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Preface

Welcome to Dilemmas in ERCP: A Clinical Casebook. Given 
its invasiveness, multitude of possible interventions, and 
potential complications, it is not uncommon to face a 
dilemma (i.e., a problem involving a difficult choice) when 
performing ERCP.

The subjects covered in this book are challenging scenar-
ios in ERCP. When encountering these during ERCP, one is 
not always faced with a dilemma per se. However, through 
the presentation of clinical situations through case-based 
format, the authors have highlighted difficult management 
decisions encountered when performing ERCP.  In sharing 
their personal cases, the authors demonstrate how to 
approach dilemmas and optimize efficacy and safety through 
a thoughtful, experience-based, and evidence-based 
approach. The cases serve as a basis for concise discussion 
followed by summary “take-home” bullet points and list of 
references. This book is meant to be high yield and clinically 
relevant to the practice of modern, therapeutic ERCP. I hope 
that this is an interesting read and helpful to your clinical 
practice.

The authors include former advanced endoscopy fellows 
at Washington University in St. Louis who I have had the 
privilege of helping to train, current colleagues within the 
Interventional Endoscopy Section at Washington University 
in St. Louis, and colleagues from peer institutions who I have 
had the opportunity to work with during training, on commit-
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tees, or on research projects. I am immensely grateful to all of 
them for contributing their time and expertise to this book. 
They are an extremely accomplished and excellent group of 
physicians, and I am humbled to call them colleagues.

St. Louis, MO, USA Daniel  K. Mullady

Preface
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 Case Presentation

A 73-year-old female with no significant prior medical history 
presented with 7  days of progressive abdominal pain, dark 
urine, nausea, and jaundice. Initial laboratory evaluation 
revealed a total bilirubin of 9 mg/dl, alkaline phosphatase of 
472  U/L, aspartate transaminase of 116  U/L, alanine 
transaminase of 224 U/L, and white blood cell count of 16.1 K/
mm3. She underwent imaging with magnetic resonance 
imaging/magnetic resonance cholangiopancreatography (MRI/
MRCP) which revealed a 1.5-cm hepatic hilar lesion consistent 
with at least Bismuth IIIa versus IV cholangiocarcinoma with 
right and left ductal dilation. The tumor appeared to abut the 

Chapter 1
Cholangiogram 
Interpretation
Stephen Hasak and Daniel K. Mullady
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right hepatic artery, main portal vein, right portal vein, and 
takeoff of the left portal vein. She underwent ERCP at her 
local hospital with placement of a plastic biliary stent in the 
right intrahepatic duct. Brushings for cytology noted atypical 
glandular epithelial cells consistent with adenocarcinoma.

She was then transferred for surgical evaluation. Despite 
stent placement her bilirubin increased to 11.9 mg/dl. Her case 
was discussed in multidisciplinary hepatobiliary conference, 
and it was decided that extended right hepatectomy may be 
feasible. For hypertrophy of the left lobe, she was referred for 
repeat ERCP for removal of the right-sided stent and stenting 
of left-sided biliary tree, which was still significantly dilated.

Following removal of the previously placed right-sided 
stent, ERCP was performed with opacification of the main 
bile duct, hepatic duct bifurcation, right main hepatic duct, 
and right intrahepatic branches. The left ducts could not be 
opacified with gentle occlusion cholangiogram. After much 
effort, the left biliary tree was accessed with a 0.025″ angled 
wire through a sphincterotome. The left main hepatic duct 
was shown to contain a single severe stenosis, and a 10 Fr by 
10  cm biliary stent with a full external pigtail and a full 
internal pigtail was placed into the left hepatic duct (Figs. 1.1 
and 1.2). She was discharged with follow-up plans to see 
medical oncology for neoadjuvant chemotherapy and 
IR-guided portal vein embolization.

The dilemma in this case is localizing pathology to the left 
or right biliary systems and ideally having multidisciplinary 
input prior to attempting biliary decompression. Identification 
of the appropriate sided intrahepatic duct was critical. The 
patient initially had stenting of the right side, which was the 
incorrect side of the liver to stent since the patient required a 
right hepatectomy. Additionally, this intervention did not lead 
to improvement of bilirubin and led to the need for repeat 
short-interval ERCP to stent the appropriate side of the liver.

 Introduction

ERCP has been performed by gastroenterologists and 
surgeons for nearly 50  years. Since its inception to the 

S. Hasak and D. K. Mullady
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present day, there has been a continuous shift in ERCP 
from an exclusively diagnostic test with the ability only to 
obtain fluoroscopic images of the pancreatic and biliary 
ducts to an almost therapeutic procedure with a wide 
variety of indications and therapeutic maneuvers. This shift 
has been due to two main factors: (1) improvements in 
cross-sectional imaging, particularly MRI/MRCP, and the 
emergence of endoscopic ultrasonography (EUS) which 
provide less invasive and more accurate images of the 
pancreatobiliary system and (2) improvements in through-
the-scope technology which enable a wide variety of 
therapeutic maneuvers, many of which are discussed in 
other chapters in this book.

Figure 1.1 Opacification and wire access of the left biliary tree and 
extrahepatic bile duct with severe stricture of the common hepatic 
and left main ducts

Chapter 1. Cholangiogram Interpretation
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Obtaining good-quality cholangiography requires a 
thorough understanding of the biliary anatomy, knowing the 
limitations of cholangiography obtained endoscopically, and 
facility in use of fluoroscopy equipment to optimize imaging. 

Figure 1.2 Cholangiogram showing double pigtail stent traversing 
the hilar stricture with proximal end in the left biliary tree

S. Hasak and D. K. Mullady
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This is as imperative to procedural success as any other 
maneuver performed during ERCP  [1, 2].

The above cases highlight some of the difficulties in 
obtaining high-quality cholangiograms and interpreting them 
correctly. This chapter will focus on the difficulties in obtaining 
and interpreting cholangiograms as well as strategies to 
improve image quality and interpretation.

 Diagnosis/Assessment

Data are lacking regarding optimal performance and 
interpretation of cholangiography obtained via 
ERCP. Additionally, there is inherent limitation of recreating 
three-dimensional anatomy with two-dimensional technology. 
This section will focus on preprocedural, intra-procedural, and 
post- procedural considerations and techniques to optimize 
cholangiography and the subsequent interpretation (Table 1.1).

A thorough understanding of normal biliary anatomy is 
essential for all providers performing ERCP. Biliary anatomy 
is complex and variable, and providers need to be well-versed 
in interpreting normal and variant anatomy. It is useful to 
have a readily available images of normal and variant 
anatomy in the ERCP suite [1]. Errors can occur when the 
endoscopist fails to identify anatomical variants or interprets 
the anatomy inaccurately. Additionally, endoscopists should 
be well-versed in understanding the cholangiographic 
correlates of segmental liver anatomy [2].

 Normal Anatomy

In the majority of patients, the right main hepatic duct is 
formed by the confluence of the right posterior and the right 
anterior ducts (Figs.  1.3 and 1.4) [3–6]. The right posterior 
duct usually passes posteriorly to the anterior duct, joining it 
at the left medial side to form the right hepatic duct (Fig. 1.4) 
[5, 6]. Segmental bile ducts from liver segments II–IV unite to 
form the left hepatic duct (Fig. 1.3) [7].

Chapter 1. Cholangiogram Interpretation
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Table 1.1 Key considerations for optimizing cholangiogram 
performance and interpretation
Time 
relative to 
procedure

Consideration/
technique Notes

Pre- 
procedure

Understanding 
normal anatomy 
and variants

Self-directed learning, training, 
experience

Individual patient 
data review/
clinical situation

Record/imaging review, 
discussion with referring 
provider, multidisciplinary 
conference, is there a need 
for further imaging prior to 
ERCP?

Intra- 
procedure

Room/suite setup Staff training, digital imaging, 
fluoroscopy equipment 
(rotatable C-arm, portable 
C-arm, fixed C-arm, flat table 
with overhead carriage), 
anesthesia

Patient 
positioning

Semi-prone (left ducts 
fill before right), supine 
(right ducts fill before left), 
Trendelenburg, right lateral, 
patient movement to visualize 
specific anatomy

Fluoroscopy arm 
movement

Easier to perform than patient 
repositioning, but does not 
change the effect of gravity on 
contrast pooling

Cholangiogram 
performance

Scout radiograph prior to 
contrast injection, image 
resolution of various 
equipment and contrast 
agents, balloon occlusion or 
injection force to identify 
underfilled ducts

S. Hasak and D. K. Mullady
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Table 1.1 (continued)
Time 
relative to 
procedure

Consideration/
technique Notes

Contrast density Standard— strictures and 
pancreatic duct anatomy; 
dilute— small stones in large 
ducts

Post- 
procedure

Documentation Thorough documentation 
of findings and therapies/
interventions necessary for 
continued care, radiology 
interpretation

Radiology 
interpretation

Routinely done but helpful 
in selective cases with subtle 
findings

 Common Variants

Variant biliary anatomy usually relates to differences in 
confluence of the left main, right anterior, and right posterior 
ducts. A common variant of the major ducts is the failure of 
fusion of the anterior and posterior right segmental ducts 
resulting in an absence of the right main hepatic duct, which 
occurs in 11% of patients [4]. In these patients, the right 
anterior, right posterior, and left hepatic ducts form a 
confluence at the common hepatic duct, sometimes referred 
to as a “trifurcation” (Fig. 1.5) [7, 8]. In 16% of patients, the 
right posterior duct drains directly into the left hepatic duct 
proximally to the confluence (Fig. 1.6) [7, 8]. In 6% of patients, 
the RPD drains into the common hepatic duct (Fig. 1.7) [8]. 
The right and left ducts usually join just outside the porta 
hepatis, but the union can be much lower so that a common 
duct is not formed. In these cases, the cystic duct can insert 
into the right hepatic duct. An accessory right posterior 
hepatic duct may insert at the cystic duct or common hepatic 
duct [7]. There is variation in the formation of the left hepatic 
duct from segmental bile ducts, with three primary patterns of 

Chapter 1. Cholangiogram Interpretation
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confluence [8]. Typically, the cystic duct joins the common 
bile duct about halfway from the hilum to the papilla, but the 
junction of the cystic duct is also variable [7]. This is important 
surgically because, if unrecognized during cholecystectomy, 
ligation of the cystic duct beyond the insertion of the cystic 
duct will result in bile duct injury. Failure to recognize 
variants can lead to difficult bile leaks following surgery and 
lead to delayed clinical improvement if not recognized during 
ERCP [9]. If there is a concern for a bile leak, initial imaging 
with MRCP may be useful to clarify anatomy because small, 
transected, and disconnected ducts will not opacify on ERCP 
[9]. If ERCP is performed prior to surgery, a good 
cholangiogram can highlight variant anatomy and help to 
minimize the risk of bile duct injury [10, 11].

Figure 1.3 Normal biliary anatomy and corresponding hepatic 
segments and sectors as they relate to ERCP and biliary drainage

S. Hasak and D. K. Mullady
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 Patient Anatomy/Review of Imaging/Records

In addition to understanding normal anatomy, understanding 
the individual patient’s case prior to any procedure is important 
to maximize the chance of therapeutic success and minimize 
harm to the patient. In many cases, a complete understanding 
of a patient’s biliary anatomy is not vital if an extrahepatic 
lesion such as a common bile duct stone or stricture can be 
identified and alleviated. However, in perihilar or intrahepatic 
disease processes, a better understanding on the individual 
patient’s biliary ductal anatomy is vital. Such knowledge 
includes an understanding of any previous surgeries that could 
affect procedural approach and anatomy, such as bariatric 
surgery, liver transplantation, and prior liver resection, and 
review of any prior imaging. In cases where biliary anatomy is 
unclear, a pre-procedure MRCP may be helpful [1, 11–13].

An understanding of the expected goal(s) of the procedure 
is vital, and a thorough review of all imaging and clinical data 
should be performed prior to meeting the patient. If 
appropriate, an office visit should be scheduled to allow the 

Figure 1.4 Normal duct anatomy—Type 1 right hepatic duct

Chapter 1. Cholangiogram Interpretation
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provider a more thorough review of the patient’s imaging and 
other data and allow for a more in-depth discussion of risks, 
procedural goals, and alternatives.

 Multidisciplinary Conference

Many centers have multidisciplinary conferences involving 
surgeons, diagnostic and interventional radiologists, 
 endoscopists, and oncologists to discuss challenging cases, 
diagnostic dilemmas, or therapeutic options. This provides 

Figure 1.5 Trifurcation of the main biliary confluence—Type 2 right 
hepatic ducts

S. Hasak and D. K. Mullady



11

opportunities for better understanding of anatomy, treatment 
goals, and procedural limitations. Knowing the ultimate 
treatment plan, such as plans for subsequent surgery, is also 
necessary to ensure appropriate diagnostic images acquired 
for review, and appropriate therapy is performed. The benefits 
of collaboration have been borne out in multiple studies 
where a review of all data by providers from multiple 
specialties led to change in management in 25–30% of 
patients [14–16].

Figure 1.6 Right posterior duct draining into left hepatic proximal 
to the confluence—Type 3 hepatic duct

Chapter 1. Cholangiogram Interpretation
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 Imaging Modalities

During pre-procedure planning, diagnostic ERCP has largely 
been replaced by CT and MRI/MRCP.  These imaging 
modalities are widely available and noninvasive and provide 
highly accurate imaging of the biliary tree. CT and MRI have 
various protocols, which reconstruct anatomy in cross-
sectional planes or other three-dimensional views, allowing 
users to visually grasp the complex anatomy of the bile ducts.

MRCP enables rapid, noninvasive evaluation of both the 
biliary tree and pancreatic duct without the use of intravenous 
contrast. MRCP provides better spatial and temporal 
resolution. CT, on the other hand, is more widely and rapidly 
available and more rapidly performed and may provide more 

Figure 1.7 Right posterior duct drains into the common hepatic 
duct—Type 4 right hepatic ducts

S. Hasak and D. K. Mullady
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reliable information on the number and location of stones 
due to artifacts [5]. However, it exposes patients to radiation 
and is less sensitive in detecting smaller, distal stones or 
periampullary lesions and benign or malignant strictures.

Being able to accurately determine the location of a 
stricture in reference to the hepatic bifurcation can sometimes 
be made much easier during ERCP if imaged previously on 
MRCP. Accurate determination of biliary pathology by using 
MRCP before ERCP can also allow for appropriate 
procedural planning [17]. This can be especially important for 
selecting areas for contrast injection and drainage of hilar 
lesions so as to minimize the risk of post-ERCP cholangitis. 
In addition, using MRCP to guide biliary stent placement 
patients with inoperable hilar obstruction has been 
demonstrated to reduce the overall cost of treatment [18].

 Training/Education

At this point, there are no objective standards for ensuring 
competency in radiologic interpretation of cholangiograms. 
However, in order to maximize success in performing ERCP, 
it is critical for trainees to gain a thorough anatomical 
understanding during fellowship. To date, the focus of training 
and competency assessment has been on technical aspects of 
ERCP, such as cannulation and therapeutic maneuvers [19]. 
Various studies have proposed minimal procedure numbers as 
thresholds to achieving competence, with a systematic review 
in 2015 suggesting 160–400 ERCPs for competence [20]. In 
reality, trainees learn and acquire ERCP skills at different 
rates [21]. A recent training assessment includes questions 
about evaluation of trainee cholangiogram performance and 
interpretation [19]. There are still limits to this assessment 
method because there are no standard methods of performing 
and viewing cholangiograms. Therefore, trainee learning is 
largely dependent on the individual trainer. Most agree that a 
fourth year of advanced endoscopy training is required to 
achieve proficiency and certification in pancreaticobiliary 
endoscopy due to the increased scope and complexity of 

Chapter 1. Cholangiogram Interpretation
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pancreaticobiliary endoscopy  [20]. In this dedicated year of 
pancreaticobiliary, endoscopy trainees will get significant 
experience in cholangiogram interpretation through 
procedural volume, mentor-directed learning, and participation 
in multidisciplinary conferences to review pre-procedure 
imaging. However, future efforts should focus on developing 
standardized training in cholangiogram interpretation and 
competency assessment.

