PET), EUS has played an important role in 
the diagnosis and staging of gastrointestinal (GI) 
malignancies. Studies have shown the excellent 
diagnostic accuracy of EUS in locoregional (i.e., 
T stage) and lymph node staging (i.e., N stage). 
This chapter discusses the role of EUS in gastric 
cancer staging.

Case Presentation

A 69-year-old female was referred to our hos-
pital for further evaluation of a stomach lesion. 
Upper gastroscopy performed in another hospi-
tal had revealed chronic gastritis and a shallowly 
depressed lesion in the anterior wall of the distal 
stomach (Fig. 26.1). Biopsy of the lesion revealed 
moderately differentiated adenocarcinoma. CT 
showed neither perigastric lymphadenopathy nor 
metastatic lesions. EUS was planned for pretreat-
ment staging to determine the optimal treatment 
for this patient.

What Techniques Improve EUS 
Imaging of the Stomach Wall?

EUS is performed with radial or linear echoen-
doscopes, some of which are equipped with spe-
cial features, such as color and power Doppler 
[3, 4], contrast harmonic imaging [5, 6], and others  
[7, 8]. EUS typically produces high-frequency ul-
trasound between 5 and 20 MHz, which can gen-
erate a high-resolution image in the near field with 
a limited penetration depth ranging from 1–2 to 
5–6 cm, depending on the ultrasound frequency.

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_26) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_26.
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In general, gastric EUS is performed with 
the patient in the left lateral position, usually 
under conscious sedation with benzodiazepines 
in conjunction with a central analgesic. Pro-
pofol has been used recently and is associated 
with very low complication rates [9–11]. Radial 
echoendoscopes generate radial images of 360° 
and are oriented perpendicular to the shaft axis 
of the instrument. In contrast, linear echoendo-
scopes produce images directed parallel to the 
shaft axis of the endoscope, allowing effective 
and safe performance of EUS-guided fine-needle 
aspiration (EUS-FNA). In our personal experi-
ence, radial imaging offers a better view of the 
gastrointestinal wall and the structures surround-
ing the stomach, and it provides a complete scan, 
unlike the linear echoendoscope that requires 
rotating the scope manually 360 degrees to get 
a complete view. This is a matter of personal 
preference, and some endosonographers (espe-
cially in the Western Hemisphere) may prefer the 
linear instrument for initial staging with the idea 
that any lymph nodes or other lesions that need 
EUS-FNA can be targeted immediately without 
changing the scope. EUS with high-frequency 
ultrasound probes is especially useful for early 
gastric cancer as opposed to the radial or linear 
echoendoscopes that are used in imaging ad-
vanced gastric cancer. Therefore, the choice of 
staging method—echoendoscope or miniature 

probe EUS—may first depend on the estimation 
of tumor depth (T stage) from findings on upper 
endoscopy or other imaging modalities [12, 13].

Adherence to the following principles during 
EUS will help ensure clear images.
1.	 Clean out the stomach for a better view. 

Stomach contents and mucus on the stomach 
wall should be removed as much as possible 
because floating debris will worsen the qual-
ity of the images and subsequently complicate 
interpretation of EUS images. For this pur-
pose, upper endoscopy should be performed 
before EUS. Upper endoscopy also can help 
to define the gross appearance of the upper GI 
tract and confirm the location of the lesion.

2.	 Instill water during EUS. Acoustic coupling 
of the ultrasound transducer to the GI wall 
requires application of fluid as an interface 
between the transducer and the wall. This can 
be accomplished either by using a water-filled 
balloon around the tip of the echoendoscope 
or by instilling water into the gastric lumen. 
Water should be de-aired because air bubbles 
will interfere with the acoustic shadow. In the 
standard left lateral position during endos-
copy, the stomach is initially collapsed by as-
piration, followed by instillation of 200–400 
mL of water into the lumen up to the fundus. 
The examination is begun from the antrum, 
while the instrument is slowly withdrawn, and 

Fig. 26.1   Endoscopic images of a gastric cancer. White light a and chromoendoscopy with indigo carmine b show a 
shallow depressed lesion in the anterior wall of the antrum
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all areas of the gastric circumference are vi-
sualized as far as possible with perpendicular 
scanning.

3.	 Sustain the position. Scanning should be 
performed perpendicular to the target lesions 
because an oblique image may be unclear and 
can over- or underestimate disease depth. The 
appropriate distance between target lesions 
and the transducer is 0.5–1.0 cm.

4.	 Use high frequency for shallow lesions and 
low frequency for deeper lesions. High-fre-
quency EUS (e.g., using a miniature 20-MHz 
probe) can provide high-resolution images. 
This is especially useful in evaluating shallow 
lesions that may be located within the mu-
cosa or submucosa. On the other hand, high-
frequency EUS cannot penetrate the stomach 
wall and is not compatible for evaluation of 
deep lesions or perigastric lesions (e.g., lymph 
nodes, ascites). Low-frequency EUS, both ra-
dial and linear, can evaluate lesions that lie in 
deep parts of the stomach wall as well as peri-
gastric lesions.

5.	 Utilize positioning during EUS to obtain 
better images. EUS of the stomach can be 
difficult, especially in the prepylorus, fundus, 
and angle of the stomach. Maintaining the 
water level and keeping the probe scanning 
perpendicular to the wall is sometimes dif-
ficult to achieve. In these instances, rotating 
the patient may help keep the water level con-
stant, and pushing the scope in, pulling it out, 
and then rotating it may help achieve a per-
pendicular position. For a lesion in the upper 
body or fundus of the stomach, slight rotation 
to the prone position from the left lateral posi-
tion may be helpful. With a lesion around the 
angle of the stomach, a supine position may 
facilitate visualization. With a lesion in the 
prepylorus, a right lateral position may help 
obtain clear EUS images.

Normal Gastric Wall Anatomy as 
Viewed by EUS

The gastric wall typically consists of five dis-
tinct layers by EUS using the echoendoscopes 
with 7.5–12  MHz [14–16]. The first two inner 

layers with high and low echogenicity represent 
the interface/superficial mucosa and deep mu-
cosa/muscularis mucosa. The third hyperechoic 
layer corresponds to the submucosa, the fourth 
hypoechoic layer to the muscularis propria, and 
the fifth hyperechoic layer to the serosa, which 
usually is not easily distinguishable from the sur-
rounding echo-rich tissue. Using higher frequen-
cy EUS miniprobes (12 to 20 MHz) and under 
optimal conditions, up to nine gastric wall layers 
can be identified. The surrounding organs, ves-
sels, and other structures are important for diag-
nosis as well as for orientation (e.g., to determine 
tumor infiltration depth). These organs and other 
structures include the pancreatic body and tail, 
parts of the liver (especially the left lobe), parts 
of the left kidney and spleen, and vessels such as 
the aorta, vena cava (proximal stomach), celiac 
trunk, and the splenic and left renal veins. In ev-
eryday practice, both the water filling the lumen 
and balloon inflation methods can be combined 
for improved imaging.

Gastric Cancer Staging with EUS

What is the TNM Staging System for 
Gastric Cancer?

The classification systems of the American Joint 
Committee on Cancer (AJCC) and the Interna-
tional Union Against Cancer (UICC) are the 
staging classifications used most often in the 
USA and commonly used in Asian countries. The 
AJCC/UICC system is based on TNM: tumor (T), 
lymph node (N), and metastasis (M) (Table 26.1) 
[17].

The final pathological staging will be deter-
mined by the surgically resected specimen. How-
ever, the initial staging is critical because of its 
importance in determining treatment strategy. 
Early stage patients may be eligible for endoscop-
ic resection, which is discussed in more detail in 
the following section. Patients in stages I to III 
by preoperative staging may be good candidates 
for surgical resection [18–20]. Furthermore, pa-
tients with higher stage (T2 and above) tumors 
or suspected nodal involvement may benefit 
from neoadjuvant (preoperative) and/or adjuvant 
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Table 26.1   AJCC (American Joint Committee on Cancer)/UICC (International Union Against Cancer) TNM 
classification
Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria
T1 Tumor invades lamina propria, muscularis mucosae, or submucosa
T1a Tumor invades lamina propria or muscularis mucosae
T1b Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor penetrates subserosal connective tissue without invading visceral peritoneum or 

adjacent structures
T4 Tumor invades serosa (visceral peritoneum) or adjacent structures
T4a Tumor invades serosa (visceral peritoneum)
T4b Tumor invades adjacent structures
Regional lymph nodes (N)
NX Regional lymph node(s) cannot be assessed
N0 No regional lymph node metastasis◊
N1 Metastasis in 1–2 regional lymph nodes
N2 Metastasis in 3–6 regional lymph nodes
N3 Metastasis in 7 or more regional lymph nodes
N3a Metastasis in 7–15 regional lymph nodes
N3b Metastasis in 16 or more regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
Anatomic stage/prognostic groups
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0

T1 N1 M0
Stage IIA T3 N0 M0

T2 N1 M0
T1 N2 M0

Stage IIB T4a N0 M0
T3 N1 M0
T2 N2 M0
T1 N3 M0

Stage IIIA T4a N1 M0
T3 N2 M0
T2 N3 M0

Stage IIIB T4b N0 M0
T4b N1 M0
T4a N2 M0
T3 N3 M0

Stage IIIC T4b N2 M0
T4b N3 M0
T4a N3 M0

Stage IV Any T Any N M1
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(postoperative) therapies in addition to surgery. 
Therefore, multidisciplinary evaluation is neces-
sary to identify the best treatment strategy. On the 
other hand, patients with distant metastasis will 
receive less benefit from surgical resection than 
patients in earlier stages. Systemic therapy and/
or palliative therapy may be indicated for these 
patients.

What Are the Indications for Endoscopic 
Resection?

It is also important to understand the indications 
for endoscopic treatment, including endoscopic 
mucosal resection (EMR) and endoscopic sub-
mucosal dissection (ESD) for early-stage gas-
tric cancer. According to Japanese gastric cancer 
treatment guidelines established in 2010, patients 
who have a T1a (mucosal) lesion and meet the fol-
lowing criteria discussed below can be managed 
endoscopically because the risk of lymph node 
metastasis is low and the prognosis is similar to 
patients who undergo surgical resection [19].

Definite Indication for Endoscopic Resection 
of Gastric Cancer  In Japan, EMR or ESD is a 
standard treatment for differentiated adenocar-
cinoma without ulcerative findings [UL (-)], a 
depth of invasion clinically diagnosed as T1a, 
and a tumor diameter less than 2 cm.

Expanded Indication for Endoscopic Treat-
ment for Gastric Cancer  Tumors in the fol-
lowing categories have a very low probability 
of lymph node metastasis. Endoscopic resection 
for these tumors is regarded as an investiga-
tional treatment. ESD, but not EMR, should be 
employed. Tumors clinically diagnosed as T1a 
and one of the following characteristics: (a) dif-
ferentiated, UL (-), but more than 2 cm in diam-
eter; (b) differentiated, UL (-), and less than 3 cm 
in diameter; and (c) undifferentiated, UL (-), and 
less than 2 cm in diameter.

T staging by EUS
EUS can determine T staging by detecting tumor 
infiltration in the deepest part of the affected 
gastric wall. In general, gastric cancer has less 
echogenicity than does the surrounding normal 
tissue. Depending on the tumor stage, as the 
cancer grows, it destroys the normal gastric wall 
structure from the mucosal layer and eventually 
infiltrates other structures (Fig. 26.2).

T1: Tumor within the mucosa (a) and submu-
cosa (b). The tumor usually has less echogenicity 
than the surrounding normal tissue. As a result, 
hypoechoic wall thickening of the first and sec-
ond mucosal layer and/or the submucosa (third 
layer), and an intact muscularis propria (fourth 
layer) is observed (Figs. 26.3, 26.4 and 26.5).

T2: Tumor infiltrates the muscularis propria 
and subserosa (Fig. 26.6 and Video 26.1).

T3: Tumor penetrates subserosal connective 
tissue without invading the visceral peritoneum 
or adjacent structures (Fig. 26.7).

T4: Tumor invades the serosa (visceral peri-
toneum) (T4a, Fig.  26.8) or adjacent structures 
(T4b).

N staging by EUS

For N staging of gastric cancer, the number of ma-
lignant regional lymph nodes can be assessed at 
the same time as the T stage of the primary lesion. 
EUS characteristics of malignant lymph nodes in-
clude (1) lymph node size greater than 10 mm, (2) 
sharp and distinct margin, (3) homogenous hy-
poechoic pattern, and (4) round shape (Fig. 26.9) 
[20–23]. However, a diagnosis made on the basis 
of these echo features is not reliable because the 
accuracy of predicting malignant lymph nodes is 
about 80 % even when all four of these features 
occur in the same lymph node. Additionally, only 
25 % of all malignant lymph nodes present with 
all four of these malignant features. Therefore, 
EUS-FNA is recommended for a definitive cyto-
pathological diagnosis [24–26]
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When confronted with multiple regional 
lymph nodes, it may not be practical or feasible 
to perform EUS-FNA on every single lymph 
node. In such circumstances, we recommend 
EUS-FNA of 1–2 lymph nodes that appear highly 
suspicious for malignancy based on the echo fea-
tures. If these are malignant, we would consider 
all other lymph nodes with similar echo features 
to be malignant. In challenging cases when EUS 
and EUS-FNA are inconclusive or difficult to 
perform, results from other diagnostic studies 
discussed later in this chapter should be compre-
hensively analyzed.

Recently, contrast-enhanced EUS (CE-EUS) 
has been reported as useful in predicting malig-
nant lymph nodes in various cancers. Kanamori 
et al. utilized an intravenous contrast agent (Levo-
vist, Nihon Schering Co., Ltd., Tokyo, Japan) to 
evaluate patients with mediastinal or abdominal 
lymphadenopathy using surgery or EUS-FNA as 
the gold standard. They described three enhance-
ment patterns of lymph nodes following contrast 
injection: diffuse or uniform enhancement of the 
entire lymph node, no enhancement, and filling 
defect with spotty or heterogeneous filling of the 
node. All malignant lymph nodes displayed the 
filling defect pattern of enhancement, while the 

majority of benign lymph nodes enhanced ho-
mogeneously. Although no comparative study of 
CE-EUS and EUS-FNA has been published, the 
sensitivity of CE-EUS for predicting malignant 
lymph nodes was reported to be as high as 100 % 
with 81.8 % specificity and 92.0 % accuracy [5, 
6]. Therefore, CE-EUS may potentially be a 
complementary technique along with EUS-FNA 
for N staging, especially if multiple lymph nodes 
are found in a particular patient.

How Accurate is T and N Staging by 
EUS?

Recently, two meta-analyses have reported data 
on the staging performance of EUS in gastric 
cancer. Mocellin et al. examined 66 studies that 
enrolled a total of 7747 patients with gastric can-
cer who were undergoing staging EUS. Their re-
sults suggest that EUS has a high diagnostic yield 
in distinguishing T1–2 from T3–4 gastric cancer 
with a sensitivity of 0.86 [95 % confidence in-
terval (CI), 0.81–0.90] and a specificity of 0.90 
(95 % CI, 0.87–0.93). T1 tumors were also dis-
tinguished from T2 tumors accurately with 0.85 
(95% CI 0.78-0.91) sensitivity and 0.90 (95% CI 

Fig. 26.2   Endoscopic ultrasound evaluation of the depth 
of gastric cancer. a Normal gastric wall consists of five 
distinct layers. b Cancers limited to the mucosa show ir-
regularity in the first and second layers, but the third layer 
is intact. c Submucosal invasion displays irregularity of 

the third layer. d Muscularis propria invasion shows inter-
ruption of the third layer. e Interruption of the fifth layer 
indicates that the invasion is deeper than the subserosal 
layer
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0.85-0.93) specificity. Compared to the diagnos-
tic accuracy for T1 tumors as a whole, EUS is 
less reliable in identifying T1a tumors because 
of lower specificity [0.75 (95 % CI, 0.62-0.84)]. 
Regarding N staging, overall sensitivity was 0.83 
(95 % CI, 0.79-0.87) with specificity 0.67 (95 % 
CI, 0.61-0.72) [27].

Another meta-analysis by Cardoso et  al. re-
ported the same trend, finding that EUS is a mod-
erately accurate technique for gastric cancer stag-
ing with 75 % accuracy for T staging and 64 % 
accuracy for N staging. EUS is particularly help-
ful with advanced T stage (T3 and T4) as opposed 
to less advanced T stage or N stage. Diagnostic 

Fig. 26.3   Endoscopy and EUS images of mucosal (T1a) 
gastric cancer. a–b Gastroscopy indicates a shallow de-
pressed lesion on the antrum. Narrow band image shows 
irregular microvasculature, suggesting an undifferentiated 

type of cancer. c EUS image reveals a shallow depressed 
lesion in the thickened first and second layers. No irregu-
larity in the third layer suggests a mucosal lesion
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accuracy for each T stage is as follows: T1 77 %, 
T2 65 %, T3 85 %, and T4 79 %, and these differ-
ences were not statistically significant [28].

The above data suggest that EUS is a use-
ful modality, especially for T staging. Extrapo-
lating from the data for esophageal and rectal 
cancer staging, N staging accuracy likely im-
proves with the addition of EUS-FNA rather 

than relying on EUS imaging alone. It should 
be noted that EUS is often used to evaluate 
gastric cancers that are undifferentiated or 
large, and may incorrectly diagnose tumor in-
vasion depth by either over- or understaging 
the tumor [29]. In these circumstances, staging 
should be complemented with other imaging 
modalities.

Fig. 26.4   Endoscopic and EUS images of submucosal 
(T1b) gastric cancer. a–b Gastroscopy shows a depressed 
lesion in the anterior wall of the gastric upper body. c EUS 

reveals irregularly thickened first and second layers. An 
irregularity in the hyperechoic third layer suggests cancer 
invasion into the submucosal layer
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Fig. 26.5   Endoscopic and EUS images of submucosal 
(T1b) gastric cancer. a–b Gastroscopy shows a depressed 
lesion on the posterior wall of the gastric antrum. c EUS 

reveals irregularly thickened first and second layers. An 
irregularity in the hyperechoic third layer suggests cancer 
invasion into the submucosal layer
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Case Presentation (continued)

We chose to use a miniprobe EUS with 20 MHz 
because the endoscopic findings had suggested 
an early gastric cancer. The EUS image shows 
five distinct layers: (1–2) mucosal layer, (3) 
submucosal layer, (4) muscularis propria, and (5) 
serosa. A hypoechoic mass with a depression has 

destroyed the normal layer pattern between the 
first and third layers, just below the EUS probe. 
This finding suggested gastric cancer with sub-
mucosal invasion (T1b). Because of the high 
likelihood of lymph node metastasis, endoscopic 
treatment was not indicated, and the patient un-
derwent surgical resection.

Fig. 26.6   Endoscopic and EUS images of gastric cancer 
with invasion of the muscularis propria (T2). a–b Gas-
troscopy shows a depressed lesion on the anterior wall of 
the gastric antrum. c EUS reveals a thickened gastric wall 

from the first to the third layer. The structure of the third 
layer is completely destroyed, suggesting cancer invasion 
into the muscularis propria
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How Does EUS Compare to Other 
Staging Modalities?

It is important to understand the advantages and 
disadvantages of using EUS in gastric cancer 
staging as opposed to other available techniques. 

These modalities include multidetector-row  
computed tomography (MDCT), magnetic reso-
nance imaging (MRI), and positron emission 
tomography (PET). A recent systematic review 
of gastric cancer T staging by EUS, MDCT, and 
MRI showed similar diagnostic accuracy among 

Fig. 26.7   Endoscopic and EUS images of gastric cancer 
with subserosal invasion (T3). a–b Gastroscopy shows a 
depressed lesion in the gastric cardia. c EUS reveals a het-

erogeneously thickened gastric wall from the first to the 
fourth layer. Also, the fifth layer is intact but irregular, sug-
gesting cancer invasion deeper than the subserosal layer
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the three techniques (65–92.1 %, 77.1–88.9 %, 
and 71.4–82.6 %, respectively). However, the 
authors suggested that EUS should be the first 
choice for T staging because most of the experi-
ence with gastric cancer staging has been with 
EUS (23 studies) compared with MDCT (6 stud-
ies) and MRI (3 studies) [30]. This of course as-
sumes local availability of EUS expertise. If un-
available, MDCT is a reasonable alternative.

With regard to N staging, the diagnostic yields of 
EUS and CT are similar. The sensitivity and speci-
ficity of EUS in detecting lymph node involvement 
range from 16.7  to  90.7 % and 48.4 to  100 %, 
respectively; the sensitivity and specificity of 
CT for assessing lymph node involvement are 
62.5− 91.9 % and 50.0− 87.9 %, respectively [31–
35]. The advantage of EUS is the ability to perform 
EUS-FNA to evaluate suspicious nodes, which in-
creases the accuracy of nodal staging.

Fig. 26.8   Endoscopic and EUS images of gastric cancer 
with serosal invasion (T4a). a Gastroscopy shows an ul-
cerative lesion in the gastric cardia. b EUS shows a thick-

ened gastric wall from the first through the fifth layer, 
with serrated extensions beyond the wall ( arrowheads), 
consistent with serosal invasion

 

Fig. 26.9   EUS reveals a lymph node adjacent to a gastric 
cancer in the antrum of stomach with characteristics of a 
malignant lymph node including size greater than 10 mm,  
sharp and distinct margin, homogenous hypoechoic pat-
tern, and round shape
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The role of EUS in M staging is questionable 
because of the limited field of vision with the 
echoendoscope. However, EUS can occasionally 
detect ascites or liver metastases missed by radi-
ology imaging. As a result, EUS can complement 
radiology imaging. Therefore, in the overall ap-
proach to staging for gastric cancer, we recom-
mend initial MDCT scan to evaluate for distant 
metastases. If metastatic disease is not identified, 
EUS should be performed for locoregional stag-
ing where this expertise is available.

Another Use for Gastric EUS: Giant 
Gastric Folds

The diagnosis of giant gastric folds is generally 
suspected when gastric folds do not flatten despite 
sufficient air insufflation. Values for the normal 
thickness of the gastrointestinal wall have not 
been established, but 2–4 mm is usually consid-
ered in the normal range with a 1:1:1 relationship 
among the mucosa, submucosa, and muscularis 
propria although the muscularis propria may be 
thicker in the antrum [36–38]. A gastric wall great-
er than 4 mm thick is considered abnormal. The 
etiology of giant gastric folds varies and includes 
malignancies, infections, infiltration or inflamma-
tion, vascular abnormalities, and benign condi-
tions (Table 26.2). EUS is useful in establishing a 
differential diagnosis of giant gastric folds by de-
tecting veiled lesions under the mucosal layer and 
evaluating the wall layers involved by the lesions 

(Table 26.3 ) [39, 40]. For lesions localized in the 
mucosal and submucosal layer of the stomach 
wall, endoscopic biopsy would be the first choice 
for tissue sampling, considering its safety and con-
venience. EUS-FNA can be useful especially for 
lesions lying deep within the wall of the stomach 
(e.g., submucosa and muscularis propria), and 19-
gauge needles or core biopsy needles may increase 
diagnostic yield. Endoscopic snaring and EMR of 
giant gastric folds should be considered when bi-
opsy and EUS-FNA are nondiagnostic.

Key Points

•	 High frequency EUS should be used for shal-
low gastric lesions and low frequency for 
deeper lesions.

•	 Endoscopic resection with EMR and ESD is 
indicated for differentiated gastric adenocar-
cinoma without ulceration, diameter less than 
2 cm and T1a stage.

•	 Accuracy of EUS for T and N staging appear 
comparable with multidetector-row CT and 
MRI. 

•	 EUS is less accurate for differentiating early 
stage gastric tumors.

•	 EUS may help diagnose the etiology of thick-
ened gastric folds with the aid of forceps bi-
opsy for lesions limited to the mucosa and 
submucosa layers and fine needle aspiration 
or biopsy for deeper lesions in the submucosa 
and muscularis propria.

Table 26.2   Etiology of giant gastric folds
Malignancy Gastric adenocarcinoma, linitis plastica, lymphoma, gastric metastasis
Infection Helicobacter pylori, secondary syphilis, syphilis, tuberculosis, CMV, HSV, anisakiasis
Infiltration/inflammation Crohn’s disease, sarcoidosis, amyloidosis, eosinophilic or lymphocytic gastritis
Vascular lesion Portal hypertensive gastropathy, gastric varices
Miscellaneous causes Menetrier’s disease, Zollinger–Ellison syndrome

Table 26.3   Gastric wall layers primarily involved by etiology of giant gastric folds
Etiology Layer
Gastric cancer, linitis plastica 2nd−4th
Gastric lymphoma 2nd
H. pylori infection 2nd
Gastric varices 3rd
Lymphoma 2nd−4th
Menetrier’s disease 2nd
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Introduction

In 2015 within the USA, it is estimated that 40,000 
new cases of primary de novo rectal cancer will be 
diagnosed [1]. Their prognosis is most impacted 
by the extent of primary tumor invasion (T stage), 
the presence and number of lymph nodes involved 
(N stage), involvement of the circumferential re-
section margin (CRM), and the presence of distant 
metastasis (M stage). Staging and therapy depend 
on presurgical imaging modalities that include 
computed tomography (CT), magnetic resonance 
imaging (MRI), and EUS. The determined stage 
is the key in deciding which patients may benefit 
from neoadjuvant therapy as well as the most ap-
propriate surgical approach (Fig. 27.1).

The diagnostic accuracy of EUS in rectal 
cancer staging has recently been questioned and 
criticized as clinical practice and literature do 
not appear to support the early very positive re-
ports. A German multicenter, prospective, qual-
ity assurance study evaluated 7000 patients be-
tween 2000 and 2008 and compared radial EUS 
findings to surgical pathology T stage without 

the use of neoadjuvant therapy [2]. While the 
T stage concordance was only 65 %, increas-
ing procedure volumes improved their results. 
The frequency of under- and overstaging was 
18 and 17 %, respectively. Another report from 
a US center conducted between 1993 and 2007 
revealed that EUS nodal evaluation with imag-
ing alone without FNA did not reliably identify 
patients with nodal disease. Their opinion was 
based on the finding of a 29 % false-positive rate 
and because 23 % of patients were understaged 
when compared to surgical pathology as the gold 
standard [3]. The conclusions of both reports 
have uncertain applicability to current practice, 
given that they evaluated radial EUS alone using 
technology dating back to the early 1990s. Cur-
rent practice routinely incorporates linear imag-
ing, FNA assessment of indeterminate nodes, and 
improved ultrasound technology.

The objective of this chapter was to provide 
a comprehensive overview using historical and 
current data to help understand the incremental 
benefit of EUS versus alternative imaging modal-
ities for assessing patients with primary de novo 
rectal cancer, following neoadjuvant therapy and 
during postoperative disease surveillance utility. 
We also explore potential novel interventions.

Case Study

Initial Presentation

A 62-year-old male presented with a 2-week his-
tory of intermittent hematochezia. A digital rec-
tal examination identified the distal border of a 
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posterior lateral wall ulcerated mass. Endoscopic 
examination revealed a traversable 4-cm friable 
ulcerated polypoid mass with its distal border 
located at the distal valve of Houston, occupy-
ing 75 % of the luminal circumference. Mucosal 
biopsies confirmed the presence of adenocar-
cinoma. Abdominal CT revealed no evidence 
of metastatic disease. Pelvic MRI identified an 
enhancing 4-cm mass located approximately 
7 cm from the anal verge with questionable ex-
tension through the muscularis propria and into 
the mesorectal fat. There was no involvement 
of the mesorectal fascia, with a 6  mm distance 
to the circumferential resection margin, and no 
evidence for invasion into adjacent structures. In 
addition, indeterminate 3- to 5-mm lymph nodes 
were found within the mesorectal fat. A rectal 
EUS examination was recommended.

What Are Useful Pearls for Initial 
Primary Rectal Cancer Assessment?

Anorectal Anatomy 

The rectum extends from the upper end of the 
anal canal to the rectosigmoid junction and is ap-
proximately 12 cm in length [4]. It is subdivided 
into proximal, middle, and distal thirds. The sur-
gically defined anal canal measures 2.5–4 cm in 
length with two-third above the dentate line and 

one-third below the dentate line [5]. The ana-
tomic anal canal corresponds to the distal one-
third of the surgical anal canal and spans from 
the dentate line to the anorectal verge. Above the 
dentate line, the anal canal is lined by columnar 
epithelium, whereas it is lined by squamous epi-
thelium distal to the dentate line. The anal tran-
sitional zone corresponds to an approximately 
10-mm-long segment between the columnar and 
squamous epithelial zones where the mucosa is 
of variable histology [6].

The rectal wall is composed of mucosa, sub-
mucosa, and muscularis propria. The mucosa 
comprises two wall layers: an outer hyperechoic 
layer (the interface between mucosa and the ul-
trasound probe) and an inner hypoechoic wall 
layer. The third wall layer is hyperechoic and rep-
resents the submucosa. The muscularis propria or 
fourth wall layer is composed of an outer longi-
tudinal and inner circular smooth muscle layer. 
The inner circular smooth muscle becomes thick-
ened distally and continues as the internal anal 
sphincter and the outer longitudinal muscle fuses 
with fibers from the levator ani [5]. The outer-
most layer of the sphincter complex is formed by 
striated muscles, the levator ani, and puborectalis 
muscles superiorly and by the inferior part of the 
external anal sphincter inferiorly.

The rectum is surrounded by mesorectal fat 
containing lymph nodes, superior hemorrhoidal 

No distant
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Fig. 27.1   Management algorithm for nonmetastatic primary rectal cancer (ESD endoscopic submucosal dissection)
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vessels, and fibrous tissue collectively known as 
the mesorectum. The mesorectum is continuous 
with the fat of the sigmoid mesocolon superiorly 
and usually thicker along the posterior rectum in 
its intraperitoneal portion and on occasion is ab-
sent anteriorly. It is bound circumferentially by 
the mesorectal fascia. This fascia extends inferi-
orly and coalesces with Denonvilliers’ fascia in 
men anteriorly, and anterior to this fascia are the 
seminal vesicles and prostate gland. Conversely 
in women, the anterior mesorectal fascia coalesc-
es with rectovaginal fascia, anterior to which is 
the vagina. The mesorectal fascia forms an im-
portant barrier to the radial spread of upper and 
middle third rectal tumors and forms the plane 
of dissection used in total mesorectal excision 
(TME).

Nodal drainage of the rectum occurs initially 
to the perirectal lymph nodes within the meso-
rectum [7]. The majority of nodes follow the rec-
tal blood supply and are located superiorly and 
posteriorly. The common path of nodal spread 
is along the superior rectal artery into the apical 
mesorectum and the inferior mesenteric artery 
into the sigmoid mesocolon. The middle rectal 
artery arises from the internal iliac artery directly 
and the inferior rectal artery arises from the inter-
nal pudendal artery, a branch of the anterior divi-
sion of the internal iliac artery. The inferior and 
middle rectal arteries anastomose at the anorectal 
junction and, although uncommon, distal rectal 
cancers can spread to the nodes along the internal 
pudendal and internal iliac arteries.

What Is the TNM Staging System for 
Rectal Cancer?

The tumor node metastasis (TNM) system of the 
American Joint Committee on Cancer (AJCC) 
and the International Union against Cancer 
(UICC) has become the worldwide standard for 
staging colorectal cancer [8, 9]. The TNM sys-
tem classifies the primary tumor (T) stage based 
on the depth of tumor invasion into and through 
the rectal wall. Nodal substations classified as re-
gional lymph nodes for rectal cancer are perirec-
tal, inferior mesenteric, sigmoid mesenteric, lat-

eral sacral, presacral, sacral promontory, internal 
pudendal, internal iliac, superior rectal, middle 
rectal, and inferior rectal. Involvement of lymph 
nodes outside these groups, such as in the exter-
nal or common iliac substations, is considered to 
be distant metastases (M stage) (Table 27.1).

EUS Technique

The examination is performed following a full 
colonoscopy preparation or 2 Fleets enemas and 
flexible sigmoidoscopy with a patient lying in the 

Table 27.1   The 2010 American Joint Committee on 
Cancer (AJCC) staging system for primary rectal cancer
TNM
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis pro-

pria into pericolorectal tissues
T4a Tumor penetrates to the surface of the vis-

ceral peritoneum
T4b Tumor directly invades or is adherent to 

other organs or structures
Nx Regional lymph nodes cannot be assessed
N0 No regional nodal metastasis
N1 Metastasis in 1–3 regional lymph nodes
N1a Metastasis in one regional lymph node
N1b Metastasis in 2–3 regional lymph nodes
N1c Tumor deposit(s) in the subserosa, mes-

entery, or non peritonealized pericolic or 
perirectal tissues without regional nodal 
metastasis

N2 Metastasis in 4 or more regional lymph 
nodes

N2a Metastasis in 4–6 regional lymph nodes
N2b Metastasis in 7 or more regional lymph 

nodes
Mx Presence of distant metastasis cannot be 

assessed
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis confined to one organ or site (i.e., 

liver, lung, ovary, nonregional node)
M1b Metastases in more than one organ/site or 

the peritoneum
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left lateral decubitus position to facilitate optimal 
visualization. The necessary features to docu-
ment for endoscopic evaluation are highlighted in 
Fig. 27.2. The middle valve of Houston is thought 
to be a surrogate marker for the anterior peritoneal 
reflection, and the location of a tumor, if proximal 
or distal to the anterior peritoneal reflection, has 
important surgical planning implications.

Following advancement of the echoendoscope 
to the sigmoid colon, air or CO2 is aspirated as the 
echoendoscope is withdrawn in order to improve 
acoustic coupling. The use of either a radial or a 
linear echoendoscope is a personal preference. 
Starting with a radial echoendoscope is very rea-
sonable to readily visualize the rectal wall layers 
and assess for lymph nodes. In addition to aspirat-
ing air, water will likely be needed to fill the rectum 
to enhance imaging. The patient can be rotated to 
shift the water and allow it to submerge the mass. 
Care must be taken to establish the relationship of 
the distal tumor border to the seminal vesicles in 
men and the cervix in females. The presence or ab-
sence of adjacent organ involvement to include the 
prostate, bladder, and seminal vesicles in men, and 
the bladder, vagina, and cervix in women should 
also be noted. In addition, the perirectal and peri-
sigmoid space should be evaluated for the presence 
of lymph nodes or omental lesions, irrespective of 
whether a radial or a linear echoendoscope is used. 
The advantage of beginning with the linear echo-
endoscope is the ability to image and FNA using 
the same instrument.

Endosonographically, the rectal wall is seen 
as five alternating hyper- and hypoechoic layers. 
A tumor that extends no deeper than the mucosa 
or submucosa is classified as a T1 lesion (Video 
27.1). If the lesion enters the muscularis propria 
(hypoechoic fourth layer) but does not breach 
through, it is a T2 lesion (Fig.  27.3). Deeper 
penetration through the muscularis propria layer, 
extending beyond the rectal wall and into the sur-
rounding perirectal fat, is consistent with a T3 
lesion (Fig.  27.4). Finally, a T4 lesion implies 
direct invasion into an adjacent organ, i.e., the 
prostate gland, vagina, and bladder (Fig. 27.5).

EUS evaluation of this 4-cm distal rectal 
cancer revealed hypoechoic wall thickening to 
11  mm with pseudopodia formation and 2-mm 
infiltration beyond the muscularis propria.

What Are the T Staging Pitfalls?

In published studies, the accuracy of EUS T stage 
ranges from 80 to 95 % compared with 65–75 % 
for CT and 75–85 % for MRI [10–12]. With re-
spect to T stage, one particular problem for EUS 
is the overstaging of T2 tumors due to the diffi-
culty in differentiating peritumoral inflammation 
and/or fibrosis from the cancer itself (Fig. 27.6) 
[13]. This tumor meets criteria for a T3 tumor be-
cause it did extend through the entire thickness of 
the muscularis propria into the perirectal fat and 
obliterated the well-defined fat–muscle interface 
by neoplastic pseudopodia. Accuracy of specifi-
cally T2 staging was examined in a retrospective 
study because this represents one major decision 
point in management of rectal cancers with high-
er T stage tumors receiving neoadjuvant therapy 
[14]. Both overstaging and understaging of ac-
tual T1 or T3 tumors occurred in 16 % to yield 
a negative predictive value for identifying tumor 
depth of T2 or less of 84 % and absence of nodal 
disease of 87 %. Incorrect EUS staging impacted 
management in 23 % of patients.

It is thought that all T3 rectal tumors are not 
clinically equivalent, with minimally invasive 
disease carrying a more favorable prognosis [15]. 
Therefore, by discriminating minimally invasive 
from advanced T3 disease (invasion ≤ 2  mm 
or > 3  mm beyond the muscularis propria), pre-
operative EUS may provide important prognostic 
information. However, the challenge is that over-
staging is noted more commonly in minimally 
invasive T3 (50 %) when compared to advanced 
T3 disease [16]. The maximum tumor thickness 
of T3 cancers is also an independent prognostic 
factor for local and overall recurrence [17] using 
a cutoff value of ≥ 19 mm.

Understaging, conversely, may result from a 
failure to detect microscopic cancer infiltration 
owing to the limits of EUS resolution. Spatial 
resolution is improved by increasing ultrasound 
frequency, but at the expense of reduced depth 
of penetration that may compromise inspection 
of deeper structures. Other variables that influ-
ence the accuracy of tumor staging include op-
erator experience and the location of the tumor 
within the rectum, with reduced accuracy for 
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more distal tumors [13, 18–20]. A meta-analysis 
of 42 studies ( n = 5039; 1980–2008) reviewed the 
published data for EUS accuracy by the T stages, 

suggesting that EUS sensitivity is greatest for ad-
vanced disease (T3 or T4) rather than for early 
(T1 or T2) disease (Table 27.2) [21].

Fig. 27.2   Endoscopic and EUS features to be evaluated during the examination
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EUS revealed a superficial T3 lesion, 3 round 
hypoechoic peritumoral lymph nodes as well as 
a 9 × 7 mm left common iliac artery lymph node. 
FNA of this node was performed.

What Are the Nodal (N) Staging 
Pitfalls?

EUS features that accurately predict nodal metas-
tasis have been identified in patients with esoph-
ageal cancer [22]. These conventional echo fea-
tures that correlate with malignancy include an 
enlarged node (≥ 1 cm in short axis), hypoechoic 
appearance, round shape, and smooth border 
(Table 27.3). For patients with esophageal can-

cer, if all four abnormal morphological features 
are present, the accuracy for malignant invasion 
is 80 %. However, all four features of malignant 
involvement are present in only 25 % of malig-
nant lymph nodes (Fig. 27.7). Unfortunately, the 
standard conventional EUS nodal criteria have 
proven inaccurate for staging many nonesopha-
geal cancers [22–24]. No one criterion is predic-
tive of malignancy in patients with lung, esopha-
geal, and pancreatic cancer.

The N stage accuracy for EUS imaging in the 
setting of any malignancy is only 70–75 % and 
was recently reported to be as low as 42 % [25, 
26]. It was previously assumed that EUS was 
incapable, or only seldom able, to detect benign 
perirectal lymph nodes. Therefore, in patients 
with rectal cancer, mere visualization of lymph 
nodes was deemed an accurate surrogate marker 
of nodal metastasis, thereby obviating the need 
for FNA. A meta-analysis [35 studies ( n = 2732; 
1966–2008)] of the EUS N stage accuracy in rec-
tal cancer found that the sensitivity and specific-
ity of EUS are moderate (approximately 75 %) 
and concluded that further refinement in diagnos-
tic criteria is needed to improve the diagnostic 
accuracy [27]. An important limitation of their 
analysis was the dependence on mostly studies 
that imaged using radial instruments alone with-
out FNA.

Prior transrectal ultrasound studies identified a 
nodal size of ≥ 7 mm as an optimal size cutoff for 
predicting nodal metastases in rectal cancer, with 
an accuracy of 83 % when compared with surgical 
pathology [28]. A dedicated FNA study, based on 
a perception that metastatic loco-regional nodes 
only minimally differ in morphological appear-
ance from benign nodes, noted that the number 

Fig. 27.3   Comparative images of the rectal wall reflecting the mural changes between T1, T2, and T3 lesions

 

Fig. 27.4   An ulcerated friable mid-rectal T3 cancer pene-
trating through the muscularis propria layer, extending be-
yond the rectal wall and into the surrounding perirectal fat
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(short axis ≥ 10  mm, hypoechoic appearance, 
round shape, and smooth border) for detecting 
malignancy is as follows: 61, 65, 51, and 51 %, 
respectively. A lymph node short-axis length 
≥ 5 mm or a hypoechoic appearance was the only 

of conventional malignant echo features present 
per lymph node did not accurately differentiate 
benign from malignant nodes, unless all four 
features were present (Table 27.4) [29]. The ac-
curacy for each of the four conventional criteria 

Fig. 27.6   a Postpolypectomy for malignancy with super-
ficial ulceration secondary to cautery effect. b There is 
discrete mural hypoechoic change on EUS which cannot 

distinguish malignant from inflammatory change unless 
sampled by FNA

 

Fig. 27.5   A radial EUS examination revealing infiltration anteriorly into the vaginal wall establishing a T4 lesion

 

Table 27.2   EUS imaging T stage data
T stage Sensitivity (%) Specificity (%)
T1 88 98
T2 80 96
T3 96 91
T4 95 98

Table 27.3   EUS morphological features of benign and 
malignant lymph nodes
EUS features Benign LN 

features
Malignant LN 
features

Echogenicity Hyperechoic Hypoechoic
Shape Irregular Round
Border Irregular Smooth
Size (short axis) < 10 mm ≥ 10 mm
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EUS feature predictive of malignant infiltration. 
Optimum short- and long-axis lengths of 6 and 
9 mm, respectively, yielded the best power dis-
tinction for malignancy (Fig. 27.8).

Using surgical histopathology specimens, 
Knight and colleagues assessed the performance 
characteristics of EUS-FNA in the setting of pri-
mary or metastatic colorectal carcinoma of peri-
rectal masses, lymph nodes, and distant metasta-

Fig. 27.7   a, b A bulky T2N1 tumor with c nonperitumoral lymph nodes confirmed d malignant by FNA

 

Table 27.4   Performance characteristics relative to the number of malignant EUS nodal features
≥ 2 features ≥ 3 features 4 features

Sensitivity % 77 68 23
Specificity % 29 52 100
PPV % 53 60 100
NPV % 55 61 55
Accuracy % 54 61 61
PPV positive predictive value, NPV negative predictive value
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ses. The overall sensitivity, specificity, and posi-
tive and negative predictive values were reported 
as 89, 79, 89 and 79 %, respectively [30].

The preoperative EUS-FNA identification of 
extramesenteric lymph node metastases upstages 
7 % of primary rectal cancers. This is important 
because, for example, external iliac artery lymph 
node infiltration is outside the standard operative 
field for total mesorectal excision (TME). Nodal 
metastasis to this site typically impacts medical 
and surgical planning by extending the radiation 
fields and may indicate the need to extend the 
TME resection to include an extensive lymph node 
dissection [31]. Other markers that are associated 
with such metastases include serum CEA level, 
tumor length ≥ 4 cm, tumor annularity ≥ 50 %, ses-
sile morphology, and lymph node size. Unfortu-
nately, these potential surrogate markers are insuf-
ficiently accurate, and EUS-FNA is necessary to 
identify metastasis to these nodal stations.