 Intra-Procedural Considerations

There are a number of intra-procedural considerations and 
techniques to optimize performing and interpreting 
cholangiograms during ERCP.

 Positioning

The patient’s position should be agreed upon and understood 
by the anesthesia provider, the endoscopist, and the nurses 
and/or technical assistants. IV fluid lines, grounding wires, and 
ECG leads should be out of field of examination  whenever 
possible. Historically, patients were placed prone, which created 
a favorable orientation for X-rays to pass through the patient 
between the fluoroscopy source and the detector. However, 
this is a difficult position for anesthesiologists to maintain a 
patent airway, so most often patients are placed in the semi-
prone or modified prone position with the right chest elevated 
off the table using a shoulder roll or pillow [1, 2, 22]. The supine 
position is also used when performing ERCP but can be the 
most difficult position in which to access the descending 
duodenum, and secretions tend to pool over the ampulla. 
Additionally, the operator is usually required to stand facing 
away from the patient which can be a less than optimal 
ergonomic position. The supine position may be requested by 
the anesthesia provider for a morbidly obese patient because 
in the event of respiratory depression or a code [22]. 
Additionally, supine positioning provides better delineation of 

S. Hasak and D. K. Mullady
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the hilar biliary anatomy [23]. When ERCP is performed in the 
supine position, endotracheal intubation is mandatory to 
decrease the risk of aspiration [23]. Left lateral decubitus 
position is not ideal for ERCP due to the unusual projection of 
the radiologic image obtained during fluoroscopy. The 
directions taken by the opacified bile and pancreatic ducts are 
unfamiliar in the left lateral projection [2]. However, if a large, 
J-shaped stomach makes it difficult to access and intubate the 
pylorus with the duodenoscope, transiently repositioning the 
patient to the left lateral position will often facilitate passage 
of the scope into the second portion of the duodenum [2].

It is important that the endoscopist understands how the 
biliary anatomy will appear with the patient in different 
positions. Because contrast is denser than bile, it flows to 
dependent portions of ducts. The left and caudate lobes will 
be in the dependent position in the semi-prone position, as 
they are located anteriorly [24]. Therefore, the left lobe will 
fill earlier preferentially compared to the right side (Fig. 1.8a) 
[7, 25]. In this case, a greater injection force may be required 
to adequately fill the right ducts and should not be mistaken 
for underlying pathology. Complete visualization of the right 
side is important as the right side often has variant anatomy 
and to detect subtle findings, such as primary sclerosing 
cholangitis. Adequate filling is assured with visualization and 
delineation of the tertiary segments. Conversely, filling of the 
right system without opacification of the left may indicate 
pathology of the left biliary tree [26].

If visualization of the right intrahepatic system is not obtained 
with injection and still needed, a catheter can be passed over a 
wire directly into the intrahepatic system. Balloon occlusion of 
the common bile duct can be performed for more rapid and 
effective filling of the intrahepatic ducts [7]. Repositioning the 
patient in the supine or right lateral decubitus positions allows 
preferential right-sided filling and can be considered if right-
sided visualization is still not obtained despite the above 
maneuvers but is less than practical to do [26]. Right-sided filling 
can also be accomplished by tilting the table to head down 
(Trendelenburg) and tilting the patient rightward.

Chapter 1. Cholangiogram Interpretation



16

Other patient positioning can be considered in certain 
circumstances. Left lateral or fully prone positions will allow 
preferential filling of the left ductal systems. Trendelenburg 
positioning can aid in filling of the intrahepatic ducts 
bilaterally (Fig. 1.8b) [7]. In certain circumstances, lesions can 
be obscured by an oblique segment of the common hepatic 
duct, which forms a pronounced bend in some patients. The 
left oblique or left lateral position can allow better 
visualization. Likewise, rotation of the fluoroscopy C-arm can 
allow better evaluation of this segment [26].

There are a variety of lesions or artifacts that can be 
difficult to differentiate. The cystic duct can overlay the 
CBD.  In this setting, rotation of the C-arm or patient is 
needed to separate superimposed ducts [2]. The pancreatic 
duct can overlay the CBD, which also requires changing 
angles to separate the ducts. In cases where stones mimic 
tumor, the endoscopist can change the angle of the C-arm or 
change the position of the patient [24]. Injection and 
withdrawal of contrast can help differentiate mobile stones 
from the tumor [1]. Occasionally, vascular impressions can 
mimic stones [27]. In such cases, it may be helpful to review 
pre-procedure imaging and compare with fluoroscopy.

 Room Setup/Fluoroscopy Equipment

The planned setup of the endoscopic unit is also vital for 
performance of pancreaticobiliary endoscopy and optimizing 
imaging interpretation. Placement of fluoroscopy equipment 
and imaging monitors should be planned to make performance 
and viewing easy. All personnel should be trained in radiation 
safety and provided equipment to minimize exposure. 

Figure 1.8 (a) Initial left lobe filling. This lobe fills preferentially 
because contrast medium is heavier than the bile and flows down 
into the dependent left lobe with the patient prone. This could be 
mistaken for complete biliary filling. (b) When the patient is tilted 
head down 20° and more volume is added, the right lobe can be 
viewed. Wire access and balloon occlusion of the right hepatic duct 
may facilitate right system cholangiogram as well
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Exposure should be monitored and reported quarterly. A 
well-trained staff and dedicated anesthesia provider allow the 
endoscopist to focus on the procedure, including performance 
and interpretation of fluoroscopy.

Large centers typically perform ERCP in a dedicated 
fluoroscopy suite with digital imaging equipment. Optimal 
images are obtained with the aid of 180-degree rotatable 
C-arm, which provides for a wide variety of fluoroscopic 
projection angles. The ability to rotate the fluoroscopy is 
helpful in defining ductal strictures, separating ducts at the 
bifurcation, rotating the cystic duct off the bile duct, and 
assessing takeoff of ductal systems because pathology can be 
missed when performing a cholangiogram in only one body 
plane [7, 26]. It is important to remember that there is no 
standardized approach to viewing and delineating the ducts. 
In coronary angiography there are standardized views, such 
as right anterior oblique (RAO) and left anterior oblique 
(LAO) projections, in which there is an idea of how the 
coronary vessels should appear [28]. This standardization has 
not been created for ERCP.  Therefore, it is important to 
understand the patient position and use the C-arm to adjust 
the projection and have an idea of where ducts should be. 
Easy manipulation of magnification and rapid image sequence 
acquisition are possible with the digital system. There are 
other fluoroscopy modalities used which have advantages 
and disadvantages. Portable C-arms are typically used when a 
case is performed outside of the fluoroscopy suite such as in 
the operating room or ICU.  In these cases, the patients are 
typically too sick to travel to the fluoroscopy suite and have 
some other reasons why the procedure is performed in the 
nonstandard setting. Clearly, the benefit of the portable 
C-arm is that it can be moved and allows procedures to be 
performed on patients that need procedures but are otherwise 
too sick to travel away from critical care providers. These can 
also be used in setting where space is limited and allows 
rotation similar the rotatable C-arm. The image quality 
obtained from these is typically less than those obtained from 
fixed C-arm units [7]. Flat tables with fixed overhead carriages 
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are used in some settings, including radiology suites. When 
these are used, patients may need to be rotated to clarify 
findings and separate ducts. In some instances, this might 
involve rotating the patient into the supine position to better 
visualize the bifurcation. These provide high-quality images 
but expose the patient and ERCP team to higher radiation 
doses [7].

 Cholangiograms

Scout radiographs should be taken before the injection of 
contrast to provide a baseline image and delineate any 
abnormalities that could interfere with interpretation after 
contrast is injected. Baseline findings that should be identified 
and documented before ERCP include pneumobilia, presence 
of surgical clips or contrast from recent CT scan, rib 
calcifications, and pancreatic calcifications, particularly in the 
area of the distal bile duct [1]. Scout radiographs are best 
taken centered over the intended area of interest. There is no 
 standardized approach with some scout films taken before 
introducing the duodenoscope and some scout films obtained 
with the duodenoscope in position but before cannulation.

Sequence of films is also important with the number of 
films determined by the diagnostic concern. The sphincter of 
Oddi should be filmed when it is relaxed and contrast filled to 
avoid misdiagnosis of pseudo-obstruction. Early contrast films 
can demonstrate small stones that can be obscured by high-
density contrast. Various contrast agents are available and can 
be diluted as needed. High-osmolality contrast media is the 
standard agent for ERCP due to its lower cost compared to 
low-osmolality contrast media [29]. Dilute contrast may help 
visualize small gallstones within large ducts, but strictures and 
pancreatic duct anatomy are better visualized with full-
strength contrast [29]. The disadvantage of diluting contrast is 
the need for increased volume, poorer image quality, and the 
introduction of air during syringe changes [29]. Films in 
various positions help understand the influence of gravity and 
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contrast on the cholangiogram. Pathology in tortuous ducts 
may not been seen in one plane. Failure to recognize complete 
obstruction of left or right intrahepatic ducts is not uncommon. 
A sequence of films moving from prone to supine can separate 
the two lobes to avoid this error [25]. Likewise, early images 
of the bifurcation are also important, because extensive filling 
of dilated intrahepatics above a hilar lesion can then overlay 
and obscure the bifurcation [6].

Image resolution is also important for clear delineation of 
the biliary tree and is related to satisfactory opacification. 
Image density is related to concentration of contrast and 
peak kilovoltage (kVp). 85–95 kVp is average for average- 
sized patients [30]. Larger patients may require increased 
power (kilovolt-ampere (kVA)) [3]. Lower kVp increases 
exposure time with respiratory or cardiac motion affecting 
study quality [31].

The location of the duodenoscope can obscure pathology 
in some instances and can limit visualization of the entire 
distal common bile duct. To visualize this area, the 
duodenoscope should be advanced into the “long position,” 
so that the entire cholangiogram can be visualized and 
fluoroscopic images can be obtained [2]. If the distal segment 
cannot be completely evaluated with the duodenoscope in 
the long position, withdrawing the duodenoscope into the 
stomach after contrast can be performed. It is also important 
to move the scope, patient, or C-arm such that the 
duodenoscope is not overlying/obscuring visualization of the 
CBD [1].

 Post-procedural Considerations

 Diagnostic Radiology Interpretation

Initially, radiologists were an integral part in ERCP because 
it was unfamiliar for the endoscopist. ERCPs were largely 
diagnostic, so involving radiologists with knowledge of 
imaging interpretation and use of fluoroscopy equipment 
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made sense. At first, radiologists were even present, while 
ERCP was performed and provided real-time interpretation.

Radiologists are currently less involved due to decades of 
experience in performing and interpreting ERCP by endoscopists. 
Endoscopists have become quite comfortable interpreting 
fluoroscopic images with improvements in the quality of 
fluoroscopic imaging and with increased ERCP experience. Still, 
radiologists commonly provide post-procedure interpretation of 
static images provided by the endoscopists. However, their 
ability to reconstruct what was done during ERCP after the 
procedure is very limited, as they do not have access to the live, 
dynamic images. In fact, data suggests discrepancies between 
interpretations by endoscopists and radiologists are high. In one 
study, the radiology report did not report the findings of 50% of 
cases in which definite pathology was seen by the endoscopist 
[31]. Another study showed radiologist-endoscopist discordance 
rates in reading pancreatograms and cholangiograms of 38% 
and 47%, respectively [32].

In most settings where radiologic interpretation is routinely 
performed, it is important that the spot radiographs document 
in a stepwise manner the procedure being performed. If 
therapeutic procedures are performed, they should be clearly 
communicated to the radiologist interpreting the images. 
Good documentation of procedure processes, findings, and 
interventions is critical to optimizing radiologist interpretation.

 Conclusion

An understanding of normal and common variant anatomy 
provides a foundation for accurate cholangiogram interpreta-
tion. Training in ERCP, typically during a fourth year of fel-
lowship, allows sufficient time to gain a better grasp of biliary 
anatomy and how to optimize delineation of biliary anatomy 
via cholangiography in individual cases.

Cases should be approached systematically to optimize 
cholangiogram interpretation. Pre-procedure review of imaging, 
prior ERCP films, clinical symptoms, and goals of the procedure 
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provides a road map for accurate “live” cholangiogram 
interpretation and guide appropriate interventions. Questions 
about imaging and desired outcomes can be discussed with 
referring providers and in multidisciplinary conferences. These 
conferences also provide continuing education opportunities 
for physicians outside of fellowship.

Comfort with equipment and staff is vital for the success of 
ERCP.  Knowledge of the pros and cons of different 
fluoroscopy equipment is important. Patient positioning can 
be guided by comorbidities and anesthesia preference but 
ultimately should be chosen to optimize cholangiography in 
each patient which may vary by location of pathology. The 
fluoroscopy unit/C-arm can be rotated, and patients can be 
tilted or moved during the procedure to uncover obscured or 
poorly visualized anatomy or lesions.

 Case Outcomes

In this case, pre-procedure review of imaging, prior ERCP 
films, and clinical course was vital. The goals of the ERCP 
were discussed in multidisciplinary conference, and it was 
determined that drainage of the left system was needed to 
reduce risk of cholangitis and to induce hypertrophy of the 
planned remaining liver after right trisectionectomy. The 
right side was dilated and was planned to be removed. All 
attempts were made to minimize opacification because there 
was no plan to drain the right side. Initially, the left ducts 
could not be opacified initially, so position and technique 
changes led to visualization of a left main duct stenosis.

At follow-up 2  months later, her CT was unchanged, and 
bilirubin improved to 5.7  mg/dl. Repeat ERCP for stent 
exchange was performed over a guidewire due to the severity 
of the hilar stricture. A subsequent MRI showed no significant 
changes. Her bilirubin normalized over time, and she was 
started on neoadjuvant gemcitabine/cisplatin. Repeat ERCP 
for stent exchange was performed 2  months following the 
previous procedure. On cholangiogram, the left and right main 
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and left and right intrahepatic ducts were dilated. Balloon 
dilation of the hepatic duct bifurcation was performed (Fig. 1.9). 
Following this, a biliary stent was placed extending into the left 
biliary ducts, and one biliary stent was placed extending into 
the right anterior duct (Fig. 1.10). She tolerated four cycles of 
chemotherapy but then presented with malaise, fever, and 
leukocytosis, concerning for cholangitis. She was started on 
broad-spectrum antibiotics, and repeat ERCP was performed. 

Figure 1.9 Follow-up ERCP for bilateral drainage after unilateral 
stenting of the left did not normalize bilirubin. The figure shows wire 
access to both left and right biliary trees with balloon dilation of a 
tight stricture of the right main duct
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The known hilar stenosis was dilated with a balloon to facilitate 
stent exchange. Contrast injection was limited due to concerns 
for cholangitis. The previously placed stents were exchanged. 
Her leukocytosis and jaundice improved. She subsequently 
underwent right portal vein embolization to induce hypertrophy 
of the left liver remnant in preparation for right hepatic 
trisectionectomy. Unfortunately, she developed disease 
progression with increase in the size of her known mass and 
new metastatic lesions in both hepatic lobes.