These findings clearly indicate the need for 
EUS-FNA to verify nodal status, rather than re-
lying on nodal morphology alone, when making 
critical decisions regarding the use of neoadju-
vant therapy. Failure to do so risks stage inappro-
priate therapy and in turn inappropriate patient 
outcomes. We now favor routine FNA because 
(1) improved technology allows visualization 

of benign lymph nodes in virtually all patients, 
(2) most malignant nodes in the setting of rectal 
cancer are less than 1 cm in size, and (3) the pre-
dictive value of imaging alone for distinguishing 
benign from malignant nodes remains poor.

A note of caution is that luminal fluid cytolo-
gy may be positive for malignancy in 48 % of lu-
minal cancers, including rectal cancer, but is not 
affected by performing FNA [32]. These translo-
cated cells may contaminate the FNA specimen 
and lead to false-positive FNA results. In addi-
tion, endosonographer technique and cytological 
misinterpretation also contribute to false-positive 
EUS-FNA cytology [33].

EUS-FNA of solid lesions in the lower GI tract 
is considered a low-risk procedure for infectious 
complications and does not warrant prophylactic 
administration of antibiotics for the prevention 
of bacterial endocarditis [34]. Perirectal cystic 
structures are considered a relative contraindica-
tion to FNA given the risk of abscess formation 
requiring percutaneous drainage, which has oc-
curred despite the administration of prophylac-
tic antibiotics [35]. If FNA is contemplated, we 
encourage discussion of the need and potential 
risks with the patients’ medical and surgical staff. 
A recent large single-center study of 502 patients 
undergoing EUS-FNA of lower GI lesions, over 

Fig. 27.8   A distal T3N1 lesion in a 54-year-old male 
who proceeded to neoadjuvant therapy followed by sur-
gery. The highlighted node is perilesional and therefore 

not amenable to FNA. It has a hypoechoic appearance 
and short axis > 5mm but oval in shape with an irregular 
border
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80 % of which were for rectal cancer, highlighted 
that risk factors for adverse events included pre-
procedural pain, FNA of a site other than a lymph 
node or gut wall, and malignant cytology [36].

Case Follow-Up

The final interpretation of EUS was a superficial 
T3 tumor with indeterminate peritumoral nodes, 
but a malignant left common iliac artery lymph 
node, thus establishing a distal T3N1M1a rectal 
cancer. The patient proceeded to neoadjuvant 
therapy including expansion of the pelvic radia-
tion fields. An abdominoperineal resection with 
an extended lymphadenectomy was subsequently 
performed.

Utility of EUS Compared to Other 
Staging Modalities

MRI Versus EUS Assessment

The role of MRI using an endorectal coil has been 
well established for local staging of rectal cancer 
[37–39]. It offers several theoretical advantages 
over EUS as it reveals a larger field of view and 
permits the study of stenotic, nontraversable tu-
mors [18, 40, 41]. Recently, the identification 
of the anterior peritoneal reflection on MRI in 
74 % of patients in one study is important given 
the impact of this landmark on surgical planning 
[42]. A meta-analysis of 90 articles (1995–2002) 
compared the utility of MRI, radial EUS with-
out FNA, and CT for staging with histopathology 
correlation as the gold standard and came to the 
following conclusions: For T1/T2 lesions, EUS 
and MRI had similar sensitivity, but specificity 
was higher in EUS (86 vs. 69 %); for T3 tumors, 
the sensitivity of EUS was significantly higher 
than that of MRI or CT [43]. A more recent pro-
spective study comparing radial EUS to MRI 
revealed that MRI was unable to visualize any 
T1 tumor, whereas EUS understaged all T4 tu-
mors [44]. Furthermore, the presence of luminal 
stenosis and polypoid morphology was inversely 
associated with accuracy for either EUS or MRI.

MRI may also be used to evaluate mesorec-
tal nodal involvement as lymph nodes may be 
assessed using size criteria as well as specific 
nodal imaging. The most reliable MRI criteria for 
lymph node metastasis when correlated with his-
tological findings are an irregular contour and in-
homogeneous signal [45, 46]. Many studies have 
evaluated the performance of MRI for assessing 
lymph node involvement. A meta-analysis from 
2004 revealed that the sensitivity and specificity 
of MRI were 66 and 76 %, respectively, com-
pared with 67 and 78 % for radial EUS without 
FNA and 55 and 74 % for CT [39, 43]. In another 
meta-analysis, there was similarly no significant 
difference in N staging between MRI and EUS, 
although EUS had a slight advantage in diagnos-
tic specificity [47].

CT and PET-CT Versus EUS Assessment 

The traditional role of CT is to identify metastatic 
disease as its resolution is inadequate to allow ac-
curate distinction of the various layers, thereby 
limiting T stage evaluation [48, 49]. More recent-
ly, however, multislice CT has been shown useful 
for determining mesorectal fascia involvement, 
especially for tumors located in the proximal and 
mid-rectum with 76 % sensitivity and 96 % speci-
ficity. However, the accuracy for predicting me-
sorectal fascia involvement in a distal rectal can-
cer remains suboptimal with 66 % sensitivity and 
82 % specificity [50, 51]. The CT lymph node 
size threshold value yielding the greatest nega-
tive predictive value for predicting nodal metas-
tasis is 7 mm [52]. Currently, while CT combined 
with EUS is considered the most cost-effective 
staging strategy for nonmetastatic proximal rec-
tal cancer, the emerging utility of MRI is likely to 
change this approach [53].

PET-CT often provides additional informa-
tion beyond conventional staging in primary 
rectal cancer and is proposed for selective use 
in more advanced stages and when indetermi-
nate findings exist with conventional staging 
[54]. Contrast-enhanced PET-CT is superior to 
nonenhanced PET-CT for precise definition of 
regional nodal status and enhances the staging/
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therapy in one-third of patients [55, 56]. Some 
authorities suggest that the SUVmax value follow-
ing neoadjuvant therapy predicts downstaging 
and a complete pathological response [57, 58]. 
No EUS-FNA versus PET-CT comparative study 
has been reported to date.

What Is the Utility of EUS Assessment 
Following Neoadjuvant Therapy?

Tumor response to neoadjuvant therapy is a 
strong predictor of disease-free survival. Howev-
er, the accuracy of EUS for staging rectal cancer 
following such therapy is reduced markedly due 
to the secondary effects of postradiation edema, 
inflammation, necrosis, and fibrosis [59, 60]. Al-
though few data exist, routine EUS staging fol-
lowing neoadjuvant therapy is discouraged [61]. 
The T stage accuracy following neoadjuvant 
therapy is 50 % [62–67]. As outcome is most ac-
curately predicted by final pathologic stage, re-
staging tumors following neoadjuvant therapy is 
limited, and clinical correlation is most important 
to dictate operative and postoperative manage-
ment modalities. However, FNA of nonperitu-
moral lymph nodes in this setting may establish 
the presence of residual nodal malignancy, which 
may offer useful information to guide further 
management decisions.

Is There a Role for EUS Surveillance 
Following Radical or Local Surgery  
in Rectal Cancer?

A positive CRM, serosal involvement, lympho-
vascular invasion, extramural venous invasion, 
and poor histological differentiation are impor-
tant independent predictive factors for the de-
velopment of local recurrence (LR) [68]. The 
combination of neoadjuvant therapy and total 
mesorectal excision has significantly reduced the 
incidence of LR to less than 10 %, which is great-
est within the first 2 years following surgery [69, 
70]. Early detection of a recurrent local tumor 
may result in earlier treatment and improved 
survival. As LR often occurs in the extralumi-

nal region (i.e., deep to the mucosa), follow-up 
with forward-viewing endoscopy may fail to de-
tect LR at a sufficiently early stage. Even EUS 
may be unable to visually distinguish recurrence 
from postoperative change related to fibrosis or 
inflammation, and images may be obscured by 
artifacts from surgically placed clips or sutures. 
However, FNA of the residual rectal wall or peri-
rectal space (91 % sensitivity and 93 % specific-
ity) may offer a diagnosis which is superior to 
clinical evaluation or EUS imaging alone.

There is no clear strategy for early detection 
of local recurrence. Two prospective studies 
demonstrated that EUS was superior to CT for 
local recurrence detection of rectal cancer [71, 
72]. The sensitivity of EUS was higher (100 %) 
in both studies compared to CT (82–85 %). EUS 
was also more sensitive than digital rectal ex-
amination, CT, and CEA levels to detect LR in 
asymptomatic patients [73]. The optimal interval 
for EUS surveillance following surgical inter-
vention is unknown. However, performing EUS 
every 6 months for the first 2 years following a 
low anterior resection may be a reasonable sur-
veillance strategy to detect recurrent rectal can-
cer [74].

Local excision is an alternative management 
approach for superficial rectal cancers and for 
patients unfit for radical oncologic surgery. How-
ever, it is associated with a high local recurrence 
rate. Mucosal scar biopsy and EUS-FNA of either 
a lymph node or the deep rectal wall are meth-
ods to establish local recurrence in these patients 
(Fig.  27.9) [75]. In addition, EUS-FNA ± trucut 
biopsy (TCB) may be useful in the diagnostic 
evaluation of patients with extraluminal perirec-
tal lesions to guide management [76].

Rectal implantation cysts occurring at the 
anastomosis following low anterior resection 
for rectal cancer need to be distinguished from 
locally recurrent rectal cancer. EUS may reveal 
cystic lesions at the anastomotic site with hetero-
geneous wall thickening, and FNA may reveal 
mucin containing some inflammatory cells in the 
absence of malignant cells [77]. EUS-FNA and 
TCB are sensitive for the diagnosis of malignancy 
in pelvic masses but carry a 7 % adverse event 
rate if cystic pelvic masses are sampled; there-
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fore, aspirating predominantly cystic structures is 
generally discouraged [78, 79].

EUS for Rectal Wall Metastases

Distant cancers rarely metastasize to the gas-
trointestinal wall. Such findings are estimated 
to account for 0.03 % of upper GI endoscopies 
and 0.05 % of colonoscopies [80]. The EUS ap-
pearance without FNA of secondary rectal linitis 
plastica is that of circumferential wall thicken-
ing affecting predominantly the submucosal and 
muscularis propria layers similar to primary gas-
tric linitis plastica (Fig. 27.10) [81]. The role of 
FNA in the diagnosis of rectal linitis plastica sec-
ondary to prostate cancer has been reported [82]. 
The EUS appearance of rectal linitis plastica con-
trasts with processes such as rectal endometriotic 
implants that are either hypoechoic or hetero-
geneous deposits involving the fourth and fifth 
layer with intact mucosal layers and with local 
rectal cancer recurrence which usually presents 
in an extraluminal site [83, 84]. EUS-FNA ± TCB 
may confirm the diagnosis and identify the pri-
mary malignancy for metastatic lesions, which 
to date has included cancers originating from 
the bladder, breast, stomach, and cutaneous 
melanoma [85].

Is There a Role for EUS in Perianal 
Disease and Sphincter Disorders?

Perianal Fistulae and Abscess Formation

EUS is an informative imaging modality with 
significant impact on the treatment of Crohn’s 
disease-associated perianal fistulae [86]. A fis-
tula appears as a hyperechoic track within a hy-
poechoic region which represents air bubbles 
within an inflamed region. The patient’s options 
are an endoscopic examination with either a 
radial or a linear echoendoscope or a nonendo-
scopic rigid rectal probe. A prospective blinded 
study compared EUS, pelvic MRI, and evalua-
tion under anesthesia (EUA) and assessed cost-
effectiveness. It revealed good agreement for the 
studies ( EUS = 91 %; MRI = 87 %; EUA = 91 %) 
when compared to a surgical gold standard [87]. 
Examination using a 360° anorectal transducer 
containing a built-in three-dimensional (D) ac-
quisition system with a gel-filled balloon with 
a patient in the lithotomy position is probably a 
superior method. In addition, MRI has emerged 
as an important imaging modality as it provides 
evaluation of the fistula within the anal canal 
and its relationship to the sphincter complex, 
other pelvic floor anatomical structures, and as-
sociated complications, i.e., abscess formation. 
In fact, MRI has replaced EUS in this setting 

Fig. 27.9   a Posttransanal excision scar 18 months following local therapy. b EUS detected an enlarged hypoechoic 
non-perilesional lymph node which was positive for malignancy
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in most centers given the technical difficulty of 
EUS in such patients and due to surgeon pref-
erence for reviewing MRI to aid their surgical 
approach.

Injury to Anal Sphincter

EUS is better tolerated than electromyography, 
which requires needle placement directly into 
the sphincter complex. At 5 months postpar-
tum, the prevalence of obstetric anal sphincter 
injuries in a cohort of primiparous women was 
28 % [88]. The defects in the internal and ex-
ternal anal sphincter have different appearances 
on EUS. The former appears as a hyperechoic 
break in the normally hypoechoic ring, and the 
latter appears as a hypoechoic area within the 
normally hyperechoic ring. However, 2D and 
3D transperineal sonography tools are used with 
increasing frequency and are becoming the gold 
standard to evaluate the anal sphincter complex 
in a proctology practice.

What Are Innovative Interventions for 
the Future?

EUS-guided drainage and stenting provide an-
other option for the management of postopera-
tive pelvic fluid collections [89]. EUS-guided 
drainage of abdominopelvic abscesses unrelated 
to diverticular disease may be another future 
therapeutic indication [90]. EUS fine-needle in-
jection (FNI) with ethanol for persistent malig-
nant pelvic lymph nodes following therapy in 
nonsurgical candidates has also been reported in 
addition to EUS-guided coil and glue placement 
for bleeding rectal varices [91, 92].

Key Points

•	 Rectal cancer T stage accuracy of EUS has 
room for improvement.

•	 FNA has emerged as an essential component 
of loco-regional clinical staging.

Fig. 27.10   a, b Circumferential hypoechoic mural thickening ( 10 mm ) with unremarkable mucosal biopsy results.  
c However, EUS-FNA confirmed metastasis from a transitional cell cancer of the bladder, diagnosed 2 years previously
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• FNA can identify M1a disease and may 
upstage 7 % of patients presenting for evalu-
ation.

• Staging with EUS following neoadjuvant 
therapy should be approached with caution.

• EUS-FNA of the rectal wall or extramural 
perirectal space is useful to establish local dis-
ease recurrence in the postoperative surveil-
lance period.

Conflict of Interest  The authors declare no 
conflict of interest.

Financial Disclosures  None

Video Caption

Video 27.1 A T1 lesion with a surgical pathol-
ogy gold standard revealing invasive grade 3 (of 
4) adenocarcinoma (2.7 × 2.0 × 0.5 cm) invading 
into the submucosa but not into the muscularis 
propria with a negative surgical resection margin. 
However, a single (1 of 39) regional lymph node 
was positive for metastatic adenocarcinoma
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Introduction

The term “subepithelial lesion” (or “submucosal 
lesion”) is used to describe any gastrointestinal 
tract mass or polyp with normal-appearing over-
lying mucosa. These lesions are often inciden-
tally detected during upper endoscopy or colo-
noscopy, and are identified by the presence of a 
smooth bulge protruding into the lumen. They 
can represent non-neoplastic intramural lesions, 
intramural neoplasms (both benign and those 
with malignant potential), as well as extrinsic 
compression from adjacent structures (normal 
and abnormal). Endoscopic ultrasound (EUS) is 
typically necessary to further evaluate subepi-
thelial lesions and determine which ones require 
additional tissue sampling, follow-up, or resec-
tion. This chapter will cover the diagnosis and 
management of the most common subepithelial 
lesions likely to be encountered by practicing 
gastroenterologists.

Case Presentation 

A 54-year-old woman with a history of a T3N0M0 
moderately differentiated mucinous adenocarci-
noma of the sigmoid colon, status-post sigmoid 
colectomy 5 years ago, was referred for surveil-
lance colonoscopy. The patient was asymptomat-
ic, but had a mildly elevated CEA level. The most 
recent surveillance colonoscopy 3 years ago was 
unremarkable other than post-surgical changes. 
The current examination was notable for a prom-
inent 3-cm bulge with smooth, normal-appearing 
overlying mucosa located 11  cm from the anal 
verge (Fig. 28.1).

What is the Differential Diagnosis  
of Subepithelial Lesions?

The differential diagnosis of subepithelial lesions 
encompasses a spectrum of processes, including 
non-neoplastic intramural lesions, a wide variety 
of benign and potentially malignant intramural 
neoplasms, and extrinsic compression from adja-
cent structures (Table 28.1). When encountering 
a subepithelial lesion, the endoscopist should be 
aware of the most common diagnoses based on 
the lesion’s endoscopic appearance and location, 
placing them in the context of the patient’s medi-
cal and surgical history. For example, a lobulated 
subepithelial lesion located in the gastric fundus 
in a patient with cirrhosis or prior bouts of acute 
pancreatitis should immediately raise the suspi-
cion for gastric varices (Fig. 28.2).

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_28) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_28.
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The differential can be narrowed some-
what based on the location of the lesion [1–3]. 
The most common subepithelial lesions of the 
esophagus are leiomyomas, granular cell tumors, 
and cysts (duplication or bronchogenic). In the 
stomach, gastrointestinal stromal tumors (GISTs) 
and pancreatic rests are most common. Duode-
nal subepithelial lesions are encountered less 
commonly, but GISTs, carcinoids, lipomas, and 
duplication cysts can be found with similar fre-
quency. In the colon and rectum, the most com-
mon lesions are carcinoids, lipomas, and GISTs. 
In women, one must also consider the possibility 
of endometriosis or even extrinsic compression 
of the rectum caused by a tampon in the vagina 
[4, 5].

A Stepwise Approach to the 
Evaluation of Subepithelial Lesions  
of the Gastrointestinal Tract 

Initial Endoscopic Evaluation: What  
Endoscopic Techniques Diagnose 
Subepithelial Lesions?

The initial evaluation of subepithelial lesions can 
be performed using standard endoscopic equip-
ment and techniques [6, 7]. The first step is to vi-
sually assess the following features: size, location, 
shape, color, surface characteristics, presence of 
pulsation, and change in appearance with patient 
repositioning and with air insufflation. Subepi-
thelial lesions generally have normal-appearing 
overlying mucosa, but surface characteristics 
(e.g., focal ulceration or umbilication) and color 

Table 28.1   Differential diagnosis of gastrointestinal subepithelial lesions
Benign intramural lesions Malignant (or potentially malignant) 

intramural lesions
Extrinsic compression

Duplication cyst Carcinoid Normal intra-abdominal structures (pan-
creas, liver, spleen, gallbladder, etc.)

Granular cell tumor Gastrointestinal stromal tumor Abnormal intra-abdominal structures
Inflammatory fibroid tumor Glomus tumor (pancreatic/hepatic/renal cysts, aneu-

rysms, lymph nodes, abscesses, tumors)
Leiomyoma Lymphoma
Lipoma Metastatic carcinoma
Lymphangioma
Pancreatic rest
Schwannoma
Varices

Fig. 28.2   Endoscopic appearance of gastric varices lo-
cated in the fundus

 

Fig. 28.1   A subepithelial lesion identified in the proxi-
mal rectum in a patient with a prior history of sigmoid 
colon cancer
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(e.g., bluish, yellowish, translucent) should be 
evaluated, as these features may provide clues to 
the nature of the underlying lesion. Distinguish-
ing intramural lesions from extrinsic compression 
can be difficult with endoscopy alone [8], but a 
significant change in the appearance of a lesion 
with alterations in patient position and degree of 
lumen distension suggests an extrinsic source.

A closed biopsy forceps can be used to probe 
the lesion, assessing its mobility and consistency. 
The presence of the “pillow/cushion” sign, char-
acterized by the ability to indent the lesion with 
the biopsy forceps, is a feature that is highly spe-
cific for lipomas. Lipomas may also demonstrate 
the “tent sign,” described as the ability to grasp 
the overlying mucosa with a forceps and easily 
pull the mucosa away from the underlying lesion 
(Fig. 28.3).

For lesions that do not appear vascular (blu-
ish coloration) or cystic (translucent) and do not 
demonstrate the “pillow sign,” biopsies may 
then be obtained to rule out an epithelial lesion 
as well as attempt to sample the underlying le-
sion. Unlike most other subepithelial lesions, 
carcinoid tumors can frequently be diagnosed 
using standard biopsy technique since they often 
arise from the deep mucosal layer. Areas of ul-
ceration, if present, should be targeted to improve 
diagnostic yield [9]. “Stacked” (bite-on-bite, or 
tunneled) biopsies can be obtained using conven-
tional, large-capacity, or jumbo biopsy forceps, 
although the reported yield of this technique is 
fairly low and variable depending on the forceps 
size (17 %− 42 % for conventional and large-

capacity, 67 % for jumbo forceps) [10–13]. For 
jumbo forceps, significant bleeding occurred in 
nearly 35 % of patients. Using jumbo forceps or 
a snare to “unroof” the overlying mucosa may 
expose the underlying lesion and allow for high-
yield targeted biopsies, but also carries an in-
creased risk for bleeding (Fig. 28.4) [13–16].

At this stage of the evaluation, if the diagno-
sis has not been established, EUS should be per-
formed.

EUS—Technical Tips to Enhance EUS 
Imaging 

Subepithelial lesions can be imaged using ra-
dial scanning or linear array echoendoscopes, 

Fig. 28.4   Unroofing technique. The overlying mucosa 
was unroofed using a large capacity biopsy forceps, re-
vealing the underlying lesion (lipoma)

 

Fig. 28.3   Endoscopic features of lipomas. a Endoscopic 
appearance of a colonic lipoma in the ascending colon. 
b Positive “pillow” or “cushion” sign, characterized by 

indentation of the lipoma using a closed biopsy forceps. c 
Grasping the overlying mucosa and pulling it away from 
the underlying lipoma demonstrates the “tent sign”
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as well as catheter ultrasound probes. Factors 
such as the size and location of the target lesion, 
its visibility from within the lumen, and the an-
ticipated need to perform EUS-guided tissue ac-
quisition may guide the selection of equipment 
to be used in any particular procedure. For ex-
ample, catheter ultrasound probes may be more 
suitable for evaluating small (< 1 cm) subepithe-
lial lesions due to the higher imaging frequency, 
which produces finer detail at the expense of 
depth of penetration. A radial echoendoscope 
may be preferred to initially localize a lesion 
that creates little-to-no visible bulge within the 
lumen. A linear array echoendoscope should be 
used initially if the lesion is readily localizable 
and EUS-guided tissue acquisition is definitely 
planned, obviating the need for radial examina-
tion and thereby reducing the number of endo-
scope insertions required.

When performing the EUS examination, the 
lumen of the gastrointestinal tract should be max-
imally deflated of air, and if possible, the target 
lesion should be submerged in water to achieve 
optimal imaging of the lesion. This may be im-
possible or unsafe due to lesion location and 
risk for aspiration (especially for lesions in the 
esophagus), in which case the balloon around the 
transducer should be filled with a very small vol-
ume of water to achieve acoustic coupling. The 
endoscopist should avoid overfilling the balloon, 
which may distort or compress very small lesions. 
Another approach to imaging small lesions in the 
esophagus is the “condom technique,” whereby a 
condom is attached to the tip of a double-channel 
endoscope and filled with water, and the exami-
nation is performed with a catheter ultrasound 
probe advanced through the endoscope channel 
into the contained column of water [17].

Other locations can also introduce challenges 
during EUS examination, such as the gastric an-
trum, where it may be difficult to submerge the 
lesion in water. Repositioning the patient on to 
his or her back, and keeping the head of the bed 
elevated to at least 45° may allow for the safe 
instillation of more water into the gastric lumen. 
Lesions in the high gastric fundus or cardia may 
also be difficult to image, and it may be necessary 

to keep the endoscope tip in the distal esophagus 
and scan through multiple wall layers (from the 
outside-in). Slightly rotating the patient toward 
the prone position may help as well.

For colorectal lesions, the bowel should be 
prepared with enemas or oral purge, depending 
on the location of the lesion. In general, EUS 
of lesions proximal to the sigmoid colon should 
not be attempted with standard echoendoscopes 
given the technical difficulties of navigating 
an oblique-viewing scope through the colon. 
If available, a catheter ultrasound probe or a 
forward-viewing echoendoscope can be used in 
these situations.

At times, it can be challenging to accurately 
determine a lesion’s layer of origin, particularly 
if the lesion is bulky. It may be helpful to care-
fully focus on the edges of the lesion where there 
is a transition from normal to abnormal tissue, 
rather than at the center. In addition, as in any 
EUS examination, it is important to make sure 
that the scanning is perpendicular to the target, 
as opposed to tangential scanning which can lead 
to distortion of the echolayers of the gut wall and 
misinterpretation of layer of origin.

How Accurate is EUS Imaging  
for Diagnosing Subepithelial Lesions?

Endoscopic ultrasound is the modality of choice 
for distinguishing intramural lesions from extrin-
sic compression and for diagnosing the nature 
of subepithelial lesions. Differentiating extrinsic 
compression from an intramural lesion by EUS 
is highly accurate at 100 % in one study [18]. For 
intramural lesions, EUS can determine the layer 
of origin and characterize the endosonographic 
features, which in some cases (e.g., lipomas) can 
establish a certain diagnosis even without the 
need to obtain tissue. Table 28.2 summarizes the 
typical EUS characteristics of the most common-
ly encountered subepithelial lesions. However, 
the diagnostic accuracy of EUS imaging alone 
is approximately 50 % overall, and only 30 % for 
lesions proven to be neoplastic in nature, with 
the majority of incorrect diagnoses occurring 
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with hypoechoic lesions arising from the third 
and fourth echolayers of the gut wall [8, 19, 20]. 
Interobserver variability also limits the accuracy 
of EUS imaging for lesions other than lipomas, 
cystic lesions, and extrinsic compression [21]. 
Therefore, tissue acquisition of hypoechoic le-
sions larger than 1 cm in size is generally recom-
mended to establish a firm diagnosis, unless the 
lesion requires resection regardless of histology 
(e.g., patient is experiencing symptoms or com-
plications related to the lesion such as gastroin-
testinal bleeding).

Tissue Acquisition: What Are the Pros 
and Cons of the Various Techniques?

There are several options for obtaining tissue from 
subepithelial lesions, including stacked biopsies/
unroofing techniques (discussed above), EUS-
guided fine needle aspiration (EUS-FNA), EUS-
guided fine needle biopsy (EUS-FNB), endoscop-
ic mucosal resection (EMR), and endoscopic sub-
mucosal dissection (ESD). The choice of which 
technique to use depends on factors such as lesion 
size, location, layer of origin, as well as the avail-
ability of necessary equipment and expertise.

Endoscopic Ultrasound-Guided Fine 
Needle Aspiration 
The technical aspects of EUS-FNA are covered 
in detail in Chap. 23.

Several studies have demonstrated that EUS-
FNA is a safe and accurate means of diagnos-
ing subepithelial lesions of the gastrointestinal 
tract, particularly GISTs, with overall accuracy 
rates ranging from 67 to 98 % (Video 28.1) [2, 9, 
22–30]. In the largest relevant study published to 
date, comprising 141 patients with gastric subep-
ithelial lesions, the overall accuracy rate of EUS-
FNA was 96 % based on criterion standard (surgi-
cal histopathologic results, or follow-up course 
for inoperable cases) [23]. However, diagnostic 
yield of EUS-FNA may be somewhat limited 
with EUS-FNA being diagnostic in 43–68 % of 
cases [31].

Factors that may enhance the diagnostic yield 
of EUS-FNA include the presence of an on-site 
cytopathologist, higher number of needle passes 
(five are recommended), and availability of im-
munohistochemical staining. Needle diameter 
has not been definitively shown to significantly 
impact the diagnostic accuracy of EUS-FNA 
for subepithelial lesions [32, 33], but 25-gauge 
needles may more easily puncture small, mobile 
lesions, as well as those within or adjacent to the 
duodenum when the scope tip may be acutely an-
gulated.

Endoscopic Ultrasound with Fine Needle 
Biopsy 
In cases where tissue architectural details and im-
munohistochemical staining are required, obtain-
ing a core-tissue specimen via EUS-FNB may be 

Table 28.2   Endosonographic features of intramural subepithelial lesions
Subepithelial lesion Echogenicity/appearance EUS layer of origin
Carcinoid Hypoechoic 2 or 3
Granular cell tumor Hypoechoic 2 or 3
Varices Anechoic, serpiginous structures 2 or 3
Inflammatory Fibroid Polyp Hypoechoic, indistinct margins 2 or 3
Leiomyoma Hypoechoic 2 or 4
Pancreatic rest Hypoechoic/mixed; may contain anechoic 

tubular spaces
2, 3 or 4

Lipoma Intensely hyperechoic 3
Gastrointestinal stromal tumor Hypoechoic; may contain echogenic foci or 

anechoic spaces
4

Duplication cyst Anechoic, compressible; 3- or 5-layer wall 
may be visible

Any, or extramural

Layer 2 = deep mucosa; layer 3 = submucosa; layer 4 = muscularis propria
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advantageous [34]. Another potential advantage 
of obtaining tissue cores is that specimen ad-
equacy can be determined by the endoscopist, 
whereas FNA samples require an on-site cytopa-
thologist. Combining EUS-FNA with FNB may 
be superior to either tissue sampling technique 
alone, [35] although this approach has not been 
extensively studied in patients with subepithelial 
lesions.

Endoscopic Mucosal Resection and 
Endoscopic Submucosal Dissection 
In select cases, EMR or ESD of subepithelial le-
sions may be performed to simultaneously obtain 
a histologic diagnosis as well as provide defini-
tive treatment. This approach may be considered 
for situations in which FNA or FNB is likely to 
be low yield (e.g., very small lesions, suspected 
symptomatic pancreatic rest) or when previous 
stacked biopsies were diagnostic for a lesion 
that warrants resection (e.g., carcinoid tumor, 
granular cell tumor). Although associated with 
an increased risk for complications, endoscopic 
resection of lesions arising from the submucosa 
and even muscularis propria is increasingly per-
formed and has a high diagnostic yield (87–94 %) 
[10, 16, 36–41]. It is necessary to identify the 
layer of origin with EUS before attempting re-
section because the risks are directly related to 
the depth of the tumor. Traditional saline-assisted 
polypectomy and cap-assisted EMR may be used 
to resect lesions. A relatively simple and elegant 
way of resecting small lesions that arise from the 
deep mucosa or submucosa (without sonographic 
evidence of involvement of the muscularis pro-
pria) is endoscopic band ligation with snare pol-
ypectomy. This technique is frequently employed 
for the resection of rectal carcinoids smaller than 
1 cm in diameter, and has been shown to be su-
perior to conventional polypectomy in terms of 
achieving complete resection with negative mar-
gins [42, 43]. Band ligation with or without elec-
trosurgical resection has also been employed as a 
promisingly safe and effective method of treating 
small subepithelial lesions arising from the mus-
cularis propria, including GISTs [37, 44–46]. In 

the so-called “ligate and let-go” technique, snare 
resection is not performed at the time of band 
ligation, thereby avoiding the risks of bleeding 
and perforation. Rather, the lesion is allowed to 
undergo ischemic necrosis and spontaneously 
slough off over time. The long-term effectiveness 
of this technique as a treatment option remains to 
be shown and a downside to this technique is the 
lack of a complete specimen for histologic ex-
amination.

Case Continued 

Rectal endoscopic ultrasound was performed to 
further evaluate the subepithelial lesion found 
during colonoscopy. A linear echoendoscope was 
selected for this examination because tissue sam-
pling was anticipated. The examination demon-
strated a hypoechoic, heterogeneous 3-cm lesion 
involving the submucosa, muscularis propria, 
and perirectal fat with an irregular outer border 
(Fig. 28.5). Fine needle aspiration was performed 
using a 22-gauge needle. Cytologic examination 
was positive for malignancy consistent with mu-
cinous adenocarcinoma.

Fig. 28.5    Endoscopic ultrasound examination of a sub-
epithelial lesion located in the proximal rectum of the pa-
tient with a prior history of sigmoid colon cancer. 
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Diagnosis and Management of 
Specific Gastrointestinal Subepithelial 
Lesions 

Gastrointestinal Stromal Tumor (GIST): 
What EUS Features Predict Malignancy 
and How are Incidental GISTs Managed?

GISTs are the most common intramural subepi-
thelial lesion encountered in the gastrointestinal 
tract, with approximately 4000–6000 new cases 
diagnosed each year and an estimated prevalence 
of 129 cases per million [47, 48]. They are most 
commonly located in the stomach (60–70 %), fol-
lowed by the small bowel (20–30 %), colon and 
rectum (5 %), and esophagus (< 5 %) [49]. GISTs 
may also arise from outside the gastrointestinal 
tract, in locations such as the mesentery, omen-
tum, and retroperitoneum.

The clinical presentation of GISTs is quite 
variable, and related primarily to tumor size and 
location. Small GISTs are frequently asymptom-
atic, detected incidentally during endoscopic or 
radiographic studies performed for unrelated rea-
sons. Symptomatic GISTs most commonly pres-
ent with acute or chronic bleeding due to tumor 
ulceration. Other presenting signs or symptoms 
include abdominal pain, early satiety, dyspha-
gia, gastric outlet obstruction, palpable masses, 
or acute abdomen (secondary to intra-abdominal 
hemorrhage) [50–52].

Endoscopic and Endosonographic 
Features
GISTs typically are round/oval, firm lesions with 
smooth contour and normal overlying mucosa, 
although ulceration may be present with larger 
tumors (Fig. 28.6). Endosonographically, GISTs 
are typically hypoechoic and most commonly 
originate from the fourth EUS layer (muscularis 
propria). Important features to assess by EUS 
include the size, regularity of the outer border, 
and presence of echogenic foci and cystic spaces. 
Large tumor size (> 3  cm) and irregular border 
are the most reliable predictors of malignant be-
havior; other less consistent predictors include 
heterogeneous echotexture, cystic spaces, ex-
traluminal growth, and hypervascularity [53–57].

Diagnosis and Management 
GISTs were originally considered smooth muscle 
tumors, but are now known to arise from the in-
terstitial cells of Cajal, which are the pacemaker 
cells of the gastrointestinal tract. Histologically, 
the majority of GISTs are composed of spindle 
cells arranged in interlacing, short fascicles or 
in a storiform pattern of growth (Fig.  28.6). A 
smaller proportion of GISTs are composed of 
epithelioid cells or a mixed cellular composition. 
The hallmark immunohistochemical feature of 
GISTs that distinguishes them from other mes-
enchymal/spindle cell tumors is positive staining 
for CD117 (c-KIT), which is expressed in over 
90 % of GISTs [58–60]. A novel marker known 
as DOG1 (discovered on gastrointestinal stromal 
tumors 1) is comparable to CD117 in terms of 
sensitivity and specificity, and may be especially 
useful in diagnosing cases of CD117-negative 
GISTs [61, 62]. Other markers that may be ex-
pressed include CD34 (60–80 %), and less com-
monly smooth muscle actin (SMA) and S100.
[58]. While these markers are generally unhelp-
ful in confirming a diagnosis of GIST, they are 
useful in the diagnosis or exclusion of other gas-
trointestinal mesenchymal tumors [63].

Patients with GISTs should ideally be man-
aged by a multidisciplinary team with expertise 
in sarcomas or tumors of the gastrointestinal tract 
[64, 65]. Gastroenterologists, working in con-
junction with pathologists, are usually responsi-
ble for establishing the diagnosis and facilitating 
the appropriate referrals. Surgeons and medical 
oncologists are primarily responsible for devel-
oping a comprehensive treatment plan based on 
the resectability of the primary tumor, the aggres-
siveness of the tumor (Table 28.3), and the extent 
of any possible metastases.

Treatment of Localized GISTs 
Surgical resection is the mainstay of therapy for 
patients with localized GIST, and should be the 
initial treatment if the tumor is technically re-
sectable and the patient is a surgical candidate. 
However, the management of small, incidentally 
detected GISTs is controversial, and surgical re-
section of all such lesions may not be feasible 
or in the patient’s best interest. The National 
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Comprehensive Cancer Network and the Euro-
pean Society for Medical Oncology recommend 

that all GISTs 2 cm or larger should be resected 
[64, 66], whereas the American Gastroenterolog-

Table 28.3   Proposed modification of NIH consensus classification for assessing risk of aggressive behavior in gas-
trointestinal stromal tumors
Risk category Tumor size (cm) Mitotic index (per 50 HPF) Primary tumor site/integrity
Very low < 2 ≤ 5 Any site
Low 2–5 ≤ 5 Any site
Intermediate <5 6–10  Any site

2–5 > 5  Gastric
5–10 ≤ 5 Gastric

High > 10 Any mitotic rate Any site
Any size > 10 Any site
> 5  > 5  Any site
2–5 > 5  Non-gastric
5–10 ≤ 5  Non-gastric
Any size Any mitotic rate Tumor rupture

Adapted from Joensuu [123]

Fig. 28.6   Gastrointestinal stromal tumor (GIST). a En-
doscopic appearance of a gastric GIST, featuring a focal 
surface ulceration. b Endosonographic appearance of a 
gastric GIST, characterized as a hypoechoic round lesion 

arising from the muscularis propria. c Histologic features 
of GISTs include spindle cells arranged in interlacing, 
short fascicles. d Immunohistochemical stain for CD117 
(c-KIT) is strongly and diffusely positive
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ical Association’s recommended size threshold 
for resection is 3  cm (as well as tumors < 3  cm 
with concerning EUS features) [7]. Studies ex-
amining the natural history of small, asymptom-
atic gastrointestinal subepithelial lesions arising 
from the muscularis propria suggest that the vast 
majority do not change significantly over time 
[67–71]. Therefore, surveillance may be a safe 
approach for the management of such lesions, 
provided they do not display suspicious EUS fea-
tures. Surveillance may also be appropriate for 
patients with significant comorbidities, advanced 
age, or high surgical risk [72]. It is important that 
all patients being considered for surveillance un-
derstand the possible malignant potential of all 
GISTs, as well as the risks and benefits of serial 
EUS examinations versus surgical resection. The 
optimal surveillance interval has not been estab-
lished, but 6- to 12-month intervals are generally 
considered appropriate [64, 72].

While not commonly performed, endoscopic 
resection of GISTs has been described using 
a variety of techniques, such as EMR, ESD, 
band ligation-assisted resection, and endoscopic 
enucleation/excavation [37, 40, 44, 46, 73, 74]. 
Because GISTs typically arise from the mus-
cularis propria, endoscopic resection carries a 
considerable risk for complications, especially 
bleeding and perforation. In one of the largest 
published studies on this topic, 97 patients with 
gastric GISTs less than 3.5 cm in size underwent 
attempted resection using a technique termed 
“endoscopic excavation.” In this technique, the 
overlying mucosa is incised in a cross pattern to 
expose the tumor, which is then separated from 
the surrounding tissue by injection of a solution 
of saline, indigo carmine, and epinephrine. After 
achieving adequate exposure, the tumor is exca-
vated from the muscularis propria layer using a 
snare, insulated-tip knife or hook knife, and the 
gastric wall defect is closed using hemostatic 
clips. Using this modified ESD technique, resec-
tion was successful in 91 patients (94 %), with a 
perforation rate of 24 % [73]. Another option is 
the band “ligate and let-go” technique, which is 
technically simple and likely safe for resection 
of GISTs less than 1 cm in size, although the ad-
equacy of resection remains questionable. There-

fore, given the current concerns regarding safety 
and long-term efficacy, endoscopic resection of 
GISTs cannot be routinely recommended at this 
time.

Leiomyoma: What is the Recommended 
Management?

Leiomyomas are benign smooth muscle tumors 
that arise from either the muscularis mucosae or 
muscularis propria. Although quite rare, they are 
the most common mesenchymal tumor found in 
the esophagus, and can also occur infrequently 
in the colon (predominately in the rectum or sig-
moid colon), stomach, or small bowel.

Leiomyomas are classically very slow grow-
ing, and as such are frequently asymptomatic. 
They can present at any age, with a peak inci-
dence in the third to fifth decades. The most com-
mon symptoms of esophageal lesions are dyspha-
gia or chest discomfort [75]. Rarely, leiomyomas 
may ulcerate and bleed. Malignant transforma-
tion is extremely uncommon.

Endoscopic and Endosonographic 
Features 
Esophageal leiomyomas most commonly occur 
in the mid- to distal esophagus, correlating with 
the muscular composition of the esophagus. 
They usually appear as a solitary smooth flat or 
hemispheric bulge with intact overlying mucosa 
(Fig.  28.7) [76]. Some may be annular and en-
circle the esophagus. In the colon, they appear 
as smooth polypoid lesions that have a firm 
consistency. Endosonographically, leiomyomas 
appear hypoechoic, homogeneous, and well-cir-
cumscribed arising from the muscularis propria 
or muscularis mucosae.

Diagnosis and Management 
Histologically, leiomyomas are characterized by 
fascicles of spindle cells, with low-to-moderate 
cellularity and absent or low mitotic activity 
(Fig.  28.7). On immunohistochemical testing, 
leiomyomas stain positive for smooth muscle 
actin (SMA) and desmin, but negative for CD117, 
CD34, and S100.
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Asymptomatic leiomyomas generally do not 
require intervention, but rather expectant obser-
vation and periodic surveillance by radiography, 
endoscopy, or EUS [77]. The natural history of 
most asymptomatic esophageal leiomyomas is 
usually benign, with most tumors remaining sta-
ble in size for many years; thus, a non-surgical 
approach is justified. Indications for resection 
include unremitting symptoms, increase in tumor 
size, large size, mucosal ulceration, and the need 
to obtain definite histopathologic diagnosis. 
Surgical resection is the traditional treatment of 
choice for esophageal leiomyomas, most com-
monly via thoracotomy (or more recently, tho-
racoscopy) with transthoracic extramucosal enu-
cleation. Endoscopic resection via EMR or ESD 
techniques can be considered for small lesions 
that arise from the muscularis mucosae [78]. As 
with GISTs, there is growing experience with en-
doscopic resection of leiomyomas arising from 
the muscularis propria [38, 40, 45, 73, 74, 79], 
but this approach has not been widely embraced 
in the United States.

Lipoma: What Endoscopic and EUS 
Features are Diagnostic?

Lipomas are benign tumors composed of mature 
adipocytes. In the gastrointestinal tract, they are 
most commonly found in the colon, and only 
rarely in the upper gastrointestinal tract or small 
bowel. Gastrointestinal tract lipomas are usually 

asymptomatic, but depending on size and loca-
tion, may result in complications or symptoms 
such as abdominal pain, change in bowel habits, 
bleeding or obstruction from intussusception.

Endoscopic and Endosonographic 
Features
Endoscopically, lipomas are characterized by a 
yellowish hue and soft consistency with a posi-
tive “pillow/cushion sign” which is 98 % specific, 
but only 40 % sensitive for lipomas [8]. In addi-
tion, grasping the overlying mucosa with a biop-
sy forceps easily pulls the mucosa away from the 
underlying lesion (“tent sign”). Stacked biopsies 
may occasionally produce an extrusion of fatty 
tissue (“naked fat sign”). Lesions that lack these 
characteristic endoscopic features should be in-
vestigated further with EUS. The finding of an 
intensely hyperechoic, well-circumscribed mass 
arising from the submucosal layer is diagnostic, 
making further diagnostic testing or tissue acqui-
sition unnecessary (Fig. 28.8).

Diagnosis and Management 
The diagnosis of lipomas can be made based 
on the characteristic endoscopic and EUS fea-
tures. Asymptomatic lipomas require no treat-
ment, whereas symptomatic lipomas should be 
resected, traditionally via surgery. Endoscopic 
resection can be considered in circumstances 
when the clinical situation allows for elective 
resection. Although endoscopic resection of lipo-
mas larger than 2  cm was initially discouraged 

Fig. 28.7   Esophageal leiomyoma. a Endoscopic ap-
pearance of an esophageal leiomyoma resulting in mild 
compression of the esophagus. b Endosonographic ex-
amination demonstrates a homogenous, hypoechoic mass. 

c Histologic features include spindle cells arranged in fas-
cicles with absent or low mitotic activity. Immunohisto-
chemical stain for smooth muscle actin (inset lower right 
corner) is diffusely positive
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due to increased risk of perforation, several case 
reports have described safe resection techniques 
even for large lesions. The spectrum of tech-
niques includes saline/epinephrine-lift with snare 
resection, ligation of the base with a detachable 
loop prior to snare resection or as a stand-alone 
therapy to induce ischemic necrosis and spon-
taneous separation from the wall (“loop and let 
go”), and unroofing techniques [80–85]. On a 
practical note, endoscopists who endeavor to 
perform snare resection of large lipomas should 
be aware that fatty tissue conducts electrosurgi-
cal current inefficiently, so careful assessment of 
snare placement is necessary to avoid inadvertent 
application of cautery through the tumor itself.

Carcinoid Tumor: When is Endoscopic 
Resection Indicated?

Carcinoid tumors constitute a heterogeneous 
group of tumors that arise from neuroendocrine 
cells of the gastrointestinal tract. They can arise 
in any portion of the gut, most commonly in the 
small intestine and in the rectum [86–88]. Gas-
tric carcinoids, which represent approximately 
6 % of all carcinoids, are categorized into three 
types: (1) Type I carcinoids (most common) are 
associated with chronic atrophic gastritis, achlor-
hydria, hypergastrinemia and often pernicious 
anemia; (2) Type II carcinoids occur in the set-
ting of Zollinger–Ellison syndrome and MEN-I; 

and (3) Type III carcinoids (sporadic) are usually 
solitary, large tumors that develop in normal gas-
tric mucosa without hypergastrinemia; these tend 
to display aggressive local behavior and have a 
high incidence of metastasis.

Most carcinoids are non-functioning tumors 
and do not create symptoms from excess hor-
mone production and release. Presenting features 
may include non-specific symptoms such as pain, 
nausea, and vomiting from local invasion, bowel 
obstruction, or mesenteric ischemia. The carci-
noid syndrome, characterized by the well-known 
features of flushing, wheezing, and diarrhea, oc-
curs in approximately 20–30 % of well-differ-
entiated midgut carcinoids (small bowel to the 
proximal colon), but rarely, if ever, occurs with 
foregut and hindgut tumors. Carcinoid syndrome 
is usually due to release of vasoactive com-
pounds such as serotonin and tachykinins from 
hepatic metastases, but may also occur if there is 
direct retroperitoneal involvement, with venous 
drainage that bypasses the liver.

Endoscopic and Endosonographic 
Features
Endoscopically, carcinoids usually appear 
smooth, round, and yellowish. They tend to have 
a firm consistency, and may have a central de-
pression or ulceration (Fig. 28.9) [89]. On EUS, 
carcinoids appear as hypoechoic, homogeneous 
lesions with smooth margins, typically arising 
from the deep mucosa or submucosa.

Diagnosis and Management
Unlike most other subepithelial lesions, carci-
noids can usually be diagnosed using standard 
biopsy forceps because they often originate from 
the deep mucosal layer. Histologically, they are 
characterized by small, round, or polygonal, uni-
form cells arranged in nests, trabecular, or gyri-
form patterns. Immunohistochemical stains for 
synaptophysin and chromogranin are strongly 
and diffusely positive, establishing the diagnosis 
(Fig. 28.9).

The treatment of widespread disease and 
syndromes associated with hormonal hyperse-
cretion is beyond the scope of this chapter. The 

Fig. 28.8   Endosonographic appearance of a small gastric 
lipoma, characterized by an intensely hyperechoic lesion 
within the submucosa
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management of localized carcinoids depends on 
tumor location and size. Surgical resection of the 
primary tumor and local lymph nodes is consid-
ered the only potentially curative treatment [87, 
90, 91]. Type I and II gastric carcinoids that are 
smaller than 1  cm in size may be managed by 
annual endoscopic surveillance alone given their 
extremely low risk of local invasion and metas-
tasis. Endoscopic resection can be considered 
for type I and type II gastric carcinoids that are 
1–2 cm in size and do not invade the muscularis 
propria on EUS imaging [7, 92, 93]. Whenever 
possible, surgical resection and lymph node dis-
section should be performed for Type III gastric 
carcinoids given their more aggressive nature. 

Rectal carcinoids smaller than 1 cm in size can 
also be adequately treated by endoscopic resec-
tion, with little risk for local or distant recurrence 
(Fig. 28.10) [94]. There is debate concerning the 
adequacy of endoscopic resection of rectal le-
sions 1–2 cm in size, and rectal carcinoids larger 
than 2  cm should be resected surgically [87]. 
Both small intestine and colon carcinoids should 
be surgically resected due to their more aggres-
sive nature.

From a practical standpoint, band-ligation 
EMR is probably the most technically simple, 
safe, and effective approach to resection of suit-
able carcinoid tumors [95]. Endoscopic submu-
cosal dissection may also be considered, depend-
ing on local expertise and experience.

Fig. 28.9   Duodenal carcinoid tumor. a Endoscopic ap-
pearance of a carcinoid in the duodenal bulb, demonstrat-
ing a central depression. b Endosonographic appearance 

of a duodenal carcinoid. c Histologic features of gastric 
carcinoid. d Immunohistochemical stains for chromo-
granin A are positive
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Pancreatic Rest: What Endoscopic and 
EUS Features Are Characteristic? 

Pancreatic rests represent ectopic pancreatic tis-
sue within the wall of the gastrointestinal tract. 
They are most commonly detected in the gastric 
antrum, but also may occur in the duodenum or 
proximal jejunum. The majority of these lesions 
are asymptomatic with no clinical significance, 
but rare complications have been reported, in-
cluding ulceration, bleeding, gastric outlet ob-
struction, pancreatitis, and even malignancy [96].

Endoscopic and Endosonographic 
Features
Endoscopically, pancreatic rests typically are 
soft, malleable round/oval subepithelial nodules, 
often with a central umbilication that represents 
the orifice of a draining duct (Fig. 28.11). They 

are most commonly located in the 3 o’clock to 7 
o’clock position of the antrum along the poste-
rior wall of the greater curvature. On EUS, they 
usually appear hypoechoic or heterogeneous 
with indistinct margins, and may contain an-
echoic tubular areas (duct structures), and local-
ize within the second, third, or fourth echolayers 
[97, 98].

Diagnosis and Management 
The diagnosis of pancreatic rest can usually be 
confidently established based on the endoscopic 
and EUS features. Histologic confirmation, al-
though not usually necessary, may occasionally 
be obtained by inserting biopsy forceps within 
the central umbilication, or most effectively by 
band-ligation EMR or cap-assisted EMR tech-
niques [10, 36, 99]. Histologic examination of 
resected specimens would be expected to reveal 

Fig. 28.10   Band ligation-endoscopic mucosal resection 
of a small rectal carcinoid. a Endoscopic appearance of 
rectal carcinoid. b Endosonographic examination of the 
rectal carcinoid confirms the absence of involvement of 

the muscularis propria, and size under 1 cm. c Band liga-
tion of the rectal carcinoid. d Complete resection of the 
rectal carcinoid achieved by endoscopic resection
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submucosal lobules of pancreatic acinar tissue 
with associated ducts (Fig.  28.11). These resec-
tion techniques may also be employed for treat-
ment of symptomatic pancreatic rests, provided 
the muscularis propria is not involved based on 
EUS examination. No specific management other 
than expectant observation is necessary for as-
ymptomatic, incidentally detected pancreatic 
rests.

Granular Cell Tumor: What is the 
Role of Endoscopy in Diagnosis and 
Management? 

Granular cell tumors (GCTs) are rare tumors of 
Schwann cell origin with a predilection for the 
upper digestive tract, skin, and soft tissue. They 
are relatively rare in the gastrointestinal tract, 
where they are most commonly found the lower 
third of the esophagus and can be multifocal 
[100]. These tumors are usually asymptomatic 
and found incidentally, but rarely can ulcerate, 
bleed, or obstruct. They are generally considered 
benign, although rare occurrences of malignant 
transformation have been reported in large GCTs 
(> 4 cm size) or tumors that exhibit rapid recent 
growth and/or rapid recurrence after excision 
[101–103].

Endoscopic and Endosonographic 
Features
Endoscopically, GCTs appear as a slightly el-
evated, firm nodule, with a whitish-gray or 

yellowish hue (Fig.  28.12). On EUS, they ap-
pear as hypoechoic lesions with smooth mar-
gins, usually confined to the second or third 
echolayer (deep mucosa or submucosa, respec-
tively) [104, 105].

Diagnosis and Management 
In the majority of cases, stacked biopsies using 
standard forceps will yield the diagnosis [104]. 
Endoscopic resection using band-ligation EMR 
or cap-assisted EMR can also be performed 
for small GCTs to establish the diagnosis and 
provide definitive treatment. Histologically, 
they are characterized by sheets or nests of 
large polygonal cells with granular cytoplasm 
and small round nuclei. Immunohistochemical 
stains will be positive for S100, indicative of 
neural origin.

There is no consensus on the optimal man-
agement of small, incidentally detected GCTs of 
the gastrointestinal tract. Small GCTs (< 2  cm) 
limited to the mucosa and submucosa can be 
resected via band-ligation EMR or cap-assisted 
EMR, provided there is available endoscopic 
expertise [104, 106]. Alternatively, endoscopic/
EUS surveillance every 1–2 years may be ap-
propriate, given the low-malignant potential of 
small gastrointestinal tract GCTs. Patients with 
large GCTs should be referred for consideration 
of surgical resection.

Fig. 28.11   Pancreatic rest. a Endoscopic appearance 
of a pancreatic rest in the stomach, featuring a pseudo-
papilla. b Endosonographic examination demonstrates a 
heterogeneous “salt-and-pepper” appearance typical of 

pancreatic parenchyma within the submucosa, including 
small anechoic spaces corresponding to ductal structures. 
c Histologic features of an endoscopically resected pan-
creatic rest
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Duplication Cysts: What is the Role of 
EUS/EUS-FNA in Diagnosis?

Duplication cysts arise during embryonic devel-
opment, possibly related to errors of recanaliza-
tion and fusion of longitudinal folds. They may 
occur at any level from oral cavity to rectum, 
with the small bowel being the most common 
site. Duplication cysts are usually asymptom-
atic, but can rarely result in symptoms due to 
mass effect (dysphagia, gastric outlet or bowel 
obstruction, pancreatitis), as well as bleeding, 
intussusception, and even perforation. Instances 
of malignant transformation (mainly adenocar-
cinoma arising within gastric duplication cysts) 
have been reported, although this is a very rare 
event [107].

Endoscopic and Endosonographic 
Features
Endoscopically, duplication cysts are rounded or 
tubular in morphology, with smooth contours. In 
the esophagus, they may mimic the appearance 
of esophageal varices, but without the bluish 
coloration. They are usually compressible and 
soft in consistency. On EUS imaging, duplica-
tion cysts usually appear as anechoic structures 
within the submucosal layer, or adjacent to the 
wall of the gastrointestinal tract. A 3- or 5- layer 
wall may be visible, and fluid levels and internal 
echogenic foci from mucinous material or debris 
may be present (Fig. 28.13) [108–111].

Fig. 28.12   Esophageal granular cell tumor. a Endoscopic examination reveals a small, firm nodule with a yellowish 
hue located in the distal esophagus. b Endosonographic appearance of a small esophageal granular cell tumor

 

Fig. 28.13   Esophageal duplication cyst. a Endoscopic appearance, featuring a shiny, translucent appearance. b Endo-
sonographic examination reveals a Doppler-negative anechoic structure
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Diagnosis and Management 
The diagnosis can be established by EUS-FNA to 
sample the cyst fluid although this is not always 
required and the information obtained by FNA 
must be weighed against the high risk of infec-
tion. EUS-FNA is recommended when diagnos-
tic uncertainty remains for atypical-appearing le-
sions following EUS evaluation. The use of pro-
phylactic antibiotics and smaller gauge needles 
(22-gauge) is recommended if cyst aspiration is 
performed [108]. The aspirated fluid may have a 
thick, gel-like consistency, and cytologic exami-
nation may reveal pseudostratified columnar-cili-
ated epithelium in a background of proteinaceous 
debris, mucin, and histiocytes [108, 112].

Management of asymptomatic duplication 
cysts is usually expectant observation, with the 
option of periodic EUS surveillance. The treat-
ment of symptomatic or enlarging cysts has tra-
ditionally been surgical resection or marsupial-
ization. Endoscopic treatments that have been 
described in case reports include snare resection, 
endoscopic incision, and marsupialization [113–
116].

Inflammatory Fibroid Polyps: What 
Endoscopic and Histologic Findings are 
Characteristic? 

Inflammatory fibroid polyps (IFPs), also known 
as Vanek tumors, are rare, benign mesenchymal 
tumors that can occur throughout the gastroin-
testinal tract. They are most commonly found 
in the colon and stomach (although only repre-
senting  <  0.1 % of all gastric polyps) [117]. The 
etiology of these lesions is uncertain, but a high 

frequency of platelet-derived growth factor re-
ceptor alpha (PDGFR-A) mutation points to an 
underlying clonal, neoplastic pathogenesis [118].

The clinical presentation of IFPs largely de-
pends on the location of the lesion. Gastric IFPs 
may cause abdominal pain, gastric outlet obstruc-
tion, or bleeding. Small intestinal lesions fre-
quently present with intussusception [119].

Endoscopic and Endosonographic 
Features
Endoscopically, IFPs are usually firm, solitary, 
semi-pedunculated, and often ulcerated or with 
an erythematous central depression (Fig. 28.14) 
[120]. Gastric IFPs are usually located in the an-
trum or pyloric region. On EUS imaging, they 
appear as hypoechoic, homogenous lesions with 
indistinct margins, located in the deep mucosa or 
submucosa, without the involvement of the mus-
cularis propria [121].

Diagnosis and Management 
Histologically, IFPs consist of submucosal pro-
liferations of spindle cells, small vessels, and a 
striking inflammatory infiltrate predominated by 
eosinophils (Fig.  28.14). Another characteristic 
finding is the presence of concentric cuffing of 
vessels by the spindle cells, referred to “onion 
skinning” [119]. Immunohistochemical staining 
for CD34 is diffusely and strongly positive in the 
majority of IFPs, but negative for CD117.

IFPs may be safely resected using standard 
electrosurgical snare polypectomy, with or with-
out the use of a detachable loop. As most IFPs do 
not recur after resection, no surveillance is neces-
sary [122].

Fig. 28.14   Gastric inflammatory fibroid polyp (Vanek 
tumor). a Endoscopic appearance, characterized by cen-
tral depression/ulceration and location in the antrum. 

b Endosonographic appearance. c Histologic features 
characterized by prominent eosinophilic infiltrate
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Case Continued 

The patient underwent laparotomy with low 
anterior resection of the recurrent tumor. Sur-
gical pathologic examination revealed a 
3.5 cm x 3 cm x 2 cm well-to-moderately differen-
tiated mucinous adenocarcinoma located mainly 
in the muscularis propria, extending to the sero-
sal surface. The patient completed adjuvant che-
motherapy and has had no evidence of residual or 
recurrent disease after 3 years of follow-up since 
the operation.

Conclusion 

Subepithelial lesions of the gastrointestinal tract 
can represent a wide variety of processes, includ-
ing congenital abnormalities, extrinsic compres-
sion from adjacent structures, and intramural 
neoplasms. Gastroenterologists should be famil-

iar with the diagnostic features and management 
of the most commonly encountered subepithelial 
lesions discussed in this chapter. A stepwise eval-
uation (Fig. 28.15) including careful endoscopic 
examination followed by EUS with or without 
tissue acquisition will lead to the correct diagno-
sis in the majority of cases.

Key Points 

•	 Subepithelial lesions can occur throughout 
the gastrointestinal tract, and warrant careful 
evaluation given the possibility of underlying 
malignancy or premalignant pathology.

•	 Routine endoscopic examination and stacked 
biopsies are useful first steps in evaluation of 
many subepithelial lesions, but endoscopic 
ultrasound is the best diagnostic modality and 
should be performed in the majority of cases.

Fig. 28.15   An algorithmic approach to the evaluation of subepithelial lesions of the gastrointestinal tract
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•	 Endoscopic ultrasound-guided fine needle 
aspiration or fine needle biopsy should be 
performed to achieve a definitive cytologic or 
histologic diagnosis when there is diagnostic 
uncertainty or concern for malignancy.

•	 Tissue acquisition by endoscopic submucosal 
resection or dissection can be considered for 
definitive diagnosis and therapy in selected 
cases, after endosonographic examination 
excludes involvement of the muscularis pro-
pria.

Video Caption

Video 28.1 This video demonstrates the endo-
scopic and endosonographic appearance of a 
gastric GIST, as well as two methods for tissue 
acquisition: stacked biopsies using forceps and 
fine needle aspiration. In this case, both methods 
confirmed the diagnosis of GIST
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Introduction

Endosonography is a highly effective method of 
evaluating patients with lung cancer, malignant 
lymphadenopathy, and other mediastinal condi-
tions such as cysts and masses. Due to the cen-
tral location of the esophagus within the chest, 
transesophageal EUS offers reliable access to 
the posterior and inferior mediastinum [1]. En-
dosonography can be used to assess non-specific 
generalized lymphadenopathy in the absence of 
a known primary. Interventional endosonography 
in the mediastinum with transesophageal drain-
age of mediastinal fluid collections has also been 
reported [2–4].

Another complementary tool available for 
evaluation of mediastinal lymphadenopathy 
and cancer staging is endobronchial ultrasound 
(EBUS) which is typically performed during 
bronchoscopy. The combination of the two mo-
dalities allows near-complete access to all me-
diastinal lymph node stations. Due to the more 
anterior location of the trachea, EBUS is pre-
ferred for evaluating upper anterior pathology, 
particularly when the air-filled trachea obscures 
the view from the esophagus.

EUS and its indications within the mediasti-
num are discussed in this topic review. In addition, 
the advantages, disadvantages, and complications 
of EUS are reviewed.

Case

A 62-year-old male smoker with a history of hy-
pertension and diabetes presented with dyspnea, 
coughing, fatigue, and fevers. He works as a me-
chanic and denies any history of recent travel. 
On physical examination, oxygen saturation was 
97 % on room air, no lymphadenopathy was pal-
pable, and lungs were clear. His chest X-ray was 
abnormal, showing hilar fullness. A CT chest 
revealed significant mediastinal lymphadenopa-
thy. Subsequent PET scan revealed mild uptake 
by the mediastinal lymph nodes. Sputum culture, 
blood culture, and skin testing for tuberculosis 
were negative. What is the next step to evaluate 
the lymphadenopathy?

When Is EUS of the Mediastinum 
Indicated?

The indications for endosonography of the me-
diastinum are listed in Table  29.1. Endosonog-
raphy for Barrett’s dysplasia, esophageal cancer 
and staging, and esophageal mural lesions are 
addressed elsewhere (Chaps.  25 and 28). In ad-
dition to evaluating mediastinal lymphadenopa-
thy, lung cancer staging is the main role of EUS 
in the mediastinum. When the lesion of interest 
is paraesophageal, in the posterior or inferior 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_29) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_29.
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mediastinum, EUS-guided fine-needle aspiration 
(FNA) should be the sampling method of choice 
[1]. EBUS is a complementary modality that is 
more suitable for lesions in the anterior or superior 
mediastinum. In support of this concept, our cen-
ter conducted a prospective blinded study which 
demonstrated that the combination of EUS and 
EBUS with FNA was superior to either alone and 
conventional transbronchial FNA alone and had a 
high positive and negative predictive value for de-
tecting malignant lymph nodes in lung cancer [5].

What Are the Techniques  
of Performing EUS and EUS-FNA 
of the Mediastinum?

As described previously in the textbook, endo-
sonography can be performed with a radial or 
linear array echoendoscope. The radial echoen-
doscope provides cross-sectional images perpen-
dicular to the axis of the endoscope (Fig. 29.1 and 
29.2). However, tissue or fluid sampling is not 
possible. The curvilinear array echoendoscope 
provides images parallel to the echoendoscope. 
It has an accessory channel for a biopsy needle 
that can be visualized as a biopsy is being done 
and can be manipulated with an elevator to tar-
get lesions of interest (Figs. 29.3, 29.4 and 29.5). 
The choice of echoendoscope often depends on 
the indication and whether biopsy or aspiration is 
necessary. If biopsy is required, a linear echoen-
doscope should be used.

Most endosonography for routine indications 
can be performed safely under moderate or deep 
sedation. The sonography settings for visualiza-
tion of the mediastinum differ with the indication, 
and structures ranging from a few millimeters up 
to 5–10  cm from the transducer can be visual-
ized depending on the frequency chosen. Typi-
cally, moderate frequencies (5–10 megahertz) are 
used to achieve a balance of high resolution and 
penetration depth. Examination of the esopha-
geal wall is best performed with higher frequen-
cy (10–20 megahertz). The Doppler feature can 
help not only in identifying vascular and other 
structures in the path of the needle but also in de-
fining vascular abnormalities and cystic lesions 
(Fig. 29.6, 29.7 and 29.8). Due to artifacts from 
air, ultrasound imaging of the lung parenchyma 
and structures opposite the air-filled trachea/
bronchi is limited.

The mediastinal tissue, lymph nodes, pleura, 
heart, spine, and vascular structures in the me-
diastinum can be easily identified. The superior 
mediastinum, above the level of the carina, can 
be difficult to visualize because of the anterior 
air containing trachea. The posterior mediasti-
num in this region can still be visualized effec-
tively. Mediastinal lymph nodes can be seen in 
the subcarina, the paraesophageal, and aortopul-
monary (AP) regions (Fig. 29.1b, 29.2 and 29.3, 
Videos 29.1 and 29.2). Subcarinal lymph nodes 
are typically located 27 − 30 cm from the incisor 
teeth with the linear echoendoscope facing an-
terior. With the left atrium visualized on the left 
side of the screen, and the left pulmonary artery 
on the right, the subcarinal lymph node is in the 
center. The AP window lymph nodes are typically 
located 2 cm proximal to the subcarina with the 
echoendoscope facing the left chest (90 ° coun-
terclockwise rotation from subcarina). In this po-
sition, the pulmonary artery is on the left screen, 
aortic arch on the right, and AP window in the 
center. Paraesophageal lymph nodes are located 
throughout the lower mediastinum from 30 cm to 
the gastroesophageal junction. To visualize with 
a linear echoendoscope, it is necessary to rotate 
fully 360 ° at each level, typically every 4−5 cm 
along the lower esophagus.

Table 29.1   Indications for endosonography/FNA/FNB 
of mediastinum
Common indications
 Lymphadenopathy
 Lung cancer nodal staging
 Esophageal cancer tumor
Nodal staging
 Mediastinal mass
Uncommon indications
 Mediastinal vascular abnormalities
 Mediastinal cystic lesions
 Thyroid mass/lesion
 Mediastinal collections

FNA fine-needle aspiration, FNB fine-needle biopsy
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Pretracheal and paratracheal lymph nodes are 
more challenging to visualize unless these are 
large or located lateral to the trachea. However, 
the esophagus can sometime be mobilized lat-
eral with the endoscope to allow access even to 
pretracheal structures. Careful evaluation of the 
mediastinum may require evaluation with both 
radial and linear echoendoscopes to better lo-
calize the lymph nodes to be targeted for FNA. 
Lymph nodes lateral to large arteries such as the 
aorta can be visualized, but FNA through the ves-

sel should generally be avoided, although case 
reports suggest it can be done safely in specific 
circumstances [6] (Fig. 29.9).

Fine-needle aspiration—Endosonography 
with a linear echoendoscope enables FNA under 
direct visualization and rapid on-site cytological 
evaluation (Videos  29.3 and 29.4). This ability 
gives endosonography a unique advantage over 
other invasive methods such as mediastinoscopy 
and can provide information that can prevent tho-
racoscopy and surgery [7–9]. Needles are avail-

Fig. 29.2   Radial view of subcarinal lymph node

 

Fig. 29.1   a Endoscopic image of circumferential esophageal mass. b Peritumoral lymph node in the 2 o’clock position. 
c Radial EUS (endoscopic ultrasound) image of hemicircumferential esophageal mass
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able in 25, 22, and 19 gauge sizes. Core biopsy 
needles are also available that enable histological 
samples which may be helpful in lymphoma or 
granulomatous disease [10].

Cytology can be obtained with any size aspira-
tion needle. We typically use 22- or 25-G needles 

as they are more flexible than a 19G. Core biop-
sies may be helpful when considering a diagnosis 
of sarcoidosis or lymphoma, such as in a patient 
with enlarged lymph nodes in the absence of a 
primary lung mass. Core samples can typically be 
obtained with a 19-G aspiration needle or any of 
the available core biopsy needles. The presence 
of rapid on-site cytological evaluation (ROSE) 
by a cytopathologist or cytotechnologist has been 
shown in studies to increase the diagnostic yield 
of cytology and is recommended whenever fea-
sible especially when evaluating lymphadenopa-
thy as the cytologist or cytotechnologist will aid 
in the appropriate triaging of tissue for ancillary 
testing. If ROSE is unavailable, at least 3 passes 
should be obtained from the lymph node for both 
cytology (including flow cytometry if lymphoma 
is suspected) and microbiology.

Case Continued

Endosonography was performed using a lin-
ear echoendoscope to evaluate the mediastinal 
lymph nodes. Core biopsies were obtained with 

Fig. 29.3   Linear view of aortopulmonary node

 

Fig. 29.4   Linear view of periaortic node
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a 19-gauge trucut needle (Cook Medical, Bloom-
ington, IN) for histology due to the suspicion for 
sarcoidosis with lymphadenopathy in the absence 
of a lung mass. Histology revealed granulomas 
consistent with sarcoidosis, and cultures were 
negative for fungi and mycobacterium.

How Accurate Is EUS-FNA  
for Diagnosing Mediastinal Diseases?

Benign Diseases

Benign lymphadenopathy can be seen in inflam-
matory conditions such as sarcoidosis and in 
infections such as tuberculosis and histoplasmo-
sis. EUS-FNA is a safe and minimally invasive 

Fig. 29.7   Doppler of aneurysm

 

Fig. 29.6   A 1.5-cm vascular aneurysm of a branch from 
the aorta

 

Fig. 29.5   Linear view of lung mass encasing aorta
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method of obtaining tissue and has a robust yield 
when the index of suspicion is high [11–14]. A 
recent randomized study of 301 patients sus-
pected of having sarcoidosis compared conven-
tional bronchoscopy with transbronchial and en-
dobronchial mucosal biopsies to EUS or EBUS 
with FNA [15]. In the EUS/EBUS arm, 22-gauge 
needles were used, and when a cytologist was not 
present, 4 passes were performed into the lymph 
node. Diagnostic yield for detecting granulomas 
was significantly higher in the ultrasound arm (80 

vs. 53 %, p < 0.001) with EUS performing better 
than EBUS (88 vs. 66 %, p < 0.01). A retrospec-
tive study evaluated 124 patients with mediastinal 
lymphadenopathy of unclear etiology who under-
went EUS-FNA using predominantly a 22-gauge 
needle with 4 passes into the nodes with onsite 
cytopathology [14]. EUS-FNA was highly accu-
rate for diagnosing sarcoidosis with a sensitivity 
and specificity of 89 and 96 %, respectively. Most 
of the lymph nodes were located in the subcari-
nal or the AP window. In another retrospective 
study of 49 patients who had mediastinal masses 
without known lung cancer, the overall diagnos-
tic yield of EUS-FNA was 94 % [16]. About half 
these patients had benign diseases which included 
benign lymph nodes, histoplasmosis, sarcoidosis, 
and duplication cyst, and FNA was performed 
with a 22-gauge needle and ROSE. EUS-FNA 
also accurately distinguishes between mediastinal 
lymphadenopathy resulting from sarcoidosis and 
tuberculosis [17]. In this study, patients had un-
dergone an extensive negative evaluation includ-
ing bronchoscopy and bronchoalveolar lavage 
before EUS-FNA. A 22-gauge needle was used 
with 2 passes for cytology and 1 for microbiol-
ogy. EUS-FNA provided a definite diagnosis in 
89 % of the cases with 86 % sensitivity and 100 % 
specificity for tuberculosis and 100 % sensitivity 
and 93 % specificity for sarcoidosis.

Fig. 29.9   Transaortic FNA (fine-needle aspiration)

 

Fig. 29.8   Doppler waveform of aneurysm
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Lung Cancer

EUS-FNA is an excellent tool for detecting ma-
lignant disease in the mediastinum. Bronchos-
copy with or without EBUS is often the first 
diagnostic test in lung cancer. EUS-FNA is an 
excellent adjunct tool when a diagnosis has not 
been made by bronchoscopy, particularly when 
inferior or posterior lymphadenopathy is present. 
EUS detected lung cancer in 25/35 patients sus-
pected of having lung cancer despite a negative 
bronchoscopy and missed the diagnosis in only 
1/35 [18]. The other 9 patients had benign dis-
ease to yield an overall diagnostic sensitivity and 
specificity for EUS-FNA of 96 and 100 %. EUS-
FNA was performed of lymph nodes in the high 
paratracheal, aortopulmonary, subcarinal, para-
esophageal, and hilar regions. The ability of EUS 
to sample subcentimeter nodes makes it superior 
to CT and PET [19].

Other Malignancies

In a retrospective study on patients with non–
lung cancer malignant mediastinal disease, EUS-
FNA detected colon cancer, breast cancer, laryn-
geal cancer, renal cell cancer, lung cancer, and 
metastatic disease from an unknown site in 22/49 
patients. The accuracy of EUS-FNA for malig-
nant and benign diagnoses was over 90 % [16].

A recent retrospective study evaluated the 
value of EUS and EUS-FNA in diagnosing medi-
astinal lymphadenopathy as benign, sarcoidosis, 
lymphoma, or metastatic disease in patients not 
suspected of having lung cancer [20]. While larger 
node size was associated with malignancy, a large 
overlap of size between benign and malignant 
nodes made this unreliable as the sole criterion 
for diagnosis. Similarly, the combination of echo 
features suggestive of malignancy (round, well 
defined, homogeneous, size > 1 cm) could not re-
liably differentiate benign from malignant lymph 
nodes as approximately 20 % of sarcoidosis, 40 % 
of lymphoma, and 20 % of metastases exhibited 
these features. Therefore, for mediastinal lymph 
nodes diagnosed as benign by imaging, further 
evaluation should occur to rule out malignancy.

What Is the Role of EUS in Lung Cancer 
Staging?

Lung cancer staging is based on the tumor node 
metastasis (TNM) system which is also used to 
inform prognosis and management. EUS can 
impact each component of TNM staging. Mul-
tiple studies have shown that the treatment al-
gorithm for lung cancer is altered in up to 95 % 
of patients when endosonography is utilized in 
staging [8, 19, 21, 22]. In a prospective cohort 
study of EUS-FNA of mediastinal lymph nodes, 
thoracoscopy/mediastinoscopy or surgery was 
avoided in half the patients [23]. In addition, 
endosonography was highly cost-effective com-
pared to surgical staging.

T Stage

EUS can define the primary tumor and its rela-
tionship to surrounding structures, particularly 
invasion into vasculature, such as the left atrium 
and other mediastinal structures (e.g., aorta, azy-
gos vein) to establish T4 disease with 87 % sen-
sitivity and 98 % specificity [24]. Documentation 
of T4 disease would preclude surgery.

N Stage

Mediastinal lymph node evaluation is the primary 
role of EUS and EUS-FNA in lung cancer staging 
(Fig. 29.10). According to the American Joint Com-
mission on Cancer (AJCC), mediastinal lymph 
nodes are stage N2 when they are ipsilateral (same 
side) or midline (subcarina is always considered 
midline) to the tumor. Contralateral lymph nodes 
are considered N3 and carry a worse prognosis 
than N2. Thus, contralateral lymph nodes should 
be sampled first. If N3 lymph nodes are confirmed 
by ROSE to be positive, then no further sampling is 
needed. In most cases, we recommend sampling all 
suspicious (> 1 cm, round, hypoechoic, sharp bor-
ders) N3 lymph nodes, then, if necessary, all suspi-
cious N2 lymph nodes. In the absence of a suspi-
cious lymph node, it may still be valuable to sample 
visible lymph nodes in the common stations.



488 K. R. K. Kabir Baig and M. B. Wallace

Patients with abnormal mediastinal lymph 
nodes by conventional cross-sectional imaging 
(CT scan) or PET scan should undergo lymph 
node sampling [25]. The sensitivity and specificity 
of diagnosing metastatic disease by imaging alone 
are inadequate. EUS-FNA is effective at detecting 
metastatic disease in lymph nodes with an accu-
racy of 83–97 % and a sensitivity of 84–92 % [11, 
21, 23, 26–31]. A prospective study demonstrated 
sensitivity, specificity, positive predictive value, 
negative predictive value, and accuracy of 92, 
100, 100, 94, and 97 %, respectively, in a series of 
104 patients with suspected lung cancer who un-
derwent mediastinal lymph node EUS-FNA [27]. 
As previously described, EUS-FNA and EBUS-
TBNA can be used together for incremental ben-
efit. EBUS provides access to anterior and supe-
rior mediastinal lymph nodes, while EUS allows 
access to posterior and inferior mediastinal lymph 
nodes. When feasible, combined EUS and EBUS 
in the same setting are most efficient for patient 
care; however, there are many practical challeng-
es, especially if performed by two separate (GI 
and pulmonary) physicians. A practical approach 
is to first do the procedure most likely to confirm 
nodal metastases (EBUS for anterior lymph nodes 
or subcarina; EUS for AP window, posterior, and 
lower paraesophageal), followed by the other pro-
cedure if the first is negative.

Endosonography may be uniquely useful in 
identifying and sampling lymph nodes based on 

EUS criteria in the absence of lymphadenopathy 
on cross-sectional imaging [32, 33]. In two stud-
ies, EUS was able to detect metastatic disease in 
25 % of patients with no nodal enlargement by 
CT scan and also detected advanced local disease 
in 12 % and thus prevented unnecessary surgery. 
The lesions detected included invasion of medi-
astinal structures, contralateral and distant lymph 
node involvement, esophageal involvement, 
and adrenal metastases [34, 35]. Thus, EUS (or 
EBUS) should be considered in most patients 
with suspected lung cancer. An exception is a 
patient with a peripheral T1 tumor and negative 
CT/PET of the mediastinum, in whom mediasti-
nal metastases are very rare.

A few small studies have demonstrated a ben-
efit in analyzing the cytology samples for genes 
that may detect micrometastases in up to 19 % of 
cytologically negative lymph nodes [36–38].

M Stage

While distant metastatic disease is generally de-
tected by cross-sectional imaging, EUS provides 
a unique opportunity to evaluate and sample ab-
dominal metastatic disease such as celiac lymph 
nodes and liver and adrenal metastasis at the same 
time as mediastinal EUS [9, 27, 34]. Endosonog-
raphy identified celiac lymphadenopathy in 11 % 

Fig. 29.10   Algorithmic 
approach to mediastinal 
lymph nodes in malig-
nancy
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of patients undergoing lung cancer staging and 
was superior to CT for detecting distant metasta-
ses (97 vs. 89 %, p = 0.02) [39]. This was mainly 
due to the superior diagnostic yield of EUS-FNA 
over CT for detecting malignant celiac nodes (100 
vs. 50 %, p < 0.05). The presence of malignant ce-
liac lymph nodes portends a poor prognosis.

Pleural effusions as small as 2–3 ml can also 
be routinely and safely aspirated by EUS-FNA 
although less invasive percutaneous methods are 
available for large effusions (Video  29.5). The 
endoscopist should consider aspirating pleural 
effusions whenever encountered as this confirms 
metastatic, non-surgical disease. It is impor-
tant to remember that EUS is typically done in 
a left lateral decubitus position, and thus, right 
pleural effusions will be seen layering adjacent 
to the esophagus. When a right pleural effusion 
is suspected, the patient position may need to be 
changed to right lateral decubitus.

Adrenal gland masses occur in 5–15 % of lung 
cancer patients. In a study of 40 patients with 
known or suspected lung cancer and enlarged left 
adrenal gland on EUS, EUS-FNA of the adrenal 
gland changed TNM staging in 70 % and altered 
treatment in 48 % [40]. Nearly 93 % of patients 
were downstaged, 5 % avoided surgery, while 
25 % could undergo surgery following EUS-
FNA. The right adrenal gland can also be visual-
ized by EUS although less frequently than the left 
adrenal. No significant complications have been 
reported following EUS-FNA of adrenal glands 
[41].

Restaging is often done after neoadjuvant 
therapy to assess response to therapy and surgi-
cal resectability. The persistence of mediastinal 
lymphadenopathy does not necessarily indicate 
the presence of malignancy; therefore, tissue 
sampling is critical. In a prospective study, EUS-
FNA was able to diagnose post-treatment lung 
cancer in mediastinal lymph nodes with a sensi-
tivity and specificity of 75 and 100 % [42]. Our 
study looking at combined EUS and EBUS with 
FNA in similar patients with a normal CT scan 
demonstrated a high negative predictive value 
and changed therapy in 10 % of patients [35].

From a patient perspective, EUS-FNA is pre-
ferred because it is minimally invasive and can be 

performed on an outpatient basis under moderate 
sedation. Technically, EUS-FNA can access pos-
terior mediastinal nodes, which are often a site of 
metastases from lung cancer and are not easily 
evaluated by other invasive staging modalities. 
The real-time evaluation facilitated by endo-
sonography allows the assessment and biopsy of 
small lesions and decreases the risk of complica-
tions associated with other invasive alternatives 
including mediastinoscopy and thoracoscopy. 
EUS is also the only modality that allows for con-
current visualization and sampling of extramedi-
astinal regions such as liver, adrenal glands, and 
abdominal lymph nodes [27, 34, 43, 44].

EUS-FNA does have specific drawbacks. It is 
not useful in evaluating the mediastinum com-
pletely because the air-filled trachea interferes 
with ultrasound imaging in this region. False-
negative biopsies occur due to sampling error; 
however, this is seen with other methods as well 
[45]. False-positive results are rare and can occur 
due to sampling of peritumoral nodes and con-
tamination from intraluminal cancer cells. In ad-
dition, the specific expertise required to perform 
EUS is not available everywhere, but the capabil-
ity is expanding rapidly.

The few contraindications to EUS-FNA are 
similar to those for general endoscopy and in-
clude difficulty with sedation, serious cardiac 
or pulmonary comorbidities, and uncorrectable 
bleeding diathesis.

Other Mediastinal Lesions

Mediastinal cysts can be assessed by endosonog-
raphy for vascular involvement and the presence 
of solid or mixed components. The differential 
includes duplication and bronchogenic cysts. 
Fluid aspiration of anechoic simple cysts car-
ries a potentially high risk of serious infectious 
complications including mediastinitis [46–48]. 
However, one series has demonstrated that aspi-
ration may be safe with broad-spectrum antibi-
otic prophylaxis and the use of a smaller gauge 
needle [49]. In practice, FNA of mediastinal cysts 
should only be considered when there is high sus-
picion of malignant disease such as a cyst with 
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solid component or in the setting of other known 
malignancy. Comparative and randomized trials 
have not been done to address the concern of me-
diastinal cyst infection.

Endosonographic assessment of thyroid 
lesions has been reported in case series for 
posterior and lateral thyroid lesions. Its utility in 
documenting the local stage of thyroid cancer and 
ability to biopsy certain lesions have also been 
described [50, 51]. EUS-FNA with the scope tip 
in the cricopharyngeal esophagus has success-
fully diagnosed thyroid cancer. In addition, EUS 
was useful in assessing invasion of thyroid can-
cer into the esophageal wall with 82 % sensitivity 
and 83 % specificity, which did not differ signifi-
cantly from MRI.

How Safe Is EUS-FNA in the 
Mediastinum?

Endosonography is a very safe procedure. A re-
view by American Society for Gastrointestinal 
Endoscopy states that the perforation rates are 
comparable to upper endoscopy and less than 
0.1 % in two large series [52]. Esophageal stric-
tures, obstructive esophageal malignancy, and 
multiple attempts at esophageal intubation are 
independently associated with perforation. The 
complication rate of EUS-FNA depends on the 
kind of lesion sampled. EUS-FNA of mediastinal 
masses or nodes is very safe with 0.5 % compli-
cation rate. There is a higher chance (up to 14 %) 
of infectious complications with EUS-FNA of 
mediastinal cystic lesions, but this is exceedingly 
rare with solid lesions. Other rare complications 
include hemorrhage, drug reaction, bowel wall 
perforation, and posterior pharyngeal perforation 
[52]. Though there is a concern for pneumotho-
rax, this has not been reported thus far with EUS-
FNA. One case of severe mediastinitis needing 
thoracotomy following FNA of a mediastinal 
cyst and one case of esophagomediastinal fistula 
formation after EUS-FNA of a tuberculous medi-
astinal lymph node have been reported [47, 53].

Interventional Endoscopy

Endosonography has been utilized and studied 
extensively for transgastric interventions and 
drainage of collections, particularly pancreatic 
collections such as pseudocysts and necroses 
[54]. Multiple case reports and series have been 
reported of transesophageal drainage of medias-
tinal pancreatic collections showing feasibility 
and safety [2, 4]. However, prospective studies 
or comparative trials have not been done, and the 
role of EUS in this setting remains to be defined.

Conclusion

Endosonography is a safe and effective modality 
for evaluation of mediastinal lesions and tissue 
acquisition. It provides valuable information in 
lung cancer staging that alters treatment algo-
rithms, often obviates the need for more invasive 
and morbid diagnostic procedures, and prevents 
unnecessary and invasive surgery leading to cost 
savings. Endosonography is also the most effec-
tive and least invasive method in the diagnosis 
and evaluation of benign mediastinal lymphade-
nopathy, which includes sarcoidosis and infec-
tious adenopathy.

Key Points

•	 EUS of the mediastinum is a useful tool for 
evaluating mediastinal lymphadenopathy and 
lung cancer staging.

•	 EUS imaging alone is insufficient for accurate 
diagnosis of mediastinal lymph nodes, and 
FNA should be performed, which is highly 
accurate for sarcoidosis and tuberculosis.

•	 Ideally, initial cytologic evaluation will be 
available for FNA of mediastinal lymph 
nodes. If not present, about 3–4 FNA passes 
should be performed for cytology (including 
flow cytometry if lymphoma is suspected) and 
microbiology.

•	 The combination of EUS and EBUS with FNA 
allows near-complete evaluation of mediasti-
nal lymph nodes and is superior to either pro-
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cedure alone or conventional bronchoscopy 
with FNA when evaluating lymph nodes in 
lung cancer.

• The addition of EUS-FNA in lung cancer 
staging changes management and allows the 
avoidance of more invasive and morbid stag-
ing procedures including mediastinoscopy 
and thoracoscopy.

• EUS-FNA of mediastinal cysts should be 
avoided unless there is suspicion for malig-
nancy, and prophylactic antibiotics must be 
administered.