Figure 1.10 Cholangiogram showing stents within the right anterior 
and left biliary tree
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Pearls and Pitfalls
• It is critical for all practitioners performing ERCP to 

have a thorough understanding of the normal biliary 
anatomy and common hilar variants.

• Training in cholangiogram interpretation is largely 
dependent on the trainers, and competency develops 
at varying rates.

• While there is no standardized training program or 
means of assessment, skill in interpreting cholangio-
grams can be improved with dedicated training in 
interventional endoscopy, by discussing difficult 
cases with radiology and by attending multidisci-
plinary rounds with radiology and surgeons.

• For suspected hilar biliary obstruction, obtain good 
cross- sectional imaging, ideally with MRI/MRCP to 
provide a road map for subsequent ERCP.

• Prior to ERCP, obtain multidisciplinary input from 
surgeons and oncologists regarding tissue acquisition 
and surgical planning.

• When performing ERCP for perihilar obstruction, 
limit contrast injection to identification of stricture, 
and then gain wire access, with further injection per-
formed proximal to the obstruction.

• Compare ERCP images with MRC images to 
optimize accuracy of determining laterality.

• Beware of misinterpreting right posterior ductal 
system for the left. This can be remedied by 
maximizing rotation of the C-arm and by comparing 
ERCP to MRCP images.

• A good understanding of how patients’ position 
affects the appearance of anatomy on a cholangio-
gram can assist to clarify questions of specific anat-
omy. C-arm rotation is also critical for uncovering 
confusing anatomy.

• Understand how gravity will affect the course of 
injected contrast and how varying contrast densities 
can highlight different pathologies.

Chapter 1. Cholangiogram Interpretation
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 Case Presentation

Our patient is a very pleasant 64-year-old Caucasian male with 
known history of pancreatic adenocarcinoma with metastatic 
disease to the liver who presented to the emergency room with 
increasing abdominal pain and abnormal liver chemistries. He 
does have chronic baseline abdominal pain but presented with 
worsening epigastric abdominal pain. The pain was reported as 
sharp and constant, radiating throughout his abdomen, with no 
aggravating or alleviating factors. He also had associated nau-
sea and non-bloody non-bilious emesis.

He was diagnosed with pancreatic cancer 2  years before 
presentation and had plastic biliary stents placed which were 
replaced by a 10 mm × 6 cm uncovered biliary metal stent. Due 
to tissue ingrowth into the stent, it was replaced by a 
10 mm × 4 cm fully covered biliary metal stent 6 months before 
this presentation. His bilirubin was normal 3  weeks before 
presentation, but on admission it was found to be 5.2 mg/dL, 
alanine aminotransferase was 90 IU/L, aspirate aminotransfer-
ase was 106 IU/L, and alkaline phosphatase was 237.

He underwent endoscopic retrograde cholangiopancreatog-
raphy (ERCP) under monitored anesthesia care (MAC). His 
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Mallampati score was determined to be 2 and American 
Society of Anesthesiologists (ASA) score was 3. The patient 
was placed in prone position with capnographic and oxygen-
ation monitoring. Propofol was used for anesthesia induction 
and maintenance. 900 cc of fluid was aspirated from the stom-
ach with additional food residue remaining. A narrowing was 
identified in the post-bulbar duodenum. Given the large 
amount of food present in the stomach, the procedure was ter-
minated without further intervention.

 Pre-procedure Assessment

The American Society of Anesthesiologists (ASA) Practice 
Advisory defines pre-anesthesia evaluation as the process of 
clinical assessment that precedes the delivery of anesthesia care 
for surgery and for nonsurgical procedures [2]. This process can 
start a few weeks before an elective ERCP or emergently if 
indicated. The aim of pre-anesthesia evaluation is to assess the 
patient’s ability to tolerate the anesthesia for the procedure. 
Adequate preparation improves procedure outcomes and 
patient satisfaction and decreases complications, cost, and mor-
tality. The anticipated difficulty of airway interventions in case 
of an emergency often helps determine whether the procedure 
is best performed within a traditional endoscopy suite equipped 
with fluoroscopy or within a more controlled environment such 
as the operation theater where the tools required for advanced 
endotracheal intubation are readily available.

 Patient Risk Factors

American Society of Anesthesiologists-Physical Status 
(ASA-PS)

The ASA-PS classification system evaluates the overall health 
status of the patient. The higher the ASA-PS class, the higher 
the risk of complications from anesthesia and prolonged hos-
pital stay. Functional status of the patient can help identify 
the patient at risk and predict perioperative complications 
(Table 2.1). Each patient will need to have a focused history 
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The Mallampati Score

CLASS I
Complete

visualization of
the soft palate

CLASS II
Complete

visualization
of the uvula

CLASS III
Visualization
of only the

base of the uvula

CLASS IV
Soft palate

is not
visible at all

Figure 2.1 The modified Mallampati classification for difficult 
laryngoscopy and intubation. (Reproduced with permission from: 
Brown CA. Approach to the difficult airway in adults outside the 
operating room. In: UpToDate, Post TW (Ed), UpToDate, Waltham, 
MA. (Accessed on 1/25/2019) Copyright © 2019 UpToDate, Inc. For 
more information visit www.uptodate.com.) [5]

and physical examination that at a minimum should include 
an assessment of the airway and pulmonary and cardiac 
exam. Laboratory tests, imaging, and consultations with cardi-
ology and pulmonary specialists are decided upon case by 
case. This will help to plan and anticipate the type of compli-
cations that may occur and thus prevent them [3].

Airway Evaluation

Safe airway management begins with pre-procedural evalua-
tion of airway. This includes evaluating the head and neck for 
anatomical challenges, medical history, body habitus, neck 
circumference, and mouth opening, among other factors. 
Mallampati score (Fig.  2.1) is highly predictive of difficult 
airway intubation. The ASA Task force [4] has published spe-
cific prognostic factors that predict difficult airways, and 
these include congenital or acquired disease of the nose, 
tongue, teeth, temporomandibular joint, and cervical spine, 
previous narcosis with and without endotracheal intubation, 
obesity, snoring and obstructive sleep apnea, previous pro-
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Table 2.2 Anthropometric parameters predictive of difficult air-
way. Modified from ASA guidelines for management of difficult 
airway [4]
Mobility of the neck and its shape

Mandibular hypoplasia or micrognathia

Mobility of the temporomandibular joint

Interdental distance

Conditions of teeth, denture fixed or mobile, protrusion of the 
incisors, dimension of the tongue in relation to the oral cavity

Chin-thyroid distance

Mallampati score

Mandibular protrusion test

Chin-sternum distance

longed intubation and/or difficult airway report, and history 
of tracheostomy. Other specific anthropometric parameters, 
predictive of difficult airway, are shown in (Table 2.2).

Obstructive Sleep Apnea (OSA)

Patients with OSA are at a greater risk for developing sedation- 
related complications during endoscopic procedures. Full poly-
somnography represents the gold standard for the diagnosis of 
OSA. However, it is an overnight study that is costly. There are 
several screening tools with high predictability for OSA. The 
STOP-BANG questionnaire (Table  2.3) represents a highly 
sensitive bedside tool that is particularly useful to screen for 
patients with severe OSA. A score of 3 or more correlates with 
a higher rate of postprocedural complications [6].

Patients with a higher body mass index (BMI) have an 
increased frequency of needing airway manipulation during 
advanced endoscopic procedures. A study has shown inde-
pendent predictors of airway maneuvers needed for patients 
under deep sedation to include male sex, ASA class of 3 or 
higher, and increased BMI [7].

Chapter 2. Sedation in ERCP



34

 Sedation Considerations Specific to ERCP

Sedation for ERCP can range from moderate to deep sedation 
or general anesthesia. Even in patients receiving propofol who 
are not intubated, in the author’s experience, patients are 
unarousable with pain stimuli, and as such, their level of seda-
tion straddles the divide between deep sedation and general 
anesthesia. In our hospital system, all ERCPs are performed 
under the care of a dedicated anesthesia provider. For most 
endoscopists who perform ERCP infrequently and average 
30–90  minutes of procedure time, our anesthesia providers 
prefer to administer general anesthesia with endotracheal intu-
bation. On the other hand, when an expert and experienced 
endoscopist is performing a procedure where the actual proce-
dure time is usually expected to be 10–30 minutes, deep seda-
tion with propofol alone or in a combination regimen is 
preferred, allowing for faster recovery and turn-around time in 
the ERCP suite.

Table 2.3 STOP-BANG Questionnaire
STOP-BANG Questionnaire
1.  Do you Snore loudly (louder than talking or loud enough to 

be heard through closed doors)? Yes/No

2.  Do you often feel Tired, fatigued, or sleepy during daytime? 
Yes/No

3.  Has anyone Observed you stop breathing during your sleep? 
Yes/No

4.  Do you have or are you being treated for high blood 
Pressure? Yes/No

5. BMI 35 kg/m2? (BMI ________) Yes/No

6. Age 50 years or older? Yes/No

7.  Neck circumference 40 cm? (neck circumference ________cm) 
Yes/No

8. Gender male? Yes/No

Note. A score of 3 or greater denotes a high risk for obstructive 
sleep apnea

F. F. Mir et al.



35

Choice of Deep Sedation Versus General Anesthesia 
in ERCP

In one study, the depth of sedation was serially assessed dur-
ing ERCP; 85% of patients met criteria for at least deep seda-
tion during the procedure [8]. Therefore, patients receiving 
propofol for ERCP and endoscopic ultrasound (EUS), tar-
geted for deep sedation, should be managed by a provider 
who is adequately trained in the administration of general 
anesthesia, airway management, and rescue maneuvers 
(Table 2.4).

Raymondos et  al. [9] in a retrospective study assessed 
the indications for ERCP procedures under general anes-
thesia (GA) versus conscious sedation. Study results 
showed that patients with primary sclerosing cholangitis 
and liver transplants in whom painful dilations were 
planned received GA more frequently than conscious seda-
tion, which in turn was utilized more in patients with neo-
plasms and cholelithiasis. ERCP under conscious sedation 
showed a higher failure and termination rate compared to 
ERCP under GA in these select patients. Inadequate seda-
tion and patient discomfort were the main reasons for 
ERCP failure under conscious sedation. Repeating the 
procedure under GA improved success rate to 83%. It is 
noteworthy that the overall complication rate associated 
with therapeutic interventions during ERCP was signifi-
cantly lower in patients who were under GA in this study. 
This is due to patient immobility and duodenal peristalsis 
which made the procedure technically easier [10]. The 
widespread use of propofol typically results in deeper seda-
tion than use of opiates and benzodiazepines for conscious 
sedation and, as practiced currently, reduces the incidence 
of inadequate sedation and discomfort.

Patients at higher risk of aspiration due to gastroparesis, 
suspected gastric outlet obstruction, duodenal strictures or 
those who are expected to have a complex ERCP due to 
painful stricture dilation, pancreatic instrumentation, large- 
volume cystogastrostomy, and patients with increased intra- 
abdominal pressure or inadequate fasting time prior to 
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ERCP are best done with GA with endotracheal intubation. 
A safe practice involves gastric decompression with a naso-
gastric tube overnight in patient with gastric outlet obstruc-
tion to reduce risk for aspiration during endotracheal 
intubation and extubation. During deep sedation or GA, 
pharyngeal reflexes are depressed, increasing the risk of 
aspiration of gastric contents. Therefore, endotracheal intu-
bation will secure the airways and consequently minimize 
the risk of aspiration. General anesthesia with intubation 
should be considered when the ERCP is predicted to be 
complex and prolonged. Such cases will have a higher aspira-
tion risk. ERCP complexity can be predicted using different 
scoring systems. The one published by the Quality Committee 
of the American Society of Gastrointestinal Endoscopy 
(ASGE) grades complexity from 1 to 4 [11]. Grade 1 and 2 
procedures are considered technically less challenging and 
typically can be completed in a relatively short time com-
pared to more complex (grades 3 and 4) ERCPs [11]. It can 
be a useful tool to ascertain the optimal type of anesthesia in 
each case.

Other related patient factors to be considered when 
choosing between deep sedation and GA include an underly-
ing heart disease, chronic pulmonary obstructive disease 
(COPD), and obstructive sleep apnea, as the risk of aspira-
tion is increased in these cases. General anesthesia with air-
way secured and ventilatory support may be a better choice 
in these patients. In select patients with anticipated short 
duration of procedure time and marginal cardiorespiratory 
status, occasionally our anesthesiologists prefer MAC to GA 
as extubation in some patients can prove problematic. While 
the benefits of GA in complex and painful cases outweigh the 
limitations supporting GA in these selective cases [2, 3], the 
ultimate choice of modality is best made by the anesthesiolo-
gist following consultation with the endoscopist, taking into 
account patient factors as well as endoscopist expertise and 
procedure complexity and duration.
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Deep sedation without endotracheal intubation has been 
shown to be safe and effective in ERCP [12]. Unless patient 
characteristics dictate general anesthesia, most grade 1 and 2 
and many grade 3 ERCPs can be safely performed using deep 
propofol sedation without endotracheal intubation [13]. On 
the other hand, for more complex procedures, the patient’s 
safety and tolerance is a significant factor in determining 
procedural success, and general anesthesia with intubation 
may be preferable, especially if prolonged ERCP is expected. 
ERCP in healthy, nonobese patients who are expected to 
have a short procedure time is done under deep sedation with 
monitored anesthesia care (MAC). When compared to gen-
eral anesthesia with intubation, in a study of 438 patients, the 
risk of adverse events was higher in the general anesthesia 
group (35.6%) compared to the MAC group (25.7%) but 
without significant difference in complications in either 
group [12]. MAC achieves many of the general anesthesia 
goals including sedation, anxiolysis, analgesia, and amnesia in 
addition to continued monitoring. In addition, it allows for 
faster recovery, improved patient tolerance of the procedure, 
and satisfaction afterward.

Patient-controlled sedation (PCS) is a delivery of sedative 
medications during unpleasant diagnostic and therapeutic 
procedures that are initiated and controlled by the patient 
[14]. PCS originated from patient-controlled analgesia (PCA). 
Patient-maintained sedation (PMS) is a modification of PCS 
that describes sedation which is initiated by an anesthesia 
provider and maintained by the patient at the level desired by 
the patient [15]. Using propofol alone or in combination with 
remifentanil or alfentanil, the success rate of PCS during 
ERCP is comparable to that during colonoscopy [16]. This 
protocol has been shown to be comparable to anesthesiologist- 
administered propofol. However, it has limitations and may 
not be an option for every patient, especially if she/he has a 
higher ASA-PS. It also cannot be utilized in emergency cases 
[15]. It can be promising in non-emergent ERCPs in the out-
patient endoscopy units. Multicenter studies are still needed 
to validate PCS use in ERCP procedures.

F. F. Mir et al.
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 Intra-procedural Considerations

 Patient Monitoring During ERCP

When patients are sedated with propofol, electroencephalogram 
(EEG) monitoring enables more effective titration of propofol 
dosage for sedation and is associated with faster patient recov-
ery [17]. Bispectral index (BIS) monitoring is an EEG-based 
method which quantifies the depth of anesthesia by analyzing 
the EEG and using a complex algorithm to generate an index 
score [18]. The EEG-guided method was originally evaluated for 
facilitation of sedation in ERCP [19]. It provides an objective 
measurement of the level of consciousness in sedated patients 
which helps titration of propofol for desired effect.

Monitoring of the patient is achieved by frequent auto-
mated assessment of blood pressure, continuous heart rate, 
capnography, electrocardiogram, and pulse oximetry monitor-
ing. In critically ill patients or others with significant comor-
bidities, for instance, severe aortic stenosis, continuous arterial 
blood pressure monitoring may provide the most accurate and 
timely monitoring. Capnography monitors the respiratory 
activity and may act as an early warning system for hypoxemia. 
In a randomized controlled trial, microstream capnographic 
monitoring of respiratory activity was associated with signifi-
cantly reduced hypoxemia, major hypoxemia, apnea, as well as 
reduced oxygen requirements in patients undergoing ERCP 
and EUS [20, 21]. Equally important is observing the patient’s 
chest wall movement and regular evaluation of the level of 
sedation by stimulating the patient. Continuous monitoring 
will help to anticipate respiratory derangement which allows 
for early intervention in case of respiratory depression, hypox-
emia, hypotension, or patient pain and discomfort.

 Patient Positioning During ERCP

Patient positioning during ERCP varies based on endoscopist 
preference. The typical options are to perform the entire pro-
cedure in prone position or to start in the left lateral position 
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and rotate the patient to prone position once the duodenum 
has been intubated. In the authors’ experience and opinion, 
performing ERCP in prone position allows any oral secre-
tions to track away from the oropharynx and reduces aspira-
tion risk. On the other hand, occasionally, ERCP is performed 
in the supine position, particularly in the setting of altered 
anatomy or instability. In the supine position, there is a 
heightened concern for aspiration, particularly during longer 
procedures, and endotracheal intubation should be 
performed.

 Oxygen Administration and Airway Management 
During ERCP

Close monitoring of the airway, respiration, and oxygenation 
is critical for safe sedation, and spontaneous ventilation 
should be preserved during deep sedation. Supplemental 
oxygen is routinely provided to all patients regardless of the 
level of sedation to prevent hypoxemia [22], more so if a 
patient is undergoing propofol sedation [23]. Oxygen concen-
tration and saturation goal should be individualized accord-
ing to patient’s need and preexisting chronic lung disease.

There are multiple oxygen delivery systems for patients 
undergoing procedural sedation. Both low-flow, providing up 
to 15 L/min of oxygen, and high-flow systems are widely uti-
lized. Oxygen can be delivered via standard nasal cannula, 
simple face mask, venturi mask, or non-rebreathing masks 
which deliver varying fractions of inspired oxygen (FiO2). 
The choice of which device is typically tailored to the clinical 
situation, patient and provider preference, reliability, and 
ease of use. For instance, in some patients with a history of 
sleep apnea or obesity, the use of a nasal trumpet along with 
nasal cannula can make a significant difference in the ability 
to maintain oxygen saturation. Inability to effectively heat 
and humidify gas can limit the utility of low-flow modalities 
in certain situations [24, 25].

Venturi mask – a high-flow system  – can provide a flow 
rate of 60 L/min or greater and is superior at providing sup-
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plemental oxygen at precise concentrations. However, some 
patients may not tolerate these devices due to anxiety or a 
sensation of obstruction created by the mask [26]. Humidified 
heated high-flow nasal oxygen (HFNO) delivered through 
nasal cannula is designed to overcome some of these limita-
tions. HFNO studies report increased patient comfort, less 
mucosal desiccation, improved clearance of pulmonary and 
airway secretions, a reduction in work of breathing, and 
enhanced oxygen delivery [27]. Moreover, a study has dem-
onstrated decreased use of GA when HFNO is available in 
the endoscopy unit for patients undergoing ERCP and EUS 
[28]. Provision of HFNO and deep sedation was associated 
with decreased procedure and anesthesia-only times. It also 
improves access to the airway and gastrointestinal tract com-
pared to oxygen delivery masks, and it is less bulky than nasal 
continuous positive airway pressure devices [28].

Data suggest that the Gastro-Laryngeal Tube (GLT) is an 
effective and secure device for airway management and for 
use during performance of ERCP (Fig. 2.2). The use of GLT 
for ERCP has been shown to decrease the rate of desatura-
tions during ERCP (60% compared to 0%) when no airway 
device is used. The satisfaction score for the endoscopist was 
also significantly higher in the GLT group. This instrument 
has been shown to be safe and effective in maintaining airway 
and oxygen saturation [29, 30].

Another study evaluated the feasibility of using the laryn-
geal mask airway (LMA) instead of the endotracheal tube 
during ERCP.  The LMA can be placed with the patient 
prone, obviating the need to change position. It also shortens 
the extubation time compared with endotracheal intubation 
[31]. Nevertheless, the use of LMA in the prone position 
requires more care because it can easily dislodge by 
manipulation during the procedure and it does not secure the 
patient’s airway in case of aspiration of gastric fluids. There 
are a few commercial versions of modified laryngeal mask 
airway with a dedicated channel for the insertion of a duode-
noscope. This is occasionally employed in high-risk patients 
as a means to avoid endotracheal intubation. A study sought 
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Distal end of
endoscopic lumen

Ventilation apertures

Ventilation lumen

for both cuffs

Bite block

Gastro-LT

Proximal end of
endoscopic lumen

> 155 cm

Proximal pharyngeal cuffDistal oesophageal cuff

Figure 2.2 Gastro-Laryngeal Tube & its use in endoscopic retro-
grade cholangiopancreatography. (Published with permission from 
VBM-Medical Inc.)

Figure 2.3 The gastrolaryngeal mask (GLM) with 2 separate chan-
nels, one for endoscope access and the other for gastric and airway 
access. It also allows for End tidal CO2 monitoring [33]

to determine LMA® Gastro™ Airway (Fig. 2.3) efficacy for 
clinical use in upper gastrointestinal endoscopy and yielded a 
high rate of endoscopy success, along with an excellent 
airway insertion rate [32, 33].
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 Medications Used in Sedation in ERCP

When ERCP is performed under deep sedation without 
endotracheal intubation, propofol has emerged to be the drug 
of choice for sedation. Intravenous sedation with propofol for 
ERCP is more effective than sedation with midazolam alone 
and is considered safe under adequate patient monitoring. It 
is also associated with a faster postprocedural recovery [34]. 
During the last decade, the use of propofol has been proven 
to be superior to the use of benzodiazepines for sedation dur-
ing ERCP.  In one study, complete ERCP was possible in 
>90% of patients compared to 80% of patients on midazolam 
[35]. Because propofol has a narrow therapeutic window, 
close patient monitoring is essential [35]. Berzin et al. [36], in 
a prospective cohort study of sedation- related adverse events, 
evaluated patient- and procedure- related risk factors associ-
ated with sedation, as well as endoscopist and patient satis-
faction with anesthesiologist- administered sedation. The 
study showed that the anesthesiologist- administered sedation 
for ERCP patients is safe and effective although it is less 
cost-effective.

Propofol Alone and with Combinations

Effective sedation includes the control of anxiety, analgesia, 
and temporary amnesia. Anxiety is allayed through pre- 
procedural education of the patient regarding the procedure 
and administration of anxiolytics if needed. In addition to 
analgesia, post-procedure amnesia plays an equally impor-
tant role in patient comfort.

Propofol sedation is preferred over traditionally used ben-
zodiazepines. Propofol use has faster induction times and 
recovery times and leads to improved patient tolerance of the 
procedure [15]. Despite the short half-life, propofol should be 
administered by individuals credentialed and trained in 
advance airway monitoring and management. Since it has a 
very narrow therapeutic index, it can result in profound respi-
ratory depression and inhibit gag and cough reflexes and has 
no specific antagonist that may be used to reverse its effects 
[37]. However, propofol sedation during diagnostic and ther-
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apeutic ERCP is found to be more effective than midazolam/
meperidine sedation and can be administered safely under 
adequate patient monitoring even in elderly high-risk patients 
[38].

Propofol in intermittent boluses or continuous infusion 
can be used, and the choice is typically left to the discretion 
of the anesthesia provider. In our experience, a continuous 
infusion supplemented by additional boluses of propofol as 
needed during the course of the procedure seems to provide 
the best outcome. This protocol however has not shown to be 
effective over anesthesiologist-controlled or patient- 
controlled intermittent boluses [15]. Propofol infusion causes 
pain; it is recommended to use a cannula placed in larger 
veins. Lidocaine dosing administered just prior to initiating 
propofol infusion can help reduce the pain.

Dexmedetomidine alone was not as effective as propofol 
combined with fentanyl for providing conscious sedation dur-
ing ERCP.  Furthermore, dexmedetomidine was associated 
with greater hemodynamic instability and a prolonged recov-
ery [39]. Midazolam, when used with propofol, was shown to 
reduce the requirement for propofol, but this regimen was 
not superior to propofol alone in terms of sedation and was 
associated with longer recovery times [40].

In complex ERCP procedures which are often associated 
with pain (especially if pancreatic intervention is required), 
the addition of analgesic agents, also known as “sedato- 
analgesic cocktail,” potentially reduces the overall require-
ment for propofol. This is due to the additive and synergistic 
effects of the cocktail, hence improving the safety of routine 
propofol administration in ERCP [41]. It is also proposed 
that a decreased variability in patient depth of sedation with 
this combination improves patient tolerance. However, con-
comitant use of propofol with narcotics amplifies the respira-
tory depressant effects, and thus, continuous patient 
monitoring is essential [42]. Cohen et al. concluded that pro-
pofol in small bolus doses, combined with midazolam and an 
opioid, can maximize its safety profile while maintaining 
efficacy [43, 44].
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Ketamine, when used in conjunction with propofol, has 
been shown to maintain better mean arterial pressures and is 
associated with less apnea compared with fentanyl and pro-
pofol [45]. In a study that compared the analgesic and seda-
tive effects of propofol-ketamine versus propofol-fentanyl in 
patients undergoing ERCP, the results showed equal sedative 
effects in both groups [46].

Caution during sedation is advised with the elderly, very 
ill, or debilitated patients, in whom the respiratory depressant 
effect is more pronounced. Small doses of intravenous propo-
fol alone are often adequate in sedating such patients during 
ERCP [41].

The majority of ERCP and EUS procedures can be safely 
performed with monitored anesthesia care. A standard seda-
tion protocol that is superior to all others has not been 
described. Choice of sedative agents and deep sedation or 
general anesthesia for patients should be individualized 
keeping in mind risk factors of the patient, indication, and 
complexity of the procedure. We propose using propofol and 
fentanyl with or without an anxiolytic under MAC for most 
of the ERCP cases. General anesthesia with intubation is to 
be considered on a case-by-case basis according to the patient 
and ERCP specifics.

 Special Cases in ERCP

 Pregnancy and Lactating Women

Hormonal changes during pregnancy can increase bile litho-
genicity, decrease gallbladder emptying, and predispose to 
gallstone formation. Cholangitis and pancreatitis carry sig-
nificant morbidity and can be fatal for the mother and fetus 
[47]. The use of ERCP during pregnancy was introduced in 
1990 [48] and since then has been studied in several small- 
case series and large cohort studies [49]. Second trimester has 
been suggested as the optimal safe window for a non- emergent 
ERCP [47]. In a large study of 3052 patients undergoing 
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endoscopy during pregnancy, risk during ERCP was similar 
to risk of upper or lower endoscopy during pregnancy; the 
risk may be independent of trimester [49]. Reported adverse 
fetal outcomes include spontaneous abortion, anomalous 
development, premature labor, and fetal demise as complica-
tions of endoscopy. Whether fetal complications were related 
to procedure versus sedation, a clear relationship has not 
been established. When ERCP is performed during preg-
nancy, every effort should be made to reduce radiation expo-
sure. Additional protection for the fetus is achieved with 
placement of lead shield underneath the pelvis and lower 
abdomen of the pregnant patient.

Caution is advised with sedation using propofol and mid-
azolam in the third trimester with greater than 3-hour proce-
dure or repeated use as there is a concern for dose-dependent 
transient neonatal depression. Propofol and meperidine are 
classified as category B and Fentanyl is category C, while 
midazolam is category D. Midazolam and propofol have been 
used during ERCP with no differences in efficacy or safety 
[47]. An additional concern during pregnancy is the position 
of the patient undergoing ERCP. The suggested position is a 
left lateral position instead of the more commonly practiced 
prone position.

For lactating women, ASGE guidelines suggest that breast-
feeding may be continued after maternal fentanyl  administration 
[50]. The American Academy of Pediatrics (AAP) considers 
fentanyl to be compatible with breastfeeding [51].

Propofol is excreted in breast milk with maximum concen-
trations at 4–5  hours [52]. Breastfeeding may be resumed 
after maternal propofol administration as soon as the mother 
awakes and has sufficiently recovered from general anesthe-
sia or deep sedation. AAP considers the effects of midazolam 
on the nursing infant unknown [51]. It is recommended to 
withhold nursing of the infant for at least 4 hours following 
maternal administration of midazolam. The safety of reversal 
agents like naloxone and flumazenil in this setting is unknown. 
Naloxone is not orally bioavailable, so it is unlikely to affect 
the infant [50].
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 Elderly Patients

Elderly patients, especially those who are 80 years or above, 
require significantly less sedation compared to younger 
adults undergoing ERCP [53]. Even with less sedation, 
elderly patients have a higher risk of sedation-related compli-
cations during ERCP including hypoxia, asystole, and brady-
cardia. Minimal effective sedation medications and careful 
observation of cardiovascular status and oxygen saturation 
are suggested in this population.

 Post-procedure Care

Once ERCP is completed, the medication effect can extend 
for hours post the procedure; it is critical that patients get 
monitored until they are fully awake and able to maintain an 
open airway, ventilate spontaneously, and have adequate oxy-
genation. Continued oxygen supply is recommended until the 
patient shows signs of full recovery. Before discharge, the 
patient should be alert, hemodynamically stable, responding 
purposefully to commands, verbally communicating, and able 
to tolerate oral fluids [54]. Analgesics especially opioids can 
cause nausea; antiemetics as needed can be administered.

 Case Outcome

A nasogastric tube was placed overnight and left to low inter-
mittent suction for decompression of the stomach. ERCP was 
performed the next morning with general anesthesia with 
intubation. Narrowing was noted in the duodenum secondary 
to tumor invasion through which the duodenoscope could not 
be traversed to the second part of the duodenum. Large 
ulcerations were noted in the second part of the duodenum 
with tumor erosion adjacent to the major papilla. A wire was 
advanced under fluoroscopic and endoscopic guidance across 
the duodenal stent into the third portion of the duodenum. 
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A 22  mm  ×  9  cm uncovered duodenal stent was deployed 
across the strictured area with the proximal end located in the 
duodenal bulb. Patient was discharged to home with plans to 
attempt ERCP via the duodenal stent in a few days after 
allowing for stent expansion. If this was unsuccessful, a percu-
taneous approach would be required for establishing ade-
quate biliary drainage.

Pearls and Key Points
• Optimized pre-anesthesia care can identify and pre-

vent many intra- and post-ERCP complications. This 
includes a focused review of patient’s history, ERCP 
indication, and focused physical exam. ASA class 
identification should be assessed in every patient. 
Screening for OSA can help prevent hypoventilation 
with proactive measures including use of LMA or 
nasal trumpet proactively if recognized prior to the 
procedure.

• In patients who are high risk for aspiration, nasogas-
tric tube suctioning and the option for general anes-
thesia and intubation for airway protection should be 
readily available and done by specialized anesthesia 
personnel.

• MAC sedation is widely used for ERCP.  General 
anesthesia should be considered in complex cases 
and in patients who are at risk of aspiration.

• Propofol use increases patient satisfaction and com-
fort, allowing the endoscopist to complete the ERCP 
successfully. Adding an analgesic provides synergistic 
effect. Close monitoring is indicated when propofol 
is used alone or in combination.

• Monitoring during MAC sedation is critical to detect 
early complications, especially hypoxemia and respi-
ratory depression.

• Supplemental oxygen helps to maintain oxygenation 
prior to, during, and after ERCP procedures.