Video Captions

Video 29.1 This video demonstrates the vari-
ous lymph node stations in the mediastinum 
and the corresponding endosonographic imag-
ing and access for FNA (fine-needle aspiration). 
These nodes and stations are important in staging 
esophageal and lung cancer

Video 29.2 This video demonstrates the medi-
astinal view and anatomy using a linear echoen-
doscope. The linear echoendoscope is generally 
advanced carefully through the esophagus, keep-
ing the aorta in view, and then withdrawn proxi-
mally from the GE (gastroesophageal) junction

The celiac axis, celiac group of lymph nodes, 
and celiac ganglion are generally visualized just 
distal to this location (not shown in the video). The 
initial view shows the aorta at the level of the gas-
troesophageal junction. As the endoscope is with-
drawn, the aorta is kept in view to maintain orienta-
tion. At about 30 cm from the incisors, the aorto-
pulmonary (AP) window is demonstrated between 
the pulmonary artery and the aortic arch. If this is 
not readily visible, careful torque at the level will 
reveal the AP window. This is an important station 
to inspect for lymph nodes which are accessible 
to FNA (fine-needle aspiration) with significance 
in staging malignancies such as lung and esopha-
geal cancers. Further withdrawal by about 3–4 cm 
reveals the left atrium and the subcarinal window 
located between the pulmonary artery and left 
atrium where lymph nodes may be visualized. The 
carina is shown with its characteristic air shadow. 

Magnifying the image at this level displays cardiac 
anatomy. The azygos vein and thoracic duct can be 
seen at 25 cm from the incisors (approximately T4 
level). The final view shows the carotid artery from 
the proximal esophagus.

Video 29.3 The video demonstrates the stan-
dard approach to performing FNA (fine-needle 
aspiration) in the mediastinum. The lesion of in-
terest is positioned at around 6 to 7 o’clock po-
sition using torque and endoscope wheels. The 
Doppler feature should be used to ensure that 
vascular structures are not in the needle path (not 
shown). The needle is then advanced into the 
lesion with a quick motion maintaining careful 
control of the distal excursion of the needle tip. 
The angle of the needle can be further adjusted 
using the elevator. Different parts of the lesion 
can be accessed by using the elevator and the 
up/down wheel as the needle is being advanced, 
all the while maintaining careful control of the 
needle location

Video 29.4 The video demonstrates a mela-
noma mass invading the aorta and located pos-
terolateral to it. It also shows the technique of 
withdrawal, torque, and echoendoscope manipu-
lation to position the mass directly beneath the tip 
of the echoendoscope to facilitate FNA. Note the 
acoustic shadowing arising from the atheroscle-
rotic calcific plaque in the wall of the aorta

Video 29.5 The still image and video demon-
strate the radial echoendoscope view of a left-
sided pleural effusion relative to the aorta and 
azygos vein
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Introduction 

Examination of the pancreas and other upper ab-
dominal retroperitoneal structures by endoscopic 
ultrasound (EUS) can be technically challenging 
to master due to the need to recognize patterns of 
normal, benign, and pathologic anatomy. How-
ever, once these skills are learned, EUS permits 
the most detailed nonoperative view of the pan-
creas available. This chapter summarizes the role 
of EUS for the evaluation of solid pancreatic neo-
plasms (Table 30.1).

Case

An 81-year-old male with a past history of dia-
betes, coronary artery disease, congestive heart 
failure, and end-stage renal disease presented to 
the hospital with new onset epigastric abdomi-

nal pain and unintentional 20-pound weight loss. 
In the emergency department, he underwent a 
contrast-enhanced computed tomography (CT) 
scan of the abdomen, which revealed a 3  cm 
mass in the body of the pancreas with no obvious 
vascular invasion or distant metastasis. A staging 
workup revealed an elevated CA19-9 of 645 U/
ml but otherwise normal blood chemistries.

Pancreatic Adenocarcinoma

Detection of Pancreatic Tumors: What 
Are the Advantages and Limitations of 
EUS Compared with Radiology?

EUS is the most sensitive nonoperative imaging 
test for the detection of benign or malignant pan-
creatic lesions (Table 30.2) [1–8]. Some studies 
included benign pancreatic disease and ampul-
lary tumors [1, 2, 5], which may have led to a 
bias of tumor detection in favor of EUS. In stud-
ies that compared EUS and CT, the sensitivity 
of EUS for mass detection was superior to CT 
[1–8]. EUS is clearly superior to conventional 
CT [1–3, 6] and transabdominal ultrasound (US) 
[1–3, 5]. A few comparative studies between 
EUS and multidetector-row CT (MDCT) for pan-
creatic tumors have demonstrated the superiority 
of EUS for tumor detection compared to 4-row 
CT. Agarwal et al [7] reported an EUS sensitivity 
of 100 % for the diagnosis of cancer compared 
to 86 % for MDCT. Similarly, DeWitt et  al [8] 
reported that the sensitivity of EUS (98 %) was 
statistically superior to MDCT (86 %) in a cohort 
of 80 patients with pancreatic cancer. There are 
relatively sparse comparative data between EUS 
and MRI for tumor detection with at least one 

Electronic supplementary material The online version 
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study showing superiority of EUS [4]. Future 
studies comparing EUS and 3.0 or higher Tesla 
MRI are needed to define the roles of each for the 
diagnosis of pancreatic masses.

EUS is particularly useful for the identifica-
tion of small tumors that have been undetected 
by other imaging modalities [1, 4, 7, 8]. For 

tumors ≤ 30 mm in diameter, EUS was found to 
have a sensitivity of 93 % compared to 53 % for 
CT and 67 % for MRI [4]. With thinner slice im-
aging and precisely timed contrast administration 
coupled with multiplanar reconstruction (often 
referred to as pancreas protocol), CT may now 
be able to identify small pancreatic masses that 

Table 30.1   Exam checklist for evaluation of a suspected pancreatic tumor
Tumor
Note the maximal dimensions, border irregularity, echo-texture, and presence of solid/cystic components in the 

tumor.
Vascular invasion
Pancreatic head tumor: note the relationship of the tumor with the portal vein, portosplenic confluence, superior 
mesenteric vessels, hepatic artery, and gastroduodenal arterya.
Pancreatic body and tail tumor: note the relationship of the tumor with the celiac artery, superior mesenteric artery, 
portal confluence, hepatic artery, and splenic vesselsa.
EUS-FNA
Start tissue sampling at the most distant metastatic site (e.g., ascites, a distant metastatic lymph node, or a suspicious 
liver lesion). If these are negative for malignancy, either the suspected tumor or a regional lymph node may be sampled. 
Note for each biopsy site: numbers of passes, use of suction, whether or not preliminary interpretation of any specimen 
obtained is available.
Lymph nodes
Examine the following stations for metastatic disease: celiac axis, peripancreatic, porta hepatis, gastrohepatic liga-
ment, aortocaval, and possibly posterior mediastinal stations.
Metastatic lymph nodes are usually round, well defined, hypoechoic, and  > 10 mm in diameter although they may 
have none of these features.
Note the characteristics and distance from the tumor of any suspicious lymph nodes.
EUS-FNA should be performed for suspicious distant metastatic lymph nodes.
Liver
Note the presence of any liver metastasis, which are usually hypoechoic, well defined, and possibly multiple. EUS-FNA 
of any suspicious lesion should be performed when accessible.
Ascites
Examine for a triangular or irregularly shaped anechoic region just outside the duodenal or gastric wall. EUS-guided 
fluid aspiration for cytology should be performed when accessible.
Staging
All suspected malignant tumors of the pancreas should be assigned a TNM stage based on the most current American 
Joint Committee on Cancer (AJCC) staging classification.
a Notation may be stated as intact hyperechoic tumor/vessel interface, adherent to vessel wall without irregular inter-
face, irregular tumor/vessel interface, tumor invasion, or occlusion of the vessel. For occlusion of the portal or superior 
mesenteric vein, venous collaterals in the liver hilum, or periduodenal region should be noted. For splenic vein occlu-
sion, collaterals in the splenic hilum, or gastric fundus should be observed

Table 30.2   Sensitivity of EUS compared to other imaging tests for detection of pancreatic masses
Author (yr) No. patients EUS CT MRI US
Rosch [1] 102 99 77 67
Rosch [2] 60 98 85 78
Palazzo [3] 49 91 66 64
Muller [4] 33 94 69 83
Sugiyama [5] 73 96 86 81
Gress [6] 81 100 74
Agarwal [7] 71 100 86
Dewitt [8] 80 98 86
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previously were undetected by conventional or 
even single detector dual-phase imaging [8]. We 
recommend that EUS be performed in all patients 
with obstructive jaundice or dual pancreatic and 
bile duct dilations in whom CT or MRI do not 
definitively identify a pancreatic lesion, both to 
detect any tumor and to exclude non-neoplastic 
diseases.

EUS may fail to identify true pancreatic 
masses in patients with chronic pancreatitis, a 
diffusely infiltrating carcinoma, a prominent ven-
tral/dorsal split, or a recent episode (< 4 weeks) 
of acute pancreatitis. In a study of 80 patients 
with clinical suspicion of pancreatic cancer and 
a normal EUS, Catanzaro et al [9] found that no 
patient with a normal pancreatic EUS developed 
cancer during a follow-up period of 24 months. 
Therefore, a normal pancreas by EUS examina-
tion essentially rules out pancreatic cancer al-
though follow-up EUS or other studies should be 
undertaken in the setting of chronic pancreatitis 
due to impaired visualization. It is also important 
to remember that acoustic shadowing caused by 
an indwelling biliary or pancreatic stent may also 
impede visualization of a small pancreatic mass.

Due to the ability of EUS to provide high-
resolution images, there has been increasing 
interest in using this technique to screen asymp-
tomatic high-risk cohorts for early cancer detec-
tion. Canto et  al [10] evaluated an EUS-based 
screening approach in a prospective cohort of 
38 asymptomatic individuals with Peutz–Jeghers 
syndrome or from kindreds with at least two af-
fected relatives with pancreatic cancer. Five be-
nign and one malignant pancreatic lesions were 
found by EUS. The diagnostic yield for detecting 
clinically significant pancreatic neoplasms was 
5.3 % (2 of 38). Another study found that EUS 
is superior to MRI among high-risk asymptom-
atic patients, and may disclose adenocarcinoma 
and branch duct IPMN during first-time screen-
ing in individuals with family history of pancreas 
cancer or other familial cancer syndromes [11]. A 
recent consensus statement by the International 
Cancer of the Pancreas Screening Consortium 
recommended screening with EUS and/or MRI 
for the following groups: first-degree relatives 
(FDRs) of patients with pancreatic cancer from 

a familial pancreatic cancer kindred with at least 
two affected FDR, Peutz–Jeghers syndrome, p16, 
or BRCA2 mutations, and hereditary nonpolypo-
sis colorectal cancer (HNPCC) mutation carriers 
with ≥ 1 affected FDR [12]. However, the optimal 
screening modality, interval, need for FNA, and 
screening abnormalities of sufficient concern for 
surgery remain unknown and further studies are 
required to answer these questions.

Autoimmune pancreatitis (AIP) may mimic 
pancreatic adenocarcinoma and accurate preop-
erative detection may avoid unnecessary surgery. 
The EUS morphology of AIP may include dif-
fuse pancreatic enlargement, a focal mass, focal 
hypoechoic areas, bile duct wall thickening, or 
peripancreatic lymphadenopathy (Fig. 30.1) [13]. 
EUS-FNA may demonstrate a nonspecific plas-
macytic predominant chronic inflammatory infil-
trate but this finding has variable sensitivity and 
poor specificity. Diagnosis may be confirmed by 
EUS-guided core biopsies with staining for IgG4 
plasma cells [14, 15].

Imaging-based technologies such as contrast-
enhanced ultrasonography (CE-EUS) may be able 
to differentiate pancreatic adenocarcinoma from 
pancreatic neuroendocrine tumor (pNET) and in-
flammatory pseudotumors, which can all present 
as a hypoechoic mass, whereas ductal adenocar-
cinomas typically demonstrate hypoenhance-
ment, pNET and inflammatory pseudotumors are 
hyperenhancing or isoenhancing. A recent meta-
analysis of 12 studies involving 1139 patients 
undergoing CE-EUS reported a pooled sensitiv-
ity, specificity, and area under the curve receiver 
operator characteristic (ROC) of 94 %, 89 %, and 
0.9732, respectively for pancreatic adenocarci-
noma [16]. EUS elastography is another emerg-
ing technique based on the different stiffness of 
benign and malignant tissue. In a meta-analysis 
of 13 studies involving 1044 patients, the pooled 
sensitivity, specificity, and ROC was 95 %, 67 %, 
and 0.90 for elastography differentiating benign 
from malignant pancreatic masses [17]. However, 
several limitations to the routine use of these im-
age-based techniques exist and include costs, the 
lack of both agent availability and expertise with 
the technique, and need for improved accuracy 
especially with EUS elastography.



498 M. S. L. Sey et al.

Staging of Pancreatic Adenocarcinoma: 
What Is the Accuracy and Role of EUS 
Compared with CT and MRI?

Staging of pancreatic malignancy is done accord-
ing to the American Joint Committee for Cancer 
(AJCC) Staging TNM classification, which de-
scribes the tumor extension (T), lymph node (N), 
and distant metastases (M) of tumors, respective-
ly (Table  30.3). Reported accuracies of T stag-
ing by EUS range from 62 to 94 % (Table 30.4) 
[2–4, 6, 8, 18–23]. This wide variation may be 
due to improved detection of distant metastasis 
or vascular invasion by MDCT, resulting in less 
operative management for suspected locally ad-
vanced or metastatic disease. The exclusion of 
such patients may have resulted in the decreased 
T staging accuracy of some recent studies com-
pared to earlier ones. For the last decade, some 
tertiary referral centers will attempt to achieve 
negative surgical margins by surgical resection 
with or without reconstruction of the portal and/
or superior mesenteric vein in patients with ve-
nous invasion without thrombosis or occlusion. 
To better reflect this surgical trend, the 2010 

staging criteria in the AJCC Manual—7th edition 
distinguishes potentially resectable (T3) from 
unresectable (T4) tumors [24]. Currently, only 
vascular invasion of the celiac or superior mes-
enteric arteries is classified as T4 cancer.

Despite the changes in T-staging criteria, 
nodal (N) metastases have uniformly been clas-
sified as absent (N0) or present (N1) across all 
AJCC editions, including the latest 7th edition. 
The accuracy of EUS for N-staging of pancreatic 
tumors ranges from 50 to 86 % [2–4, 6, 8, 19–21]. 
Various criteria have been proposed for endo-
sonographic features of metastatic lymph nodes 
including size greater than 1  cm, hypoechoic 
echogenicity, distinct margins, and round shape. 
When all four features are present within a lymph 
node, there is an 80–100 % chance of malignant 
invasion [25]. However, sensitivity of EUS for 
malignant lymphadenopathy is often lower, 
presumably for two reasons. First, most meta-
static lymph nodes do not have all four endo-
sonographic features described above. Second, 
peri-tumoral inflammation and large tumor size 
may obscure visualization of adenopathy. The 
specificity of EUS alone for the diagnosis of 

Fig. 30.1   Autoimmune pancreatitis presenting as a poorly defined hypoechoic mass in the head of the pancreas (hop) 
with marked dilation of the common bile duct up to 1.6 cm
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metastatic adenopathy in pancreatic cancer is 
26–100 % [3, 4, 19, 21], although most report 
specificities above 70 %. It is presumed that the 
addition of EUS-FNA of suspicious lymph nodes 
may increase specificity, although little data sup-
port this. For tumors involving the head of the 
pancreas, malignant lymph nodes are removed 
en bloc with the surgical specimen and accurate 
detection of these lymph nodes is not essential. 
However, since preoperative identification and 
EUS-FNA of celiac nodes may preclude surgery, 

meticulous survey of this region is critical dur-
ing staging of all pancreatic tumors. Mediastinal 
lymph node metastases occur in a minority of pa-
tients, and thus, a brief survey of this region may 
be helpful during staging of pancreatic lesions.

Although early studies found EUS to be su-
perior to conventional CT for tumor [3, 4] and 
nodal [2–4] staging of pancreatic cancer, most 
recent studies have found that the two are equiva-
lent for both tumor [19, 21] and nodal staging [8, 
19, 21]. Similarly, early experience reporting on 

Table 30.3   American Joint Committee on Cancer 2010 TNM staging classification for pancreatic cancer [24]
Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ
T1: Tumor limited to the pancreas, 2 cm or less in greatest dimension
T2: Tumor limited to the pancreas, more than 2 cm in greatest dimension
T3: Tumor extends beyond the pancreas but without involvement of the celiac axis or the superior mesenteric artery
T4: Tumor involves the celiac axis or the superior mesenteric artery (unresectable primary tumor)
Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1: Regional lymph node metastasis
Distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis (e.g. distant lymph nodes not peripancreatic and distant organs including liver, lungs,  
and peritoneum)
AJCC stage groupings
Stage 0: Tis, N0, M0
Stage IA: T1, N0, M0
Stage IB: T2, N0, M0
Stage IIA: T3, N0, M0
Stage IIB: T1, N1, M0 or T2, N1, M0 or T3, N1, M0
Stage III: T4, any N, M0
Stage IV: Any T, any N, M1

Table 30.4   Accuracy of EUS for tumor (T) and nodal (N) staging of pancreatic cancer
Author (yr) No. enrolled patients No. patients to surgery 

with pancreatic cancer
T stage N stage

Rosch [2] 60 40 – 72
Rosch [20] 46 35 94 80
Palazzo [3] 64 49 82 64
Muller [4] 49 16 82 50
Midwinter [19] 48 23 – 74
Gress [6] 151 75 85 72
Ahmad [18] NA 89 69 54
Soriano [21] 127 62 62 65
DeWitt [8] 104 53 67 41
Tellez-Avila [22] 50 50 80 –
Shami [23] 127 48 71a

a Reported as accuracy for overall stage
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the superiority of EUS over MRI [3, 4] has been 
replaced by more recent data that have found no 
difference [21, 23, 26]. Clearly, the initial advan-
tage demonstrated by EUS over other imaging 
modalities for the staging of pancreatic tumors 
has narrowed considerably. Future studies that 
compare EUS to MDCT and higher Tesla MRI 
are needed to confirm these findings and further 
define the role of EUS for the locoregional stag-
ing of pancreatic tumors.

For the detection of non-nodal metastatic 
cancer, CT and MRI are superior to EUS due to 
both anatomic limitations of normal upper gas-
trointestinal anatomy and the limited range of 
EUS imaging. However, EUS still has an impor-
tant role in the evaluation of hepatic metastasis 
in the left or caudate lobe and malignant ascites, 
both of which may be accessible by EUS-FNA 
(Fig. 30.2). Identification of liver metastases or 
malignant ascites by EUS-FNA may preclude 
surgical resection and is associated with poor 
survival following diagnosis [27].

Assessment of Vascular Invasion: What 
Are the Pros and Cons of EUS?

Interpretation of data regarding the accuracy of 
EUS for vascular invasion is difficult for sev-
eral reasons. First, there is little histologic cor-
relation with intraoperative findings regarding 
vascular invasion in most studies. Second, there 
is no established consensus among endosonogra-
phers for the optimal criteria to utilize for the de-
termination of vascular invasion. Consequently, 
multiple criteria have been proposed by various 
authors for this indication.

For overall vascular invasion, the accuracy 
of EUS ranges from 68 to 93 % [6, 21, 26, 28]. 
Sensitivity and specificity of EUS for malignant 
vascular invasion range from 42 to 91 % and 
89–100 %, respectively [6, 21, 26, 28]. Although 
some have reported EUS as more accurate [6] 
than CT for vascular invasion, others report the 
opposite [21, 26]. Overall accuracy of MRI is re-
portedly equivalent [21] or superior [26] to EUS.

Fig. 30.2   Ascites and a 9-mm oval hypoechoic hepatic nodule in a patient with a large pancreatic mass. FNA of the liver 
nodule demonstrated metastatic adenocarcinoma of pancreatic origin
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The sensitivity of EUS for tumor invasion of 
the portal vein (PV) or PV confluence is 60–100 % 
[2, 5, 19, 20, 29] with most studies demonstrating 
sensitivities over 80 % (Fig.  30.3). The sensitiv-
ity of EUS for PV invasion is consistently supe-
rior to that of CT [2, 5, 19, 20]. For the superior 
mesenteric vein (SMV), superior mesenteric artery 
(SMA), and celiac artery, the sensitivity of EUS is 
only 17–83 % [28], 17 % [30], and about 50 % [2, 
20], respectively. The sensitivity of CT for staging 
the SMA [19, 30] and celiac artery [2, 20] appears 
to be better than that of EUS. EUS staging of the 
superior mesenteric vessels may be difficult due to 
either the inability to visualize the entire course of 
the vessel or the obscuring of these vessels by a 
large tumor in the uncinate or inferior portion of 
the pancreatic head [29]. This is in contrast to the 
splenic artery and vein which are generally easily 
seen and staged well by EUS [20, 29]. Until further 
conclusive data become available, the assessment 
of tumor resectability should be done by both EUS 
and CT (or MRI) rather than by EUS alone.

Several studies have attempted to describe the 
accuracy of various endosonographic features to 
assess vascular invasion by malignant pancreatic 

tumors. Using the criteria ‘abnormal contour, 
loss of hyperechoic interface, and close contact,’ 
Rosch et al [2] found a sensitivity, specificity, and 
accuracy of 91 %, 96 %, and 94 %, respectively 
for invasion of the portal vein using these crite-
ria. In blinded videotape review [29], these same 
authors found that no single criterion (irregular 
mass–vessel relationship, visualization of tumor 
in vessel lumen, complete vascular obstruction, 
collateral vessels) could predict portal venous in-
vasion with a negative predictive value exceed-
ing 35 % while positive predictive value was over 
80 % for only complete vascular obstruction and 
collateral vessels. The latter two criteria each 
demonstrated a specificity of 94 % for vascular 
invasion. There exists a tradeoff between various 
criteria for sensitivity and specificity for vascular 
invasion. However, criteria with the highest spec-
ificity are needed to optimize selection of patients 
most likely to benefit from surgical exploration. 
Therefore, the findings of complete vascular ob-
struction, venous collaterals, and visible tumor 
within the vessel are the preferred criteria for the 
assessment of vascular invasion.

Fig. 30.3   A pancreatic head mass with direct invasion into the portal vein (PV). Multiple vascular collaterals are noted 
around the duodenal wall due to portal vein obstruction
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Resectability of Pancreatic Tumors: 
Where Does EUS Fit with MDCT  
and MRI?

Complete surgical removal of pancreatic cancer 
with negative histopathologic margins (R0 resec-
tion) is the only potentially curative treatment 
and is an independent predictor of postoperative 
survival [31]. Therefore, the principle role of 
preoperative evaluation is to accurately identify 
patients with resectable disease who may benefit 
from surgery while avoiding surgery in patients 
with suspected unresectable disease (Fig. 30.4).

In a pooled analysis of nine studies involv-
ing 377 patients, the sensitivity and specific-
ity of EUS for resectability of pancreatic cancer 
was 69 % and 82 %, respectively [6, 8, 18, 21, 
26, 28, 32–34]. Ranges of reported sensitivities 
and specificities were 23–91 % and 63–100 %, 
respectively. Overall EUS accuracy for tumor re-
sectability was 77 %.

Since most studies have reported that EUS is 
similar to both CT and MRI for the assessment 
of resectability, some authors have proposed that 

optimal preoperative imaging of pancreatic can-
cer requires the use of multiple modalities. Using 
a decision analysis, Soriano et al [21] found that 
accuracy for tumor resectability was maximized 
and costs were minimized when CT or EUS was 
performed initially followed by the other test 
in those with potentially resectable neoplasms. 
Ahmad et  al. [18] proposed that although EUS 
and MRI individually are not sensitive for tumor 
resectability, their use together may increase pos-
itive predictive value of resectability compared to 
either test alone. When surgery is performed only 
when MDCT and EUS agree on tumor resect-
ability, DeWitt et al. [8] reported a nonsignificant 
trend toward improved accuracy of resectability 
compared to either study alone. However, a study 
by Bao et al [35] found that MDCT was a better 
predictor of resectability than EUS, although the 
performance of EUS improved in patients with-
out biliary stents. From a practical standpoint, the 
actual role of EUS in staging of pancreatic cancer 
will depend on its availability, referral patterns, 
and local expertise.

Fig. 30.4   EUS-based management algorithm for suspected pancreatic cancer
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Case Continued

The patient was referred for EUS the week fol-
lowing CT. EUS revealed a 2.9-cm hypoechoic 
heterogenous mass in the body of the pancreas 
with no evidence of celiac or superior mesenteric 
artery invasion (Fig.  30.5a–c). Examination of 
the remainder of the upper gastrointestinal tract 
was notable for the absence of common bile duct 
dilation, metastasis in the visualized liver, asci-
tes, or mediastinal adenopathy.

EUS-FNA of Pancreatic Cancer: How 
Can Diagnostic Yield of EUS-FNA Be 
Increased?

EUS-guided fine needle aspiration (EUS-FNA) 
is the currently preferred method to sample pan-
creatic mass lesions and has largely replaced in-
traoperative sampling or biopsies under CT or 
US guidance. EUS-FNA is highly accurate and 
two recent meta-analyses have reported sensitiv-
ity and specificity in the range of 85–89 % and 
96–98 %, respectively [36, 37]. However, the di-
agnostic accuracy of EUS-FNA may be impaired 
in the setting of chronic pancreatitis. Fritscher-
Ravens et al. [38] found that in a series of 207 
consecutive patients with focal pancreatic le-
sions, the sensitivity of EUS-FNA for the diagno-
sis of malignancy in patients with normal paren-
chyma (89 %) was superior to those with paren-
chymal evidence of chronic pancreatitis (54 %). 
The presence of chronic pancreatitis may impair 
the visualization of tumors endosonographically 

or hinder the cytologic interpretation of pancre-
atic biopsy, thus reducing sensitivity.

At most tertiary referral centers, rapid on-site 
evaluation (ROSE) with cytopathology review is 
available to provide immediate feedback to the 
endosonographer about the quality of EUS-FNA 
specimens obtained. On-site review was found 
to correlate highly with the final diagnosis and 
can improve diagnostic certainty [39]. We rec-
ommend that hospital and personnel resources be 
utilized when feasible to provide ROSE.

Occasionally, ROSE of a suspected pancre-
atic cancer demonstrates insufficient tissue to 
confirm malignancy. This may be due to tumor 
necrosis (particularly with larger tumors), fibro-
sis, or hypervascularity. Yield may be increased 
by ‘fanning the lesion’ using different angles of 
scope deflection in order to sample the periph-
eral parts of the lesion with more viable tumor 
[40]. Increasing the number of passes may also 
overcome this problem, but the additional yield 
typically plateaus at seven passes and the amount 
of blood in the aspirate may increase with ad-
ditional passes [41]. In this situation, avoiding 
suction and switching to a smaller gauge needle 
could help limit the amount of blood in the speci-
men. Finally, EUS-guided core biopsy may be 
considered in cases when immediate cytology 
review reveals insufficient material or inconclu-
sive diagnosis although evidence supporting this 
approach is limited.

The most commonly used commercially avail-
able EUS-FNA needles are 19, 22, and 25 gauge 
needles. Whether the needle gauge affects the di-
agnostic accuracy of EUS-FNA has been an area 
of uncertainty until recently. In a meta-analysis of 

Fig. 30.5   a Linear EUS (7.5 MHz) images of a 2.9-cm hypoechoic, irregular pancreatic body mass detected on CT 
scan. b EUS-FNA of a 2.9-cm pancreatic body mass. c EUS-guided celiac ganglion neurolysis
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8 studies involving 1292 patients who underwent 
EUS-FNA with either a 22- or 25-gauge needle 
and had surgical histology or at least 6 months 
follow-up as the reference standard, Madhoun 
et al [42] reported that the sensitivity of the 25-
gauge needle was superior to the 22-gauge needle 
(93 % vs. 85 %, p = 0.0003) although they have 
comparable specificity (97 and 100 %, respec-
tively). In addition, the use of a 25-gauge needle 
may allow easier access to masses in the uncinate 
process, which may be difficult to visualize and 
sample. The echoendoscope should be advanced 
to the third portion of the duodenum and slowly 
withdrawn through the duodenum in order to 
adequately survey the uncinate. When ready to 
FNA, the scope should be reduced to as straight 
a position as possible. Part of the uncinate in ad-
dition to the head of the pancreas can also be vi-
sualized from the antrum occasionally although 
FNA through this area can be challenging due to 
the presence of the portal vein and common bile 
duct.

Major complications following EUS-FNA 
of solid pancreatic masses occur in 0.5–2.5 % 
of patients [43–45]. Gress et  al. [43] reported 
a 1.2 % (2 of 121) risk of pancreatitis and 1 % 
(1/121) risk of severe bleeding following EUS-
FNA of solid pancreatic masses. Eloubeidi et al. 
[44] reported self-limited immediate post-pro-
cedure complications in 10/158 (6.3 %) patients 
including hypoxia, abdominal pain, excessive 
but inconsequential bleeding at the biopsy site, 
and sore throat. In another prospective study, Al-
Haddad et al. reported no delayed complications 
following EUS-FNA of 127 patients with solid 
pancreatic masses followed for 30 days [45]. The 
risk of peritoneal carcinomatosis following EUS-
FNA (2.2 %) appears to be less than CT-guided 
FNA (16.3 %) [46].

Despite excellent accuracy and a low inci-
dence of major complications, EUS-FNA of pan-
creatic masses has several limitations. First, an 
on-site cytopathologist during EUS-FNA is rec-
ommended for the assessment of specimen ad-
equacy but is not available at some centers. Sec-
ond, primary pancreatic lymphomas and well-
differentiated ductal adenocarcinomas are often 
difficult to diagnose by cytology alone. Finally, 

the low negative predictive value of EUS-FNA 
does not permit the exclusion of malignancy in 
negative specimens. To address these limitations, 
core biopsy devices have been developed to ob-
tain histological tissue samples using a standard 
linear array echoendoscope. Two such devices 
include the Quick-Core® and ProCore™ biopsy 
needles (Cook Medical, Bloomington, Indiana). 
In a multi-center cohort study of 109 patients 
with intestinal and extra-intestinal lesions (in-
cluding 47 pancreatic tumors), the ProCore™ 
needle provided adequate histology and a correct 
diagnosis in 96 % and 89 % of cases, respectively 
[47]. However, in a recent study comparing the 
performance of the 22-gauge ProCore™ needle 
with a standard 22-gauge FNA needle (Echo-
Tip®, Cook Medical, Bloomington, Indiana) in 
36 patients with a variety of lesions (17 of pan-
creatic origin), no difference was found in cytol-
ogy and cell block parameters, adequacy, and ac-
curacy although the ProCore™ needle was asso-
ciated with fewer passes (2.94 vs 2.11, p = 0.03) 
[48]. Core biopsy needles also have a role in au-
toimmune pancreatitis [14] and lymphoma [49], 
where the superiority of core biopsy needles have 
been confirmed. In addition, core biopsy needles 
could be used as a rescue technique when on-site 
FNA results are inconclusive or if this service is 
not available.

Some investigators have evaluated whether 
analysis of abnormal genes may increase the di-
agnostic yield of EUS-FNA of pancreatic masses. 
A meta-analysis of eight prospective studies in-
volving 931 patients with pancreatic masses un-
dergoing EUS-FNA with k-ras mutation analysis 
reported a pooled sensitivity and specificity of 
77 % and 93 %, respectively for k-ras [50]. When 
combined with EUS-FNA alone, the addition 
of k-ras mutation testing increased sensitivity 
from 81 to 89 % but reduced specificity from 97 
to 92 %. Among inconclusive EUS-FNA cases, 
k-ras mutation analysis reduced the false-nega-
tive rate by 56 % and increased false-positive rate 
by 11 %. Due to the high diagnostic accuracy of 
standard EUS-FNA, as well as the cost and lim-
ited availability of these genetic tests, it appears 
that the use of genetic testing of EUS-FNA sam-
ples should be limited to inconclusive specimens 
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and research protocols. Additional assays (such 
as microRNAs and proteomics) are being evalu-
ated [51]. A recent multicenter prospective study 
of 228 pancreatic masses sampled by EUS-FNA 
assessed and validated a 5-microRNA panel to 
identify pancreatic ductal adenocarcinoma [52]. 
Diagnosis of malignancy increased from 79 % 
for cytology alone to 91 % for cytology com-
bined with microRNA analysis. An additional 
22 of 39 samples initially classified by cytology 
as benign, indeterminate, or nondiagnostic were 
correctly diagnosed as malignant by microRNA. 
Further clinical studies are needed to define the 
role of microRNA in the diagnostic workup of 
pancreatic tumors.

Case Continued

Fine needle aspiration with a 22 gauge needle of 
the pancreatic mass was performed (Fig. 30.5b). 
Preliminary examination by the cytologist re-
vealed an adenocarcinoma, which was confirmed 
on the final report. The patient was assessed by 
a pancreatic surgeon and deemed not a surgical 
candidate due to comorbidities.

Pancreatic Neuroendocrine Tumors

Pancreatic neuroendocrine tumors (PNETs) are 
rare neoplasms that represent less than 10 % of 
pancreatic tumors (Fig. 30.6). About one-third of 
these tumors are classified as functional PNETs 
(FPNETs) in which excessive hormone secre-
tion produces a distinct clinical syndrome. The 
two most clinically important FPNETs are gas-
trinomas and insulinomas. When PNETs do not 
produce a clinical syndrome, they are classified 
as nonfunctional (NFPNETs). Due to a lack of 
characteristic symptoms related to hormone ex-
cess, NFPNETs are usually recognized later with 
larger tumors and nonspecific symptoms such as 
jaundice, weight loss, abdominal pain, or pancre-
atitis. Similar to primary ductal adenocarcinoma, 
surgical resection is the only cure for these tu-
mors. Therefore, a high index of suspicion cou-
pled with a stepwise preoperative evaluation for 
localization may optimize patient selection for 
potentially curative surgery.

In a series of studies that compared EUS to 
other imaging modalities, the sensitivity of EUS 
for the detection of PNETs was 77–94 % [53–56]. 

Fig. 30.6   Thick-walled cystic tumor in the head of the pancreas diagnosed on EUS-FNA as a neuroendocrine tumor
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EUS appears especially useful for the detection 
of small PNETs (< 2.5 cm) missed by other im-
aging studies. The sensitivity of transabdominal 
ultrasound for the detection of PNETs is poor and 
only between 7 and 29 % [53, 54, 56]. Similarly, 
early studies with CT demonstrated poor sensi-
tivity that was generally less than 30 % [53, 54, 
56]. However, with ongoing improvements in 
CT scanners and the development of MDCT, the 
sensitivity of CT for PNETs has improved. In 
their study of 217 patients with 231 PNETs, Kha-
shab et al [57] reported an overall sensitivity for 
MDCT of 84 %. Factors associated with reduced 
sensitivity include small lesions < 2 cm in diam-
eter and insulinomas, which had a sensitivity of 
54 %. Among the 56 patients who had both CT 
and EUS, the sensitivity of EUS was far greater 
than CT (91.7 % vs. 63.3 %, p = 0.0002). Thus, 
MDCT is a suitable initial imaging modality for 
PNET with EUS reserved for cytologic confirma-
tion or the assessment of CT-negative suspected 
PNET. In addition, EUS is the preferred initial 
imaging modality for insulinomas due to the 
low sensitivity of MDCT. Early studies of MRI 
for PNET had poor sensitivity ranging between 
25 and 29 % [54, 56]. Newer studies, however, 
report a sensitivity of 85–100 % [58, 59]. Since 
PNETs are hypervascular tumors, angiography 
will sometimes demonstrate a ‘blush’ pattern in 
the pancreas. Although intuitively promising, the 
sensitivity of diagnostic angiography for tumor 
detection is less than 30 % [54]. The clinical util-
ity of somatostatin receptor scintigraphy (SRS) 
for the identification of PNET is variable with 
sensitivities ranging from 14 to 60 % [54, 56, 60].

The use of EUS-FNA permits tissue confir-
mation of a suspected PNET. In a retrospective 
study of 30 patients, Ardengh et al. [61] reported 
a sensitivity, specificity, PPV, NPV, and accuracy 
for EUS-FNA of 82.6, 85.7, 95, 60, and 83.3 %, 
respectively for tumor diagnosis. In a larger more 
recent study of 81 patients, EUS-FNA correctly 
diagnosed a PNET in 73 out of 81 patients with 
a diagnostic accuracy of 90.1 % [62]. For cystic 
PNET, the use of FNA was studied by Yoon and 
colleagues in a case series consisting of 19 pa-
tients over a 12-year period [63]. The most use-
ful criteria reported was CEA < 5  ng/ml, which 

occurred in all but two patients. The sensitivity 
of cytology with immunohistochemistry for syn-
aptophysin and/or chromogranin A was 63.2 %, 
which far exceeded most reported sensitivities 
for mucinous cysts. The authors also suggested 
that the diagnostic yield of cytology may be im-
proved by aspirating the solid component of the 
cysts. These studies demonstrate that EUS may 
not only identify but also accurately sample and 
diagnose PNETs.

Preoperative EUS-guided injection of India 
Ink has been demonstrated to aid in intraopera-
tive localization of an insulinoma [64]. This in-
formation may aid in appropriate planning of 
medical or surgical management. Recently, com-
mercial assays allowed genetic markers to be 
reliably assessed on FNA specimens. A recent 
study of 29 patients with PNETs followed for 
an average of 34 months showed that the pres-
ence of multiple allelic microsatellite loss was 
associated with increased PNET recurrence, pro-
gression, and mortality although all patients with 
multiple microsatellite losses had tumors at least 
2.5 cm in size [65].

Primary Pancreatic Lymphoma

Primary pancreatic lymphoma (PPL) is rare and 
accounts for less than 0.5 % of pancreatic tumors 
[66]. They are localized to the pancreas and peri-
pancreatic lymph nodes and by definition do not 
involve other lymphoid tissue. PPL may present 
as a large hypoechoic heterogeneous mass with 
poorly defined borders indistinguishable from 
pancreatic adenocarcinoma and are typically in 
the head of the pancreas (Fig.  30.7) [67]. Pan-
creatic duct dilation and chronic pancreatitis fea-
tures are usually absent in the pancreas. While 
EUS and radiographic imaging alone may not 
confirm the diagnosis, EUS-FNA with flow cy-
tometry is very accurate for PPL. In a case series 
of 16 patients with PPL, Khashab et al [68] re-
ported a sensitivity and specificity of EUS-FNA 
with cytology and flow cytometry of 84.6 and 
100 %, respectively. This contrasts to EUS-FNA 
with cytology alone, which had sensitivity and 
specificity less than 30 %. This diagnosis should 
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be suspected based on clinical appearance, lack 
of definite malignancy, and abundance of abnor-
mal lymphocytes on ROSE.

Pancreatic Metastases

Isolated pancreatic masses are usually due to 
focal chronic pancreatitis, benign neoplasms, or 
primary pancreatic malignancies. Rarely, metas-
tasis to the pancreas from another primary ma-
lignancy occurs and has been reported in 2–3 % 
of pancreatic resections [69]. Accurate identifica-
tion of isolated pancreatic metastases is clinically 
important because aggressive surgical resection 
in selected patients may permit long-term surviv-
al. In other patients, however, proper diagnosis 
may avoid unnecessary surgery and permit triage 
to more appropriate nonoperative therapy.

EUS features of pancreatic metastases appear 
different than those observed in cases of primary 
pancreatic cancer. In seven patients with meta-
static pancreatic lesions, Palazzo et  al [70] de-
scribed homogeneous, round well-circumscribed 
lesions in 15 out of 16 masses observed. Com-
pared to patients with primary cancer ( n = 80), 
DeWitt et  al. [71] found that pancreatic metas-

tases ( n = 24) were more likely to have well-de-
fined rather than irregular margins. In a report of 
11 patients with metastatic renal cell carcinoma 
(RCC) to the pancreas, Bechade et al. [72] found 
that ten had well-defined borders. Therefore, 
EUS visualization of a well-defined pancreatic 
mass in a patient with a history of malignancy 
should raise suspicion for a metastatic lesion.

EUS-FNA permits an accurate cytologic diag-
nosis of metastatic lesions to the pancreas. In the 
largest series to date of 72 masses in 49 patients, 
El Hajj et al [73] reported metastatic lesions from 
kidney ( n = 21), lung ( n = 8), skin ( n = 6), colon 
( n = 4), breast ( n = 3), small bowel ( n = 2), stom-
ach ( n = 2), liver ( n = 1), ovary ( n = 1), and blad-
der ( n = 1). All but two of the patients were diag-
nosed by EUS-FNA. Metastasis to the pancreas 
may occur many years (especially for RCC) after 
the diagnosis of the primary tumor. Obtaining a 
detailed medical history for previous malignancy 
may raise suspicion for this diagnosis. In patients 
with a remote history of malignancy, obtaining 
additional cytological material for cell block and 
the use of immunocytochemistry may help to 
confirm the diagnosis of pancreatic metastases 
and recurrent malignancy.

Fig. 30.7   A large, irregular hypoechoic mass in the pancreatic tail diagnosed on FNA as a primary pancreatic lymphoma
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Celiac Plexus Neurolysis (see Chap. 33) 

Abdominal pain is a common symptom in patients 
with pancreatic cancer and may be debilitating. 
Effective palliation for unresectable cases often 
require high doses of narcotics which may lead to 
significant side effects, including sedation, deliri-
um, nausea, and constipation. By disrupting nerve 
transmission through the celiac axis, celiac plexus 
neurolysis (CPN) with bupivacaine and alcohol 
provides an effective adjunct to narcotic analgesia 
in unresectable pancreatic cancer (Video 30 .1). 
EUS is well suited for the identification of the ce-
liac plexus due to the close approximation of the 
gastric wall with the celiac takeoff (Fig. 30.8).

In a meta-analysis of randomized controlled 
trials of EUS-guided CPN for pancreatic can-
cer in 283 patients, Puli et al [74] reported 80 % 
of patients experienced at least partial pain re-
lief. Although the authors could not determine 
whether CPN reduced narcotic requirements due 
to heterogenous reporting in the included stud-
ies, an earlier meta-analysis by Yan et  al [75] 
reported a significant reduction in narcotic use 
with non-EUS guided CPN. Weighted mean dif-

ference in morphine-equivalent dose between 
CPN and the control group was − 39.99, − 53.69, 
and − 80.45 mg at 2, 4, and 8 weeks, respectively. 
More importantly, this translated into a reduc-
tion in the prevalence of constipation in the CPN 
group (RR 0.67, 95 % CI 0.49–0.91, p = 0.01). 
Over the past decade, advancements in echo-
endoscope designs have permitted the accurate 
identification of celiac ganglia and interest has 
developed in direct ganglia injection to improve 
the efficacy of CPN. In a recent randomized 
controlled study, EUS-guided celiac ganglion 
neurolysis was more effective than EUS-guided 
celiac plexus neurolysis in relieving pain (73.5 % 
vs 45.5 %, respectively; p = 0.026) [76].

EUS-guided CPN is a safe procedure and 
complications are uncommon [77]. Diarrhea 
(4–15 %) and orthostasis (1 %) due to disruption 
of the autonomic nervous system are usually mild 
and transient. A paradoxical increase in pain may 
occur in up to 9 % of cases but generally resolves 
over several days. Serious complications includ-
ing paralysis due to anterior spinal cord infarc-
tion and death from necrotic gastric perforation 
or celiac artery thrombosis have been reported 
but are exceedingly rare [78–80].

Fig. 30.8   Anatomic landmark for celiac plexus neurolysis demonstrating celiac artery ( arrow) and superior mesenteric 
artery ( arrowhead). (Courtesy of Dr. Linda Lee, Brigham and Women’s Hospital, Boston, MA)
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Case Concluded

Despite narcotic analgesia, the patient continued 
to experience abdominal pain and was referred 
back for EUS-guided celiac plexus neurolysis. 
This was performed with 20 ml of 0.75 % bupiva-
caine and 10 ml of 98 % alcohol injected directly 
into the visualized ganglia (Fig. 30.5c). The pa-
tient experienced a reduction in abdominal pain 
and was referred to medical oncology.