• Monitoring CO2 allows for early detection of respira-
tory depression.
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 Case Presentations

 Case 1

A 60-year-old female presents for an ambulatory ERCP for 
abnormal imaging of the bile duct suggesting a distal com-
mon bile duct mass. Endoscopic ultrasound is performed 
which identifies a distal biliary filling defect in an otherwise 
nondilated bile duct and a normal pancreas.

Initially, ventral pancreatic duct access is obtained with a 
guidewire. Contrast is not injected. To facilitate biliary can-
nulation, a guidewire is left in the pancreas duct, and biliary 
cannulation is attempted over the guidewire (Video 3.1).
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 Case 2

A 75-year-old female presents for ambulatory ERCP for 
jaundice and suspected bile duct stricture on cross-sectional 
imaging. Endoscopic ultrasound is performed which identi-
fies a distal biliary stricture with upstream bile duct dilation 
and a normal pancreas. ERCP is requested for tissue acquisi-
tion and palliation of jaundice.

Initially, only pancreatic duct access is obtained. The pan-
creas duct is nondilated. Guidewire access to the ventral duct 
is easily achieved. However, deep guidewire access past the 
head of the pancreas is not possible due to preferential 
advancement of the guidewire through a pancreatic side 
branch. Thus, we proceeded with freehand needle knife 
sphincterotomy for biliary access (Video 3.2).

 Assessment

 What Is a Difficult Biliary Cannulation?

When considering the best approach to a difficult biliary can-
nulation, it is important to acknowledge that even the definition 
of “difficult” cannulation is not standardized. In most research 
protocols, a cannulation is considered difficult if the endosco-
pist unsuccessfully attempts cannulation for at least 5–6 min-
utes and/or when there are more than 8–10 “attempts” (i.e., 
touches of the papilla) at cannulation [1, 2]. In the clinical trial 
setting, endoscopists may then consider some of the adjunctive 
measures detailed below to facilitate cannulation. However, in 
practice, many endoscopists may simply persist with standard 
cannulation techniques past 6  minutes before “trying some-
thing new.”
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 Treatment/Management Options

 Approach to Difficult Biliary Cannulation

We present a potential schematic approach to difficult biliary 
cannulation (Fig. 3.1). As can be seen by reviewing the algo-
rithm, there are a finite number of endoscopic options to 
manage difficult biliary cannulation – the main difference for 
each individual situation is when each option is considered. In 
other words, while a needle knife sphincterotomy/fistulotomy 
can always be considered, the endoscopist might consider it 
at different timepoints/after trying different things based on 
the individual patient, endoscopist expertise, and endoscopic 
characteristics. Thus, the expert ERCP endoscopist should be 
familiar with each option as they may be periodically 
required to achieve cannulation.

The first major branchpoint in considering difficult biliary 
cannulation is whether or not the papilla is reached. Patients 
with altered anatomy (see Chap. 17) are considered sepa-
rately. However, the papilla may also be inaccessible due to 
gastric or duodenal obstruction, often related to malignancy. 
In these patients, if expertise is available, the endoscopist has 
two options. Traditionally, these patients may be referred 
directly for percutaneous biliary drainage with an interven-
tional radiologist; the main downside of this approach is the 
need for a percutaneous drain, at least temporarily. However, 
if requisite therapeutic EUS expertise is available, the endos-
copist can consider EUS-guided drainage (see below).

 Use of Optimal Technique, a Different Device and/or 
Changing Endoscope Position

Prior to switching devices, the endoscopist should consider 
whether they have implemented all reasonable interventions 
to facilitate cannulation. Of critical importance, the endosco-
pist should ensure that the papilla is fully visualized. When a 
transverse duodenal fold is obscuring the papilla, the endos-
copist can utilize the cannulating device to lift that fold out of 
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the way. This allows the endoscopist to better visualize the 
suspected trajectory of the bile duct. In some cases, the bile 
duct impression on the duodenal wall may inform the endos-
copist that the direction of the bile duct is not the direction 
initially suspected. Finally, there should be careful adherence 
to best ERCP practice, including practices such as gently 
engaging the papilla, generally trying to access the bile duct 
at the 11 o’clock position, and beginning the approach to the 
bile duct from “below” the papilla [3].

If cannulation fails despite best practices, the endoscopist 
can consider switching cannulation devices [4] and/or chang-
ing position. However, there is limited data on switching can-
nulation devices or endoscope positions during ERCP to 
facilitate cannulation. Most recommendations are based on 
anecdotal experience and expert recommendations. Broadly, 
two types of cannulation devices are traditionally utilized 
during ERCP [4]. Cannulas are devices with at least one port 
(for guidewire or contrast injection) but no cutting wire for 
sphincterotomy. These devices tend to be smaller in caliber, 
which may aid in cannulation, but often do not allow the 
assistant to control the angulation of the device. In contrast, 
sphincterotomes can change their “bow” via tensing the cut-
ting wire and thus changing the approach to the papilla. 
Based on the available data, most experts feel that a device 
that can “bow” (i.e., change direction/angle of approach) is 
superior to a straight cannula, and this is the general “first” 
approach [4].

As noted, most sphincterotomes are slightly larger caliber 
than most cannulas. Thus, there is a potential benefit in 
patients with small papillae to “trade” the ability of the 
sphincterotome to bow for the narrower profile of a tapered 
cannula. Thus, prior to considering a more “advanced” tech-
nique for biliary cannulation, the endoscopist should consider 
whether an alternate device would be useful. If a 
 sphincterotome is being utilized without successful cannula-
tion of either the bile duct or pancreas duct, consider the use 
of a tapered cannula. Alternatively, if a cannula is being uti-
lized, consider use of a bowed sphincterotome to approach 
the bile duct at a more preferred angle.
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In select cases, cannulation may be difficult for anatomic 
reasons including atypical position of the papilla (at the duo-
denal apex or in the distal duodenum) or intradiverticular 
position of the papilla. When the papilla is proximal (closer to 
the apex of the duodenum), the duodenoscope position may 
be very unstable. In these cases, changing the duodenoscope 
position from the short position to the long position can sta-
bilize the duodenoscope and change the angle of approach to 
the papilla.

When the papilla is on the rim of diverticula, cannulation 
can generally be achieved in standard fashion. However, 
when cannulating the bile duct in a papilla adjacent to a 
diverticulum, it is important to consider that the bile duct 
generally traverses away from the diverticulum. Furthermore, 
due to the peridiverticular location of the papilla, the papilla 
tends to be “floppy.” In our experience, simply engaging the 
superior aspect of the papilla with a lower profile cannula 
achieves biliary access in these cases. In contrast, when the 
papilla is entirely intradiverticular, simply identifying the 
papilla can be challenging. When the diverticulum is very 
large, the duodenoscope can almost always safely enter the 
diverticula to precisely identify the location of the papilla. 
Once the papilla is located, cannulation can be achieved in a 
standard fashion, generally with a more tapered cannulating 
device. If pancreatic access is achieved, consider immediate 
placement of a pancreatic stent as this may evert the papilla 
a bit, aiding in cannulation (see below).

 Use of Inadvertent Pancreatic Cannulation 
to Facilitate Biliary Cannulation

During attempts at biliary cannulation, the endoscopist may 
inadvertently cannulate the pancreas duct. Although the 
natural inclination is to immediately remove the guidewire/
device, the endoscopist should pause at this point to consider 
options. Specifically, if cannulation has persisted for several 
minutes, the endoscopist should strongly consider one of two 
advanced cannulation techniques at this point – cannulation 
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over a guidewire (“double-guidewire technique”) [5] or can-
nulation over a pancreas stent [5, 6]. The concept inherent to 
both techniques is that a guidewire or stent within the pan-
creas duct “straightens” the bile duct, thereby reducing the 
angulation required to achieve biliary cannulation. Moreover, 
the guidewire or stent provides an anatomical landmark to 
facilitate biliary cannulation.

There are several important considerations when trying to 
determine whether pancreatic duct access should be used to 
facilitate biliary cannulation, and if so, which technique 
should be utilized. First, it is important to consider whether or 
not deep guidewire access is easily achievable. Patients with 
pancreas divisum have a very short ventral duct, and attempts 
to place a deep guidewire or short pancreas stent are likely to 
be unsuccessful. Thus, most endoscopists reserve these tech-
niques for conventional pancreatic ductal anatomy. Beyond 
this, some patients may have a very tortuous or looped pan-
creas duct in the head. Attempts at deep guidewire advance-
ment may be traumatic in these cases, and the endoscopist 
may want to terminate further attempts. Second, the endosco-
pist should consider whether or not they ultimately would 
like to place a pancreas stent to reduce the risk of post-ERCP 
pancreatitis (see Chap. 14). Thus, if a stent is ultimately going 
to be placed anyway, the endoscopist may choose to cannu-
late over the pancreatic stent instead of the double-guidewire 
technique; this approach also reduces cost as a second guide-
wire is not needed. Additionally, it is reasonable to subjec-
tively consider the size of the papillary orifice. Anecdotally, if 
the orifice is very small, the double-guidewire technique is 
preferred; in these cases, after placement of a pancreas stent, 
there is generally little room to cannulate “above” the stent. 
As it is much easier to cross over from double-guidewire 
technique to cannulating over a pancreas stent than vice 
versa, we will often begin with a double-guidewire technique 
in the setting of a very small papillary orifice. Finally, it is 
more challenging to securely maintain pancreatic duct guide-
wire access during cannulation attempts; with extensive duo-
denoscope manipulation, the guidewire may fall out. Thus, if 
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achieving deep guidewire access is challenging, we prefer to 
immediately place a pancreas stent rather than attempt 
double- guidewire cannulation.

The initial approach to cannulation is similar for both 
techniques. Once pancreatic access is secured, the endosco-
pist engages the papilla at the 11 o’clock position – above and 
to the left – relative to the guidewire/stent. In our experience, 
the bile duct can often be accessed without bowing of the 
sphincterotome once a pancreas duct stent or guidewire is in 
place. If a bowed sphincterotome is required, it may be help-
ful to initially very superficially engage the papilla and then 
bow the sphincterotome. In cases where a pancreas stent has 
been placed and there is little room for engagement of the 
papilla, two techniques may be useful. First, we can advance 
the guidewire a few millimeters outside of the sphinctero-
tome or cannula. This creates a much narrower profile lead-
ing edge of the cannulating device, facilitating engagement of 
the papilla above the stent. Alternatively, the endoscopist can 
switch to a more tapered cannulating device [5].

 Use of a Needle Knife

When an endoscopist cannot place a deep pancreas guide-
wire/stent or placement of the guidewire/stent does not aid in 
biliary cannulation, the endoscopist might consider use of a 
needle knife  [7]. A needle knife is a straight cutting wire that 
facilitates incision of the papillary tissue to achieve cannula-
tion. A needle knife can be utilized over a pancreas stent or 
“free hand.” Placement of the pancreas stent is valuable 
whenever possible to provide an anatomical landmark and to 
reduce the risk of post-ERCP pancreatitis (see Chap. 14). In 
our experience, a needle knife is felt to be a safer option – 
and potentially utilized before EUS access – when a pancreas 
stent is present.

Regardless of whether a pancreas stent is present, there 
are two main approaches to use of a needle knife – a needle 
knife sphincterotomy and a needle knife fistulotomy. A 
sphincterotomy, as the name implies, begins with the knife at 
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the papillary orifice, and the goal is to replicate the typical 
pull-type sphincterotomy but without deep guidewire access 
into the bile duct. The main downside of this approach is that 
the endoscopist is working adjacent to the pancreas duct, and, 
especially when a pancreas stent is not present, the risk of 
pancreatitis is significant. Alternatively, the needle knife fis-
tulotomy begins closer to the apex of the ampulla, distant 
from the papillary orifice. The main advantage of this 
approach is avoiding the pancreatic duct orifice. In fact, some 
endoscopists advocate a needle knife fistulotomy as an initial 
approach in cannulation for this reason, though this is very 
speculative based on available data [8].

Our general approach to use of a needle knife is to care-
fully dissect the tissue in layers and ideally ultimately identi-
fying a “blush” of bile that identifies the precise location of 
the bile duct. Careful attention should be paid to the direc-
tion of the incision to avoid a retroperitoneal perforation. In 
some cases, biliary cannulation is not achieved after needle 
knife sphincterotomy/fistulotomy due to swelling or obscured 
landmarks. If ERCP is not urgent and no contrast has been 
injected into the bile duct, terminating the procedure and 
returning another day for a repeat attempt may facilitate bili-
ary cannulation on a subsequent procedure.

 Other Advanced ERCP Techniques

There are a variety of other ERCP techniques described in 
the literature when the above techniques have been unsuc-
cessful. The appropriateness of these techniques must be 
considered in the context of the patient. Among the factors 
most important to consider is the risk of post-ERCP pancre-
atitis. Specifically, patients with pancreatic malignancy are 
less likely to develop severe post-ERCP pancreatitis with 
pancreatic duct manipulation. In patients with pancreas 
malignancy where deep pancreatic duct cannulation is 
achieved – but cannulation over a guidewire or stent is not 
possible – our preference is to consider endoscopic transpan-
creatic septotomy  [9], often prior to needle knife sphincter-
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otomy or fistulotomy. There appears to be little long-term 
harm to performing a pancreatic sphincterotomy in patients 
with advanced pancreas malignancy, and the deep pancreatic 
access allows for a more controlled cut than many achieve 
with a needle knife. In contrast, we do not advocate for this 
approach above EUS techniques in patients with a normal 
pancreas due to the risk of pancreatitis and unclear long-term 
risks of the pancreatic sphincterotomy.

Alternatively, suprapapillary puncture of the bile duct 
has been described in the literature but not widely adopted 
due to a lack of widely available tools [10]. This technique 
utilizes a needle to access the bile duct just above the pap-
illary orifice. After guidewire access is achieved in the 
suspected biliary direction, a cholangiogram is performed 
to confirm biliary access. Once access is confirmed, the 
tract is dilated and utilized for further therapy. Similar to 
pure endoscopic suprapapillary access, EUS-guided supra-
papillary access has been described, but limited data is 
available [11].

 EUS-Guided Biliary Access

In select patients where basic and/or advanced ERCP tech-
niques are unsuccessful in achieving bile duct access, EUS- 
guided biliary access may be considered [12]. While this is an 
important adjunctive technique to achieve biliary access, it is 
infrequently needed when ERCP is performed by expert 
endoscopists. Although a full assessment of EUS-guided bili-
ary access is beyond the scope of this review, it is important 
for the endoscopist to have a basic understanding of its use 
and complexities. EUS-guided biliary access can be broadly 
categorized into three modalities:

 1. EUS can be utilized to directly achieve biliary drainage, 
creating a fistula between the stomach and the left intrahe-
patic ducts (hepaticogastrostomy) or duodenal bulb and 
main bile duct (choleodochoduodenostomy) [13]. In cases 
where access to the papilla is not possible (e.g., malignant 
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duodenal obstruction), this may be the only endoscopic 
way to achieve biliary drainage. However, both hepatico-
gastrostomy and choleodochoduodenostomy remain tech-
nically challenging. As tools evolve, this therapeutic 
modality may become more frequent [14].

 2. Alternatively, after biliary access is achieved, the guidewire 
can be passed antegrade through the papilla. All endo-
scopic therapy is then performed in an antegrade fashion 
using the echoendoscope. For example, if a malignant dis-
tal CBD stricture is present, a metal stent is advance ante-
grade over the guidewire and placed transpapillary. This 
technique is generally only performed when antegrade 
access is achieved through the liver and may be of most use 
in altered anatomy (see Chap. 17).