Future EUS-Guided Therapeutics

Image-guided radiotherapy (IGRT) for pancre-
atic cancer is an emerging technique to deliver 
highly focused radiation to malignant neoplasms 
while avoiding normal tissue. Fiducials are inert 
radiologic markers placed within the neoplasm to 
guide stereotactic radiotherapy (see Chap.  33). 
Although traditionally placed intra-operatively 
or percutaneously under US/CT guidance, EUS 
provides an alternative that is potentially safer 
due to direct visualization during insertion [77]. 
The feasibility and safety of EUS-guided fiducial 
placement for pancreatic cancer with a 19-gauge 
needle was recently demonstrated in a cohort of 
51 patients with locally advanced or recurrent 
pancreatic cancer [81]. Successful placement 
was accomplished in 46/51 patients (90 %), and 
only one complication occurred (mild pancreati-
tis after a combined fiducial insertion and CPN 
procedure).

Instead of placing an inert radiologic marker, 
brachytherapy involves the insertion of a radio-
active seed directly into the pancreatic tumor for 
local control. In the largest study to date, Jin et al 
[82] placed a median of 10 iodine-125 seeds in 
22 patients with unresectable pancreatic cancer. 
Dose calculation was based on tumor volume 
from reconstructed three-dimensional CT im-
ages. Although placement under EUS guidance 
was successful in all patients with no complica-
tions, only three achieved partial remission at 
4 weeks and no improvement in survival was 
demonstrated. However, pain was significantly 
reduced 1 and 4 weeks after the procedure. The 
same group subsequently used iodine-125 as a 

neurolytic agent in 23 patients undergoing EUS-
guided CPN for unresectable pancreatic cancer 
[83]. At week 2, 82 % of patients had a reduction 
in pain score on a visual analog scale, and mean 
narcotic consumption had decreased. This effect 
lasted until the study conclusion at 5 months fol-
low-up when only two patients were still alive. 
The authors postulated that iodine-125 may be 
a superior neurolytic agent compared to ethanol 
due to its longer half-life and deeper tissue pen-
etration, although this has yet to be confirmed in 
a controlled clinical trial.

Recently, interest has developed in the use of 
interstitial chemotherapy for pancreatic cancer. 
Through the use of a biological polymer linked 
to a cytotoxic agent, EUS-guided fine needle in-
jection can deliver potent chemotherapy directly 
into the pancreas. Initial animal models have al-
ready demonstrated the feasibility of this deliv-
ery system for paclitaxel, 5-fluorouracil, and iri-
notecan [84–86]. Although larger human studies 
are still needed, EUS-guided interstitial chemo-
therapy promises to be an exciting development 
in endoscopic treatment of pancreatic cancer.

Key Points

•	 EUS is the most sensitive imaging modality 
for the detection of pancreatic masses. It is 
particularly useful for identification of tumors 
undetected by other tests such as CT.

•	 EUS is superior to CT for detecting tumor 
invasion of the portal vein or confluence. CT 
appears superior to EUS for determining inva-
sion of the superior mesenteric vessels and 
major arteries of the upper abdomen.

•	 Due to anatomical and equipment limitations, 
CT and MRI are superior to EUS for identi-
fying metastatic cancer. EUS-FNA of liver 
lesions, ascites, or celiac adenopathy may avert 
surgical exploration if metastasis is confirmed.

•	 EUS-FNA of pancreatic tumors has a sensi-
tivity of 85 % with a specificity approaching 
100 %. The presence of on-site cytopathology 
interpretation helps maximize diagnostic yield 
and avoid repeat examinations for indetermi-
nate cytology results.
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•	 Most studies demonstrate that EUS, CT, and 
MRI are equivalent for determining surgical 
resectability of pancreatic cancer. However, 
EUS is usually used preoperatively to provide 
histological confirmation of the diagnosis and 
evaluate for vascular invasion and metastases 
in combination with CT.

•	 EUS is the most accurate test for the detec-
tion of pancreatic neuroendocrine tumors 
(PNETs), particularly tumors smaller than 
2.0  cm in diameter. Optimal workup of sus-
pected PNETs should incorporate EUS, EUS-
FNA with immunohistochemistry, and soma-
tostatin receptor scintigraphy.

•	 EUS-guided CPN is a safe and effective treat-
ment for pain in unresectable pancreatic cancer.

Video Caption

Video 30 .1 This video demonstrates the tech-
nique of EUS-guided celiac ganglia neurolysis 
in a patient with chronic pain from metastatic 
pancreatic cancer. The EUS shows the celiac ar-
tery taking off from the aorta with an oval celiac 
ganglia appearing hypoechoic and mildly hetero-
geneous. This is labelled during EUS. Then the 
22-gauge needle is advanced into the ganglia fol-
lowed by aspiration to confirm the lack of blood 
return and injection of a combination of bupiva-
caine and alcohol visibly emerging from the tip 
of the needle
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Introduction

Pancreatic cysts increasingly challenge the cli-
nician with their frequent detection on imaging, 
even in up to 20 % of magnetic resonance imag-
ing (MRI) studies and 3 % of computed tomog-
raphy (CT) [1, 2]. The key issue with pancreatic 
cysts, unlike most renal and hepatic cysts, is that 
a significant proportion of them have malignant 
potential. Thus, determining which cysts are 
premalignant or malignant is essential when ap-
proaching pancreatic cysts. This malignant po-
tential informs the need to accurately classify 
pancreatic cysts.

Pancreatic cysts may be broadly categorized 
into nonneoplastic cysts, cystic neoplasms, and 
necrotic degeneration of solid tumors. Nonneo-
plastic epithelial cysts account for 6.3 % of all 
resected cysts and were all incorrectly diagnosed 
preoperatively by endoscopic ultrasound (EUS) 
cyst fluid analysis in one study [3]. Cystic neo-
plasms account for two-thirds of all pancreatic 
cysts, [4] and include mucinous lesions (muci-
nous cystic neoplasm (MCN), intraductal papil-
lary mucinous neoplasm (IPMN)), and nonmu-
cinous cysts (serous cystadenoma (SCA), solid 

pseudopapillary neoplasm (SPEN); Table 31.1). 
Mucinous cysts and SPENs have malignant po-
tential. Nearly 90 % of cystic neoplasms are 
MCN, IPMN, or SCA [5].

Diagnosis of pancreatic cysts relies on imaging 
and analysis of cyst fluid obtained during EUS-
guided fine-needle aspiration (FNA). If the cyst 
is mucinous, then it is important to determine the 
type of mucinous cyst (MCN, branch duct (BD)-
IPMN, mixed or combined type IPMN, or main 
duct (MD)-IPMN) because the malignant poten-
tial, and therefore the management, varies with 
the different mucinous cysts. Some premalignant 
lesions may require surgical resection, while oth-
ers that are benign or indolent can be observed.

Case Study

A 45-year-old female had gallstone pancreatitis 
and underwent laparoscopic cholecystectomy. A 
2.5-cm cyst was visualized in the pancreatic tail, 
which was presumed to be a pseudocyst. This 
cyst was followed with serial abdominal CT scan 
and 4 years later was noted to be larger at 3 cm. 
What is the differential diagnosis and what diag-
nostic study should be performed next?

What is the Differential Diagnosis of 
Pancreatic Cysts?

Pseudocysts

Pseudocysts are sequelae of acute interstitial pan-
creatitis and require at least 4 weeks to form. A 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_31) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_31.
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Radiologically, SCAs may be classified into 
several subtypes. Over half SCAs are microcys-
tic defined as each cyst compartment less than 
1 cm while the rest are macrocystic (composed 
of cysts larger than 1 cm), mixed, or rarely solid 
(Fig. 31.2) [6]. A Japanese study of 172 SCA diag-
nosed by resection and typical imaging findings 
noted highest diagnostic accuracy for microcystic 
SCA (85 %) with significantly lower diagnostic 
rates (17–50 %) for macrocystic, mixed, and 
solid types. CT is only approximately 23 % accu-
rate for SCA while diffusion-weighted MRI has 
demonstrated 100 % sensitivity and 97 % speci-

thin capsule of nonepithelialized granulation or 
fibrotic tissue forms a wall around amylase-rich 
fluid. Symptoms, when present, typically consist 
of abdominal pain and early satiety. Gastric out-
let and/or biliary obstruction may occur as well. 
Usually pseudocysts are readily diagnosed by the 
patient’s history of acute or chronic pancreatitis. 
Without a clear history of acute or chronic pan-
creatitis, differentiating pseudocysts from MCN 
and even SCA and BD-IPMN may be difficult by 
imaging alone. On abdominal CT, pseudocysts 
typically appear round with a thin or thick wall. 
Calcifications and communication with the pan-
creatic duct may be present.

Serous Cystadenoma 

Serous cystadenomas are benign pancreatic cystic 
neoplasms, which very rarely become malignant 
with a couple of larger studies describing about a 
1 % rate of malignancy [6, 7]. SCAs account for 
over 30 % of pancreatic cystic neoplasms, typi-
cally occur in women over the age of 60, and are 
defined on pathology by glycogen containing cu-
boidal epithelial cells (Fig. 31.1) [8]. They arise 
anywhere throughout the pancreas. When symp-
tomatic, SCAs usually present with nonspecific 
symptoms, mainly abdominal pain, due to com-
pression of adjacent organs by the cyst. Symp-
toms occur more commonly in larger cysts > 4 cm 
(77 %) compared to cysts < 4 cm (22 %).

Table 31�.1   Types of pancreatic cysts
Benign (no malignant 
potential)

Premalignant or malignant

Serous cystadenomaa Intraductal papillary mucinous 
neoplasm

Pseudocyst Mucinous cystic neoplasm
Lymphoepithelial cyst Solid pseudopapillary neoplasm
Retention cyst Cystic neuroendocrine tumor
Mucinous nonneoplas-
tic cyst

Cystic degeneration of solid 
tumors

Lymphangioma Metastatic cyst
Cavernous 
hemangioma

a Very rarely malignant

Fig. 31.1   Histology of serous cystadenoma. Cysts are 
lined by bland cuboidal cells with clear or palely eosino-
philic cytoplasm

 

Fig. 31.2   EUS image of serous cystadenoma with micro-
cysts and a macrocyst
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15]. The true incidence of malignancy in MCNs 
is unknown although recent studies suggest lower 
rates of invasive cancer (6–27 %) with only 5.5 % 
carcinoma in situ [15, 16]. Unlike SCA, MCNs 
usually appear smooth, well-defined, and uniloc-
ular or with a few septations (Fig. 31.5).

IPMN

IPMNs are also mucinous cysts and arise from 
the pancreatic ductal epithelium of the main duct, 
side branches, or both. They occur more com-
monly in men between ages 50 and 60. While 
IPMNs usually arise in the head of the pancreas, 

ficity for differentiating mucinous cysts from 
SCA [9, 10]. The pathognomonic central scar or 
“sunburst calcification” is present in only about 
30 % of these cysts (Fig. 31.3) [11].

The natural history of SCAs is not well de-
scribed; however, they appear to grow over time. 
Although an older study reported more rapid 
growth rate in cysts > 4 cm, a recent multicenter 
study failed to confirm these results [12, 13]. A 
rate of growth of 6.2 % per year or a doubling 
time of 12 years was calculated for the nonresect-
ed SCAs while resected SCAs grew faster (17 % 
per year for a doubling time of 4.5 years) [12].

Mucinous Cystic Neoplasm

Mucinous cystic neoplasms are premalignant pa-
renchymal lesions defined by ovarian-like stroma 
on pathology (Fig. 31.4) and thus almost exclu-
sively occur in women. They arise in the body 
and tail of the pancreas in approximately 95 % of 
patients. Unlike SCAs, presence of symptoms in 
mucinous cystic lesions is associated with malig-
nancy. Other features concerning for malignancy 
in MCN include older age, large size especially 
> 6  cm, and presence of thick cyst wall, mural 
nodules, or peripheral eggshell calcification [14, 

Fig. 31.5   EUS-FNA of mucinous cystic neoplasm ap-
pearing round and unilocular

 

Fig. 31.4   Histology of mucinous cystic neoplasm show-
ing mucinous epithelium and underlying “ovarian-type” 
stroma

 

Fig. 31.3   Abdominal CT of central scar ( arrow) in se-
rous cystadenoma
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nal, oncocytic, or pancreaticobiliary type. There is 
increasing appreciation of the histologic subtypes 
and their relationship with malignancy. In 169 
resected IPMNs, 73 % were gastric, 25 % intesti-
nal, 2 % pancreaticobiliary, and 0.6 % oncocytic 
[18]. HGD and cancer occurred more frequently 
in intestinal (32/42) than gastric type (48/123, 
p < 0.0001). A recent retrospective study of surgi-
cally resected IPMNs did note that gastric IPMNs 
were more likely to be smaller without nodules or 
masses and higher CEA level [19]. However, the 

they can occur anywhere in the pancreas as well 
as in multiple locations. There are three radiolog-
ic subtypes of IPMN: main duct (diffuse or seg-
mental dilation of the main duct > 5 mm), branch 
duct (dilation of one or more side branches), and 
mixed-type (both main duct and side branch in-
volvement; Figs. 31.6, 31.7, and 31.8). Typically 
one relies on MRI/MRCP to distinguish BD-
IPMN from mixed-type and MD-IPMN. Rarely 
can MD-IPMN be diagnosed endoscopically by 
visualizing the “fish-mouth” papilla, which rep-
resents mucus emerging from a widely patulous 
papilla (Fig. 31.9). Unfortunately, radiology mis-
classifies 29 % of MD-IPMN and 21 % of BD-
IPMN [17]. Up to 29 % of mixed-type IPMN are 
misdiagnosed as BD-IPMN [18]. By pathology, 
IPMN may also be classified as gastric, intesti-

Fig. 31.9   “Fish mouth” papilla on ERCP with mucin at 
major papilla ( arrow)

 

Fig. 31.8   MRCP of mixed-IPMN in tail of pancreas with 
dilated main pancreatic duct and side branches

 

Fig. 31.7   MRCP of BD-IPMN ( arrow) communicating 
with nondilated main pancreatic duct

 

Fig. 31.6   MRCP of MD-IPMN with massively dilated 
main pancreatic duct
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clinical utility of this histological grading remains 
uncertain as definitive grading is currently avail-
able only following surgical resection.

Correctly identifying the radiologic sub-
types of IPMN is important because of differ-
ences in malignant potential and, therefore, 
management. MD-IPMN has the greatest ma-
lignant potential ranging from 40 to 70 % with 
nearly comparable risk in mixed-type IPMN. 
Symptoms do not appear to increase risk of 
malignancy in MD-IPMN although the pas-
sage of time does (1 year following first im-
aging or symptom onset, 20–42 % malignant; 
2 years, 40–54 %; 5 years, 40–66 %) [20, 21]. 
Not all MD-IPMN and mixed-type IPMN be-
have the same as certain patients appear to have 
a more indolent course. MD-IPMN with normal 
serum CA 19-9 and cyst fluid cytology harbor 
lower rates of malignancy compared to other 
MD-IPMN (29 versus 60 %, p< 0.0001) [22]. 
Similarly mixed-type IPMN with noncircum-
ferential involvement of the main duct in one 
or a few histologic sections and no gross ab-
normalities other than a dilated pancreatic duct 
had lower malignancy than mixed-type IPMN 
not meeting these criteria (17 versus 70%, p< 
0.0001) [23].

Predictors of malignancy in BD-IPMN include 
those defined in the 2012 International Associa-
tion of Pancreatology (IAP) guidelines (presence 
of a mass, mural nodules, dilated main pancre-
atic duct ≥ 1 cm, obstructive jaundice with cyst in 
the head of the pancreas, cytology suspicious or 
positive for malignancy), cyst size greater than 
3 cm, and symptoms [22–28]. Symptoms attrib-
utable to IPMN include steatorrhea and diabetes 
with 15–30 % of IPMNs presenting with acute 
pancreatitis, which is believed due to obstruction 
from mucus plugging the ducts. In a small study 
of BD-IPMN, no asymptomatic patients had can-
cer while symptomatic patients developed more 
cancers over time (1 year, 15 %; 2 years, 30 %; 5 
years, 37 %) [21].

Regarding the IAP guidelines, the absence 
of malignant features predicts benign cysts well 
with nearly 100 % negative predictive value 
while presence of them less accurately diagno-
ses malignancy [24]. The 2012 IAP guidelines 

were revised from the 2006 guidelines, and the 
former appears to predict malignancy better [29]. 
A major difference between the 2006 and 2012 
guidelines is the removal of cyst size as a definite 
criterion for resection. Several studies contra-
dict this de-emphasis of size. A metaanalysis of 
pathologically confirmed IPMNs and predictors 
of malignancy from the 2006 and 2012 guide-
lines identified cyst size > 3 cm as the strongest 
predictor of malignancy with odds ratio (OR) 
62 followed by nodule (OR 9.3), pancreatic 
duct > 6 mm (OR 7.3), MD-IPMN (OR 4.7), and 
symptoms (OR 1.6) [30, 31].

Other Pancreatic Cysts

Less common pancreatic cystic neoplasms in-
clude solid pseudopapillary neoplasm (SPEN), 
which occurs almost exclusively in young 
women. SPENs account for 1–2 % of pancreatic 
cystic neoplasms. They were first described in 
1959 as Frantz or Hamoudi tumors and then re-
named SPEN by the World Health Organization 
in 1996. SPENs are premalignant with reported 
2–15 % local invasion or metastatic disease [32]. 
About 10–15 % of SPENs are malignant, and to 
date, no predictors of aggressive behavior have 
been identified [33]. These patients usually pres-
ent with nonspecific abdominal pain and oc-
casionally with an abdominal mass palpable 
on examination. SPENs may occur anywhere 
throughout the entire pancreas. Pathology reveals 
characteristic pseudopapillae with cystic spaces 
containing hemorrhage and cholesterol clefts in 
myxoid stroma alternating with solid tissue.

Neuroendocrine or acinar cell tumors can oc-
casionally undergo cystic degeneration. Cystic 
neuroendocrine tumors account for only 8–17 % 
of pancreatic neuroendocrine tumors and are usu-
ally nonfunctional [34]. Acinar cystadenocarci-
noma is extremely rare with fewer than 10 cases 
reported in literature and typically presents with 
abdominal pain and a multilocular cystic lesion 
[35]. Unlike most other pancreatic cystic lesions, 
SPEN and cystic neuroendocrine tumors usually 
have characteristic findings on imaging. SPEN 
typically presents as a large well-defined encap-
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sulated mass with peripheral solid component 
and cystic degeneration in the center with areas 
of hemorrhage (Fig. 31.10) [36]. Peripheral calci-
fication occurs rarely. Cystic neuroendocrine tu-
mors are highly vascularized with early enhance-
ment of the rim during early arterial imaging with 
MRI (Fig. 31.11) [34].

Pancreatic lymphangiomas are endothelium-
lined cysts arising from the lymphatic system 
due to blocked lymphatics from inflammation or 
congenital anomaly [37]. During embryogenesis, 
ectopic lymphatic tissue lands in the pancreas 
and these cysts form from progressive dilation of 
insufficiently draining lymphatic vessels. Most 
pancreatic lymphangiomas occur incidentally in 

women in the body and tail of the pancreas. Com-
plications include abdominal pain, hemorrhage, 
infection, and hydronephrosis. Lymphangiomas 
are difficult to distinguish from pancreatic cystic 
neoplasms on imaging and typically appear mul-
tiseptated, well-defined.

Lymphoepithelial cysts are another group of 
rare nonneoplastic pancreatic cysts accounting 
for 0.5 % of pancreatic cysts [38]. These typi-
cally occur in middle-aged men in the body or 
tail of the pancreas. The cysts are lined by strati-
fied squamous epithelium with subepithelial 
lymphoid tissue and follicles. The equally rare 
simple or true cyst is lined by cuboidal epithelial 
cells and does not communicate with the pancre-
atic duct. They occur in about 10 % of patients 
with autosomal-dominant polycystic kidney dis-
ease. In addition, they are the most common pan-
creatic lesion seen in von Hippel-Lindau disease 
(up to 72 % of patients) [39].

Retention cysts are actually cystically dilated 
segments of pancreatic duct resulting from ob-
struction [38]. The obstruction may result from 
stones or stricture from chronic pancreatitis or 
cancer. Viscous mucus in cystic fibrosis may also 
clog the pancreatic duct.

How Should Pancreatic Cysts Be 
Evaluated?

An initial diagnostic approach should focus on 
broadly differentiating mucinous (MCN and 
IPMN) from nonmucinous (SCA) cysts because 
these are the most common pancreatic cysts and 
management differs between them. However, 
simply distinguishing mucinous from nonmuci-
nous cysts is inadequate for appropriate manage-
ment because many BD-IPMN qualify for sur-
veillance while current guidelines recommend 
surgery for MCN and mixed-type and MD-IPMN 
[22]. Differentiating among the various muci-
nous cysts, specifically BD-IPMN from MCN 
and BD-IPMN from mixed-type IPMN is chal-
lenging. No available diagnostic studies reliably 
separate BD-IPMN from MCN.

In addition, efforts should be made to diag-
nose malignant cysts and cysts at high risk of ma-

Fig. 31.11   EUS of pancreatic cystic neuroendocrine 
tumor appearing well-defined, heterogeneous with solid 
and cystic components

 

Fig. 31.10   MRI of solid pseudopapillary neoplasm 
( arrow) with thin enhancing rim, internal septations, and 
hemorrhage

 



52131  EUS in Pancreatic Cysts

lignant degeneration. To define the latter group 
of cysts, the 2012 IAP guidelines for IPMN and 
MCN recommend resection for the following: 
all MCN, MD-IPMN, and BD-IPMN with solid 
component, main pancreatic duct ≥ 1 cm, obstruc-
tive jaundice from the cyst, nodule, and cytology 
suspicious or positive for cancer [22].

Radiology

Recent consensus by radiologists recommended 
MRI as the preferred imaging modality to char-
acterize pancreatic cysts with its enhanced ability 
to detect septa, nodules, ductal communica-
tion, main duct involvement, and small branch 
duct cysts compared to CT [40–42]. MRI im-
ages should be obtained at 1.5 or 3 T with T1, 
T2, and 3-D, fat-saturated, gradient-echo T1 
gadolinium-enhanced sequences in pancreatic, 
portal, and equilibrium phases with magnetic 
resonance cholangiopancreatography (MRCP). 
MRI also helps distinguish pseudocysts from 
cystic neoplasms by identifying internal debris 
within pseudocysts [43]. MRI is comparable to 
multidetector (MD) CT for diagnosing the spe-
cific type of cyst (40–70 % accuracy) and may be 
superior in identifying mucinous cysts (79–82 % 
accuracy) [44–46]. Both CT and MRI predict the 
presence of malignancy in pancreatic cysts with 
high accuracy (73−79 %). These accuracy rates 
are comparable to EUS imaging [47]. MRI and 
EUS have modest sensitivity (58−67 %) for de-
tecting mural nodules, the presence of which are 
concerning for malignancy.

If MRI cannot be performed due to contrain-
dications or patient intolerance, patients should 
undergo a “pancreatic protocol” abdominal CT 
scan. The MDCT should be dual-phase contrast-
enhanced with images acquired during the pan-
creatic and portal venous phases which can be 
analyzed in 3-D.

Case Continued

The patient underwent MRI pancreas with MRCP 
showing a 3 cm unilocular cyst in the tail of the 
pancreas with mild upstream dilation of the main 

pancreatic duct and possible ductal communica-
tion (Fig. 31.12).

EUS and EUS-FNA

Whether EUS and EUS-FNA adds useful infor-
mation beyond radiology was examined recently. 
In 154 patients with resected cysts, all underwent 
EUS, 90 % had CT, and 34 % had MRI [48]. 
This study focused on the ability to differenti-
ate neoplastic (MCN, IPMN, SPEN, cystic duc-
tal adenocarcinoma, and cystic neuroendocrine 
tumor) from nonneoplastic (pseudocyst, simple 
cyst, benign epithelial cyst, duplication cyst, and 
SCA) cysts. Sensitivity of EUS with or without 
cytology, CEA, and amylase was superior to CT 
and MRI (76 versus 48 and 34 %, respectively, 
p < 0.0001). Although this study supports the 
value of EUS in identifying neoplastic cysts, the 
low diagnostic accuracy of CT and MRI contra-
dicts other studies. In addition, this study only 
applies to surgically resected cysts; therefore, it 
may bias in favor of EUS or EUS-FNA compared 
to establishing the value of EUS or EUS-FNA 
among all cysts including the many patients who 
do not undergo surgery.

Despite this study, not everyone with an inci-
dental pancreatic cyst needs EUS or EUS-FNA. 
The 2012 IAP guidelines for suspected MCN 
and IPMN suggest EUS for patients with pancre-

Fig. 31.12   MRI of unilocular cyst ( marked by green tag) 
in tail of pancreas with mild upstream main pancreatic 
duct dilation ( arrow) and possible communication
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atitis or the following “worrisome features” on 
imaging: cyst size ≥ 3  cm, thick enhancing cyst 
wall, nonenhancing nodule, main pancreatic duct 
(MPD) 5–9 mm, abrupt change in MPD caliber 
with distal pancreatic atrophy, or lymphadenopa-
thy [22]. Similarly, the American Gastroentero-
logical Association (AGA) guidelines recom-
mend EUS-FNA only for higher risk cysts with 
at least 2 high risk features (size ≥ 3 cm, dilated 
main pancreatic duct, solid component) or signif-
icant change during surveillance (e.g., increase 
in pancreatic duct diameter, development of solid 
component) [87]. Additionally, cysts between 1 
and 3 cm could undergo EUS-FNA even without 
worrisome features to help classify them as mu-
cinous or nonmucinous.

EUS imaging alone is insufficient for diag-
nosing mucinous cysts with 56 % sensitivity, 
45 % specificity, and 51 % accuracy reported in 
Brugge’s seminal paper [49]. In addition, interob-
server agreement among expert endosonographers 
for distinguishing mucinous and nonmucinous 
cysts by EUS imaging is only fair from an older 
study while a more recent study found moderate 
agreement for the actual diagnosis of the cyst [50, 
51]. In this Dutch study, agreement among expert 
endosonographers (performed > 1000 pancreas 
EUS) was better than semi-experts (performed 
50–200 pancreas EUS) with experts demonstrat-
ing good agreement for nodules, moderate agree-
ment for solid component and communication of 
the cyst with pancreatic duct, and fair agreement 
for suspicion of malignancy [50].

During EUS, features to evaluate include 
cyst size, presence of septations, lobular versus 
smooth contour, thick cyst wall, solid component 
to the cyst, nodule within the cyst, evidence of 
communication between the cyst and pancreatic 
duct, and size of main pancreatic duct. The fol-
lowing features are predictive of mucus: lesion 
hypoechoic relative to adjacent tissue, smooth-
edge with hyperechoic rim. Nodules are iso- or 
hyperechoic compared to adjacent tissue without 
a hyperechoic rim or smooth edge [52]. Rotat-
ing the patient during EUS and trying to move 
the lesion with the FNA needle can help differ-
entiate mucus from a nodule. Diagnostic accu-
racy of EUS for a nodule is modest (57 %) in a 

pathology-based study of MCN and BD-IPMN. 
However, after training endosonographers in the 
above EUS criteria for differentiating a nodule 
from mucus, accuracy improved to 79 %. Sensi-
tivity and specificity of EUS (75 and 83 %) were 
superior to CT (24 and 100 %) for nodules [52].

How Can EUS-FNA Aid in Diagnosis?
The potential power of EUS results from the abil-
ity to safely perform EUS-FNA of cysts to obtain 
cyst fluid for analysis [53]. However, cysts need 
to be at least 1 cm in size in order to obtain suf-
ficient fluid for testing. Cyst fluid cytology has 
low yield with less than 50 % sensitivity for dis-
tinguishing mucinous from nonmucinous cysts 
due to scant cellularity [49, 54, 55]. Diagnostic 
yield of cytology is higher for SPEN (70–75 % 
accuracy) and cystic neuroendocrine tumors 
(71 % yield) [32, 56, 57]. Similarly, EUS-FNA of 
pancreatic lymphangiomas may be diagnostic in 
the presence of chylous-appearing cyst fluid, ele-
vated triglyceride, and numerous benign lympho-
cytes [58, 59]. The simple technique of passing 
the needle back and forth through the collapsed 
cyst wall following fluid aspiration produced a 
29 % increase in diagnostic yield for mucinous or 
malignant cysts compared to cyst fluid cytology 
( p = 0.0001) [60]. Therefore, rather than send-
ing cyst fluid for cytology (unless cyst fluid is 
plentiful), tissue obtained from EUS-FNA of the 
collapsed cyst wall should be evaluated for cytol-
ogy. In addition, if a nodule or solid component is 
present, FNA should target these lesions.

Cyst fluid is usually aspirated during EUS-
FNA with a single pass using a 22- or 25-gauge 
needle with the goal of completely collapsing the 
cyst (Video 31.1). Occasionally, 19-gauge nee-
dles can be advanced into larger cysts with thick 
fluid although these larger needles are difficult 
to use in the head or uncinate process of the pan-
creas. Before sending the cyst fluid for analysis, 
visual inspection of the fluid may offer diagnos-
tic clues. The “string sign,” a marker of viscos-
ity, is performed by placing fluid between the 
thumb and index finger and gently pulling apart. 
If the fluid stretches out to at least 3.5 mm, this is 
consistent with a mucinous cyst [61]. SCAs typi-
cally have thin, serosanguinous or frankly bloody 
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fluid. A dose of prophylactic intravenous antibi-
otics (usually fluoroquinolone) is recommended 
followed by 3 days of oral antibiotic to prevent 
infection from cyst aspiration.

Cyst fluid chemistry typically includes car-
cinoembryonic antigen (CEA) and amylase 
(Table  31.2). Low amylase less than 250  U/L 
helps exclude pseudocysts [62]. CEA has been 
most extensively studied and differentiates mu-
cinous from nonmucinous cysts. Elevated CEA 
suggests a mucinous lesion although the exact 
cutoff level is debatable with higher levels pro-
ducing greater confidence that the cyst is muci-
nous while missing mucinous cysts with lower 
CEA values. The classic cutoff is 192  ng/mL, 
which yields 73 % sensitivity and 84 % specific-
ity for mucinous cysts and misses about 25 % of 
them [49]. Low CEA less than 5 ng/mL is 95 % 
specific to SCA, pseudocyst, or neuroendocrine 
tumor [62]. CEA levels do not predict malig-
nancy [63]. An underreported and underappre-
ciated problem with cyst fluid CEA is that cur-
rently available assays for tumor markers have 
been validated in serum but not cyst fluid. This 
produces up to 85 % variation in mean CEA lev-
els among the different assays run on the same 
specimens [64]. Intraassay variability is low for 
the Roche Elecsys and Bayer Centaur assays, but 
interassay values differ by up to 50 %.

Commercial DNA analysis of k-ras mutations 
may improve identification of mucinous cysts 
with studies demonstrating 90–100 % specific-
ity and 42–54 % sensitivity (Table 31.2) [65, 66]. 
Thus, if k-ras mutation is present, this is diagnos-
tic of a mucinous cyst while the absence of k-ras 
mutation is not helpful. The addition of DNA 
analysis (k-ras mutation, 2 or more loss of het-
erozygosity (LOH) mutations and/or DNA quan-
tity greater than 40 ng/μL) to CEA and cytology 
did not significantly improve accuracy. DNA 
analysis may be useful in select patients whose 

CEA, cytology, and imaging results are indeter-
minate for a mucinous cyst. In addition, if less 
than 0.5 cc of cyst fluid is available, DNA analy-
sis is likely the only test that can be performed on 
this small quantity of fluid.

Similarly, a multicenter study suggested high 
specificity (96 %) and low sensitivity (37 %) for 
identifying malignant cysts when k-ras mutation 
was followed by allelic loss [67]. We compared 
accuracy of the 2006 and 2012 IAP guidelines 
and commercial DNA analysis (k-ras, LOH mu-
tations, and DNA quantity) for diagnosing malig-
nancy in 257 pancreatic cysts evaluated by EUS-
FNA [29]. The 2012 guideline most accurately 
identified malignant cysts with 88 % sensitivity 
and 90 % specificity; DNA analysis did not add 
significantly useful information beyond this.

Is There a Role for ERCP in Pancreatic 
Cysts?

Peroral pancreatoscopy and intraductal ultra-
sound may help characterize IPMNs and diagnose 
malignancies (Chap. 15). Characteristic findings 
include papillary tumor and fish-egg-like appear-
ance in 73 % [68]. Irrigation cytology (aspiration 
of saline irrigated into the duct during pancre-
atoscopy) may diagnose malignancy better than 
targeted biopsies during pancreatoscopy (100 % 
sensitive and specific versus 25 % sensitive) [69]. 
Mild complications of cholangitis and pancreati-
tis occurred in 24 %. Small Japanese case series of 
resected IPMN suggest preoperative pancreatos-
copy and IDUS are valuable for evaluating the 
extent of ductal involvement to aid the surgeons 
in mapping their resection [68, 70, 71]. Which 
part and how much of the pancreas to resect are 
important in MD-IPMN because total pancreatec-
tomy may be morbid with brittle diabetes and 
exocrine insufficiency, and partial resection with 

Table 31.2   Cyst fluid markers
Cyst fluid marker Sensitivity (%) Specificity (%)
CEA < 5 ng/mL (SCA, pseudocyst, neuroendocrine tumor) 54   94
CEA > 192 ng/mL (mucinous lesion) 73   84
Amylase < 250 U/L (excludes pseudocyst) 44   98
k-ras mutation + LOH (malignant lesion) 37   96
k-ras mutation (mucinous lesion) 54 100
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the goal of negative margins may be more suit-
able for older patients with comorbidities.

Case Continued

She was referred for EUS with the following 
findings: 3-cm-thick-walled unilocular cyst in the 
tail of the pancreas without a solid component or 
mural nodule (Fig.  31.13). The main pancreatic 
duct upstream from the cyst was dilated to 2.4 mm 
while the rest of the pancreatic duct was normal 
caliber. FNA using a 22-gauge needle performed 
with a single pass to drain the cyst completely re-
vealed the following: CEA 304.9 ng/mL, amylase 
30630 U/L, cyst wall cytology with no malignant 
cells. DNA analysis revealed no k-ras or loss of 
heterozygosity mutations. What type of cyst is 
this and how should it be managed?

Management of Pancreatic Cysts

Patients with pancreatic cysts that should be re-
sected include those with symptoms, evidence of 
malignancy, a high risk of becoming malignant, 
and potentially large (>  4 cm) or rapidly growing 
serous cystadenomas. Specifically, the 2012 IAP 
guidelines recommend surgical resection for all 
MCN, MD-IPMN, mixed-type IPMN, and BD-
IPMN with solid component, main pancreatic 
duct ≥ 1  cm, obstructive jaundice from the cyst, 
nodule, and/or cytology suspicious or positive for 
cancer [22]. The AGA guidelines also recommend 

resection for cysts with positive cytology, but sug-
gest the presence of multiple high risk stigmata 
as an indicator for resection (for example, a 3cm 
cyst with a nodule and dilated MPD) [87].  Recent 
papers have suggested a relatively low rate of in-
vasive cancer in MCN with <0.5% rate of cancer 
or HGD in patients with MCN <3 cm. Therefore, 
some experts have suggested that surveillance may 
be reasonable in some of these patients [88, 89].

Following surgical resection for SCA or MCN 
without invasive cancer, no surveillance is nec-
essary [15, 16]. Patients with invasive cancer 
regardless of type of cyst should be followed 
using a protocol similar for pancreatic ductal ad-
enocarcinoma although the AGA guidelines sug-
gest surveillance every 2 years, which may miss 
cancers that recur early [87]. In addition, patients 
with IPMNs need ongoing surveillance because 
of concern for a molecular “field defect” resulting 
in multifocal disease. With no residual IPMN in 
the remaining pancreas and a margin of normal or 
nondysplastic tissue, surveillance MRI is recom-
mended 2 and 5 years after resection. If any dys-
plasia remains at the margin, MRI should be per-
formed two times a year [22] although the AGA 
guidelines suggest no surveillance is necessary 
for low and intermediate grade dysplasia [87].

Unresected pancreatic cysts should be fol-
lowed unless diagnosed definitively as a non-
neoplastic cyst. MRI is preferable to CT for sur-
veillance of pancreatic cysts. Radiation exposure 
from repeated CT favors MRI [72]. An important 
issue with MRI involves cost of surveillance. To 
this end, it may be reasonable to follow pancre-
atic cysts with nonenhanced MRI, using gado-
linium only in select situations, as no malignant 
cysts were missed with nongadolinium enhanced 
MRIs in a multicenter study of 301 patients [73].

How often to perform MRI is unclear. The 
2012 IAP guidelines recommend an MRI 3–6 
months following initial identification of the cyst 
to ensure stability and then suggest various inter-
vals depending on the cyst size, which have not 
been validated: < 1 cm, every 2–3 years; 1–2 cm, 
every year for 2 years and if stable, lengthen in-
terval; 2–3 cm, every 6–12 months; > 3 cm, every 
3–6 months [22]. Nonresected SCAs are followed 
because they could grow although the frequency 
of imaging is debatable with some advocating 

Fig. 31.13   EUS of unilocular cyst with thick wall

 



52531  EUS in Pancreatic Cysts

imaging every 12 months while others suggest 
biennial surveillance [74, 75]. The recent AGA 
guidelines simplify surveillance recommenda-
tions to an MRI 1 year after identification and 
then every 2 years thereafter [87].

Experts disagree on how long surveillance 
should continue. The 2012 IAP guidelines sup-
port continuing surveillance indefinitely while 
the American College of Radiology guidelines 
recommend only a single 1-year follow-up for 
cysts < 2  cm with no further surveillance in as-
ymptomatic patients [22, 40], and the recent AGA 
guidelines suggest ceasing surveillance after 5 
years of stability without any high risk features 
detected in the cyst [87]. While the incidence of 
malignancy in patients who do not meet criteria 
for resection is low, rare cancers can develop 
years after initial diagnosis [76]. Recommenda-
tions to stop surveillance need further evaluation 
and should be tailored to the specific patient.

A major issue in managing pancreatic cysts 
is that often the exact diagnosis remains unclear 
despite a thorough evaluation with imaging and 
EUS-FNA [77]. For example, it may be impossible 
to distinguish MCN from BD-IPMN preoperative-
ly. A Kaiser study stratified 1815 patients with any 
pancreatic cyst excluding pseudocyst and history 
of pancreatitis into low (0.3–0.6 %), intermediate 
(1.3–5.1 %), and high (9.3–13.6 %) risk for ma-
lignancy based on a few imaging characteristics 
(pancreatic duct > 4  mm, size ≥ 3  cm, and cyst 
growth although this was not defined) [78]. High-
risk cysts were ≥ 3  cm without features of SCA 
(septations with calcification) or 1–3 cm with duct 
dilation. Although the malignancy rate was low 
(2.9 %) with 74 % presenting at cyst diagnosis, 
the risk of pancreatic cancer was 35 times greater 
in the cyst cohort compared to noncyst patients. 
Despite issues with this study, it may help guide 
management of cysts without a definite diagnosis 
based on their imaging features.

Case Conclusion

Based on elevated cyst fluid CEA, the cyst is 
mucinous with the concerning features of thick 
wall and dilated main pancreatic duct. The lack 
of DNA mutations is not helpful due to their low 

sensitivities. Therefore, the diagnostic studies 
concluded the patient had a mucinous cyst which 
was either a MCN or mixed-type IPMN. It was 
impossible to differentiate between these two di-
agnoses based on available data, and the presence 
of main pancreatic duct dilation with possible 
communication raised the concern for mixed-
type IPMN. Surgical resection is recommended 
for both lesions, and this patient was a young, 
good surgical candidate. Therefore, she under-
went distal pancreatectomy without complica-
tions, and surgical pathology was consistent with 
a MCN with low-grade dysplasia (Fig. 31.4). No 
further follow-up was necessary.

What Does the Future Hold?

Interest has blossomed to discover new biomark-
ers for pancreatic cysts given the inadequacies of 
currently available cyst fluid testing. Research 
has evaluated DNA, micro(mi)RNA, protein 
(proteomics), and metabolite (metabolomics) 
changes in many pilot studies. The most prom-
ising may be GNAS mutation at codon 201, 
which has been associated with IPMN in pathol-
ogy specimens, cyst fluid, and pancreatic juice 
obtained endoscopically following secretin-stim-
ulation [79–81]. Our own work on pancreatic 
cyst pathology specimens demonstrated higher 
prevalence of GNAS mutations in 42 % IPMNs 
compared to 10 % SCAs and 0 % pancreatic ad-
enocarcinoma and MCN ( p = 0.0003) [82].

MiRNAs are small, stable, noncoding RNA 
that have also generated interest as potential 
biomarkers of pancreatic cysts. Our group pub-
lished a comprehensive surgical pathology study 
interrogating 378 miRNAs in 69 specimens 
(20 SCA, 10 MCN, 20 IPMN, and 19 pancre-
atic adenocarcinoma), which reported various 
4 miRNA panels that accurately differentiated 
SCAs from MCN and IPMN as well as MCN 
from BD-IPMN with 85−100 % sensitivity and 
100 % specificity [83]. While exciting, these and 
results from other studies await large-scale vali-
dation in EUS-FNA cyst fluid, ideally in patients 
with pathologically confirmed diagnoses. In ad-
dition to potentially improved diagnostics, the 
ability to perform analyses on small fluid quan-
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tities is attractive especially as more identified 
cysts are smaller.

Endoscopic advances also attempt to improve 
diagnosis of pancreatic cysts. Direct endoscopic 
visualization of the cyst wall using the Spyglass 
system (Boston Scientific, Marlborough, MA, 
USA) followed by biopsy of the wall successfully 
diagnosed MCN in 2 patients [84]. Confocal en-
domicroscopy allows real-time microscopic im-
aging. During needle confocal endomicroscopy, 
a miniprobe advanced through a 19-gauge needle 
into a cyst analyzes the cyst wall. In a pilot study, 
sensitivity and specificity of endomicroscopic 
findings were 69 and 100 % for differentiating 
mucinous cysts from SCA and pseudocysts [85]. 
Pancreatitis occurred in 3 % [86]. The feasibility 
of performing both needle confocal endomicros-
copy and cystoscopy using the SpyGlass fiber-
optic probe in pancreatic cysts was demonstrated 
although the rate of pancreatitis was 7%.

Finally, endoscopy may offer an alternative to 
surgical resection in the management of pancre-
atic cysts as well. Recent interest has focused on 
the technique of EUS-guided fine-needle injec-
tion of various agents into lesions including pan-
creatic cysts (Chap. 33). Alcohol as well as the 
chemotherapeutic agent paclitaxel has been used 
to ablate pancreatic cysts with some success and 
require long-term follow-up data.

Conclusion

Pancreatic cystic lesions challenge clinicians 
with their increased identification on radiology 
imaging and the limitations of currently available 
diagnostics. Following initial identification of a 
pancreatic cyst, an MRI pancreas with MRCP or 
pancreatic protocol abdominal CT scan should be 
performed. A combination of radiologic imaging 
with EUS-FNA for cyst wall cytology, CEA, am-
ylase, and, in select cases, DNA markers may be 
used to diagnose pancreatic cystic lesions. Given 
the inadequacies of imaging and cyst fluid analy-
sis, translational research has flourished to dis-
cover better markers of mucinous and malignant 
cysts. Cyst fluid validation studies are awaited, 
and similarly endoscopic innovations require 

further refinement both for improved diagnostics 
and management of select pancreatic cysts.