 3. Finally, and most commonly, EUS can be utilized to pass 
a wire antegrade through the papilla to facilitate stan-
dard ERCP, the so-called rendezvous technique. For this 
technique, endoscopic access to the papilla is manda-
tory. After the wire is passed antegrade through the 
papilla, the endoscopist exchanges the duodenoscope 
off the wire and then reintroduces the duodenoscope 
adjacent to the guidewire. The endoscopist can then can-
nulate the bile duct adjacent to the existing transpapil-
lary wire or, instead, grasp the wire and backload it into 
the duodenoscope to facilitate cannulation. When con-
sidering rendezvous ERCP, the endoscopist has two 
choices  – transgastric access via the intrahepatic ducts 
or transduodenal access to the main duct. Each option 
has its advantages and disadvantages. With transduode-
nal access, the risk of bile leak is greater, and antegrade 
advancement of the guidewire is challenging especially 
in the presence of a stricture; however, the main duct is 
generally a larger target making initial access easier. 
Alternatively, the transhepatic approach has a much 
lower risk of bile leak (due to surrounding liver paren-
chyma), and antegrade wire passage is easier, though the 
intrahepatic ducts are frequently less dilated making ini-
tial access more challenging.
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 Conclusions

Achieving initial biliary access is the essential first step to 
successfully provide biliary therapy. While careful attention 
to optimal technique will successfully achieve bile duct can-
nulation in the majority of cases, advanced techniques – most 
frequently double guidewire or cannulating over a pancreas 
stent – will be useful to cannulate the bile duct in more chal-
lenging cases. With the use of adjunctive techniques, bile duct 
cannulation success rates of well over 90% in native papillae 
are expected [15].
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Case 1

A 37-year-old female with a history of Billroth II gastrectomy, 
diabetes mellitus, hypertension, and hypercholesterolemia 
presents to the hospital emergency department with com-
plaint of severe epigastric pain. Her onset of pain was 2 weeks 
ago, but it was on and off. The patient endorses nausea and 
two episodes of vomiting. On physical examination, the 
patient was seen to have yellow discoloration of the eyes and 
skin. Abdominal exam was normal, with no guarding or 
organomegaly. Vitals taken in the emergency department 
showed a fever of 100.3F. Laboratory results obtained showed 
elevated serum bilirubin and alkaline phosphatase. 
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Transabdominal ultrasound was performed showing a dilated 
bile duct. A CT scan confirmed multiple stones in the com-
mon bile duct.

 Diagnosis/Assessment

Often clinical evaluation and laboratory testing are not suf-
ficient tools to diagnose choledocholithiasis. Imaging like 
transabdominal ultrasound and computed tomography is 
generally the first step to reaching a diagnosis. In patients 
with ascites or obesity, transabdominal ultrasound may not be 
sufficient to assess if stones are present in the common bile 
duct. Contrast agents administered during CT scanning may 
also cause unwanted side effects. When choledocholithiasis is 
equivocal, endoscopic ultrasonography (EUS) is a highly 
accurate modality to confirm the presence of stones prior to 
ERCP without the risk for complications such as pancreatitis. 
However, due to the anatomical changes after Billroth II 
gastrectomy or Roux-en-Y reconstruction, EUS may not be 
as accurate. ERCP is the first-line treatment for patients with 
confirmed, or high probability for, choledocholithiasis. In 
patients with altered anatomy, performing ERCP with thera-
peutic maneuvers can become difficult. In patients with a 
Billroth II gastrectomy, one option is to use a forward- 
viewing endoscope with a distal cap instead of a duodeno-
scope (Figs. 4.1 and 4.2).

 Treatment/Management

The first step in common bile duct stone removal is an endo-
scopic sphincterotomy (EST). This has been the standard 
first-line therapy since it was first described in 1973. The main 
goal is to cut the sphincter of Oddi which may be the main 
obstruction to passage of the stone. Once the sphincter has 
been widened, the stone can be captured in a basket or 
removed with the help of a balloon tip catheter inflated 
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Figure 4.1 Pus emerging from the major papilla

Figure 4.2 Fluoroscopic imaging showing multiple stones (red 
arrows) throughout the biliary tree
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above the stone (Fig. 4.3). For standard stones, up to a 90% 
extraction rate can be achieved with EST. However, for larger 
stones (>15 mm), the extraction rate is much lower [1].

Stones that cannot be extracted after endoscopic sphinc-
terotomy are often categorized as difficult bile duct stones. 
Endoscopic papillary balloon dilation (EPBD) or sphinctero-
plasty (without sphincterotomy) has recently been advocated 
as a first-line intervention for patients with difficult bile 
stones (Fig. 4.4a, b). The goal here is to dilate the papilla using 
a dilation balloon so that the biliary orifice is larger than the 
diameter of the stone. The exact duration of inflation is not 
standardized, but generally, the balloon is left inflated at least 
until there is obliteration of the waist on the balloon. Then 
the stone can be extracted from the bile duct using a standard 
basket or extraction balloon. A randomized control trial done 
by Liao et al. found that increasing the time of dilation from 

Figure 4.3 Extraction of biliary stone after sweeping the duct with 
a balloon
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a

b

Figure 4.4 (a) Intraoperative fluoroscopic view from ERCP showing 
“waist” of sphincter (red arrow). (b) Intraoperative fluoroscopic view 
from ERCP demonstrating disappearance of sphincter “waist”
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1 minute to 5 minutes improved efficacy and decreased the 
risk of pancreatitis [2]. This result is counterintuitive since 
pancreatitis would be expected to be higher the longer the 
pancreatic orifice is occluded. In fact, some studies have 
revealed an increased risk for pancreatitis with balloon dila-
tion without EST compared to EST.  Fujita et  al. reported 
100% and 99.3% clearance rate for EST and EPBD, respec-
tively. They also found a rate of acute pancreatitis of 10.9% in 
the EPBD group compared to 2.8% in the EST group. 
Similarly, Ochi et  al. found clearance rates of 98.17% and 
92.7% in EST and EPBD groups, respectively [3, 4].

Multiple randomized controlled trials have assessed the 
safety and efficacy of EPBD vs EST. A majority of these trials 
found that though the rate of success for both procedures was 
similar, EPBD has a higher rate of pancreatitis when compared 
to EST [5–7]. In patients with a previous Billroth II gastrectomy, 
a standard EST may be difficult due to the inverted anatomy of 
the Billroth II state, and the design of the sphincterotome and 
cases where EST is attempted have an increased risk of bleed-
ing [8]. EPBD has shown to have similar success rates but the 
rates of the bleeding are lower compared to EST [4, 5, 8]. In 
cases other than previous Billroth II gastrectomy and patients 
with increased bleeding risk, EST is still considered to be the 
gold standard due to the decreased risk of pancreatitis.

In cases of large stones, EST can be combined with large 
balloon dilation. A partial EST with large balloon dilation 
(ESLBD) was shown to be safe and has very good outcomes. 
A randomized trial by Heo et al. compared large stone removal 
in an ESLBD group and in an EST alone group. Successful 
stone removal was recorded in 94.4% of ESLBD group 
patients compared to 96.7% for the EST alone group [9]. 
Performing only a partial EST helps in reducing the overall 
bleeding risk, and the separation of the pancreatic and biliary 
orifices reduces the risk pancreatitis due to EPBD. Randomized 
controlled trials comparing ESLBD to EST alone found that 
though the success rate was relatively similar in both groups, 
the complication rates were lower in combined therapy 
patients. Teoh et al. also compared patients undergoing ESLBD 

R. Mahmood and N. Gupta



75

to patients undergoing EST alone. They showed a clearance 
rate of 89% in both groups and complication rate of 10.3% in 
the EST alone group and 6.8% in the ESLBD group [3, 10]. 
Another study compared a group of patients subjected to 
ESLBD with a group subjected to EST followed by mechani-
cal lithotripsy and found a success rate of 98% in the ESLBD 
group and 91% the EST plus mechanical lithotripsy group. 
Complications were reported at 4.4% and 20% for the ESLBD 
and EST group, respectively [11]. Complications for these pro-
cedures can be divided into short-term and long-term compli-
cations as shown in Table 4.1.

The success rate of EST, EPBD, and ESLBD is high, but it 
is not 100%. There are cases when multiple attempts are still 
unable to extract the stone in the common bile duct. The most 
common are patients where the diameter of the biliary orifice 
and distal CBD cannot be made large enough to accommo-
date the size of the stone. Biliary endoprosthesis/stenting is 
often performed to prevent impaction of the stone, to decom-
press the biliary tree to alleviate jaundice and cholangitis, and 
to act as a bridge for future curative therapy (Fig. 4.5). These 
also provide a mechanism for the stone to be gradually soft-
ened and fragmented over time due to the constant pressure 
of the stent on the stone. In many studies, a stent placement 
for 3–6 months resulted in the subsequent reduction in size of 
large stones, fragmentation into smaller stones, or complete 
clearance of the stone from the duct [12–14]. The stent is then 
removed, the bile duct is dilated and cleaned out to remove 
any stones that may be remaining. These stents can be either 
plastic or fully covered metal stents. However, in our experi-
ence, plastic stents are more effective in these cases.

Table 4.1 Complications of EST and ESLBD procedures
Early complications Late complications
Pancreatitis Recurrence of bile duct stones

Bleeding Acute cholecystitis

Perforation Bleeding

Cholangitis
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Case 2

A 66-year-old male has a 2-month history of intermittent 
right upper quadrant pain. He has a history of alcohol abuse 
and chronic pancreatitis. He is ill appearing and jaundiced. 
On examination, there is tenderness on palpation of the right 
upper quadrant. Laboratory results show hyperbilirubinemia, 
elevated alkaline phosphatase, and an elevated white cell 
count with left shift. Temperature was 101.1F. Transabdominal 
ultrasound showed dilated gallbladder with stones along with 
a dilated common bile duct. ERCP performed outlined a 
15 mm stone in the common hepatic duct with a narrow intra-
pancreatic CBD without overt stricture. At the time of ERCP, 
ESLBD was performed but was unsuccessful in removing the 
stone due to the large size of the stone and inability to dilate 
the distal CBD.

Figure 4.5 Plastic biliary stent with a single external flap and a 
single internal flap. Pus can be seen flowing from the stent
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When these methods of extraction fail, lithotripsy is the 
next best option. There are three main types of lithotripsy 
therapy:

• Mechanical lithotripsy.
• Electrohydraulic lithotripsy (EHL).
• Laser lithotripsy.

Mechanical lithotripsy involves capturing a stone in a 
lithotripter compatible metal basket and advancing a metal 
cable to the center of the stone by cranking a handle to apply 
pressure on and fragment the stone (Figs.  4.6 and 4.7). The 

Figure 4.6 Fluoroscopic view of basket (red arrow) encapsulating 
stone
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stone fragments can then be retrieved with standard extrac-
tion techniques. In cases of excessively large stones, mechani-
cal lithotripsy may need to be repeated several times to 
achieve complete extraction. The success rates of mechanical 
lithotripsy are about 80–90%; however, multiple attempts 
may be required. [15–17] The major complication associated 
with this procedure is basket impaction. Other complications 
include pancreatitis, cholangitis, and bleeding but at lower 
rates.

Electrohydraulic lithotripsy and laser lithotripsy are most 
useful for stones too large to be captured in a basket for 
mechanical lithotripsy. The preferred option for laser 
 lithotripsy has become pulsed solid-state lasers like the 
holmium:YAG and q-switched neodymium:YAG. Less com-

Figure 4.7 Extraction of biliary stone using a basket

R. Mahmood and N. Gupta



79

monly used are the flashlamp-pumped pulsed dye lasers con-
taining coumarin dye or rhodamine 6G dye. This procedure 
involves advancing an EHL or laser fiber through a cholangio-
scope as close as possible to the stone. A preset wattage pulse 
is then delivered for 1–2  seconds until the stone fragments. 
Constant saline irrigation is required for this procedure, as this 
helps in visualization and clearing of debris and in EHL it aids 
transmission of the shock wave. The fragments are then 
removed using standard extraction techniques. Successful 
fragmentation is achieved in about 75–80% of EHL cases, but 
combination of EHL with laser lithotripsy achieves stone 
clearance rates of up to 90% [18, 19]. The main complication 
of EHL and laser lithotripsy is perforation of the bile duct. 
Extra care should be used to prevent the EHL and laser 
probes from touching the wall of the bile duct. However, the 
rate of perforation is only about 1%.The underlying principle 
and indications for laser lithotripsy are similar to EHL. Laser 
lithotripsy provides a focused high- energy shock wave to frag-
ment stones through pulsed laser systems. The fragmented 
stones are then extracted through standard techniques. Trials 
comparing laser lithotripsy with conventional lithotripsy show 
that laser lithotripsy achieves higher rate of clearance of large 
bile duct stones. However, there is an extra cost to this proce-
dure, and it is not readily available. Hemobilia due to tissue 
damage during the laser pulse is one of the main complica-
tions of this procedure. Other complications include cholangi-
tis and pancreatitis, but to a lesser extent.

 Outcomes

• Case 1: This patient presented with multiple large stones in 
the bile duct on CT imaging and was admitted for stone 
removal. Following an unsuccessful ESLBD for stone 
removal, a plastic stent was placed and the patient was 
discharged. The patient was reevaluated after 3  months 
with repeat ERCP confirming resolution of stones, and the 
stents were successfully removed.
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• Case 2: This patient was diagnosed with a large (15 mm) 
stone in the common hepatic duct by ERCP at which time 
ESLBD was attempted but unsuccessful due to the large 
stone size. Mechanical lithotripsy was utilized to fragment 
the stone, and fragments were removed with basket 
retrieval and the patient was discharged.

Once stones have been successfully removed, any stents 
that were placed are also removed and not replaced. We do 
not use ursodiol for stone dissolution. The patient’s liver 
function is evaluated 2–4  weeks post procedure to ensure 
normal levels of liver enzymes. Recurrence of choledocholi-
thiasis following an endoscopic bile duct clearance ranges 
between 4% and 25% [20, 21]. Thus, the patient is counseled 
on the risk of recurrence and the monitor for any signs and 
symptoms of recurrence. The patients are also asked to follow 
up in the clinic to ensure that they are asymptomatic. We do 
not use regular surveillance, blood testing, or imaging for 
follow-up with patients.

Pearls and Pitfalls
• To remove a bile duct stone, the endoscopist must 

either make the biliary orifice and distal CBD diam-
eter larger than the stone (through EST, EPBD, or 
ESLBD) or make the stone smaller than the diame-
ter of the biliary orifice/distal CBD (through 
lithotripsy).

• Our practice is to perform EST (even partial EST) 
prior to balloon dilation of the papilla (i.e., ESLBD) 
in patients with difficult bile duct stones to reduce 
the risk of pancreatitis associated with EPBD alone.

• Biliary endoprosthesis has shown to reduce the size 
of and fragment large stones and can be utilized as 
bridging therapy.

• In patients with a narrow/strictured distal CBD, lith-
otripsy (EHL and/or laser lithotripsy) should be 
considered early.
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 Case Presentation

A 73-year-old male with abdominal pain was found to have 
cholelithiasis and underwent a cholecystectomy. He pre-
sented 7  months later with continued abdominal pain and 
new onset jaundice with total bilirubin elevated at 7.4  mg/
dL.  MRI/MRCP demonstrated a 4  cm long stricture of the 
common bile duct extending to the hilum and involving the 
distal right intrahepatic bile ducts with resulting intrahepatic 
duct dilation (Fig. 5.1), as well as amorphous soft tissue filling 
the hepatic hilum and surrounding the common duct con-
cerning for malignancy. ERCP at that time showed a 40 mm 
stricture from the mid common bile duct to common hepatic 
duct (Fig. 5.2). Cytology from ERCP brushings revealed scat-
tered atypical cells. EUS demonstrated a dilated common 
hepatic duct to 14 mm with an abrupt tapering of the bile duct 
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as it was traced toward the hilum. No adenopathy or mass 
lesion was seen. CA 19-9 was normal at <0.8 units/mL, while 
CEA was elevated at 7.2 ng/mL (ULN 3).

 Diagnosis and Assessment

 Clinical History and Differential Diagnosis

The clinical history of a patient presenting with an 
indeterminate biliary stricture may be helpful in suggesting a 
diagnosis. The patient’s medical comorbidities, surgical history, 

Figure  5.1 Long common bile duct stricture with hilar and distal 
right intrahepatic bile duct involvement causing intrahepatic duct 
dilation (MRCP)
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and presenting symptoms may aid in increasing the pretest 
probability of either benign or malignant etiology (Table 5.1). 
Specifically, a history of inflammatory bowel disease, PSC, 
chronic pancreatitis, elevated IgG4, and acuity of presenting 
symptoms is useful. Often, however, the diagnosis is still 
unclear. While symptoms such as weight loss are classically 
associated with malignancy, this can be seen in both benign 
and malignant disease [1]. Benign conditions, notably primary 
sclerosing cholangitis (PSC) and IgG4-related sclerosing chol-
angitis, can often mimic malignant disease. Iatrogenic biliary 
injury post cholecystectomy and liver transplant are respon-
sible for the majority of benign biliary strictures. In primary 
sclerosing cholangitis (PSC), the typical cholangiographic pat-
tern of intra- or extrahepatic ductal beading in the presence or 
absence of inflammatory bowel disease is fairly diagnostic, but 

Figure 5.2 Long (4 cm) stricture extending from mid common bile 
duct to common hepatic duct (ERCP)
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the higher association with  cholangiocarcinoma (30%) creates 
a dilemma when a single dominant stricture is the initial pre-
sentation of PSC.  IgG4-related sclerosing cholangitis may 
present similarly to cholangiocarcinoma with obstructive cho-
lestasis, enlargement of the pancreas, and regional lymphade-
nopathy. The likelihood of an underlying malignancy is usually 
associated with higher direct hyperbilirubinemia, elevated 

Table 5.1 Causes of biliary strictures (1, 2)
Benign causes

Primary sclerosing cholangitis

IgG4-mediated cholangiopathy

Iatrogenic biliary injury with fibrotic or ischemic strictures (i.e., 
post cholecystectomy and liver transplant)

HIV-related cholangiopathy

Pancreatitis (acute and chronic)

Pancreatic cysts

Mirizzi syndrome

Eosinophilic cholangitis

Infiltrative hepatic sarcoidosis

Radiation induced strictures

Portal bilopathy

Malignant causes

Cholangiocarcinoma

Primary pancreatic adenocarcinoma

Hepatocellular carcinoma

Ampullary cancer

Lymphoma

Metastatic cancer (i.e., regional lymphadenopathy)
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serum CA 19-9 levels, normal to high- normal serum IgG4 
levels, and complete ductal obstruction on cholangiogram.

Malignancy accounts for approximately 70% of biliary 
strictures, most commonly due to pancreatic adenocarcinoma 
and cholangiocarcinoma. In contrast, only up to 30% of bili-
ary strictures are secondary to benign causes [1, 2]. Therefore, 
in approaching patients with an indeterminate biliary stric-
ture, it is prudent to presume malignancy until definitive 
evidence of a benign cause is apparent.

 Tumor Markers

Many serum tumor biomarkers offer good diagnostic value to 
delineate the malignant potential of biliary strictures, most nota-
bly carbohydrate antigen 19-9 (CA 19-9) and carcinoembryonic 
antigen (CEA). CEA has diagnostic sensitivity of (33–68%) and 
specificity of (79–95%) for cholangiocarcinoma. CA 19-9 is the 
most commonly used circulating marker for both cholangiocar-
cinoma and exocrine pancreatic cancer. At levels above 37 U/
mL, CA 19-9 achieves a median diagnostic sensitivity of 79% 
and a median specificity of 82% for pancreatic adenocarcinoma. 
CA 19-9 diagnostic performance must be interpreted with cau-
tion at a cutoff point of 100 U/mL, which increases specificity to 
98% at the expense of a sensitivity reduction to 68%. The rate 
of false-positive results is also increased in the setting of cho-
lestasis, cholangitis, and other non-cancerous conditions includ-
ing hepatic cirrhosis, cholecystitis, pancreatitis, thyroiditis, cystic 
fibrosis, and non- pancreaticobiliary neoplasia (i.e., colorectal, 
gastric, and ovarian cancer) [1, 2].

Several circulating biomarkers have been studied for the 
diagnosis of cholangiocarcinoma including transthyretin 
(TTR), interleukin-6 (IL-6), mucin-5AC (MUC5AC), and 
matrix metalloproteinase-7 (MMP-7). However, these tests 
remain with limited utility due to insufficient validation and 
are therefore not used routinely during the workup of inde-
terminate biliary strictures.
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 Cross-Sectional Imaging

Transabdominal ultrasound (US) is readily available, 
noninvasive, and safe, which makes it a useful utility as an 
initial screening imaging modality for patients with new onset 
cholestasis. However, while this test is highly sensitive in 
detecting intrahepatic biliary dilatation, it has significant 
limitations in exploring for downstream biliary obstruction 
and accurate evaluation for biliary strictures or masses. 
Abdominal CT offers better diagnostic sensitivity (69%) for 
neoplastic biliary strictures compared with routine abdominal 
ultrasound (47%), and the use of new scanners (i.e., multi-
detector CT) provides detailed characteristics of malignant 
strictures which can determine surgical resectability based on 
tumor spread and vascular invasion. On contrast CT, ductal 
infiltrating cholangiocarcinoma manifests as a hypo-attenuating 
pathology on the arterial phase in the absence of a mass lesion 
with delayed phase enhancement. While the specificity reaches 
80% in diagnosing biliary strictures, CT cannot accurately 
distinguish between cancerous and non-cancerous strictures in 
the absence of focal mass lesions [3]. MRI/MRCP is the 
imaging modality of choice for suspected biliary strictures. 
Compared to CT, MRI lacks ionizing radiation and offers a 
noninvasive alternative to ERCP with high test sensitivity and 
specificity in determining the level and type of obstructive 
cholestasis. In a meta-analysis, MRCP sensitivity and specificity 
was 98% in identifying the biliary obstruction level and 
diagnosed malignant strictures with 88% sensitivity and 95% 
specificity. MRCP is limited however by high cost, motion 
artifact, and inability to perform tissue acquisition [1, 2].

 Endoscopy

Endoscopy with ERCP or EUS-FNA helps facilitate obtaining 
a tissue diagnosis, while ERCP allows concurrent palliation of 
any jaundice. There is no approved algorithmic approach in 
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choosing one or more endoscopic techniques in the evaluation 
of indeterminate biliary strictures; it is largely dependent on 
availability, diagnostic accuracy in evaluating distal versus 
proximal biliary strictures, presence of mass lesions, and low 
pretest probability for benign causes of biliary obstruction.

 Endoscopic Retrograde Cholangiopancreatography 
(ERCP)

ERCP is a widely used intervention in evaluating biliary 
strictures as it provides both diagnostic and therapeutic 
options for biliary obstruction. Contrast injection during 
ERCP delineates biliary strictures to determine their location 
and approximate length. On interpretation of the fluoroscopic 
images, certain cholangiographic morphologies suggestive of 
malignancy include longer stricture length, irregular margins, 
shelf-like morphology, asymmetrical narrowing, presence of 
nodularity, and dual simultaneous dilation in the common 
bile duct and main pancreatic duct (double duct sign). 
Exclusively, the cholangiographic appearance of a biliary 
stricture has low and variable sensitivities (11–74%) in 
diagnosing malignancy with accuracy ranging between 72% 
and 80%. Therefore, cholangiography must be coupled with 
either conventional (i.e., bile aspirate cytology, removed 
plastic stents cytology, direct brush cytology, fluoroscopy-
guided forceps biopsy) or advanced methods (i.e., fluorescent 
in situ hybridization) of tissue acquisition in establishing a 
diagnosis for indeterminate biliary strictures [1–4]. Multiple 
methods of obtaining tissue should be utilized to improve 
diagnostic yield. A prospective series that combined both 
routine brush cytology and fluoroscopy-guided forceps biopsy 
yielded diagnostic accuracy of 63% versus individual 
sensitivities of 43% and 35%, respectively. This was replicated 
in a second study reporting dual modality sensitivity of 70% 
compared to separate brush cytology sensitivity of 47% and 
65% for biopsy sampling [3–6].
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 Brush Cytology

Brush cytology performed during ERCP is safe, cost- effective, 
and easy to perform. For this reason, it is the first-line and most 
preferred diagnostic method for tissue acquisition in biliary 
strictures. Abundant cellularity on cytology samples is an 
essential component of diagnosing neoplasia; however, this is 
an uncommon feature of indeterminate biliary strictures, likely 
in part due to the presence of firm desmoplastic reactions in 
biliary malignancies that create insufficient cellularity. This 
leads to high false-negative and low-yield cytological examina-
tions. In general, brush cytology offers high specificity in sam-
pling malignant biliary strictures approaching 95%. However, 
sensitivity is low at 30–57% [7–9]. Many factors are responsible 
for the variability and poor diagnostic yield of this modality, 
primarily related to the stricture type, cytology analysis inter-
pretation, and endoscopist expertise. Indeterminate brush 
cytology results are more common in hilar and severely narrow 
lesions and in strictures with neoplastic involvement of the 
medial walls of the bile ducts [2, 6]. Gross cancer characteristics 
of surface mucosal ulceration can also impact the degree of 
cellularity sampled by brushing. Diagnosing an intrinsic biliary 
stricture secondary to cholangiocarcinoma by brush cytology 
offers cancer detection rates ranging between 44% and 80% 
compared to detection rates of 15–65% for extrinsic strictures 
related to pancreatic adenocarcinoma.

To perform brush cytology, the stricture is first delineated 
on cholangioscopy. A cytology brush is then advanced 
through the sheath proximal to the stricture then moved back 
and forth across the narrowed segment approximately five to 
10 times. The brush is then withdrawn into the sheath, and 
both are withdrawn from the endoscope as one unit. The 
brush end is then cut and placed in a preservative solution for 
cytopathological analysis. This technique was shown to 
improve diagnostic accuracy for malignancy. Modifications to 
the brush cytology technique for better cellularity by disrupt-
ing the epithelial ductal surface of biliary strictures using 
balloon dilation, catheter dilators, and the use of longer or 
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stiffer brushes have not been shown to improve diagnostic 
accuracy [3, 4, 6].

 Bile Aspirate and Biliary Stents Cytology

Although safe and simple, the diagnostic accuracy for both 
isolated intraductal bile aspiration and retrieved biliary stents 
cytology is low at 11.5% and 13%, respectively. Both tech-
niques can however be coupled with routine brush cytology 
to improve yield. To perform intraductal bile aspiration, aspi-
ration of at least 20  mL of bile through a catheter at the 
proximal end of a biliary stricture is done following brush 
cytology. Biliary stents exfoliate ductal epithelium by repeated 
trauma and cause adherence of neoplastic cells; hence, 
removed stent surface may be smeared and washed into 
cytology solution for analysis [6].

 Fluoroscopy-Guided Forceps Biopsy

Fluoroscopy-guided forceps biopsy allows for direct tissue 
acquisition from biliary strictures under fluoroscopic guid-
ance in an attempt to overcome the low diagnostic yield of 
brush cytology. Theoretically, it samples the biliary ducts sub-
epithelial stroma and hence can sample tumors that are 
 limited to the subepithelial layer and not projecting into the 
ductal lumen. Unfortunately, various studies comparing 
ERCP intraductal biopsy performance to brush cytology 
found no significant difference between the two techniques 
with pooled sensitivity of 48% and 45%, respectively, while 
both modalities remain highly specific at 99%. This shared 
limitation is probably secondary to the variability in tumors 
characteristics. As expected, the diagnostic accuracy in cancer 
detection is higher with visualized ampullary tumors (up to 
88%), followed by infiltrative cholangiocarcinoma (44–89%) 
and lowest with extrinsic compression by pancreatic adeno-
carcinoma (33–74%) [3, 4, 6].
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Intraductal biopsy offers the ability to sample both proximal 
and distal biliary strictures but remains technically difficult. 
The technique is fairly standard, involving the passage of 
biopsy forceps through the papilla, usually facilitated by 
biliary sphincterotomy, up to the level of the biliary stricture; 
under fluoroscopic guidance, the forceps are opened pushed 
against the strictured region and then closed and pulled to 
acquire tissue. Diagnostic sensitivity is maximized if three or 
more specimens are collected, but additional attempts will 
likely increase the rate of post biopsy complications including 
hemobilia or biliary perforation [3, 4, 6]. Reports of patients 
with direct hyperbilirubinemia (more than 10  mg/dl) or 
circumferential biliary strictures demonstrated higher 
diagnostic accuracy when sampled by intraductal biopsy 
forceps. Immediate and cost-effective cytopathologic analysis 
can be achieved by adopting the “smash protocol” in handling 
the collected specimens. This approach requires smearing 
samples between two glass slides after staining with rapid 
Papanicolaou to allow for immediate interpretation by an 
on-site pathologist. In one study, the immediate diagnostic 
sensitivity reached 72% using this technique [3, 4, 6].

 Advanced Cytology Techniques

Aneuploidy (abnormal number of chromosomes) is expressed 
in approximately 80% of pancreaticobiliary malignancies. 
Several adjunct molecular techniques were introduced in the 
past decade to examine genetic variations (i.e., chromosomal 
deletions, duplications, and polysomy) in cholangiocarcinoma 
and aid in establishing a diagnosis for malignant-appearing 
indeterminate biliary strictures [6].

 Fluorescent In Situ Hybridization (FISH)

FISH is a cytogenic method which utilizes fluorescent-labeled 
DNA probes complimentary to the DNA sequence to assess 
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for genetic alterations in known chromosomal loci. It first 
highlights aneuploidy then quantifies cells containing nuclei 
with abnormal probe signal numbers. Commercially available 
FISH kits use DNA probes to hybridize to regions of chro-
mosomes 3, 7, 17, and INK4 (9p21) locus on chromosome 9, 
which are known genetic variants in cholangiocarcinoma. 
FISH is considered positive when polysomy is detected or if 
trisomy of chromosome 3 or 7 is identified in at least five 
cells. FISH has the advantage of analyzing cells sampled by 
routine brush cytology without requiring additional tissue 
acquisition techniques. FISH is limited by center availability 
with high technical expertise and long processing time and is 
subject to interpretation errors. Additionally, FISH perfor-
mance in detecting neoplasia in indeterminate biliary stric-
tures with negative routine cytology is variable. Several 
factors contribute to the suboptimal diagnostic sensitivity of 
FISH, including the inconsistent expression of aneuploidy in 
cholangiocarcinoma (see in only 80% cases). Additionally, 
benign biliary strictures such as those in PSC can manifest 
with chromosomal alterations in up to 80% of cases, which 
leads to false-positive results. An earlier prospective trial 
reported 62% sensitivity and 79% specificity in surgically 
proven malignant biliary strictures. Later studies reported 
improved test sensitivity from 5–20% to 35–60% compared 
to brush cytology but lower specificity ranging from 67% to 
88%. A combined modality approach of routine brush cytol-
ogy, intraductal biopsy, and FISH improves the overall diag-
nostic yield of indeterminate biliary strictures with sensitivity 
of 82%, specificity of 100%, positive predictive value of 
100%, and negative predictive value of 87% [1, 3, 4, 6, 10].