Key Points

•	 The diagnostic approach focuses on differen-
tiating mucinous and nonmucinous cysts and 
identifying malignant cysts.

•	 Distinguishing among mucinous cysts (BD-
IPMN from MCN and BD-IPMN from mixed-
type IPMN) may be difficult or impossible 
despite the implications for management.

•	 MCN, MD-IPMN, mixed-type IPMN, BD-
IPMN with features concerning for malig-
nancy, and symptomatic cysts should be 
resected in surgically fit patients.

•	 MRI of the pancreas with MRCP is the pre-
ferred imaging for pancreatic cysts.

•	 EUS-FNA is recommended in patients with 
higher risk features including solid compo-
nent, nodule, dilated main pancreatic duct, 
and size ≥ 3 cm.

•	 In indeterminate cysts after MRI, EUS-FNA 
cytology, CEA and amylase, DNA markers 
may help identify mucinous cysts.

•	 Revised 2012 International Association of 
Pancreatology consensus guidelines are supe-
rior to the original 2006 guidelines although 
they still suffer from relatively poor positive 
predictive value.

•	 Pancreatic cyst size remains a strong predictor 
of malignancy.

•	 Recent AGA guidelines underscore the lack of 
high quality evidence in pancreatic cyst litera-
ture and support decreased surveillance and 
higher threshold for surgical resection. Better 
diagnostic and prognostic markers are needed.

Video Caption

Video 31.1 This video demonstrates EUS-FNA 
of an incidental pancreatic cystic lesion in a 
56-year-old female patient with intermittent 
lower abdominal pain. The cystic lesion is iden-
tified in the body of the pancreas, and evaluation 
includes inspection for nodule, mass, thick wall, 
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calcification, and communication with the main 
pancreatic duct, none of which are identified. 
Following this, a 22-gauge FNA needle is ad-
vanced into the larger component of the oligo-
locular cystic lesion with the goal of completely 
collapsing the cyst using a single needle pass. 
After the lesion has been nearly completely as-
pirated, the needle is advanced back and forth 
through the collapsed cyst wall a few times to 
obtain cyst wall tissue for cytology. Prophylac-
tic antibiotics have been administered intrave-
nously and oral ciprofloxacin will be prescribed 
for 3 days. Cyst fluid will be sent for CEA, amy-
lase, and cytology, and cyst wall tissue will also 
be evaluated for cytology
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Endoscopic Ultrasound in Acute 
Pancreatitis

Endoscopic ultrasound (EUS) is an important tool 
for the evaluation of pancreaticobiliary disorders. 
The proximity of the ultrasound probe from the 
gastric and duodenal lumen to the pancreas and 
biliary tree provides very good images of the 
pancreatic parenchyma and ductal system and 
also of the gallbladder and common bile duct. In 
recent years, EUS has emerged as a very useful 
diagnostic modality for the evaluation of patients 
with acute pancreatitis (AP). Several studies have 
shown EUS as a highly accurate method for the 
diagnosis of common bile duct stones (including 
microlithiasis) and other causes of AP compared 
to other imaging methods [1, 2]. In addition, EUS 
is usually performed as the procedure of choice 

for the initial management of fluid collections as-
sociated with AP (mainly pseudocyst and walled-
off necrosis, Chap. 12).

The etiology of AP is not found in up to 
10–30 % of patients after the initial examination. 
Initial workup should include a detailed clinical 
history with records of recent infectious diseases, 
abdominal trauma or surgery, ethanol and drug 
intake, serum calcium, triglyceride levels, liver 
enzymes, and autoantibodies (ANA, IgG4, rheu-
matoid factor). In addition, at least one transab-
dominal ultrasound or abdominal computed to-
mography (CT) scan is advisable. If this diagnos-
tic workup is normal, these patients are diagnosed 
with idiopathic acute pancreatitis (IAP) [3].

Case Report

A 74-year-old male with no history of alco-
hol intake and an ex-smoker was diagnosed 6 
months ago with prostate cancer and treated 
with brachytherapy. He was taking aspirin and 
nitrates for ischemic cardiac disease and statins 
for hypercholesterolemia. He was admitted to our 
department because of severe epigastric abdomi-
nal pain and the diagnosis of acute pancreatitis. 
The blood biochemistry showed normal levels of 
liver enzymes (AST 11 U/L, ALT 10 U/L, GGT 
19 U/L, alkaline phosphatase 102 U/L, bilirubin 
0.43 mg/dL) together with markedly high serum 
lipase (2,250 IU/L). Serum calcium and triglyc-
erides were within normal range. He had a leu-
kocytosis of 12,000  cells/mm3 and hematocrit 
36.8 %. There were no prognostic signs of severe 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_32) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_32.
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pancreatitis. After nothing by mouth, intravenous 
fluid resuscitation, and analgesia, the patient 
recovered successfully within 48 h. An abdomi-
nal CT scan revealed changes of mild acute pan-
creatitis (grade C according to Balthazar score) 
without acute fluid collections or any pancreatic 
lesion. The gallbladder and common bile duct 
were reported as normal. After resolution of pain 
and oral refeeding, the patient was discharged 
with the diagnosis of IAP on day 5 after admis-
sion. He was scheduled for an EUS 6 weeks after 
discharge and a visit to our outpatient pancreas 
unit 2 weeks after EUS.

EUS has been widely used to rule out biliary 
disease (gallbladder and common bile duct mi-
crolithiasis) in the setting of IAP, mainly in those 
cases with an intermediate-high suspicion of bili-
ary origin [4]. However, more interesting is the 
value of EUS in those cases in whom a biliary 
cause is not strongly suspected. Despite several 
publications in this area [1, 2, 5], several ques-
tions remain unanswered: What is the real impact 
of EUS in IAP? Should every patient with IAP 
be explored by EUS or only those with relapsing 
pancreatitis? When is the best time to perform 
EUS after IAP?

What is the Real Impact of EUS in IAP?

The role of EUS in IAP is not limited to the 
study of biliary disease. EUS is considered one 
of the most accurate techniques for the diagnosis 
of chronic pancreatitis, small pancreatic tumors 
(Chap.  30), and identification and characteriza-
tion of pancreatic cysts (Chap.  31), mainly tu-
mors such as intraductal papillary mucinous 
tumor (IPMN) as potential etiologies of AP. Dur-
ing EUS, the ampullary region should be care-
fully examined for evidence of ampullary lesions 
and main duct IPMN with mucus filling a gaping 
ampulla (“fish mouth papilla”). In addition, EUS 
may also detect anatomical variants including 
pancreas divisum (Chap. 15) and other pancreati-
cobiliary junction abnormalities.

Although several studies highlighted the role 
of EUS in the etiological evaluation of IAP, only 
a few of them followed these patients to dem-
onstrate that this theoretical advantage is main-

tained throughout time. Vila et al. [6] performed 
EUS in 44 patients with IAP who were followed 
for more than 2 years. EUS identified positive 
findings in 84 % of the cases (mainly microlithia-
sis), and the etiological diagnosis was changed 
after follow-up in only two patients, lowering the 
diagnostic yield to 79 %. Other trials compared 
EUS with magnetic resonance cholangiopancrea-
tography (MRCP) in a prospective manner [7, 8]. 
These studies led to the conclusion that EUS is 
superior to MRCP for the detection of common 
bile duct microlithiasis, whereas MRCP is supe-
rior to EUS for the diagnosis of pancreatic duct 
abnormalities. The combination of these two pro-
cedures and the clinical course during mean 22-
month follow-up reduced the rate of idiopathic 
acute pancreatitis by 66 % [7].

Should Every Patient with IAP Undergo 
EUS or Only Those with Recurrent 
Disease?

The decision to investigate every patient after 
a single episode of IAP remains controversial. 
In fact, although some guidelines recommend 
EUS after the first attack of IAP [9], others do 
not support this protocol [10]. This topic is well 
addressed by Yusoff et al. [11], who studied 370 
patients after a first episode of idiopathic acute 
pancreatitis or relapsing disease and proved that 
the diagnostic yield of EUS does not significant-
ly differ between the two groups. Therefore, in 
our opinion it is reasonable to perform EUS in 
every patient after the first attack of IAP, which 
is shared by other authors [12]. In fact, the ACG 
guidelines consider it mandatory to rule out a 
pancreatic tumor in all patients over 40 years 
old with an episode of IAP [10], and EUS is the 
best way to identify small pancreatic masses less 
than 2 cm in size compared to dual-phase CT and 
contrast-enhanced MRI [13].

When is the Best Time to Perform EUS 
After IAP?

During acute pancreatitis, edema of the duode-
nal wall, pancreatic necrosis, and inflammation 
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or fluid collection around the pancreas can po-
tentially hinder visualization of the pancreas, 
gallbladder, or bile duct by EUS [14]. While the 
entire pancreas can be visualized in AP, changes 
of chronic pancreatitis and small tumors can be 
missed, and hence, EUS for these indications 
should be avoided during the acute phase of AP. 
For all these reasons, we perform EUS no ear-
lier than 4 weeks after hospital discharge for IAP. 
EUS-FNA can be performed if a solid lesion or 
a cystic tumor is detected to rule out pancreatic 
cancer or IPMN.

Case Report Continued

An EUS was performed 6 weeks after the acute 
attack of AP (Fig. 32.1) showing the presence of 
a cystic lesion with solid peripheral component 
measuring 18 × 12  mm in the tail of the pan-
creas. The cyst clearly communicated with the 
main pancreatic duct and did not contain mural 
nodules. The surrounding parenchyma was com-
pletely normal, as well as the gallbladder and 
common bile duct. No enlarged lymph nodes 
were visualized. With the suspicion of a cystic 
tumor of the pancreas, an endoscopic ultrasound-
guided fine needle aspiration (EUS-FNA) was 
performed, which revealed low cellularity with 
no evidence of malignancy on cytology, and cyst 
fluid CEA level of 271.7  ng/mL (threshold for 
mucinous cysts is > 192 ng/mL). Because of the 

suspicion for main duct-IPMN, an MRCP was 
done (Fig.  32.2), and the patient was discussed 
with the pancreaticobiliary surgeons. A distal 
pancreatectomy was performed; the surgical 
pathology revealed the presence of a main duct-
IPMN without cellular atypia, and a concomi-
tant adjacent well-differentiated neuroendocrine 
tumor of 1.1 cm. The patient is well 2 years after 
surgery without any further attacks of AP.

Other Indications for EUS in the Context 
of AP

EUS is widely used in clinical practice for the 
transgastric drainage of fluid collections after 
AP, mainly pseudocysts and walled-off necrosis 
(Chap.  12). EUS-guided puncture of the fluid 
collection allows avoidance of vessels along the 
needle tract and makes the appropriate drainage 
modalities (stenting, necrosectomy) feasible [15].

Endoscopic Ultrasound in Chronic 
Pancreatitis

Chronic pancreatitis (CP) is a progressive and 
irreversible disease characterized by chronic in-
flammation of the pancreatic gland that ultimate-

Fig. 32.2   MRCP showing the previously described le-
sion seen as diffusely dilated main pancreatic duct in the 
pancreatic tail

 

Fig. 32.1   EUS identifies an 18 × 12  mm cystic lesion 
with solid peripheral component in the tail of the pancre-
as, which clearly communicates with the main pancreatic 
duct and did not have mural nodules nor adjacent enlarged 
lymph nodes
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ly leads to fibrosis and destruction of normal tis-
sue resulting in morphological changes and exo-
crine as well asendocrine dysfunction. Diagnosis 
of chronic pancreatitis by imaging techniques 
is based on the demonstration of morphological 
changes that develop in the gland as a conse-
quence of pancreatic fibrosis and inflammation. 
These changes are very evident in advanced stag-
es of the disease but difficult to detect in early 
phases [16]. The diagnosis is therefore easy to 
establish in advanced stages of the disease, when 
the presence of pancreatic calcifications, atrophy 
of the gland, and pancreatic duct dilation can be 
visualized by conventional imaging techniques 
such as abdominal ultrasound and CT. Early CP, 
on the other hand, remains a major diagnostic 
challenge today.

Case Report

A 57-year-old male was seen by the gastroen-
terology department because of epigastric pain 
lasting for 6 months. The pain did not radiate 
elsewhere, was not related to meals, and showed 
poor response to therapy with proton pump in-
hibitor. The patient did not report weight loss. He 
was a smoker [15 cigarettes per day) and mild 
drinker (20  gr of alcohol per day, mainly wine 
at lunch). In his family history, his mother had 
died from gastric cancer, and his father was re-
cently diagnosed with type II diabetes mellitus. 
Abdominal examination was normal. Laboratory 
data showed no significant abnormality. Because 
of the patient’s age and family history, a gastros-
copy was performed, which revealed mild signs 
of chronic gastritis without mucosal atrophy, 
acute inflammation, H. pylori infection, meta-
plasia or dysplasia on biopsy. A transabdominal 
ultrasound was normal. After recommending di-
etary and life style modification, together with 
omeprazole 20 mg daily, the patient was sched-
uled for follow-up 3 months later. During this pe-
riod, only a minor response to therapy occurred, 
and the patient maintained his smoking and 
drinking habit. The patient was then scheduled 
for additional imaging procedures to exclude ex-
traluminal findings, mainly pancreatic diseases.

Nonendoscopic Imaging Techniques to 
Evaluate for Chronic Pancreatitis

CT scan, magnetic resonance imaging (MRI), 
and secretin-stimulated MRCP (s-MRCP) are 
considered the main imaging techniques for the 
diagnosis of CP [16].

CT scan is a highly accurate technique for de-
tecting pancreatic calcifications, parenchymal at-
rophy, and inflammatory masses in the context of 
chronic pancreatitis. In addition, dilation of the 
pancreatic duct as shown by CT scan correlates 
well with endoscopic retrograde pancreatogra-
phy (ERP) findings [17]. However, the accuracy 
of CT scan for detecting minimal parenchymal or 
ductal changes of chronic pancreatitis is limited, 
and this technique is therefore not indicated for 
the diagnosis of early stage CP [18].

Compared to CT scan, the combination of 
MRI and s-MRCP appears to be more sensitive 
for early changes of chronic pancreatitis [19–21]. 
The normal high-intensity signal in T1-weighted 
sequences of the pancreas is lost in chronic pan-
creatitis. In addition, after intravenous gadolini-
um administration the signal intensity of the pan-
creas decreases in the arterial phase and increases 
in the venous or portal phase, whereas the appear-
ance of the gland becomes heterogeneous in CP 
[22]. MRCP, mainly after intravenous secretin in-
jection, is able to detect the typical ductal changes 
of chronic pancreatitis previously described for 
ERP [19]. Pancreatic duct abnormalities include 
irregular dilation and a beaded appearance of the 
main duct, which may contain intraductal calculi, 
and dilated side branches [21]. Intravenous secre-
tin injection significantly improves visualization 
of the main pancreatic duct and side branches 
during MRCP; in addition, it allows the assess-
ment of exocrine pancreatic secretion based on 
the quantification of duodenal filling [23]. Taken 
together, the static and dynamic features of the 
pancreas during gadolinium-enhanced MRI and 
s-MRCP yield accurate information for the diag-
nosis of chronic pancreatitis even in early stages 
of the disease.
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Endoscopic Imaging Techniques to 
Evaluate for Chronic Pancreatitis

Until recent years, ERCP has been considered the 
gold standard for the diagnosis of CP. However, 
due to its invasiveness, risk of complications, and 
the development of new techniques, ERCP can 
no longer be considered for diagnostic purposes 
in clinical practice. More recently, EUS has aris-
en as the most valuable method for establishing 
the diagnosis of CP.

EUS is presently considered the most sensi-
tive imaging method for the diagnosis of chronic 
pancreatitis [24, 25]. Using histology as the gold 
standard, the sensitivity of EUS ranges from 71 
to 91 % and specificity from 86 to 100 % [26–28]. 
The sensitivity and specificity changes based on 
the threshold number of EUS criteria chosen for 
the diagnosis of CP. The greater the number of 
criteria present, the higher the specificity (the 
less likely that EUS falsely diagnoses CP) at the 
expense of sensitivity (the more likely that EUS 
misses a diagnosis of CP). Thus, for patients with 
at least five EUS criteria, specificity is 91 % with 
76 % sensitivity while those with three criteria 
have 57–81 % specificity and 83–95 % sensitivity 
[24]. The presence of five or more EUS criteria 
is generally accepted to support the diagnosis of 
the disease [26]. Nevertheless, three or four EUS 
criteria of chronic pancreatitis may be enough for 
early diagnosis in patients with a clinical picture 
suggestive of the disease. Moreover, there is an 
excellent correlation between the number of EUS 
criteria and the histological severity of chronic 
pancreatitis [29]. In addition, the following crite-
ria appear associated with severe CP: hyperecho-
ic foci with shadowing, irregular main pancreatic 
duct, lobularity with honeycombing, dilated side 
branches, dilated main pancreatic duct, and hy-
perechoic foci without shadowing [30].

The EUS parenchymal and ductal features 
of the disease have been properly defined 
(Table 32.1, Figs. 32.3, 32.4, 32.5) [31–33]. With 
the assumption that not all criteria are equally im-
portant, the Rosemont classification (Tables 32.2 
and 32.3) [34] has been proposed, in which the 

EUS criteria of CP and the various EUS features 
of CP are strictly defined and given different 
weights. However, this classification does not 
seem to improve the diagnostic value of EUS, 
and further studies are needed to validate it [35]. 
One weakness of EUS for the diagnosis of CP 
is the well-known poor interobserver agreement, 
not only for the final diagnosis of CP but also 
for isolated criteria. Even the development of the 
Rosemont classification has not improved this 
issue [36].

Table 32.1   EUS criteria for the diagnosis of chronic 
pancreatic and its histological correlation
EUS criteria Histological correlation
Parenchymal abnormalities
Hyperechoic foci Focal fibrosis
Hyperechoic strands Bridging fibrosis
Lobularity Interlobular fibrosis
Cysts Pseudocysts
Hyperechoic foci 
with shadowing

Calcification

Ductal abnormalities
Main pancreatic duct 
dilation

> 3 mm head; > 2 mm body; 
> 1 mm tail

Main pancreatic duct 
irregularity

Focal dilation/narrowing

Hyperechoic margin Periductal fibrosis
Side branches Dilated side branches
Stones Calcifications

Fig. 32.3   EUS image of dilated main pancreatic duct 
(marked by cross marks) with intraductal stones seen as 
hyperechoic with shadowing. 
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The accuracy of EUS and MRCP for diagnos-
ing CP was compared in a prospective study of 
99 patients with signs or symptoms of CP who 
underwent both studies, and the gold standards 
included ERCP, histology, and/or long-term 
clinical follow-up. Eventually, 40 patients were 
diagnosed with CP with the other 59 patients 
serving as normal controls. EUS was more sen-
sitive than MRCP (93 vs. 65 %, p = 0.007) with 
similar specificity (≥ 90 %) for CP. When either 
EUS or MRCP was used to diagnose CP, sensitiv-
ity was 98 % while when both were suggestive 
of CP, specificity was 100 %. Therefore, EUS 

and MRCP appeared complementary techniques. 
MRI technology has improved since this study 
and the addition of secretin increases diagnostic 
accuracy of MRCP. While EUS may be consid-
ered today the best technique to establish the 
diagnosis of chronic pancreatitis in experienced 
hands, in reality both s-MRCP and EUS are typi-
cally obtained in patients with suspected early CP.

Case Report Continued

The patient underwent EUS, which identified 
the presence of hyperechoic foci and strands (as 
parenchymal criteria) and an irregular contour of 
the main pancreatic duct with a hyperechoic mar-
gin (as ductal criteria; Fig. 32.6 and Video 32.1). 
With these four EUS criteria (two parenchymal 
and two ductal criteria), he was indeterminate for 
CP according to the Rosemont classification and 
was diagnosed with probable early CP.

Does EUS Play Any Role in the 
Etiological Diagnosis of Chronic 
Pancreatitis?

Once CP is diagnosed, proper etiological clas-
sification becomes important. Major predispos-
ing risk factors for CP have been categorized 
as toxic-metabolic, idiopathic, genetic, autoim-
mune, recurrent and severe acute pancreatitis, or 
obstructive (TIGAR-O system) [37]. In this con-
text, EUS can detect obstructive causes of CP and 
provide data supporting an autoimmune origin of 
the disease (see below).

What Other EUS-associated Techniques 
May Aid Diagnosis of Early Chronic 
Pancreatitis?

Some techniques associated with EUS have been 
attempted to improve the diagnostic accuracy for 
CP, which mainly include EUS-guided fine nee-
dle aspiration (FNA) and biopsy (FNB), elastog-

Fig. 32.4   EUS image of lobularity. 

 

Fig. 32.5   EUS image of hyperechoic strands and hyper-
echoic foci (arrows). 
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raphy and contrast enhancement, and pancreatic 
function testing.

EUS-FNA/FNB has a clear and well investi-
gated role in the differentiation of mass-forming 
chronic pancreatitis from pancreatic cancer [38], 
but studies on the use of EUS-guided tissue sam-
pling in distinguishing early CP from normal 
tissue are scarce. Hollerbach et  al. investigated 
the value of adding a 22-gauge needle FNA to 
standard EUS evaluation in a series of 37 patients 
with the clinical suspicion of CP and used ERP 
as the gold standard. The addition of EUS-FNA 
improved the negative predictive value of EUS 
from 75 to 100 % with 2 (7 %) complications of 
mild pancreatitis [39]. In another small series 

Table 32.2   Consensus-based parenchymal and ductal features of CP according to Rosemont classification [34]
Feature Definition Major criteria Minor criteria
Hyperechoic foci with 
shadowing

Echogenic structures ≥ 2 mm in length and width that 
shadow

Major A

Lobularity Well-circumscribed, ≥ 5 mm structures with enhancing 
rim and relatively echo-poor center

A. With honeycombing Contiguous ≥ 3 lobules Major B
B. Without honeycombing Noncontiguous lobules Yes
Hyperechoic foci without 
shadowing

Echogenic structures ≥ 2 mm in both length and width 
with no shadowing

Yes

Cysts Anechoic, rounded/elliptical structures with or without 
septations

Yes

Stranding Hyperechoic lines of ≥ 3 mm in length in at least 2 dif-
ferent directions with respect to the imaged plane

Yes

MPD calculi Echogenic structure(s) within MPD with acoustic 
shadowing

Major A

Irregular MPD contour Uneven or irregular outline and ectatic course Yes
Dilated side branches 3 or more tubular anechoic structures each measuring 

≥ 1 mm in width, budding from the MPD
Yes

MPD dilation ≥ 3.5-mm body or ≥ 1.5-mm tail Yes
Hyperechoic MPD margin Echogenic, distinct structure greater than 50 % of 

entire MPD in the body and tail
Yes

Table 32.3   EUS diagnosis of chronic pancreatitis (CP) based on Rosemont Consensus [34]
I. Consistent with CP 1 major A feature (+) ≥ 3 minor features

1 major A feature (+) major B feature
2 major A features

II. Suggestive of CP 1 major A feature (+) < 3 minor features
1 major B feature (+) ≥ 3 minor features
≥ 5 minor features (any)

III. Indeterminate for CP 3 to 4 minor features, no major features
Major B feature alone or with < 3 minor features

IV. Normal ≤ 2 minor features, no major features

Fig. 32.6   EUS B-mode image demonstrating the pres-
ence of hyperechoic strands with an irregular main pan-
creatic duct with hyperechoic margins. 
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from our group of 14 patients, EUS-FNA using 
a 22-gauge needle with aspirates placed into for-
malin for pathology evaluation was able to detect 
chronic inflammatory cell infiltration in all cases 
and could also categorize the severity of the dis-
ease [40]. The role of EUS-FNB for the diagnosis 
of early chronic pancreatitis has not been evalu-
ated yet.

Elastography is a noninvasive technique 
to measure tissue elasticity in real time (Video 
32.1). For elastographic evaluation, the probe is 
placed on the gastrointestinal wall exerting just 
enough pressure needed for an optimal and stable 
B-mode image at 7.5 MHz. The region of interest 
for elastographic evaluation is manually selected 
to include the whole targeted lesion or area for 
study. Maximal sensitivity for elastographic reg-
istration needs to be used. Different tissue elas-
ticity patterns are qualitatively marked by differ-
ent colors on the grey-color EUS scale (blue for 
hard tissue, red for soft tissue, and yellow and 
green for intermediate stiffness). The stiffness of 
the tissue can also be quantified as strain ratio 
(normal< 2.2) or hue histogram. Two areas (A 
and B) from the region of interest are selected for 
quantitative elastographic strain ratio analysis. 
Area A represents the target lesion. Area B refers 
to a soft (red) reference area outside the area of 
interest, with the gastrointestinal wall being the 
best option. The strain ratio (B/A) is the measure 
of the quantitative elastographic evaluation. The 
hue-histogram is a graphical representation of the 
distribution of colors (hues) and is based on the 
qualitative EUS elastographic image obtained. 
Once the optimal elastographic image is selected, 
the lesion to be studied by hue-histogram is man-
ually selected. On the x-axis of the histogram, the 
numeric values of the elasticity are displayed on 
a scale from 0 (hardest) to 250 (softest). On the 
y-axis, the height of the spikes displayed indi-
cates the number of pixels of each elasticity level 
found in the region of interest. Consequently, the 
mean value of the histogram corresponds to the 
global hardness or elasticity of the lesion [41].

In our experience, the normal pancreas shows 
a homogeneous green pattern, whereas a hetero-
geneous green predominant pattern is frequently 
seen in patients with chronic pancreatitis [42]. 

With quantitative EUS elastography, normal pan-
creas has lower strain ratio levels compared to 
inflammatory and malignant lesions. Malignant 
lesions, mainly pancreatic cancer, display a high 
strain ratio (> 6.04) [43]. As a measure of the de-
gree of pancreatic fibrosis in chronic pancreatitis, 
we recently reported a highly significant direct 
linear correlation between the number of EUS 
criteria for chronic pancreatitis and the strain 
ratio (r = 0.813; p < 0.0001). Accuracy of EUS 
elastography for diagnosing chronic pancreati-
tis was 91.1 % using the gold standards of EUS 
(≥ 5 criteria) or equivocal EUS (3–4 criteria) with 
confirmatory findings on MRI pancreas and s-
MRCP. The strain ratio also varied significantly 
among the different Rosemont classification 
groups (1.80 normal pancreas, 2.40 indetermi-
nate group, 2.85 suggestive of CP, 3.62 consistent 
with CP, p < 0.001) [44]. Thus, EUS elastography 
may provide interesting objective information 
supporting the diagnosis of chronic pancreatitis 
in indeterminate cases.

Intravenous contrast to evaluate the vascular-
ization pattern of solid pancreatic lesions is wide-
ly used in clinical practice in Europe. However, 
data about its use in the setting of CP without an 
inflammatory mass are anecdotal. We recently 
conducted a pilot trial administrating 4.8  ml of 
Sonovue® in patients with EUS findings inde-
terminate for chronic pancreatitis. Compared to a 
homogeneous isovascular pattern and slow con-
trast washout in healthy pancreas, a trabecular 
contrast enhancement pattern corresponding to 
the hyperechoic rim of lobules seen on B-mode 
EUS was observed in all CP patients. In addition, 
after 90 s there was a complete washout of con-
trast from the pancreatic parenchyma in all CP 
cases. Further studies are needed to establish the 
role of EUS contrast enhancement for the early 
diagnosis of CP.

Pancreatic function tests (PFT) have been used 
for the diagnosis of early CP. The PFT with the 
highest sensitivity for CP is the secretin-chole-
cystokinin (CCK) stimulation test with aspiration 
of duodenal content by a triple-lumen probe. The 
sensitivity and specificity of this test for the diag-
nosis of CP both exceed 90 % [45]. A high agree-
ment between EUS and the secretin-CCK test has 
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been demonstrated in several studies. Modifica-
tions of the secretin-CCK test have been devel-
oped in recent years, leading to the emergence 
of the endoscopic pancreatic function test (ePFT) 
during which the procedure is shortened to 1 h, 
and pancreatic juice is collected by a gastroscope 
placed in the second portion of the duodenum 
following secretin injection (0.2  mcg/kg) [46]. 
Peak bicarbonate level (highest value of all the 
collections) ≥ 80 mEq/L implies normal exocrine 
pancreatic function. Practical tips to performing 
this procedure correctly include completely suc-
tioning gastric contents and clearing the suction 
channel with duodenal fluid before beginning 
fluid collection every 15  min, placing the fluid 
specimens on ice, performing analysis within a 
few hours of collection, and avoiding performing 
biopsies until after the collections are finished. 
The shortened ePFT is a 45-minute test using 
peak bicarbonate level 75  mEq/L as the cutoff 
with 94 % agreement to the 1-h test [47]. This 
shortened ePFT should be used to screen patients 
for CP as its specificity is high (93 %). Therefore, 
if peak bicarbonate is ≥ 75  mEq/L, the patient 
does not have exocrine insufficiency. If the test is 
abnormal, the full 1-h test should be performed to 
confirm these results. A step forward has been the 
introduction of a combined test, using both ePFT 
and EUS to assess both functional and structural 
changes of CP simultaneously. The method is 
based on performing a standard EUS for identify-
ing criteria of CP; afterwards, secretin is admin-
istered intravenously and duodenal fluid is sub-
sequently collected at 15, 30, and 45 min. Some 
studies have demonstrated the usefulness of this 
approach for the diagnosis of early CP [48].

Pancreatic morphology can also be dynami-
cally evaluated by EUS after secretin stimulation. 
The pancreatic duct dilates after secretin stimula-
tion in the normal pancreas. In a pilot study, dy-
namic EUS has demonstrated reduced pancreatic 
duct compliance (defined as percentage change 
from baseline to peak pancreatic duct diameter 
after secretin injection) as a consequence of duct 
fibrosis in CP, most pronounced in the tail of the 
pancreas [49]. Studies are awaited to evaluate 
this technique further.

Case Report Concluded

An EUS-ePFT was carried out in the patient to 
further characterize pancreatic changes. Dur-
ing the procedure, repeat EUS evaluation of the 
pancreas confirmed the presence of 4 EUS cri-
teria. Elastography was performed, and a mean 
strain ratio of 7.29 was obtained (normal < 2.2; 
Fig. 32.7). Dynamic dilation of the main pancre-
atic duct after secretin injection was markedly re-
duced. In addition, peak bicarbonate level in duo-
denal juice after secretin injection was 64 mEq/L 
(normal ≥ 80 mEq/L for full 1-h test). All these 
findings helped us to establish the final diagnosis 
of early chronic pancreatitis.

Role of EUS in Treatment of Chronic 
Pancreatitis

Various techniques associated with EUS can be 
helpful in the management of CP patients. The 
two main procedures are EUS-guided celiac 
blockade for pain (Chap.  33) and EUS-guided 
drainage techniques (Chap. 12).

EUS-guided celiac plexus blockade by inject-
ing a combination of corticosteroids (triamcino-
lone) and anesthetic agents (bupivacaine) around 
the celiac plexus may help some CP patients to 
reduce pain and to improve quality of life. Partial 
alleviation of pain ranges from 50 to 70 %, but 
long-term follow-up studies are lacking [50].

EUS-guided drainage by means of a transgas-
tric or transduodenal stent can be considered as 
the therapy of choice for symptomatic pseudo-
cysts in the context of chronic pancreatitis. Sev-
eral series have been reported, and randomized 
trials have shown a significantly better success 
rate for EUS-guided drainage than for conven-
tional endoscopic drainage or even surgical cyst-
gastrostomy [51].

Finally EUS has also been used to guide ac-
cess to the main pancreatic duct in order to pro-
vide minimally invasive drainage in patients. This 
can be performed either through the gastric or the 
duodenal wall. Success rates of 77− 92 % have 
been reported. However, complications related to 
the technique are frequent, including pain, bleed-
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ing, perforation, and hematoma. Therefore, EUS-
guided access of the main pancreatic duct is a 
technically challenging procedure and should al-
ways be performed by experts under fluoroscopic 
guidance [52].

EUS in Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) has historically 
been considered a rare disorder, but it is increas-
ingly recognized due to an improved understand-
ing of its diverse nature and proper means of di-
agnosis. The current international consensus di-
agnostic criteria (ICDC) for the diagnosis of AIP 
incorporate 5 cardinal features: imaging charac-
teristics of the pancreas (parenchyma and duct), 
serology, other organ involvement, pancreatic 
histology, and response to steroids (Table 32.4) 
[53]. However, even when the diagnosis of AIP is 
strongly considered, the diagnosis often remains 

elusive [54]. In fact, AIP has been demonstrated 
in 3–5 % of specimens from patients undergoing 
surgical resection for suspected pancreatic cancer 
[55]. Imaging techniques recommended in the 
guidelines include CT scan, MRI/MRCP, ERCP, 
and more recently EUS.

Case Report

A 47-year old woman who drinks occasional 
wine and smokes 10 cigarettes per day was ad-
mitted to the Emergency Department because of 
epigastric pain over the last 3 months, together 
with weight loss of about 5 kg and jaundice. The 
patient did not report any relevant family history. 
Physical examination was normal, except for 
jaundice. Laboratory data revealed normal hemo-
gram, and serum biochemistry showed bilirubin 
of 7 mg/dL, AST 120 U/L, ALT 240 U/L, and al-
kaline phosphatase 680 U/L. A dilated common 

Fig. 32.7   EUS-guided elastography of the patient with findings suggestive of early chronic pancreatitis, and a strain 
ratio of 7.3
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bile duct and peripancreatic lymph nodes were 
observed on transabdominal ultrasound. At this 
point, the patient was scheduled for a CT scan.

How Do Different Imaging Studies 
Differentiate Mass-form Chronic 
Pancreatitis, Pancreatic Cancer, and 
AIP?

Findings on CT scan or MRI often offer the first 
clues raising the suspicion of pancreatic cancer or 
AIP. Nevertheless, differentiating between mass-
forming chronic pancreatitis, AIP, and pancreatic 

cancer based on CT scan can be challenging [38, 
56]. CT findings suggestive of AIP include focal 
or diffusely enlarged pancreas without dilatation 
of the main pancreatic duct, a capsule-like rim 
around the pancreas and the absence of calcifi-
cations and pseudocysts. On the contrary, a low 
density mass on contrast-enhanced CT with pan-
creatic ductal dilatation or stricture supports the 
diagnosis of pancreatic cancer [38]. MRI and 
MRCP may provide additional information to 
help diagnose AIP [57]. In fact, main pancreatic 
duct narrowing for ≥ 1/3 of the pancreatic duct 
length, multiple segmental lesions of the duct, 
the presence of side branches at the narrowed 

Table 32.4   International criteria for the diagnosis of autoimmune pancreatitis
Criterion Level 1 Level 2

P Parenchymal imaging Typical: Diffuse enlargement 
with delayed enhancement (some-
times associated with rim-like 
enhancement)

Indeterminate (including atypical): Seg-
mental/focal enlargement with delayed 
enhancement

D Ductal imaging (endo-
scopic retrograde 
pancreatography)

Long (> 1/3 length of the main 
pancreatic duct) or multiple strictures 
without marked upstream dilatation

Segmental/focal narrowing without 
marked upstream dilatation (duct size 
< 5 mm)

S Serology IgG4, > 2 x upper limit of normal 
value

IgG4, 1–2 x upper limit of normal value

OOI Other organ 
involvement

a or b
a. Histology of extrapancreatic 
organs
Any three of the following:
 Marked lymphoplasmacytic infiltra-
tion with fibrosis and without granu-
locytic infiltration
 Storiform fibrosis
 Obliterative phlebitis
 Abundant (10 cells/HPF) 
IgG4-positive cells
b. Typical radiological evidence
At least one of the following:
 Segmental/multiple proximal (hilar/
intrahepatic) or proximal and distal 
bile duct stricture
 Retroperitoneal fibrosis

a or b
a. Histology of extrapancreatic organs 
including endoscopic biopsies of bile 
duct
Both of the following:
 Marked lymphoplasmacytic infiltration 
without granulocytic infiltration
 Abundant (10 cells/HPF) 
IgG4-positive cells
b. Physical or radiological evidence
At least one of the following:
 Symmetrically enlarged salivary/lacri-
mal glands
 Radiological evidence of renal involve-
ment described in association with AIP

H Histology LPSP (core biopsy/resection)
At least 3 of the following:
 Periductal lymphoplasmacytic infil-
trate without granulocytic infiltration
 Obliterative phlebitis
 Storiform fibrosis
 Abundant (10 cells/HPF) 
IgG4-positive cells

LPSP (core biopsy)
Any 2 of the following:
 Periductal lymphoplasmacytic infiltrate 
without granulocytic infiltration
 Obliterative phlebitis
 Storiform fibrosis
 Abundant (10 cells/HPF)
IgG4-positive cells

Response to steroids Diagnostic steroid trial
Rapid (≤ 2 wk) radiologically demonstrable resolution or marked improvement 
in pancreatic/extrapancreatic manifestations

HPF high power field; LPSP lymphoplasmacytic sclerosing pancreatitis
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main pancreatic duct, and smooth and straight 
intrapancreatic common bile duct stenosis are 
findings suggestive of AIP. Overall, an important 
point is that the diagnostic workup in unclear 
cases with solid pancreatic masses should pri-
marily be directed at excluding pancreatic cancer 
[53].

Case Report Continued

CT scan showed a focal pancreatic mass located 
at the head of the pancreas with an otherwise dif-
fusely enlarged pancreas. There was no dilata-
tion of the main pancreatic duct. A capsule-like 
rim around the pancreas was observed. Enlarged 
lymph nodes were also identified, mainly located 
around the pancreatic head and liver hilum. CT 
scan also confirmed the presence of a dilated 
common bile duct. Regarding vessel evaluation, 
the superior mesenteric vein, confluence, and 
portal vein were not infiltrated, but they were 
very close to the pancreatic solid lesion; the supe-
rior mesenteric artery was clearly free from inva-
sion. Serum Ig4 level was slightly elevated. The 
solid pancreatic mass was suggestive of AIP, but 
since pancreatic cancer could not be excluded, 
the patient underwent an EUS of the pancreas.

What is the Role of EUS and Its 
Associated Techniques in the Diagnosis 
of AIP?

There are emerging data suggesting the potential 
utility of EUS in the diagnosis of AIP [58–60]. 
EUS not only has the ability to provide high-
definition imaging of the pancreas, but also 
to acquire tissue through either FNA or FNB. 
There are additional techniques associated with 
EUS as discussed previously that can greatly aid 
in establishing the diagnosis of AIP, especially 
in those cases that present as a solid pancreatic 
mass. Therefore, EUS has the potential to play 
an important role in the diagnosis of AIP and the 
exclusion of other pancreatic diseases.

There are no pathognomonic EUS findings of 
AIP, but some characteristics are commonly seen 

in this disease. These include a diffusely enlarged 
gland (called “sausage-shaped”) with hypoecho-
ic, patchy heterogeneous-appearing parenchyma 
(Fig. 32.8). However, patients do not often pres-
ent with all these features, thereby limiting the 
diagnostic accuracy of EUS for AIP. Other EUS 
features seen in AIP are similar to those in pa-
tients with chronic pancreatitis of any other etiol-
ogy, which include hyperechoic foci, hyperecho-
ic strands, and lobularity.

With mass-forming AIP, the lesion typically 
appears hypoechoic and occurs in the head of the 
pancreas leading to obstructive jaundice. The bile 
duct and main pancreatic duct may be narrowed 
with duct wall thickening (Fig. 32.9). The mass 
may appear to invade adjacent vessels, cause up-
stream dilation of the main pancreatic duct, and 
even be associated with enlarged peripancreatic 
lymph nodes, making differentiation from pan-
creatic cancer very difficult [58, 61]. Hoki et al. 
reported that diffuse hypoechoic areas, diffuse 
enlargement of the pancreas, bile duct wall thick-
ening, and peripancreatic hypoechoic margins 
were more commonly seen in AIP than pancre-
atic cancer. On the other hand, focal hypoechoic 
areas and focal enlargement were more common-
ly seen in pancreatic cancer [62]. Finally, com-
mon bile duct and gallbladder wall thickening are 

Fig. 32.8   EUS image of autoimmune pancreatitis with 
hypoechoic, mildly heterogeneous, diffusely enlarged 
pancreatic parenchyma with hypoechoic margin in the tail 
of the pancreas. Because of concern for pancreatic malig-
nancy despite negative EUS-FNA, distal pancreatectomy 
was performed and confirmed diagnosis of autoimmune 
pancreatitis. 
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frequently seen in patients with AIP and not in 
those with pancreatic cancer [63].

EUS elastography could help differentiate AIP 
from pancreatic cancer. In fact, consistent data 
demonstrate the usefulness of elastography in 
differentiating malignant from benign solid pan-
creatic masses, with an overall accuracy ranging 
from 80 to 95 % [41]. However, there are scarce 
data on the role of elastography in the diagno-
sis of AIP. In the study from Dietrich et al. [64], 
5 patients with focal AIP were found to have a 
homogenous stiff (blue) pattern throughout the 
entire pancreas including the mass, which dif-
fered from pancreatic cancer or normal pancreas 
in which the pancreatic parenchyma (apart from 
the cancer) was predominately intermediate stiff-
ness (green).

Contrast-enhanced EUS could also be used, 
since AIP is associated with hypervascularity 
within the mass and the surrounding pancre-
atic parenchyma compared to pancreatic cancer 
where the mass is hypovascular compared with 
surrounding pancreatic tissue [65]. In patients 
with focal AIP, contrast uptake and distribution 
are iso-enhanced and homogenous, whereas 
this is rarely seen in pancreatic cancer. The ma-
jority of patients with pancreatic cancer have 
a hypo-enhanced uptake in a heterogeneous 
pattern [66].

Is EUS-FNA/FNB a Good Option for the 
Diagnosis of AIP?

EUS-FNA/FNB has proven very accurate for the 
differential diagnosis of solid pancreatic masses, 
mainly for establishing the diagnosis of pancreat-
ic cancer [67]. However, the role of EUS-guided 
tissue acquisition has not been extensively stud-
ied in the context of AIP. Cytology from EUS-
FNA does not enable the diagnosis of AIP [68, 
69]. Even EUS-FNA using a 19-gauge needle 
for histological review only achieved a diagnosis 
of AIP in 43 % of patients [70]. Due to the in-
ability to obtain adequate core specimens using 
standard FNA needles, some advocate using less 
rigorous or incomplete pathology criteria for the 
cytologic diagnosis of AIP (mainly the presence 
of a lymphoplasmacytic infiltrate alone with-
out evaluating the location of the inflammatory 
infiltrate or the degree of preservation of duct-
ules, venules or arterioles within the specimen). 
However this approach may lead to low specific-
ity for the diagnosis of AIP. In this setting, the 
hypothetical benefit of EUS-FNA is its ability to 
exclude pancreatic cancer rather than to diagnose 
AIP [60, 71]. However, we need to recognize that 
the false-negative rate of EUS-FNA for cancer is 
as high as 10–40 % in patients with features of 
CP [38].

The current ICDC guidelines recommend a 
pancreatic core biopsy in patients presenting with 
a focal mass and/or obstructive jaundice if can-
cer has been excluded and the diagnosis remains 
elusive [53]. The needle used for EUS-FNB may 
be important. Core tissue samples can be safely 
obtained with the 19-gauge Quick-Core® needle 
(Cook Medical, Bloomington, IN) [72]. This de-
vice has been shown to be useful for diagnosing 
neoplasms that are often difficult to diagnose by 
cytology. Furthermore, with the larger specimen 
size and the ability to preserve tissue architec-
ture, the Quick-Core® needle can help differenti-
ate among AIP, chronic pancreatitis, and pancre-
atic cancer [73]. EUS-FNB with this needle may 
provide sufficient material to aid in the diagnosis 
of AIP, thereby guiding treatment and avoiding 
surgical intervention [74]. However, sampling 

Fig. 32.9   EUS image of patient with autoimmune pan-
creatitis and distal biliary stricture with diffusely and 
symmetrically thickened bile duct wall ( white bracket). 
(Courtesy of Dr. Linda Lee, Brigham and Women’s Hos-
pital, Boston, MA) 
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lesions located in the head of the pancreas with 
this needle is strongly limited due to mechanical 
friction of the needle firing mechanism result-
ing from the bended position of the scope. The 
more recent ProcoreTM biopsy needle available in 
19, 22, 25 G (Cook Medical, Bloomington, IN) 
seems to have solved this problem and enables 
obtaining a core tissue sample from solid pan-
creatic lesions in the majority of cases [75, 76]. 
However, data are lacking regarding the useful-
ness of the ProcoreTM needle in the evaluation of 
AIP.

Case Report Concluded

An EUS was performed in our patient, which 
visualized the solid hypoechoic, well-defined le-
sion located in the head of the pancreas without 
vascular infiltration, but involving the common 
bile duct. The rest of the pancreatic parenchyma 
was patchy, hypoechoic, and diffusely enlarged. 
The main pancreatic duct was narrowed with duct 
wall thickening. An EUS elastography was also 
performed, which revealed a heterogeneous blue 
predominant pattern with a strain ratio of 152 
(Fig. 32.10). At this point, 4.8 mL of Sonovue® 
was intravenously administered in order to per-
form contrast-enhanced harmonic EUS, which 
showed an isovascular pattern. In order to con-
firm the diagnosis, an EUS-FNB was performed 
using a 19-gauge ProcoreTM biopsy needle. A 
core sample from the pancreatic lesion was ob-
tained, and the pathological analysis reported the 
presence of fibrosis and a pronounced infiltration 
of inflammatory cells, mainly lymphocytes and 
plasma cells. With all these findings, the patient 
was diagnosed with focal AIP and treated with 
steroids (40 mg a day of prednisolone orally). He 
demonstrated significant clinical and biochemi-
cal improvement. A repeat CT scan performed 4 
weeks later revealed marked improvement of the 
pancreatic morphology.

Key Points

•	 Endoscopic ultrasound (EUS) is indicated in 
patients after an episode of acute idiopathic 
pancreatitis in order to exclude microlithiasis 
and pancreatic tumors in patients over the age 
of 40.

•	 EUS guidance makes drainage of pseudocysts 
and wall-off necrosis feasible and safe.

•	 Diagnosis of chronic pancreatitis can be estab-
lished in patients with 5 or more EUS criteria 
of the disease. However, the presence of 3 or 
4 criteria may be enough to diagnose chronic 
pancreatitis in patients with clinical suspicion 
of the disease.

•	 The combination of elastography and endo-
scopic pancreatic function test during EUS 
may help support the diagnosis of chronic pan-
creatitis in patients with mild EUS changes.

•	 Diagnosis of autoimmune pancreatitis (AIP) 
is a challenge. The presence of a diffusely 
enlarged pancreas together with high serum 
IgG4 levels strongly supports the diagnosis.

•	 Differentiating between AIP and pancreatic 
cancer is difficult in cases with solid pancre-
atic masses. EUS may show some findings 
to support the diagnosis of AIP, but EUS-
guided fine needle biopsy is usually required 
to exclude pancreatic malignancy and poten-
tially provide a proper diagnosis.

Video Caption 

Video 32.1 EUS B-mode video demonstrating 
the presence of multiple hyperechoic strands 
and nondilated pancreatic duct with hyperechoic 
margins. Elastography demonstrates heteroge-
neous green pattern to pancreatic parenchyma 
with area A selected in large circle to represent 
the target lesion and area B selected with a small 
circle around red tissue as the reference point to 
calculate the strain ratio
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Introduction

The advent of linear endoscopic ultrasound 
(EUS) in the 1990s has transformed EUS from a 
purely diagnostic modality to a platform for ad-
vanced diagnostic and therapeutic applications. 
The capability of EUS-guided fine-needle aspi-
ration (EUS-FNA) has brought us the ability to 
access countless anatomic sites to sample tumors 
and lymph nodes as well as drain cysts and fluid 
collections. The development of EUS-guided ce-
liac plexus neurolysis started a new era in EUS-
guided techniques where the fine needle has 
become the vehicle for delivery of various abla-
tive agents, chemotherapeutic agents, radiopaque 
markers, and miniature devices. The following 
is a case-based overview of some of the main-

stream and upcoming applications of endoscopic 
ultrasound-guided fine-needle injection.

Endoscopic Ultrasound-Guided Celiac 
Plexus and Ganglia Interventions

Case 1

Mr. H is a 57-year-old Caucasian male with pan-
creatic cancer and metastatic disease to the liver 
and lung diagnosed 2 months ago. His last CT 
scan showed a primary tumor in the pancreas 
body measuring 38 × 30 mm in size demonstrat-
ing invasion of the celiac axis. He is having wors-
ening epigastric pain which is constant and radi-
ates to the mid-back, ranging in intensity between 
7 and 9 out of 10. He is on high-dose oral narcot-
ics and complains that his pain is suboptimally 
controlled. He is struggling with opiate-induced 
constipation and feels he is getting more detached 
from his family because he is in a constant “fog.”

Chronic abdominal pain is a common and 
debilitating symptom for patients with chronic 
pancreatitis (CP) and pancreatic cancer. The eti-
ology of pancreatic pain is multifactorial and can 
be attributed to multiple causes such as increased 
intrapancreatic pressure, pancreatic ischemia, fi-
brosis, pseudocysts, neurogenic inflammation, as 
well as invasion of pancreatic perineural space by 
cancer cells [1]. The current pharmacologic man-
agement for pancreatic pain involves starting with 
non-opioid analgesics such as non-steroidal anti-
inflammatory drugs and progressing to increasing 
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doses of opioid analgesics [2]. However, opioids 
often provide suboptimal pain relief and their use 
is limited by side effects such as constipation, 
nausea, confusion, somnolence, addiction, and 
impaired immune function[3, 4]. Sympathetic 
nerves innervating the pancreas pass through the 
celiac plexus, and celiac plexus neurolysis (CPN) 
can be performed with the goal of improving pain 
control, increasing quality of life (QOL), and re-
ducing the risk of drug-induced side effects.

Relevant Anatomy

The celiac plexus is comprised of a dense network 
of ganglia and interconnecting fibers and is locat-
ed caudal to the diaphragm (in an antecrural posi-
tion) and surrounds the origin of the celiac trunk. 
Celiac ganglia vary in number (usually 1–5), size 
(0.5–4.5 cm), and location (T12-L2) [5]. The ce-
liac plexus transmits pain sensation from the pan-
creas and most of the abdominal viscera except 
the left colon, rectum, and pelvic organs [6]. The 
neurons that innervate the pancreas can receive 
nociceptive stimulation and then transmit this 
pain information to the celiac plexus [3].

How Effective are Non-EUS Methods 
for Celiac Plexus Neurolysis (CPN) and 
Block (CPB)?

CPN and CPB can be performed percutaneously, 
surgically or under EUS guidance. The retro-
crural approach involves injecting the solution, 
which diffuses over the splanchnic nerves. The 
anterocrural approach or “true” CPN involves 
injection anterior to the diaphragm, thereby caus-
ing the solution to diffuse over the celiac ganglia.

Efficacy studies on percutaneous guided ce-
liac plexus neurolysis (PQ CPN) for patients with 
pancreatic cancer have shown mixed results but 
overall have demonstrated some benefit with 
fairly low risk. A recent Cochrane meta-analysis 
evaluated six randomized trials with 358 patients 
undergoing PQ CPN for pancreatic cancer pain 
[7]. At four weeks and eight weeks, patients in 
the treatment arm had significant improvement 

in pain compared with the control arm. Fur-
thermore, opioid consumption was significantly 
lower in the treatment arm. In another meta-anal-
ysis by Eisenberg and colleagues of 24 studies 
with 1145 patients treated with PQ CPN for pal-
liation of cancer pain (of which 63 % were pan-
creatic cancer patients), good-to-excellent pain 
relief was noted in 70–90 % of patients up to 3 
months after the procedure regardless of which 
type of percutaneous technique was used [8].

EUS-Guided Celiac Plexus Neurolysis 
and Block: How Should the Patient Be 
Prepared?

Linear array echoendoscopic imaging from the 
proximal posterior stomach was shown early to 
demonstrate superb visualization of the aorta and 
the takeoff of the celiac artery and in fact is often 
regarded as “home base” for novice endosonog-
raphers given its reproducibility as a landmark in 
nearly all patients. As a result, development of 
an EUS-guided technique for celiac neurolysis 
became a logical next step.

EUS-guided celiac plexus neurolysis/block is 
usually performed in the outpatient setting and 
sometimes during the index examination con-
ducted for the purpose of pancreatic cancer di-
agnosis and staging. Contraindications to CPB/
CPN in our practice include uncorrectable coagu-
lopathy (INR > 1.5), thrombocytopenia (platelets 
< 50,000  /L), inadequate hydration, and altered 
anatomy prohibiting visualization or access to 
the celiac plexus/ganglia. Patients are initially 
hydrated with 500–1000 ml of normal saline to 
minimize risk of hypotension. The procedure 
is performed with the patient in the left lateral 
decubitus position under moderate sedation or 
anesthesia. Continuous monitoring is necessary 
during and for 2  h after the procedure. Before 
discharge, the blood pressure is rechecked in a 
supine and erect position to assess for orthostasis 
[3]. Although there are reports of retroperitoneal 
abscess following EUS-CPB, there is little evi-
dence to support prophylactic antibiotics; thus, 
we do not routinely administer post-procedure 
antibiotics in our practice.
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What is the Technique of EUS-Guided 
Celiac Plexus Neurolysis and Block?

The most widely performed approach to EUS-
guided CPN/CPB involves diffuse injection into 
the region of the celiac plexus [9]. Linear array 
endosonographic imaging from the posterior 
lesser curve of the gastric fundus allows identi-
fication of the aorta, which appears in a longi-
tudinal plane. The aorta is traced distally to the 
celiac trunk, which is the first major branch 
below the diaphragm (Fig. 33.1). Targeting with 
CPN is based on the expected location of the ce-
liac plexus relative to the celiac trunk, and Dop-
pler should be used to clearly delineate vascular 
structures. In our practice, a standard 22-gauge 
needle without stylet is primed with the injectant 
and advanced through the scope working chan-
nel and affixed at the inlet. The needle is inserted 
under EUS guidance immediately adjacent and 
anterior to the lateral aspect of the aorta at the 
level of the celiac trunk. An aspiration test is 
performed to rule out vascular penetration prior 
to each injection. For pancreatic cancer patients, 
we typically inject a premixed 20 ml solution of 

98 % dehydrated alcohol and 0.25 or 0.75 % bupi-
vacaine in a 70:30 ratio. For chronic pancreatitis 
patients, a solution of 0.25 or 0.75 % bupivacaine 
mixed with 80 mg triamcinolone can be injected. 
Following injection, the needle should be cleared 
with a few cc of normal saline.

When performing celiac plexus neurolysis/
block, we inject bilaterally using a modified tech-
nique, with half the volume on the left side of 
the celiac takeoff and the remainder at the mid-
line at the takeoff. Our rationale for the modified 
technique is that the right side of the celiac artery 
is not as accessible, given the slight tilt of the 
artery relative to the scope position. Therefore, 
left and midline are the preferred areas for injec-
tion. Some prefer to inject at a single site, usu-
ally midline. The practice of bilateral injection 
has been supported by several studies including 
a recent meta-analysis which showed the propor-
tion of patients with initial pain relief was 84.5 % 
with bilateral compared to 45.9 % for unilateral 
(midline) injection [10, 11]. However, a random-
ized study including 50 patients with pancreatic 
cancer found no difference in pain relief between 
unilateral and bilateral injections (74 and 81 %, 

Fig. 33.1   EUS image of celiac artery ( arrow) and SMA ( arrowhead) taking off from the aorta. (Courtesy Dr. Linda 
Lee, Brigham and Women’s Hospital, Boston, MA)
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p = 0.351) with median pain relief lasting for 
11–14 weeks [12]. The same group performed a 
similar randomized study of chronic pancreatitis 
patients undergoing EUS-CPB and found similar 
results (unilateral 57 % versus bilateral 54 % pain 
relief, p = 0.8) [13]. Another study of 53 patients 
with unresectable pancreatic cancer showed no 
difference in efficacy with bilateral versus unilat-
eral injection [14].

An alternative approach that has been de-
scribed that may be more applicable to advanced 
abdominal cancer is EUS-guided broad plexus 
neurolysis (BPN). In this technique, the injection 
is performed at the level of the superior mesen-
teric artery resulting in a broader distribution of 
neurolysis. A study by Sakamoto and colleagues 
of 67 patients showed that BPN had significantly 
better 7- and 30-day pain relief scores as com-
pared to conventional EUS-CPN [15].

EUS-Guided Direct Celiac Ganglion 
Neurolysis

Recently, it has been recognized that the individ-
ual celiac ganglia can be visualized and accessed 
by EUS allowing for direct injection into the 
individual celiac ganglia to perform celiac gan-
glion neurolysis (CGN). The celiac ganglia are 
typically oval or almond shaped ranging in size 
between 2–20 mm and most readily detected to 
the left of the celiac artery, anterior to the aorta. 
Compared to the surrounding retroperitoneal fat, 
the ganglia are echo poor and often display simi-
lar echogenicity to the left adrenal gland. Within 

the ganglia, often central echo-rich strands and 
foci are present and the margins of the ganglia are 
irregular. Color Doppler demonstrates little to no 
flow within these structures. Ganglia are detected 
by EUS in between 81 and 89 % of patients [16]. 
Our approach is to perform CGN rather than CPN 
if ganglia are visualized although further data are 
needed on this approach.

What is the Technique for EUS-Guided 
CGN?

All aspects of the procedure including patient can-
didacy, sedation, antibiotic use, and follow-up are 
the same as standard CPN/CPB. The technique 
for CGN and volume of solution injected has not 
been standardized. Our approach is to target as 
many ganglia as possible by injecting a total of 
10–20  ml of premixed alcohol and bupivacaine 
(mixture as outlined above) among all the gan-
glia in amounts relative to their size (Fig.  33.2, 
see Video 30.1). For example, if three ganglia are 
visualized (small, medium, and large), we would 
typically inject 5 ml in the largest ganglion, 3 ml 
in the medium sized ganglion, and 2  ml in the 
small ganglion. For larger ganglia, we typically 
advance the needle tip into the deepest point 
within the ganglia and then inject while slowly 
withdrawing the needle, creating an even distri-
bution of injectate throughout the ganglion. For 
smaller ganglia, we usually target the ganglia’s 
center. During injection, a clear “ballooning” of 
the ganglia should be visualized; otherwise, nee-
dle placement is considered suboptimal.

Fig. 33.2   EUS-guided direct injection of alcohol and bupivacaine solution into two celiac ganglia in a patient with 
pancreatic cancer
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Clinical Trial Data

The clinical trial data for CGN and CPN for pa-
tients with pancreatic cancer are summarized in 
Table  33.1. Within the literature, there is great 
variability among the studies in terms of injec-
tion technique, type of injectate and volume, 
definition of pain relief, and follow-up. Most 
studies are small retrospective studies with short 
follow-up.

For celiac plexus neurolysis, partial pain relief 
has been reported between 50 and 78 % within 
the first 4 weeks [11, 15, 17–19]. A meta-analy-
sis including 119 patients found that EUS-CPN 
alleviated abdominal pain in 73 % of patients. 
[20] In a randomized trial, 96 patients with in-
operable pancreatic cancer were randomized into 
conventional pain management or EUS-CPN. At 
3 months, patients treated with CPN had greater 
pain relief with a trend toward lower morphine 
consumption, although no difference was ob-
served in quality of life [21].

Results of celiac plexus block are less suc-
cessful than CPN with two meta-analyses report-
ing 51 and 60 % pain relief [10, 20]. Of those 
who respond, duration of relief is short-lived at 
about 4 weeks [13]. A randomized study compar-
ing percutaneous fluoroscopy directed CPB to 
EUS-CPB in chronic pancreatitis found that sig-
nificantly more patients reported improvement in 
pain scores in the EUS group (70 versus 30 %, 
p = 0.04) [22]. Unfortunately, by 24 weeks fol-
lowing CPB, nearly all patients had returned to 
their baseline pre-procedure pain score. Another 
prospective non-randomized study confirmed 
this lack of durability of pain relief with only 
10 % reporting some pain relief at 24 weeks [23].

For celiac ganglion neurolysis, partial pain 
relief has been reported between 65 and 94 % 
[24–26]. In the only prospective trial to date 
comparing CGN to CPN, 68 patients with upper 
abdominal cancer (over 85 % were pancreatic 
cancer) were randomly assigned to treatment 
using either EUS-CGN or EUS-CPN with one 
midline injection. The positive response rate 
was significantly higher in the EUS-CGN group 

(73.5 %) than in the EUS-CPN group (45.5 %). 
The complete response rate was also significantly 
higher in the EUS-CGN group (50 %) than in the 
EUS-CPN group (18.2 %) although the response 
rate for EUS-CPN was much lower than reported 
in other studies. There was no difference in ad-
verse events or duration of pain relief between 
the groups [24]. Follow-up was only 7 days, and 
much longer term follow-up studies are needed 
as well as comparison with bilateral EUS-CPN 
injections.

What Common and Serious 
Complications Can Occur?

Most complications related to CPN/CPB and 
CGN are transient, and serious complications 
are rare. A large series of 220 patients undergo-
ing EUS-CPN/CPB had an overall complication 
rate of 1.8 % with complications defined as any 
side effect requiring management beyond stan-
dard post-procedure observation [27]. The most 
common side effects reported are transient hypo-
tension (up to 35 %), diarrhea (up to 20 %), and 
transient exacerbation of pain following proce-
dure which are consistent with rates seen with 
the PQ approach [8]. Hypotension and diarrhea 
are related to sympathetic blockade and the rela-
tive unopposed visceral parasympathetic activity. 
Hypotension generally responds to intravenous 
fluid administration. The diarrhea related to this 
procedure is usually self-limited and resolves in 
less than 48 h. CPN via a PQ approach has been 
associated with a 2 % rate of serious complica-
tions including neurologic complications (lower 
extremity weakness, paresthesia, paralysis), pain 
(pleuritic chest, shoulder), pneumothorax, and 
hiccupping [8]. A very small number of serious 
complications (≤ 0.6 %) including fatalities and 
paralysis mainly with alcohol injection have been 
reported with the EUS approach in case report 
and abstract form [28, 29]. Serious infections 
including retroperitoneal abscess and empyema 
have occurred as well as severe ischemic damage 
to abdominal organs.
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Case Concluded

In the case of Mr. H, celiac neurolysis appears 
to be an ideal choice for pain relief. His cancer-
related pain is clearly not optimized with oral 
narcotic agents, which are causing side effects 
of constipation and drowsiness. To date no tri-
als have compared percutaneous to EUS-guided 
celiac neurolysis; however, our preferred ap-
proach in this patient would be EUS-guided ce-
liac ganglion neurolysis although celiac plexus 
neurolysis is also reasonable. Direct visualiza-
tion of the celiac ganglia can only be achieved 
using EUS at the current time and as a result, a 
non-EUS approach is limited to CPN. Additional 
well-designed studies are needed to further com-
pare CGN and CPN and to determine the optimal 
method and timing of celiac neurolysis/block, 
composition of the injectate, impact on quality of 
life, and the benefit of this technique in chronic 
pancreatitis patients.

EUS-Guided Alcohol Ablation  
of Pancreatic Cysts

Case 2

Mrs. J is a 75-year-old female with severe chron-
ic obstructive lung disease who recently present-
ed to the hospital with dyspnea and underwent a 
high-resolution CT scan of the chest which inci-
dentally discovered a 3.5-cm unilocular head of 
pancreas cyst. The patient’s sister passed away 
from pancreatic cancer in her sixties, and she is 
deeply worried about this lesion in her pancreas. 
The patient undergoes pancreatic EUS, which 
shows a single 3.5-cm unilocular lesion in the 
head/uncinate region with no apparent commu-
nication to a non-dilated main pancreatic duct. 
EUS-guided cyst fluid aspiration reveals muci-
nous fluid with string sign of 12 mm and CEA 
350 ng/ml. The patient’s general gastroenterolo-
gist diagnoses her with probable branch duct in-
traductal papillary mucinous neoplasm (IPMN) 
and recommends that she undergo Whipple pro-
cedure to remove this lesion. The patient asks 
whether there are any other options for treatment 
of this lesion.

The widespread use of cross-sectional im-
aging has dramatically increased the number 
of incidentally noted pancreatic cystic lesions 
(Chap. 31). Recent magnetic resonance imaging 
(MRI) and computerized tomography (CT) stud-
ies indicate a prevalence of pancreatic cysts in 
up to 14 % [30, 31]. Pancreatic cysts encompass 
a wide spectrum of histopathology and the epi-
thelium that outlines pancreatic cystic neoplasms 
(PCNs) may have negligible malignant potential 
(serous cystadenomas) or represent premalignant 
lesions such as intraductal papillary mucinous 
neoplasms (IPMNs) or mucinous cystic neo-
plasm (MCNs) [32, 33].

Consensus guidelines and expert opinion rec-
ommend surgical resection of MCNs and IPMNs 
that are symptomatic, larger than 3 cm in diam-
eter, contain mural nodules, or involve the main 
pancreatic duct (main duct IPMNs) [34, 35]. 
However, because of the operative risk associ-
ated with pancreatic resection there has been in-
creasing interest to develop a minimally invasive 
technique to treat these lesions. Pancreatic cyst 
ablation may be an attractive option for patients 
with multiple comorbidities deemed high-risk for 
surgery. Potential benefits include decreasing the 
malignant potential of the cyst, lower cost over 
time due to reduced cyst surveillance, and the 
psychological benefit to the patient. The follow-
ing will review the technique, clinical trial data, 
and controversies surrounding pancreatic cyst 
ablation.

What is the Technique of EUS-Guided 
Pancreatic Cyst Ablation?

All studies to date describing EUS-guided pan-
creatic cyst ablation have used a 22-gauge needle 
[36–41]. With a curvilinear-array echoendoscope, 
the cyst is typically punctured via a transgastric or 
transduodenal route. Using a syringe, cyst fluid is 
aspirated with the goal of near complete evacua-
tion of the cyst. Removing the cyst fluid before 
injection increases the surface area directly ex-
posed to the ablative agent and improves the ef-
ficacy of ablation. The amount of aspirated fluid, 
viscosity, and color should be noted. To ensure 
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the cyst does not completely collapse, the needle 
remains within the cyst before injection of the ab-
lative agent. With viscous cyst fluid, it may not 
be possible to evacuate the cyst contents as much 
as desired; therefore, saline may be injected into 
the cyst to decrease viscosity or expand a small 
cyst to confirm needle placement [42].

With the needle in the nearly collapsed cyst, 
ethanol is injected into the cyst using a volume 
equal to that initially aspirated from the cyst. 
During the procedure, the needle tip is carefully 
maintained within the cyst to avoid parenchymal 
injury or leak in the cyst wall. Studies to date 
have performed lavage for 5  min, alternately 
filling and emptying the cavity during that time. 
For cysts with viscous fluid, this is performed 
as 3–4 lavages over the 5-min period. When 
the cyst fluid is thin, 7–8 lavages are performed 
over the same period. At the completion of alco-
hol lavage, the cyst cavity should be completely 
drained of fluid as much as possible. If a chemo-
therapeutic agent such as paclitaxel is used after 
alcohol lavage, as much alcohol is removed prior 
to paclitaxel injection. With alcohol or paclitaxel 
injection, the total injection volume should not 
exceed the volume of aspirated fluid and hence 
the cyst should not be expanded beyond its origi-
nal diameter. When paclitaxel is injected after 
alcohol lavage, it is left in place and not drained. 
The needle is then removed from the cyst cavity 
[42, 43].

What Ablative Agents are Available for 
Pancreatic Cyst Ablation?

Ethanol (80–98 %) is an inexpensive, widely 
available, low-viscosity agent that is easy to in-
ject through a small gauge needle. It is hypoth-
esized to induce cell death by membrane lysis, 
protein denaturation, and vascular occlusion [44] 

and has been used for the destruction of solid and 
cystic tumors in a variety of organs [42]. The only 
other agent used to date for pancreatic cyst abla-
tion has been paclitaxel, which is a hydrophobic, 
viscous chemotherapeutic agent that inhibits cell 
processes that depend on microtubule turnover. 
Its viscosity enables it to exert a durable effect on 
the epithelium within the cyst cavity with a low 
risk of leakage [45].

Which Cysts are Considered Candidates 
for Ablation?

The size, morphologic characteristics, and sus-
pected histologic type of the cyst guide the ap-
proach to cyst injection and ablation therapy 
(Table 33.2). In published studies the cysts that 
have been treated include suspected mucinous 
cysts measuring between 1 and 6 cm in maximal 
diameter [42]. The ideal size for cyst ablation is 
based on two competing factors: the risk of ma-
lignancy and the success of ablation. Cysts larger 
than 3 or 4 cm are typically at higher risk for ma-
lignancy; however, cysts containing cancer are 
inappropriate for ablation. On the other hand, a 
cyst size of at least 2 cm is often needed to ensure 
feasibility and safety of the ablation procedure. 
As a result, the ideal cyst size for ablation is like-
ly between 2 and 4 cm [43].

Cyst ablation has the greatest chance of suc-
cess in unilocular or oligolocular cysts with 
fewer than 2–3 locules. In the presence of three 
or more locules, a single needle pass may not 
provide sufficient drug delivery to all locules 
within a cyst. It is important to determine the op-
timal angle at which the needle can be introduced 
into the maximal number of targeted locules. A 
second needle puncture may be considered when 
it can be performed without increasing the risk 
for adverse events [43].

Table 33.2   Characteristics of candidate cyst and patient for ablation
The ideal cyst for ablation The ideal patient for ablation
A benign appearance without any malignant features Patient who is high risk for surgery
A diameter between 2 and 4 cm Without the presence of: ongoing pancreatitis, ascites, 

portal hypertension, coagulopathyUnilocular or oligolocular morphology
No communication with main pancreatic duct
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The presence of a communication between the 
cyst and the main pancreatic duct may result in 
flow of the injected ablative agent through the 
communicating duct into the main pancreatic 
duct. This outflow may diminish the ablative ef-
fect and also increase risk of ductal change. Oh 
and colleagues [40] performed endoscopic retro-
grade cholangiopancreatography (ERCP) in all 
patients to exclude any cyst communication with 
the main pancreatic duct. Other studies did not 
perform ERCP before ablation [36, 38]. A practi-
cal point to note is if a cyst does not restore to 
its original size during ethanol injection, vigor-
ous lavage with repeated injection and aspiration 
should be avoided because of a probable com-
munication with the main pancreatic duct [43].

Which Patients Should be Selected  
for Ablation?

There is no clear consensus on whom should 
undergo pancreatic cyst ablation. Patients with 
high-risk, symptomatic, or benign cysts who re-
fuse or are not fit for surgery may be considered 
for ablation (Table 33.2). Patients with imaging 
consistent with MD-IPMN such as a dilated main 
pancreatic duct or suggesting malignancy such 
as mass-like lesions, suspicious liver, or pulmo-
nary lesions or enlarged lymph nodes should not 
be offered cyst ablation. Similarly, patients with 
active or ongoing pancreatitis, ascites, portal hy-
pertension, or coagulopathy have generally been 
excluded from cyst ablation.

Clinical Trial Data

Cyst Resolution
To date, six published prospective studies have 
evaluated the role of EUS-guided pancreas cyst 
ablation. Table 33.3 summarizes the clinical trial 
data of cyst ablation in the literature currently. 
Endpoints in all studies include EUS or radio-
logic assessment of changes in baseline cyst size 
after ablation. For ethanol ablation alone, cyst 
resolution (defined as no visible residual cyst) 

ranged from 33 to 38 % [36, 38, 41] based on 
cross-sectional imaging. The addition of pacli-
taxel appears to increase CT-defined cyst reso-
lution (defined as size < 5 % of original cyst vol-
ume) with range between 60 and 79 % [37, 40, 
46].

Safety
EUS-guided cyst ablation has generally been 
well tolerated with a low rate of adverse events. 
The initial pilot study that evaluated the safety 
of injecting increasing concentrations up to 80 % 
ethanol found no treatment-related complications 
[36]. Subsequent studies have shown pancreatitis 
rates between 2 and 10 %, abdominal pain in 2 
and 20 %, fever in 2 % and intracystic bleeding 
in 2 %. To date, no cases of severe pancreatitis, 
bleeding requiring transfusion, or deaths have 
been reported. Prophylactic antibiotics should be 
administered.

Case Concluded

After discussion with the patient, it was deter-
mined that she was a good candidate for cyst ab-
lation with a unilocular cyst measuring 3.5 cm not 
communicating with the pancreatic duct and no 
evidence of malignancy. She was also at higher 
risk for Whipple surgery due to her lung disease. 
She agreed to try EUS-guided pancreatic cyst ab-
lation, which was performed using monitored an-
esthesia care and a 22-gauge needle with a single 
pass into the cyst after administering intravenous 
ciprofloxacin. Following complete aspiration of 
the cyst fluid, equal volume of 80 % ethanol was 
injected and the cyst lavaged over 5  min. She 
did well post-procedure with no complications. 
Follow-up CT scan 3 months later demonstrated 
decrease in size of the cyst by about half.

Future Directions

Pancreatic cysts are being encountered frequent-
ly in clinical practice, including in the elderly 
and patients at high risk for surgical resection. 
Therefore, a non-surgical treatment alternative is 
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desirable. EUS-guided cyst ablation is an emerg-
ing modality that may present an alternative to 
surgery, especially if complete ablation can be 
achieved in the vast majority of patients. At the 
present time, this is an investigational procedure 
and studies to date have shown that cyst ablation 
is relatively safe with cyst resolution in up to 67 % 
of patients. It is uncertain whether incomplete 
ablation of the neoplastic cyst lining will reduce 
cancer risk or whether partially treated cysts will 
become more difficult to monitor. Future research 
is now needed to focus on refinement of the tech-
nique, choice, and number of ablative agents, se-
lection criteria of appropriate cysts for treatment, 
and the long-term outcomes of this treatment.

Endoscopic Ultrasound-Guided 
Radiofrequency Ablation

Image-guided radiofrequency ablation (RFA) 
is a well-recognized minimally invasive treat-
ment modality in oncology, one that utilizes the 
generation of high-frequency electrical alternat-
ing current through target tissue to induce ion 
agitation and tissue friction ultimately leading to 
thermal injury and consequent coagulative necro-
sis. Effective ablation is achieved by optimizing 
heat production and minimizing heat loss with 

the objective of generating a clear tumor abla-
tion margin while reducing potential side effects. 
The availability, safety, efficacy, and low cost of 
percutaneous RFA have facilitated its common 
utilization in conjunction with ultrasound, CT, or 
MRI guidance for the management of a variety 
of solid tumors, most commonly hepatocellular 
carcinoma, renal cell carcinoma, non-small-cell 
lung cancer, and osteoid osteoma.

RFA has also been used to treat pancreatic 
cancer during exploratory laparotomy or lapa-
roscopy; a recent systemic review identified five 
studies including 158 patients with a median sur-
vival after RFA of 3–33 months, 0–19 % mortal-
ity, 10–43 % overall morbidity, and 4–37 % RFA-
related morbidity, much of which was related to 
collateral injury to adjacent tissues [47]. Given 
its minimally invasive nature and superior imag-
ing capabilities of the pancreas, endoscopic ul-
trasound potentially provides an ideal vehicle for 
delivering RFA to pancreatic cancer as well as 
other percutaneously inaccessible tumors.

Animal Studies

Eight studies, six utilizing porcine models, 
of EUS-guided RFA have been conducted to 
date (Table  33.4). Using a modified 19-gauge 
needle electrode connected to a monopolar 

Table 33.3   Clinical trial data for pancreatic cyst ablation
References No of patients Ablative agent Complete resolu-

tion on imaging
Complications Median months 

follow -up (range)
Gan et al. 
2005 [36]

25 5–80 % ethanol 35 % (8/23) None At least 3 months, 
not stated

Oh et al. 2008 
[37]

14 80/99 % ethanol 
with paclitaxel

79 % (11/14) Pancreatitis (10 %) 9 (6–23)

Oh et al. 2009 
[46]

10 99 % ethanol with 
paclitaxel

60 % (6/10) Pancreatitis (7 %) 
Abdominal pain

8.5 (6–18)

DeWitt et al. 
2009 [38]

42 80 % ethanol 33 % (12/36) Pancreatitis (4.5 %) 
Intracystic bleeding 
(2 %)  
Abdominal pain at 2h 
(14 %)  
Abdominal pain 7d 
(20 %)

At least 3 months, 
not stated

Oh et al. 2011 
[40]

47 99 % ethanol with 
paclitaxel

62 % (29/47) Fever (2 %)  
Pancreatitis (2 %) 
Abdominal pain (2 %)

20 (12–24)

DiMaio et al. 
2011 [41]

13 80 % ethanol 38 % (5/13) Abdominal pain (8 %) 13 month after 
first lavage
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radiofrequency generator, Goldberg et al in 1999 
first demonstrated the feasibility of EUS-guided 
RFA of the pancreas in 13 pigs [48]. The maxi-
mum diameter of the ablated area was 10–15 mm 
by EUS and 12 mm by histology. Correlation be-
tween EUS or CT and gross pathologic findings 
for size of the ablated region was excellent for all 
areas larger than 5 mm; size of the ablated zone at 
pathologic examination was within 2 mm of that 
visualized on imaging. Complications included 
three transmural gastric wall burns, an intestinal 
serosal burn, and an asymptomatic pancreatic 
fluid collection.

In an attempt to improve ablation efficiency 
while reducing collateral thermal injury, Carrara 
et al used a hybrid cryotherm (CT) probe com-
bining bipolar radiofrequency current with car-
bon dioxide cryotherapy to ablate the body of the 
pancreas in 14 pigs; they achieved a larger abla-
tion zone (18 vs. 10 mm) with a 300 s applica-
tion than that obtained with a 360 s application 
using the monopolar system from the Goldberg 
et  al study [49]. However, similar side effects, 
most reflecting longer application duration, were 
encountered including two cases of pancreatitis 
(one necrotizing and the other asymptomatic), a 
gastric wall burn, and four cases of adhesions be-
tween the pancreas and the gut. The same group 
demonstrated the feasibility of using the CT 
probe in EUS-guided RFA of the liver and spleen 
in porcine models with no reported complications 
[50]. Ultrasound-guided RFA with the CT probe 
of 16 human explanted pancreatic tumors with a 
mean diameter of 29 mm produced ablation zone 
diameters of 10–20 mm with size of the ablated 
area correlating with duration of ablation [51].

Varadarajulu et  al. used an EUS-guided um-
brella-shaped retractable monopolar electrode 
array to ablate five porcine livers, generating 
ablation zone diameters of 23  mm at EUS and 
26  mm at histology without any complications 
[52]. Gaidhane et al. deployed a 1Fr RFA probe 
through a 19-gauge needle to ablate 5 porcine 
pancreata without complications; only histologi-
cal evidence of focal pancreatitis was document-
ed [53]. Kim et al. used an 18-gauge saline pump-
cooled RFA Telectrode to ablate the body or tail 

of pancreas of 10 pigs; ablation zone diameters 
of 14.5 mm at EUS and 23 mm at histology were 
achieved [54]. Complications included three 
cases of asymptomatic retroperitoneal fibrosis or 
pancreato-gastric adhesions.

Human Studies

Human study employing EUS-guided radiofre-
quency ablation is limited. Arcidiacono et al. ab-
lated 16 unresectable stage III pancreatic cancers 
with a mean diameter of 35.7 mm using the CT 
probe; RFA could not be deployed in six addi-
tional patients because of gastroduodenal wall 
or tumor stiffness. Complications included mild 
abdominal pain in three patients, one of whom 
had pancreatitis; a duodenal bleed requiring en-
dotherapy; two cases of obstructive jaundice re-
quiring stenting; a duodenal stricture treated with 
stenting; and an asymptomatic pancreatic cystic 
collection. Median post-ablation survival time 
was 6 months. Abdominal CT imaging could 
clearly define the tumor margins in only 6 of 16 
ablated patients, whereby reduction or no change 
in tumor size, albeit insignificant, was seen for up 
to 78 days [55].

Future Directions

At present, EUS-guided RFA remains a research 
tool that requires further assessment, refine-
ment, and validation of its safety and efficacy 
in well-designed randomized controlled studies 
before it can be formally recommended for use 
in clinical practice. In particular, future studies 
will need to address the development of sharp-
er probe design possibly equipped with cutting 
current to facilitate transluminal access; the ap-
propriate radiologic modality and time interval 
for assessing tumor response, in addition to the 
optimal settings for treatment duration, generator 
power, and gas coolant pressure for effective ab-
lation of pancreatic cancer as opposed to healthy 
pancreatic tissue.
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Endoscopic Ultrasound-Guided 
Fiducial Marker Placement

Case

Mr. F is an 82-year-old male who presented with 
painless jaundice and a mass at the head of the 
pancreas. Initial EUS-FNA secured the diagno-
sis and a plastic biliary stent was placed as EUS 
staging at the time was T3N0Mx. The patient 
subsequently refused surgery and chemotherapy 
but opted for palliative radiotherapy; therefore, a 
second EUS was performed for fiducial marker 
placement. Three 0.8 mm × 5 mm fiducial mark-
ers were placed via a 19-g needle under EUS 
guidance (Fig.  33.3) with placement confirmed 
by fluoroscopy (Fig.  33.4) without complica-
tions. Placement of the markers facilitated treat-
ment with Cyberknife (Accuray, Sunnyvale, 
California), which the patient has tolerated well.

Introduction

Fiducial markers are radiopaque coils or rods, 
which assist in the targeting of cancer radiation 
therapy. Traditionally placed intra-operatively 

or percutaneously under radiology guidance, in 
more recent years EUS placement via a FNA 
needle has been a less invasive method for fi-
ducial marker placement into gastrointestinal 
malignancies which include esophageal, cholan-
giogiocarcinoma, stomach, pancreatic, and ma-
lignant lymph nodes [56, 57, 58]. In esophageal 
cancer, when there is a malignant lymph node far 
from the tumor, it is our practice to place fiducial 
markers into the lymph node to ensure radiation 
treatment to this region as well. There may be 
particular advantages for EUS placement into the 

Fig. 33.4   Fluoroscopic image of all three fiducial markers in the head of pancreas with a metal biliary stent cours-
ing through the cancer

 

Fig. 33.3   EUS image of fiducial marker ( within red 
circle) in the periphery of the pancreatic mass
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pancreas with possibly lower likelihood of peri-
toneal seeding compared to the percutaneous ap-
proach [59, 60].

Placement of fiducial markers allows accurate 
demarcation of the location and peripheral extent 
of the tumor in real time by image guided radio-
therapy (IGRT), which is a prerequisite to fa-
cilitating stereotactic body radiotherapy (SBRT). 
This allows multiple beams of radiation to be 
delivered with extreme accuracy and consistency 
by quantifying respiratory motion and tumor ex-
tent, therefore maximizing radiation delivery to 
the tumor and minimizing collateral damage to 
the normal surrounding parenchyma [61]. This 
technique has also been used for intra-operative 
localization of small neuroendocrine tumors to 
allow parenchymal sparing resections [62, 63].

Fiducial Characteristics

Composition
Fiducial markers can be made of gold, carbon, or 
polymer [64]. Gold markers are more commonly 
used as they are most easily visualized and pro-
vide the highest level of contrast. Gold fiducial 
markers can also produce more artifact, but for-
tunately this can be minimized by employing the 
metal artifact reduction (MAR) methods to im-
prove CT image quality [65].

Physical Dimensions
The size of fiducial markers can vary. Length is 
anywhere from 2.5 to 10 mm and diameter can 
range between 0.35and 0.8  mm, which dictates 
the gauge of needle used for delivery. Table 33.5 
lists several examples of fiducials available in the 
United States.

Shape
The shape of fiducials can be cylindrical (rod) or 
coiled. A recent comparison study demonstrated 
that rod-shaped fiducials were significantly more 
visible than the coiled variety without significant 
differences in the rate of migration [66].

Placement of Fiducial Marker

Technique
Fiducial markers can be delivered via a 19- or 22-
gauge needle. The advantage of the 22-gauge de-
livery system is ease and success of deployment 
especially in technically more difficult locations 
such as targeting the head or uncinate process of 
the pancreas. DiMaio et al [58] reported a 97 % 
technical success rate with the 22-gauge system 
for gastrointestinal-related malignancies, and 
Ammar et al [57] reported a 100 % technical suc-
cess rate in tumors and lymph nodes.

At the present time, the technique for place-
ment involves a single loading system whereby 
the sterile fiducial marker is loaded at the needle 
tip either anterograde [57] or retrograde [67] and 
secured with sterile bone wax placed at the very 
end of the needle. In our practice, retrograde 
loading is preferred. Once the lesion of interest 
is punctured, the stylet is pushed completely into 
the needle to deploy the fiducial marker. Saline 
flush is sometimes required instead of the stylet 
in situations where difficult stylet maneuverabil-
ity is anticipated (e.g., uncinate process targets) 
[68]. In general, this technique produces very 
high success rates of deployment with normal 
anatomy, but in the setting of altered or post-
surgical anatomy, success rates have decreased 
to 73 % [69]. A new multi-fiducial system has 

Fiducial marker Size(s) FNA needle gauge 
required

��Alpha-omega services (Bellflower, 
CA, USA)

0.8 × 2.5–5 mm 19 gauge

Visicoil, core oncology (Santa Barbara, CA, 
USA)

  10 × 0.35 mm 22 gauge

Best medical international (Springfield, VA, 
USA)

0.8 × 3 mm 19 gauge

Cook medical (Bloomington, IN, USA) 0.43 × 5 mm 22 gauge

Table 33.5   Fiducials 
available in the United 
States
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demonstrated a 95 % success rate in porcine 
models with four fiducials placed sequentially in 
under 1 min [70]. This device has a narrowing or 
waist near the tip to provide the endoscopist tac-
tile feedback indicating successful deployment of 
each individual fiducial marker.

Ideal Fiducial Geometry
Ideal fiducial geometry (IFG) is defined as having 
a minimum of three fiducials, at least 2 cm apart 
and interfiducial angles greater than 15°. Surgi-
cal placement has more consistently achieved 
IFG than EUS-guided methods, although IFG 
may not be necessary as both surgical and EUS-
guided methods achieve high visibility under 
Cyberknife imaging [71]. Placement protocols 
vary among centers, particularly regarding the 
actual number of fiducials placed. In most cen-
ters, including our own, 3–4 fiducial markers are 
inserted between 1.5–2 cm apart and around the 
periphery of the tumor. We aim for IFG if the 
tumor is large enough to allow adequate spacing 
of the fiducials, regardless of the type of tumor. 
Smaller lesions may only allow 1 or 2 fiducials to 
be inserted. Also, small cancers are more likely 
to be resectable; therefore, fiducial marker place-
ment may be unnecessary.

Complications

Complications related to fiducial marker place-
ments are rare. The most common is migration 
at 1 week post placement when IGRT typically 
commences. The median migration distance has 
been reported to be within 1.3 mm [66]; however, 
total migration to the extent whereby the fiducial 
marker is not seen at IGRT and the quality of 
IGRT is compromised has been reported in up to 
7 % of cases [69].

Other reported complications include infection 
in two patients [58, 59] who were managed with-
out intravenous antibiotics or hospital admission. 
Given the overall low risk of infection with this 
procedure, we do not routinely administer anti-
biotic prophylaxis following EUS-guided fidu-
cial marker placement for GI malignancy in our 

practice. There was one report of post-procedural 
abdominal pain which was ultimately diagnosed 
as mild pancreatitis [69]. Bleeding occurred 
on one occasion which was minor and did not 
require blood transfusion [68].

Summary

Fiducial markers play an integral part in precise 
delivery of high-intensity radiotherapy by Cy-
berknife. These markers can be placed surgically, 
radiologically, or under endoscopic ultrasound 
guidance. The EUS method is particularly useful 
in deeper targets, particularly the pancreas, and 
has proven to be very safe and effective.

Endoscopic Ultrasound–Guided 
Antitumor Agents

With celiac ganglion neurolysis, EUS-guided 
fine-needle injection (EUS-FNI) demonstrated 
the feasibility and safety of delivering medica-
tion into a localized region and structure. As a 
result, EUS-FNI has received attention as a 
method for antitumor agent delivery, particularly 
for intratumoral and combination therapy against 
esophageal and pancreatic cancer. The evidence 
supporting the feasibility of EUS-FNI of antitu-
mor agents has been expanding with promising 
results.

The concept of EUS-FNI for antitumor agent 
delivery has been studied largely in pancreatic 
cancer treatment mainly due to its accessible ana-
tomic location by EUS and the dismal prognosis 
of this cancer. Various organs and major vessels 
surrounding the pancreas make access to it dif-
ficult for modalities such as CT while EUS pro-
vides excellent access to all regions of the pancre-
as. Despite extensive basic and clinical research, 
the prognosis of pancreatic cancer remains bleak 
and surgical resection represents the only pos-
sibility of cure. One of the reasons for the poor 
response to chemotherapy in pancreatic cancer is 
because of poor drug delivery due to abundant 
desmoplasia and the hypovascular nature of the 
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tumor. By injecting antitumor agents directly into 
the tumor under EUS guidance, these hurdles can 
be overcome less invasively.

Early Experience

Our first study testing the concept of EUS-FNI 
for antitumor agent delivery involved injection 
of allogenic mixed lymphocyte culture (cytoim-
plant) into pancreatic tumors. Despite the early 
termination of a randomized controlled trial 
employing EUS-guided cytoimplant versus con-
ventional therapy, this experience clearly demon-
strated the feasibility of EUS-FNI as a delivery 
method for an antitumor agent [72].

Subsequent studies included EUS-FNI of 
“gene therapy” with ONYX-015 [73, 74], a gene-
deleted replication-selective adenovirus that 
preferentially replicates in and kills malignant 
cells. A phase I/II trial testing feasibility, toler-
ability, and efficacy of EUS-FNI of ONYX-015 
into unresectable pancreatic carcinomas evaluat-
ed 21 patients. Objective partial regressions were 
seen in only 2 patients, but this study again fur-
ther supported the feasibility and safety of EUS-
FNI antitumor therapy and set the stage for more 
advanced gene therapy studies discussed below.

TNFerade Gene Therapy

Tumor necrosis factor-α (TNF-α) has potent anti-
tumor properties through its effect on tumor vas-
culature and direct cytotoxic effect. TNF-α may 
also function as a radiosensitizer by increasing 
levels of hydroxyl radicals, thereby enhancing the 
oxidative damage produced by radiation. Clinical 
studies with TNF-α have been limited due to se-
vere systemic toxicity. TNFerade was constructed 
as a second generation adenovector, which ex-
presses the complementary DNA (cDNA) encod-
ing human TNF as a novel means to selectively de-
liver TNF to tumor cells using gene transfer [75]. 
To optimize local effectiveness and minimize sys-
temic toxicity, the radiation-inducible immediate 
response early growth response (Egr)-1 promoter 
was placed upstream of the transcriptional start 

site of the human TNF cDNA. This vector was en-
gineered to ensure that maximal gene expression 
and subsequent TNF secretion are constrained 
in space and time by radiation therapy. Human 
clinical trials have been performed in pancreatic, 
esophageal, and rectal cancers.

In patients with locally advanced pancreatic 
cancer, long-term results of phase I/II study of 
EUS or percutaneous transabdominal delivery 
of TNFerade with chemoradiation were reported 
[75]. TNFerade was injected into locally advanced 
pancreatic carcinomas once a week for 5 weeks 
together with 50.4 Gy of radiation and 5-fluoro-
uracil (5-FU) 200  mg/m2 daily over 5.5 weeks. 
Dose levels from 4 × 109–1 × 1012 particle units 
(PU) were studied. TNFerade was delivered with 
a single needle pass by percutaneous transabdom-
inal approach whereas up to four injections were 
given by EUS. Figures 33.5, 33.6 and 33.7 show a 
TNFerade patient pre- and post-treatment). Fifty 
patients completed this dose-escalation study 
with 27 patients undergoing EUS-guided injec-
tion. Dose-limiting toxicities occurred in 3 EUS 
patients at 1 × 1012 PU (2 patients with pancreati-
tis and one patient with cholangitis). Major grade 
3–4 adverse events were gastrointestinal bleed-
ing, deep vein thrombosis and pulmonary emboli, 
pancreatitis, and cholangitis. The median time to 
tumor progression was 108 days (95 % CI 67–198 
days), and the median overall survival was 297 
days (95 % CI 201–316 days). The best median 
survival was seen in the 4 × 1011 PU cohort of 332 
days (95 % CI 154–316). Seven patients under-
went surgical resection after treatment and six 
had negative surgical margins with one patient 
demonstrating a complete pathologic response. 
Given the high rate of pathologically negative 
surgical resection after downstaging, this treat-
ment seemed promising.

Subsequently, a phase II/III randomized con-
trolled trial of standard of care (SOC—chemora-
diation therapy) with and without TNFerade was 
conducted [76]. In this study, 198 patients were 
assigned to the SOC + TNFerade and 90 to SOC. 
Median overall survival was 10 months for pa-
tients in both the SOC + TNFerade and SOC arms 
(hazard ratio 0.90; 95 % CI 0.66–1.22; p = 0.26). 
Median progression-free survival was 6.8 months 
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for SOC + TNFerade versus 7.0 months for SOC 
(HR, 0.96; 95 % CI 0.69–1.32; p = 0.51). Patients 
in the SOC + TNFerade arm experienced more 
grade 1–2 fevers and chills than those in the SOC 
arm (p < 0.001) but both arms had similar rates 
of grade 3–4 toxicities. Although overall results 
did not show a difference in survival, a subgroup 
analysis revealed that patients with T1–T3 tumors 
and cancer antigen (CA) 19 − 9 levels less than 
1000 U/ml had longer survival with the addition 
of TNFerade (10.9 vs. 9.0 months; p = 0.04) [77]. 

Thus, patient selection may be especially impor-
tant with TNFerade therapy.

In locally advanced esophageal cancer, a mul-
ticenter phase 1 dose-escalating trial of intra-
tumoral injection of TNFerade was performed 
[78]. TNFerade, with doses escalated logarith-
mically from 4 × 108–4 × 1011  PU, was given in 
combination with cisplatin 75 mg/m2 and 5-FU 
1000 mg/m2/day for 96 h on days 1 and 29 with 
concurrent radiotherapy (RT) to 45 Gy. Surgery 
was performed 9–15 weeks after treatment. Six 
patients (29 %) had pathologic complete re-
sponse among the 21 patients that underwent 
surgical evaluation (20 from esophagectomy and 
1 from autopsy). Dose-limiting toxicities were 
not observed. The most frequent adverse events 
were fatigue (54 %), fever (38 %), nausea (29 %), 
vomiting (21 %), esophagitis (21 %), and chills 
(21 %). At the top dose of 4 × 1011 PU, 5 of 8 
patients developed thromboembolic events. The 
median overall survival was 47.8 months. The 3- 
and 5-year overall and disease-free survival rates 
were 54 and 41 and 38 and 38 %, respectively. 
These results, especially the long-term prognosis, 
are encouraging and warrant further study with a 
randomized controlled trial.

Fig. 33.6   EUS-guided fine-needle injection of TNFerade

 

Fig. 33.5   A 71 year old man with T4 adenocarcinoma in the neck of the pancreas. Pre-treatment tumor size was 
3.9 × 3.3 cm
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A pilot study of TNFerade with capecitabine 
and radiation therapy as neoadjuvant chemoradia-
tion therapy was performed in nine patients with 
T3, T4 or N1 rectal cancer [79]. Patients received 
RT to a total dose of 50.4 to 54 Gy in combination 
with capecitabine 937.5 mg/m2 orally twice daily. 
TNFerade at a dose of 4 × 1010 PU was injected 
into the rectal tumor on the first day of RT and 
weekly for a total of five injections. Surgery was 
performed 5–10 weeks after completion of chemo-
radiation. Eight patients completed all treatments. 
Grade 3 hematologic toxicity was observed in 2 
patients. Discontinuation of treatment was neces-
sary in 1 patient with grade 3 hematologic tox-
icity and concurrent ileitis. One grade 2 catheter-
associated thrombosis was observed. No toxicity 
was directly attributable to the FNI procedure. A 
complete pathologic response was observed in 2 
of 9 patients. This study confirmed the feasibility 
of EUS-FNI of antitumor agents in rectal cancer.

EUS-Guided Immunotherapy

EUS-guided immunotherapy has been consid-
ered an attractive option, especially in patients 
with pancreatic cancer, which is usually re-
fractory to conventional chemotherapy. Tumor 

antigen-loaded dendritic cells (DCs) have been 
studied as a therapeutic vaccine for inducing tu-
mor-specific immunity because DCs are the most 
potent antigen-presenting cells.

Irisawa and colleagues reported a pilot trial 
with EUS-FNI of unpulsed immature DCs in 
seven patients with unresectable stage IV pancre-
atic cancer refractory to gemcitabine [80]. Five 
patients received radiation to induce apoptosis and 
necrosis before initial EUS-FNI of DCs. Patients 
received intratumoral injection of 10  billion or 
more immature DCs at 2–3 sites on days 1, 8, and 
15. The cycles were repeated every 28 days for as 
long as possible. No complication with EUS-FNI 
was noted. Median survival was 9.9 months with 
CA 19 − 9 level decreasing in three patients and 
three having a mixed response defined as regres-
sion of the main tumor, with other metastatic le-
sions remaining stable or progressing.

Subsequently, Hirooka and colleagues per-
formed a pilot trial of combination therapy of 
gemcitabine and immunotherapy using OK432-
pulsed DCs in five patients with inoperable lo-
cally advanced pancreatic cancer. OK432 is a 
widely used maturation stimulus for DCs. In this 
trial, patients received gemcitabine at 1000 mg/m2 
(day 1) and EUS-FNI of OK432-pulsed DCs into 
the tumor, followed by intravenous infusion of 

Fig. 33.7   EUS at 4 weeks following EUS-FNI showed a marked decrease in tumor size to 1.8 × 1.5 cm
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lymphokine-activated killer cells stimulated with 
anti-CD3 monoclonal antibody (day 4) at 2-week 
intervals. No serious treatment-related adverse 
events were observed. One patient had partial re-
sponse and 2 had sustained stable disease for over 
6 months.

Despite being small, these studies suggest 
that immunotherapy via intratumoral injection of 
DCs under EUS guidance should be further ex-
plored in larger clinical trials.

Future Directions

Many of the clinical studies mentioned are still ex-
perimental with small study populations. Prospec-
tive randomized controlled trials with large study 
populations are necessary to confirm the role of 
EUS-FNI in cancer treatment. Unlike systemic 
chemotherapy, EUS-FNI of an antitumor agent 
only exerts antitumor effects locally. Therefore, 
appropriate patient selection with truly local dis-
ease is important. EUS-FNI antitumor therapy 
cannot be offered as monotherapy, but as part of 
combination treatment including systemic therapy.

In conclusion, although EUS-FNI of anti-
tumor agents has not yet been established as a 
standard option in cancer treatment, its feasibility 
and safety have been proven in both animal and 
human studies. The task at hand is to develop ef-
fective biologic and non-biologic local therapies. 
Once these agents are identified, large prospec-
tive randomized controlled trials will be needed 
to prove efficacy over standard therapy. We re-
main optimistic that EUS-FNI will play in impor-
tant role in future cancer therapy.

Key Points

•	 EUS-guided celiac plexus block/neurolysis 
and more recently celiac ganglion neurolysis 
offer alternatives to opiate pain management 
in patients with pancreatic cancer or chronic 
pancreatitis pain. Efficacy appears higher for 
pancreatic cancer patients with lower response 
rates and durability in chronic pancreatitis 
patients.

•	 For EUS-CPN, usually a combination of bupi-
vacaine and 98 % alcohol is injected while for 
EUS-CPB, bupivacaine with triamcinolone 
are administered.

•	 Whether bilateral injection is superior to uni-
lateral remains unclear with studies support-
ing both techniques in celiac plexus block and 
neurolysis.

•	 Directly injecting alcohol into the celiac gan-
glia may improve pain relief although further 
studies are necessary.

•	 EUS-guided pancreatic cyst ablation with 
alcohol or a combination of alcohol and pacli-
taxel appears safe in select patients with benign 
unilocular cysts less than 6 cm in size without 
communication with the main pancreatic duct.

•	 EUS-guided placement of fiducial markers 
into a variety of gastrointestinal malignan-
cies helps target radiation treatment. Smaller 
diameter fiducials allow the use of 22-gauge 
needles for placement.

•	 EUS-guided radiofrequency ablation of pan-
creatic tumors remains investigational.

•	 EUS-FNI of antitumor agents appears safe 
and feasible but awaits the development of 
optimal therapeutic agents.
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Introduction

Endoscopic biliary stenting is the most common 
method to treat obstructive jaundice. In 3− 12 % 
of cases selective cannulation of the major papil-
la fails and surgery or percutaneous biliary drain-
age are required. Percutaneous drainage requires 
dilated intrahepatic biliary ducts and the rate of 
complications reaches 25–30 % of cases includ-
ing intraperitoneal bleeding. A new technique of 
biliary drainage using EUS-guided puncture of 
the bile duct (common bile duct or left hepatic 
duct) is now possible.

Using EUS guidance and dedicated accesso-
ries, bilio-digestive anastomoses can be created.

The aim of this section is to:
1.	 Describe the material needed for such proce-

dures
2.	 Detail the technique of biliary drainage under 

EUS guidance
3.	 Discuss the place of these techniques today in 

comparison with ERCP

Case Report

An 89 year-old-male with painless jaundice un-
derwent an abdominal (computed tomography) 
CT that revealed a 5.6 cm mass in the head of the 
pancreas with diffuse biliary dilation leading to 
an abrupt cutoff in the distal bile duct and several 
liver lesions. He was referred for EUS and ERCP. 
EUS-FNA was performed of a hepatic lesion 
and the pancreatic mass with preliminary cytol-
ogy evaluation confirming pancreatic adenocar-
cinoma. ERCP was attempted on two separate 
occasions to establish biliary drainage, but was 
unsuccessful. The patient refused a percutaneous 
biliary drain. The possibility of performing EUS-
guided biliary drainage was discussed with the 
patient who agreed to this.

What Tools Are Necessary to Perform 
EUS-Guided Biliary Drainage?

Interventional Echoendoscopes

Around 1990, the Pentax-Corporation developed 
an electronic convex curved linear array echo-
endoscope (FG32UA) with an imaging plane 
in the long axis of the device that overlaps with 
the instrumentation plane. This echoendoscope, 
equipped with a 2.0  mm working channel, en-
abled fine needle biopsy under EUS guidance. 
However, the relatively small working channel 
of the FG32UA was a drawback for perform-
ing pseudocyst drainage because it necessitated 

Electronic supplementary material The online version 
of this chapter (doi: 10.1007/978-1-4939-2320-5_34) con-
tains supplementary material, which is available to autho-
rized users. Videos can also be accessed at http://link.
springer.com/chapter/10.1007/978-1-4939-2320-5_34.
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exchanging the echoendoscope for a therapeutic 
duodenoscope to insert either a stent or nasocystic 
drain. To enable stent placement using an echo-
endoscope, the EUS interventional echoendo-
scopes (FG38X, EG 38-UT and EG-3870UTK) 
were developed by Pentax-Hitachi. The FG38X 
has a working channel of 3.2 mm, which allows 
the insertion of an 8.5F stent or nasocystic drain, 
and the EG38-UTand EG-3870UTK have a larg-
er working channel of 3.8 mm with an elevator 
allowing the placement of a 10F stent [1, 2].

The Olympus Corporation has also developed 
convex linear array echoendoscopes. The GF 
UC 160P OL5 has a biopsy channel of 2.8 mm, 
which enables the placement of a 7F stent or na-
socystic catheter, and the instrument is equipped 
with an elevator. The GF UCT 180 also has an 
elevator and a larger working channel of 3.7 mm 
allowing the placement of 10 F stents. The main 
drawback of convex linear array echoendoscopes 
is the more limited imaging field (120° using the 
Pentax and 180° using the Olympus) produced 
by an electronic transducer. These instruments 
are coupled with the Aloka processor or with a 
smaller processor (Suzie).

Needles and Accessories for Drainage

In standard EUS-guided fine needle aspiration 
(FNA), the 22G needle is well visualized sono-
graphically and can be used for pseudocyst punc-
ture. The drawback of this needle is the small 
caliber that will accept only an 0.018 in. guide-
wire. Using a 19G FNA needle, a 450 cm long 
hydrophilic 0.035  in. guidewire can be inserted 
through the needle into the dilated bile duct. The 
needle should be primed with contrast before in-
sertion. One of the main problems during EUS-
guided hepaticogastrostomy, is the difficulty 
in manipulating the guidewire through the 19G 
EUS needle. The principal trouble is “stripping” 
the coating of the guidewire, which in turn cre-
ates a risk of leaving part of the wire coating in 
the patient and also the impossibility of continu-
ing the procedure to insert the stent.

To solve this problem, we worked with Cook 
Medical to design a special needle called the 

EchoTip® Access Needle. This needle is origi-
nal because the stylet is sharp and it is relatively 
easy to insert the needle into the bile duct, pan-
creatic duct, or a pseudocyst. When the stylet is 
withdrawn, the needle left in place is smooth, 
manipulating the guidewire is easy, and the de-
vice is designed to decrease the possibility of wire 
stripping. If this needle is not available, a thinner 
0.025 in. guidewire may reduce friction between 
the wire and edge of the needle, and the guidewire 
should not be pulled back. Guidewires used with 
success in various reports include Radiofocus 
(Terumo, Tokyo, Japan), Dreamwire (Boston Sci-
entific, Marlborough, MA, USA), RevoWave (Pi-
olax Medical, Kanagawa, Japan), and VisiGlide 
(Olympus Medical, Tokyo, Japan). The Terumo 
wire had the best torque rotation control. [3]

Some authors have used needle knife cath-
eters, but the needle can be difficult to visual-
ize endosonographically. The “Zimmon” needle 
knife (Cook Medical, Bloomington, IN, USA) 
has a large gauge needle that is easier to visual-
ize. Diathermy is occasionally required to pen-
etrate the bile duct although should be avoided 
due to higher rate of complications associated 
with the use of a needle knife for fistula dilation 
(Fig. 34.1) [4–36].

Dilators are required to enlarge the fistula 
tract following puncture. Bougie (6-7F) or bal-
loon (4–6  mm) dilators such as the Soehendra 
biliary dilation catheter (Cook Medical) or Hur-
ricane biliary balloon dilatation catheter (Boston 
Scientific) may be used. To minimize pneumo-
peritoneum following EUS-guided biliary drain-
age, CO2 should be used for insufflation during 
all these procedures. [26] Prophylactic antibiot-
ics should also be administered to all patients.

What Is the Technique of EUS-Guided 
Biliary Access?

There are a variety of ways to access the biliary 
system and establish drainage. No single ap-
proach appears superior based on current stud-
ies, [26] and the decision to choose a particular 
approach is individualized to the patient. The 
extrahepatic or intrahepatic bile duct can be 
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punctured and a stent can be deployed in the 
usual retrograde fashion during a rendezvous, 
antegrade across the gastrointestinal wall and 
down the stricture, or through the gastrointesti-
nal wall to create a bilio-enteric fistula. With the 
extrahepatic approach, usually the duodenal bulb 
is punctured, although, rarely the antrum is tra-
versed. With the intrahepatic approach, the left 
intrahepatic ducts are accessed through the gas-
tric fundus about 2–3 cm below the cardia along 
the lesser curvature and rarely through the distal 
esophagus or jejunum in postsurgical anatomy.

EUS-Guided Rendezvous (Fig. 34.2)

This figure illustrates the EUS-guided rendez-
vous technique. If the papilla is accessible, this is 
the preferred approach. Either an intrahepatic or 
extrahepatic puncture can be performed to access 
the bile duct. Some experts prefer the intrahepat-
ic approach as it is thought to cause less bile leak 
than the extrahepatic approach. [24] In the intra-
hepatic approach, the therapeutic linear echoen-
doscope is positioned in the stomach along the 
mid-lesser curvature, and after puncturing the left 
hepatic biliary system using a 19G needle, bile 
is aspirated and contrast injected. Then a long 
0.035  in. hydrophilic guidewire (Tracer Metro 
Direct, Cook Endoscopy or Jagwire, Boston 
Scientific, Paris, France) is inserted into the bile 

duct and looped inside the duodenum. Advancing 
the guidewire through the needle and down the 
intrahepatic ducts through the stricture and out 
the ampulla is often the most difficult part of the 
procedure. Because of the long distance the wire 
needs to travel with this intrahepatic approach; 
pushability and transmission of torque are often 
limited in advancing it through a tight stricture.

On the other hand, the extrahepatic approach 
has its own issues. Puncturing through the duo-
denal bulb for an extrahepatic approach may be 
challenging due to the long position of the echo-
endoscope making maneuvering a 19G needle dif-
ficult, and from this position, the wire will have a 
tendency to head towards the hilum rather than the 
ampulla. In order to advance the wire out the am-
pulla, a short scope position is preferred. Before 
puncturing the bile duct, the position of the needle 
can be checked with fluoroscopy. Then the nee-
dle is withdrawn and the echoendoscope with the 
needle are gently withdrawn leaving the guidewire 
in place. Afterwards, a duodenoscope is advanced 
to the second/third portion of the duodenum, par-
allel to the guidewire in the duodenum. Cannula-
tion can be attempted alongside the guidewire, or 
the guidewire is captured with a standard snare or 
forceps and pulled out through the working chan-
nel of the duodenoscope. An ERCP cannula is ad-
vanced over the guidewire, and the ERCP can be 
completed in usual retrograde fashion.

The rendezvous technique, although attractive 
because it preserves the normal anatomy without 
creating a new fistulous communication between 
the biliary tree and gastrointestinal lumen, is po-
tentially fraught with difficulties at several steps. 
If the intrahepatic approach is used, advancing the 
guidewire, the long distance through the papilla 
can be arduous. With the extrahepatic approach, 
several punctures into the bile duct may be nec-
essary before being able to direct the guidewire 
out the papilla. Similarly, once the guidewire 
has been looped in the duodenum, exchanging 
the echoendoscope for the duodenoscope can be 
cumbersome. If the rendezvous approach fails 
or is not possible due to duodenal obstruction, 
EUS-guided bilioenteric anastomoses may be at-
tempted.

Fig. 34.1   6F cystostome (Endoflex Company)
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EUS-Guided Bilioenteric Anastomoses

Choledochoduodenostomy (CD) (Video 
34.1) 
The formation of permanent bilioenteric fistulae 
whether a choledochoduodenostomy or hepatico-
gastrostomy should be reserved in patients with 
unresectable malignancies. In choledochoduode-
nostomy, a 19 G needle is inserted transduodenally 
into the bile duct under EUS guidance. Bile is as-
pirated and contrast is injected into the bile duct 
for cholangiography. A 450-cm long, 0.035-in. 
guidewire is inserted through the 19 G needle into 
the bile duct. With the echoendoscope in a long 
position in the proximal duodenum, advancing the 
wire towards the hilum usually allows an easier 
angle to advance the stent. Only after the wire 
position is secured should dilation be performed 
to decrease risk of bile leakage. The choledocho-
duodenal fistula is dilated using a 6–to 7F biliary 
bougie dilator (Soehendra biliary dilator; Cook 
Medical), 4–6 mm balloon dilator, or a 6Fr cysto-
stome (Endoflex, Germany). Overdilation should 
be avoided to decrease the risk of bile leakage. A 
7F–10F biliary plastic stent or a covered self-ex-
pandable metallic stent (SEMS) is placed through 
the choledochoduodenostomy site into the extra-
hepatic bile duct. Uncovered metal stents should 
not be used to create bilioenteric fistulae due to the 
potential risk of bile leakage and peritonitis.

Left Hepaticogastrostomy (HGE) 
(Fig. 34.3)
EUS-guided hepaticogastrostomy was first re-
ported by Burmester et al. [7] in 2003. The tech-
nique is basically similar to EUS-guided drain-
age of pancreatic pseudocysts. By using an inter-
ventional echoendoscope, the dilated left hepatic 
duct (segment III) is well visualized. Hepatico-
gastrostomy is then performed under combined 
fluoroscopic and ultrasound guidance, with the 
tip of the echoendoscope positioned such that the 
inflated balloon is in the middle part of the lesser 
curvature of the stomach. A 19G needle (Echo-
Tip® Access Needle, Cook Ireland Ltd., Limer-
ick, Ireland) is inserted transgastrically into the 
distal part of the left hepatic duct and following 
aspiration of bile, contrast medium is injected. 
Opacification demonstrates dilated biliary ducts 
proximal to the complete obstruction. The needle 
is exchanged over a guidewire (0.02 in. diameter, 
Terumo Europe, Leuven, Belgium) for a 6.5F 
diathermic sheath (prototype Cysto-Gastro set, 
EndoFlex, Voerde, Germany), which is then used 
to enlarge the channel between the stomach and 
the left hepatic duct. The sheath was introduced 
by using cutting current in this figure. However, 
electrocautery is usually not necessary and fol-
lowing needle puncture, dilation can be per-
formed using a bougie or balloon dilator. After 
exchange over a guidewire (TFE-coated 0.035 in. 
diameter, Cook Europe, Bjaeverskov, Denmark), 

Fig. 34.2   Rendezvous technique using EUS guidance: 
Left panel shows EUS-FNA using 19G needle to puncture 
dilated left intrahepatic bile duct followed by bile aspira-

tion and then contrast injection. Right panel shows long 
guidewire advanced antegrade down through the distal 
biliary stricture and coiling out in the duodenum
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an 8.5 F by 8 cm long hepatico-gastric stent or 
a 10 mm by 8 cm long covered SEMS (Boston 
Scientific) is positioned. As observed by fluoros-
copy, contrast is emptied from the stent into the 
stomach. To prevent bile leakage, a 6 or 7F naso-
biliary drain can be left through the metallic stent 
for aspiration during the ensuing 48 h. More re-
cently we decided to insert a covered stent within 
an uncovered stent to prevent bile leakage. He-
paticogastrostomy may be combined with place-
ment of an additional metallic stent bridging the 
distal stricture as described below.

Antegrade Approach

This approach refers to the formation of a tem-
porary bilioenteric fistula followed by manage-

ment of the stricture in an antegrade fashion. The 
technique involves access to the left intrahepatic 
ducts as described above using a 19G FNA nee-
dle and a 450  cm long 0.035  in. guidewire ad-
vanced through the stricture into the duodenum, 
similar to during a rendezvous using the intrahe-
patic approach. This is followed by dilation of the 
fistula tract using a bougie or balloon dilator, and 
then placement of a metal stent in an antegrade 
fashion. The presence of the dilating catheter 
through which the wire can be manipulated fa-
cilitates advancement of the wire, unlike during 
a rendezvous procedure. Theoretical concern for 
bile leakage exists if a second stent is not placed 
bridging the left intrahepatic bile ducts and the 
stomach although this has not been reported in 
the literature. Extrahepatic biliary puncture is not 
recommended in the antegrade approach because 

Fig. 34.3   Hepaticogastrostomy performed after ERCP 
failed to drain the left hepatic lobe in patient with a 
Klatskin Tumor. Top panels show two overlapping metal 
biliary stents in right main hepatic duct with EUS-FNA 
using a 19G needle into the left intrahepatic duct show-
ing a mildly dilated left hepatic duct. A long guidewire is 

advanced antegrade into the duodenum, the tract is dilated 
using a 6.5 Fr diathermic sheath, and then a fully covered 
metal stent is inserted. Bottom panels show abdominal CT 
scan, fluoroscopic, and endoscopic image of metal stent 
deployed to create hepaticogastrostomy
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advancing the stent is often challenging due to 
the angle the stent needs to traverse.

Case Continued

EUS-guided biliary drainage was performed using 
general anesthesia and CO2 insufflation after 
administering intravenous ciprofloxacin. EUS 
revealed a 2 cm common bile duct. Because the 
papilla was accessible, the rendezvous approach 
was initially chosen. However, despite multiple 

attempts at positioning the therapeutic linear echo-
endoscope to allow the guidewire to be advanced 
out the papilla, this could not be achieved. There-
fore, the decision was made to perform a choledo-
choduodenostomy. With the echoendoscope in 
the duodenal bulb in the long position, the 19G 
needle punctured the CBD (Fig. 34.4a), bile was 
aspirated, and contrast injected. A long 0.035  in. 
dreamwire guidewire (Boston Scientific) was ad-
vanced into the biliary system. The needle was 
removed and the transmural tract dilated using a 
Soehendra dilation catheter up to 7Fr (Fig. 34.4b). 

Fig. 34.4   a EUS-guided choledochoduodenostomy with 
19G needle punctured into dilated common bile duct. b 
Contrast injection shows diffusely dilated proximal extra-
hepatic and intrahepatic bile duct with no contrast exiting 
the ampulla. Long 0.035 in. dreamwire guidewire (Boston 
Scientific) is in the bile duct with a 7Fr Soehendra catheter 

dilator (Cook Medical) advanced across the choledocho-
duodenostomy site. c Fluoroscopic view of fully covered 
SEMS deployed to establish the choledochoduodenosto-
my. d Endoscopic view of fully covered SEMS with distal 
end in duodenal bulb. (Courtesy Dr. Christopher Thomp-
son, Brigham and Women’s Hospital, Boston, MA)

 



58134  Eus-Guided Bilio-Pancreatic Drainage

A 10 mm × 4 cm long fully covered SEMS was de-
ployed with the distal end in the duodenal bulb and 
good bile drainage (Fig. 34.4c, d).

What Are the Role, Success, and 
Complications of EUS-Guided Biliary 
Access

ERCP is the gold standard technique for the 
drainage of obstructive jaundice due to malignant 
or benign etiologies. The success rate of biliary 
stenting by ERCP is around 80–85 % with unsuc-
cessful ERCPs resulting from either failed can-
nulation of the papilla or inability to reach the 
papilla due to intestinal obstruction or surgically 
altered anatomy. Percutaneous biliary drainage is 
the accepted alternative, but carries a high com-
plication rate from bleeding or peritoneal bile 
leakage (20–30 %). The morbidity and mortality 
of surgery as a palliative procedure are 35–50 % 
and 10–15 %, respectively. Therefore, these new 
techniques of biliary drainage using EUS guid-
ance could provide another option. A small retro-
spective study of patients with inaccessible papil-
la compared 25 patients undergoing EUS-guided 
biliary drainage using either the antegrade ap-
proach or the creation of a bilioenteric fistula to 
26 patients having percutaneous biliary drainage. 
[37] Both clinical access at achieving internal bil-
iary drainage with stents (92 % vs. 46 %, p < 0.05) 
and complications (20 % vs. 46 %, p < 0.05) were 
favorable with the EUS arm. There was a death 
following the EUS approach and two deaths after 
percutaneous drainage. Another small retrospec-
tive series comparing EUS to percutaneous bili-
ary drainage in failed ERCPs for distal biliary 
strictures found greater technical success with 
the percutaneous approach (100% versus 86%, 
p=0.007) with a trend towards increased adverse 
events in the percutaneous groups (39% versus 
18%, p=0.08). [38] Further rigorous randomized 
studies are necessary to compare the EUS to the 
percutaneous approach.

To date, 549 patients with EUS-guided bile 
duct drainage (EUS-CD = 284; EUS-HGE = 265, 
and EUS rendezvous = 33) have been reported in 
30 studies (Table 34.1). [4–36] A 19 gauge or 22 

gauge fine needle followed by balloon dilatation, 
needle knife, or cystotome were used to puncture 
the intrahepatic bile ducts in all these patients. 
We recently published a large multicenter study 
including 240 patients in whom ERCP failed 
due to tumor infiltration at the papilla, duodenal 
obstruction, inability to advance the guidewire 
through the stricture, and postsurgical anatomy, 
and EUS-guided biliary access was employed. 
[39] Over 80 % of the patients had malignant bil-
iary obstruction. The intrahepatic approach was 
used in 60 % of patients with 90 % success, which 
was similar to the 84 % success with the extrahe-
patic approach. Complications occurred in about 
31 % of patients with similar rates for both the 
intrahepatic and extrahepatic routes as well as 
for plastic and metal stents, although there was 
a higher rate of cholangitis with plastic stents 
(11 % versus 3 %, p = 0.02).

Choledochoduodenostomy

Patients who have undergone this technique have 
high technical success (265/284 = 93.3 %) and 
clinical success (219/265 = 81.5 %). The rate of 
complications is 51/284 (17.9 %). Less than 2 % 
of the patients with complications needed inva-
sive treatment, according to the obtained data. 
The main reported complication was the bile 
leakage 29/51 (56.9 %). Compared to ERCP, 
EUS-guided biliary drainage of 104 distal bili-
ary strictures had similar rates of clinical success 
(92–93%) and adverse events (9%). As expected, 
a much higher rate of success occurred in patients 
with duodenal obstruction undergoing EUS-
guided drainage rather than ERCP (91% versus 
57%, p=0.0003). [40]

Hepaticogastrostomy

Hepaticogastrostomy was successful in 251/265 
cases (94.7 %) with clinical success in 80.8 % 
(203/251). Various types of stents, including 
plastic stents, uncovered metal stents, and cov-
ered metal stents were used for the drainage. 
The rate of complications was 80/265 (30.1 %). 
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None of the patients with complications, accord-
ing to the obtained data, needed invasive treat-
ment. Main complications reported were bleed-
ing 21/80 (26.2 %), bile leakage 14/80 (17.5 %), 
cholangitis 14/80 (17.5 %) and perforation 11/80 
(13.7 %). Other complications included perito-
nitis, cholecystitis, pancreatitis, pneumoperito-
neum, abdominal pain, and stent migration.

Kahaleh et  al. described that the advantages 
of EUS-guided hepaticogastrostomy over percu-
taneous transhepatic drainage included puncture 
of the biliary tree with real-time US while using 
color Doppler information to limit the possibil-
ity of vascular injury, the absence of ascites in 
the interventional field, and the lack of an exter-
nal drain. Based on their experience, they also 
pointed out the extrahepatic approach has a 
greater risk of complication than the intrahepatic 
approach [36] although this was not confirmed 
in our recent multicenter retrospective study. Itoi 
et  al. reported the limitations of this technique 
as follows: (i) nonapposed gastric wall and the 
left liver lobe causing displacement between the 
puncture site of the gastric wall and intrahepatic 
bile duct, resulting in the possibility of a failed 
procedure; (ii) risk of mediastinitis following a 
transesophageal approach; (iii) difficulty with 

puncturing a cirrhotic liver; (iv) risk of injuring 
the portal vein; and (v) the use of small-caliber 
stents or metal stents with a small diameter deliv-
ery device) [41].

This review of the literature showed fewer 
complications with choledochoduodenostomy 
compared to hepaticogastrostomy with the same 
success rate. This difference is due to the tech-
nique used with less dilatation and more fully 
covered metallic stents in the duodenal route 
than the transgastric approach, which limits the 
risk of perforation and bile leakage. But today, 
the use of partially covered expandable metal 
stents (Fig. 34.5) for hepaticogastrostomy could 
decrease the rate of complications.

What Stent Should Be Used?

From a clinical standpoint, the most relevant 
technical choice is the type of stent used. It is 
difficult to draw significant conclusions from the 
published reports since no formal comparisons 
have been made among the different kinds of 
stents. Covered (total or partially) SEMS appears 
to be a better option for three reasons. First, upon 
full expansion covered SEMS effectively seal the 

 

Fig. 34.5   Half-covered metal stent for hepaticogastrostomy
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puncture/dilation tract, which would in theory 
prevent bile leakage. Second, their larger diam-
eter provides better long-term patency, which 
would decrease the need for stent revisions. Fi-
nally, if dysfunction by ingrowth or clogging oc-
curs, management is somewhat less challenging 
than with plastic stents since a new stent (plas-
tic or SEMS) can easily be inserted through the 
previously placed occluded SEMS. By contrast, 
exchanging a clogged plastic transmural stent 
usually requires over-the-wire replacement to 
maintain transmural access because free-hand 
removal risks track disruption with subsequent 
guidewire passage into the peritoneum, which 
would then require a repeat EUS-guided bili-
ary drainage procedure. [42] Uncovered SEMS 
could allow bile leakage into the peritoneum and 
possibly subsequent biloma formation. On the 
other hand, with covered SEMS, foreshortening, 
the risk of immediate or delayed migration, and 
the possibility of occluding secondary bile ducts 
must be appreciated. [34] Insertion and deploy-
ment of SEMS transmurally is more demanding 
than during ERCP.

The best indication today for EUS-guided 
biliary drainage is to decompress the left lobe of 
the liver or to establish biliary drainage when ac-
cessing the papilla is impossible either due to ma-
lignant intestinal obstruction or previous surgery 
(e.g., gastrectomy, Whipple, Roux-en-Y gastric 
bypass). In cases of failed cannulation, PTC may 
still be recommended with a rendezvous tech-
nique until we have results of randomized studies 
comparing EUS-guided biliary drainage to PTC.

EUS-Guided Pancreatic Drainage

The experience and literature about EUS-guided 
pancreatic drainage is sparser than EUS-guided 
biliary drainage. Unlike with biliary drainage, the 
primary indications for pancreatic drainage are 
benign etiologies including acute recurrent pan-
creatitis, chronic abdominal pain, and/or chronic 
pancreatitis with anastomotic or nonanastomotic 
stricture. In addition most patients will require 
more than one procedure to remove the stent 
placed, and the procedures are long, averaging 

148 min. [43] In a large series of 45 patients un-
dergoing EUS-guided pancreatic drainage, overall 
technical success was 74 % with fairly even distri-
bution of retrograde and antegrade placed stents. 
As expected, post-surgical patients were more 
likely to undergo antegrade stent placement, and 
the majority of these stents crossed the papilla or 
anastomosis. The only factor predictive of failed 
EUS procedure was attempted ERCP immediately 
before the EUS. Although main pancreatic duct di-
ameter was not associated with procedure failure 
in this study, experts believe EUS-guided drain-
age is usually successful with a dilated main pan-
creatic duct (≥  4 mm) [44]. Clinical success was 
achieved in 83 % of patients while the stents were 
in place with 17 % recurrence following stent re-
moval over median 32-month follow-up. Serious 
complications occurred in 6 % and included peri-
pancreatic abscess and pancreatitis. A 3 cm long 
piece of guidewire coating had been stripped off 
and retained in the retroperitoneum of one patient 
without apparent symptoms. Overall complication 
rate was 19 % from 132 patients published with 
this technique and also included fever, bleeding, 
and perforation [44].

The technique of EUS-guided pancreatic 
drainage is analogous to biliary drainage. CO2 
insufflation and prophylactic antibiotics are rec-
ommended. A therapeutic linear echoendoscope 
is used to visualize the main pancreatic duct and 
a 22G or 25G needle may be inserted first to ob-
tain a pancreatogram. Otherwise, if pancreatic 
drainage is indicated, a 19G needle is introduced 
followed by long guidewire placement and ret-
rograde or antegrade stent placement. With an-
tegrade stent placement, transmural access is se-
cured by using a cystotome with cutting current 
to introduce the sheath (prototype Cysto-Gastro 
set, EndoFlex, Voerde, Germany) or by dilating 
with a dilating balloon, dilating cathether, can-
nula, or rarely wire-guided needle knife catheter 
where cautery was only used if necessary. Some 
experts believe the diathermic technique leads to 
lower rates of pancreatic juice leakage than bal-
loon dilation.

The role of EUS-guided pancreatic drainage 
remains uncertain and likely is best indicated for 
post-Whipple anastomotic strictures while pa-
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tients with chronic pancreatitis-related strictures 
may require surgery. Given the relatively high 
complication rates, these procedures should only 
be performed in highly experienced therapeutic 
endoscopy centers.

Conclusion

EUS-guided biliary management is useful follow-
ing failed ERCP with a high rate of technical suc-
cess and clinical efficacy. It provides a new way to 
achieve biliary drainage that may be complemen-
tary to the percutaneous approach. The morbidity 
rate is high with EUS-guided biliary drainage and 
requires an experienced team. Further technical 
improvements are mandatory to reduce the num-
ber of adverse events. In addition, randomized 
studies comparing the EUS-guided approach to 
PTC are needed to define the place of this tech-
nique of bile duct drainage. EUS-guided pan-
creatic drainage is feasible although also suffers 
from relatively high complication rate. The best 
indication for this procedure is a benign anasto-
motic stricture following Whipple surgery. These 
EUS-guided procedures should be performed in 
carefully selected patients by experienced thera-
peutic endoscopists in a multidisciplinary team.

Key Points

•	 EUS-guided biliary drainage requires spe-
cific equipment including a therapeutic linear 
echoendoscope, 19G needle, long guidewires, 
dilating accessories, and stents.

•	 A variety of routes are available to gain biliary 
access with the choice individualized to the 
patient and no one approach appearing supe-
rior.

•	 When the papilla is accessible, the rendez-
vous approach is preferred. If this technically 
demanding approach is not feasible, options 
include intrahepatic antegrade stent placement 
either across the stricture and/or with creation 
of a hepaticogastrostomy and choledochoduo-
denostomy.

•	 Morbidity of the EUS-guided biliary drainage 
technique remains relatively high and mainly 

include bile leak, cholangitis, bleeding, and 
perforaton.

•	 EUS-guided pancreatic drainage is feasible 
although arduous and likely most successful 
in patients with benign anastomotic strictures 
following Whipple surgery.

Video Caption

Video 34.1 EUS-FNA is performed using a 19G 
needle advanced into the distal CBD from the 
duodenal bulb in a long position. After bile is as-
pirated, contrast is injected to perform a cholan-
giogram demonstrating a diffusely dilated biliary 
system with no contrast exiting the papilla. A long 
0.035 in. guidewire is advanced into the right he-
patic duct. Then dilation of the tract is performed 
using a 4 mm balloon dilator advanced across the 
choledochoduodenostomy. Finally a 10  mm × 
4 cm fully covered metal stent is deployed across 
the choledochoduodenostomy with the distal end 
in the duodenal bulb draining bile. Courtesy, Dr. 
Christopher Thompson, Brigham and Women’s 
Hospital, Boston, MA
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