 Digital Image Analysis (DIA) and Flow Cytometry

The DIA technique assesses for cellular aneuploidy and 
neoplastic characteristics by quantifying the DNA content 
via special stains. It incorporates the conversion of transmitted 
light through the acquired specimen into captured digital 
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images of the cell nucleus and other cellular contents (i.e., 
DNA, chromatin). The resulting images are analyzed for neo-
plastic characteristics. In non-PSC strictures, the diagnostic 
sensitivity for DIA is 30% compared to FISH sensitivity of 
63%, while the combined sensitivity and specificity of both 
cytogenic modalities reach 70% and 82%, respectively. Flow 
cytometry identifies tumor cells in collected cytology speci-
mens by detecting hyperploidy. This requires collecting sam-
ples with high degree of cellularity and malignant cells. 
Compared to brush cytology, it has similar diagnostic sensitiv-
ity of 42% but inferior specificity of 77%. Neither of these 
molecular techniques is routinely used in the evaluation of 
indeterminate biliary strictures due to their many limitations 
[3, 4, 6].

 Endoscopic Ultrasonography (EUS)

Endoscopic ultrasonography (EUS) aids in diagnosis and 
staging of malignant biliary strictures and can be a useful 
modality for establishing a malignant diagnosis in patients 
with indeterminate biliary strictures. EUS imaging itself may 
reveal or suggest a diagnosis, such as varices, Mirizzi’s 
 syndrome, chronic pancreatitis, or a previously unappreciated 
mass lesion [11], while FNA allows diagnostic tissue to be 
obtained from lesions or lymph nodes. One advantage of per-
forming EUS for indeterminate biliary strictures is the ability 
to identify biliary masses that were not appreciated on previ-
ous imaging [12]. In a small study, patients with proximal bili-
ary strictures who underwent EUS-FNA following negative/
nondiagnostic ERCP brush cytology, a mass lesion was visual-
ized in 96% patients, 57% of whom did not have a mass lesion 
detected on previous imaging [13]. EUS may also identify 
pancreatic masses that were not noted on previous imaging, 
allowing direct targeted biopsy of a pancreatic lesion. In a 
retrospective study of patients with suspected pancreatico-
biliary malignancy who had indeterminate results on contrast- 
enhanced multi-detector row CT, EUS-FNA had 87.3% 
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sensitivity, 98.3% specificity, and 92.1% accuracy in diagnos-
ing pancreatic neoplasm [14]. The presence of pancreatic duct 
dilation was significantly associated with EUS detection of 
pancreatic adenocarcinoma (p < 0.001). In addition to identi-
fying a lesion of interest, EUS allows evaluation of the rela-
tionship of the lesion to the hepatic parenchyma, portal 
vasculature, and hepatic arteries for staging and assessment 
of resectability [12]. Indwelling biliary stents at the time of 
EUS may produce significant acoustic shadowing that inter-
feres with tumor imaging, and consideration should be made 
for their removal prior to performing EUS. However, indwell-
ing stents in patients with indeterminate biliary strictures 
may also provide a point of reference and help facilitate 
tumor identification if left in place during EUS [12].

 Endoscopic Ultrasound Fine Needle Aspiration 
(EUS-FNA)

The reported sensitivity of EUS-FNA for diagnosing 
pancreaticobiliary malignancy is high at 85–93% [15]. A 
recent systematic review and meta-analysis reported a 
sensitivity of 79% (95% CI 72–86%) and a specificity of 99% 
(95% CI 95–100%) for diagnosing biliary malignancies with 
EUS- FNA in patients with extrahepatic biliary strictures in 
the absence of extrinsic compression of pancreatic head 
cancer [16]. The reported negative predictive value, however, 
is low at 29% (95% CI 4–71%), emphasizing that a high 
clinical suspicion for malignancy should be maintained 
following negative EUS-FNA [12].

EUS-FNA has been shown in several studies to be superior 
to ERCP tissue sampling in evaluating suspected malignant 
biliary obstruction. In a prospective single-blind study of 
patients who underwent same session EUS and ERCP, EUS- 
FNA was significantly more sensitive than ERCP (94 vs 50%, 
respectively), with significantly higher accuracy (94 vs 53%, 
respectively) [15]. However, on subanalysis, a significant 
difference was only seen for patients with pancreatic masses, 
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as the reported sensitivity for biliary masses (79 vs 79%) and 
indeterminate strictures (80 vs 67%, respectively) were 
statistically comparable. This intuitively makes sense, as EUS-
FNA of a pancreatic mass directly samples the mass itself, 
while ERCP with brushings obtains tissue from the location of 
extrinsic biliary compression by the mass [15]. Despite the 
utility of EUS-FNA in diagnosing pancreaticobiliary 
malignancy, EUS shares the limitation of ERCP of a low 
negative predictive value and the inability to safely rule out 
malignancy with a negative test. In a recent meta-analysis of 
EUS versus ERCP for tissue diagnosis of malignant biliary 
stricture, the negative predictive values of EUS and ERCP 
were similarly poor at 47% and 34%, respectively [17].

While EUS typically images extrahepatic bile duct 
strictures well, imaging common hepatic and hilar strictures 
can be difficult [18]. This is because the distal portion of the 
common bile duct lies close to the duodenal wall, while the 
proximal ducts course further from the duodenal wall and are 
more difficult to visualize with EUS. Despite this limitation, 
EUS-FNA appears to have the ability to diagnose malig-
nancy in both proximal and distal biliary strictures in some 
studies. In a study of patients with suspected malignant bili-
ary obstruction, EUS-FNA correctly identified malignancy in 
71% of distal and 86% proximal cholangiocarcinoma, with 2 
of the 15 patients establishing a diagnosis by FNA of non- 
primary sites [15]. However, a single-center study of patients 
with cholangiocarcinoma did note a significantly higher sen-
sitivity of EUS-FNA for distal versus proximal cholangiocar-
cinoma (81 vs 59%) [19].

Studies of FNA of biliary strictures report low adverse 
events, at 0–1% [15, 16]. However, peritoneal metastases due 
to needle tract seeding may occur after FNA of cholangiocar-
cinoma [20]. While some studies have shown that preopera-
tive EUS-FNA may be safely performed in patients with 
cholangiocarcinoma without adversely affecting overall or 
progression-free survival [21], posttransplant immunosup-
pression may increase the chance of tumor recurrence in 
patients with peritoneal tumor seeding. Because of this, in 
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many centers previous FNA of cholangiocarcinoma is a con-
traindication to liver transplantation [12]. For this reason, 
FNA of primary biliary lesions should not be performed in 
patients who are potential candidates for curative surgery or 
transplantation. In these cases, performing imaging with EUS 
alone without FNA may still be beneficial. In a retrospective 
study of patients with unexplained common bile duct stric-
tures after ERCP and intraductal tissue sampling, EUS imag-
ing alone was superior to FNA in establishing a malignant 
diagnosis [22]. Bile duct wall thickness ≥3 mm had a sensitiv-
ity for malignancy of 79% and specificity of 79%. The finding 
of a pancreatic head mass and/or irregular bile duct wall had 
sensitivity of 88% and NPV of 84%. In contrast, the sensitiv-
ity of EUS-FNA was only 47% with NPV low at 50%. 
However, EUS without FNA did not note a significant differ-
ence in the echo features of malignant versus benign lesions 
in another study of potentially operable patients with sus-
pected hilar CCA and negative brush cytology [23]. Despite 
the controversy of performing EUS-FNA of primary biliary 
lesions, FNA of lymph nodes may safely be performed in this 
setting, as this is not a contraindication to liver transplanta-
tion for cholangiocarcinoma. Typical EUS features used for 
determining malignant nodal involvement are not predictive 
of malignant nodes in CCA, and no specific EUS morphology 
predicts the presence of malignancy, so routine FNA of 
regional lymph nodes should be considered in patients under 
consideration for liver transplantation to assess for metastatic 
disease [24].

 Intraductal Ultrasonography (IDUS)

Intraductal ultrasonography (IDUS) is performed using a 
small radial 20 MHz ultrasound miniprobe (about 2 mm) that 
is passed through a standard duodenoscope or percutane-
ously over a guidewire to directly image the biliary or pancre-
atic ducts. IDUS imaging is generally obtained during catheter 
withdrawal to limit trauma to the mechanical drive of the 
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probe. Ultrasonographic features suggestive of malignancy 
include disruption of the normal three-layer sonographic pat-
tern of the bile duct wall, a hypoechoic mass with irregular 
margins, and heterogenous echo-poor areas invading sur-
rounding tissue, while benign features include preservation of 
the normal wall pattern, homogenous hyperechoic echo pat-
terns, smooth margins, and absence of mass lesion, lymphade-
nopathy, or vascular invasion [25]. Bile duct wall thickness 
≤7 mm at the stricture site, in the absence of extrinsic com-
pression, had a NPV of 100% in a retrospective study of 
patients without an identifiable mass on cross-sectional imag-
ing [26]. Background inflammation in the setting of PSC or 
prolonged stenting can make IDUS interpretation difficult. 
Additionally, due to a shallow depth of penetration, IDUS is 
not suitable for imaging structures greater than 1 cm from the 
bile duct and is therefore not beneficial for nodal staging [25, 
27]. Despite these limitations, IDUS has been shown to have 
superior accuracy in preoperative diagnosing and T-staging of 
malignant biliary strictures compared to EUS [25, 28] and is 
significantly more specific and accurate than ERCP with tis-
sue sampling. In a prospective study of patients including 
patients with known or suspected biliary strictures who 
underwent ERCP with IDUS, combining IDUS with ERCP 
plus tissue sampling increased accuracy from 73.3% to 91.6%, 
sensitivity from 48.4% to 90.3%, and NPV from 64% to 90% 
[25]. Fourteen of the 16 false-negative diagnoses based on the 
ERCP with tissue sampling were correctly diagnosed as 
malignant strictures by IDUS. ERCP with IDUS was signifi-
cantly better at detecting malignancy than endoscopic trans-
papillary forceps biopsies, EUS, and CT in a cohort study of 
patients with indeterminate biliary strictures [29].

 Peroral Cholangioscopy (POC)

Peroral cholangioscopy (POC), or direct visualization of the 
biliary tree, allows direct visualization and targeted biopsies 
of indeterminate strictures. Cholangioscopy was historically 
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performed with mother-daughter systems, where one endos-
copist controlled a mother duodenoscope and a second 
endoscopist controlled the cholangioscope, or with slim gas-
troscopes. More recently, a digital-imaging single-operator 
single-use digital scope has become available (SpyGlass™ 
DS System, Boston Scientific) which attaches to the head of 
the duodenoscope and advances through the accessory chan-
nel. The scope may be passed over a wire or via fluoroscopic 
guidance. A biopsy cable (SpyBite) is passed through the 
digital scope to take targeted biopsies. Dilated tortuous vas-
culature coursing through the epithelium and variable degrees 
of exophytic mass protrusion into the lumen of the bile duct 
are suspicious for malignancy [30]. Stent association changes 
and trauma from stricture dilation may make visual diagnosis 
with POC challenging. Despite this limitation, the ability to 
perform targeted biopsies has significantly increased accu-
racy of POC over other methods of intraductal sampling.

The pooled sensitivity and specificity of cholangioscopy- 
guided biopsies in the diagnosis of indeterminate malignant 
biliary strictures were 60.1% (95% CI 54.9–65.2%) and 98% 
(95% CI 96–99%), respectively, in a meta-analysis [31]. For 
patients who had undergone prior ERCPs with indeterminate 
and/or negative brushing or biopsy results, the sensitivity of 
cholangioscopy-guided biopsies was even higher at 74.7%. 
Cholangioscopy-guided targeted biopsies with mini forceps 
appear to be superior to ERCP brushings and standard for-
ceps biopsies. In a prospective cohort study where patients 
underwent triple sampling during ERCP with cholangioscopy- 
guided mini forceps, brushing, and standard ERCP forceps, 
mini forceps biopsy achieved significantly higher sensitivity 
and accuracy than the other methods [32]. The use of intrapro-
cedural rapid onsite evaluation with touch imprint cytology 
during cholangioscopy-guided biopsy may further improve its 
sensitivity, with one study reporting 100% sensitivity in diag-
nosing malignancy after mean 3.3 biopsies performed (30). 
Despite the added expense of using a single-use disposable 
catheter, a recent cost-effective analysis of ERCP- based 
modalities for the diagnosis of CCA in the setting of PSC 
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which compared ERCP with brushings, FISH, intraductal 
biopsy, and POC with targeted biopsy noted that POC with 
targeted biopsy was the most cost-effective modality [33].

A large amount of continuous flushing is often required 
during cholangioscopy to clear the visual field of bile or 
debris. For this reason, patients should generally be intu-
bated, or the stomach frequently aspirated. Aggressive irriga-
tion may also increase bacterial translocation in the biliary 
tree, as high rates of bacteremia following ERCP with cholan-
gioscopy have been reported [34]. Periprocedural antibiotics 
should therefore be given routinely.

 Confocal Laser Endomicroscopy (CLE)

Confocal laser endomicroscopy (CLE) allows high- resolution 
real-time assessment of mucosal histology at the cellular level 
to provide an “optical biopsy.” A low-power laser is focused 
on tissue at a specific depth, and fluorescent light that is 
reflected back is detected. This is done following administra-
tion of intravenous fluorescein. Endoscope-based CLE is too 
large for biliary examination. To perform biliary CLE, 
 probe- based CLE (pCLE) is done, which utilizes a flexible 
reusable miniprobe (CholangioFlex; Mauna Kea 
Technologies) that is passed through the duodenoscope chan-
nel. A classification system called the Miami classification 
system was developed based on a consensus of pCLE users to 
differentiate benign from malignant disease [35]. A multi-
center registry of patients with indeterminate pancreaticobili-
ary strictures using the Miami classification showed 98% 
sensitivity and 97% NPV for pCLE for detecting cancerous 
strictures [36] with overall accuracy of 81% compared to 75% 
for index pathology. The accuracy of ERCP increased signifi-
cantly when combined with pCLE (73 vs 90%). The Miami 
classification was revised to the Paris classification in an 
attempt to improve accuracy for diagnosing benign inflam-
matory strictures [11, 37]. In practice, the use of pCLE to 
ERCP does not seem to consistently improve accuracy. In a 
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prospective international multicenter study of patients with 
indeterminate biliary strictures which evaluated the diagnos-
tic performance of ERCP, pCLE, and tissue sampling, diag-
nostic accuracy was 81% for ERCP alone, 82% for ERCP 
with pCLE, and 88% for ERCP with pCLE when tissue 
sampling results were available [38]. However, the use of 
pCLE may have an impact on overall clinical impression. The 
sensitivity of the clinical impression during ERCP with pCLE 
was significantly higher than the sensitivity of tissue sampling 
alone with a trend toward improved accuracy of combined 
ERCP, pCLE, and tissue sampling versus ERCP with tissue 
sampling alone.

Use of pCLE is limited by false positives and resulting poor 
specificity. This is likely due to variability in imaging interpre-
tation and learning curves. A meta-analysis of pCLE per-
formed for undetermined biliary stenoses showed a pooled 
sensitivity of 0.9 (0.84–0.94) and specificity of 0.75 (0.66–0.83), 
with significant heterogeneity seen in reported specificity [39]. 
As endomicroscopy interpretation is examiner dependent, 
varying learning curves are seen, and discrepancies in the 
interpretation of pCLE findings have been reported with poor 
to fair interobserver agreement [35, 40]. While this may be 
improved with specialized training [41], this remains a signifi-
cant barrier to more widespread use of pCLE.

 Treatment/Management

No standard algorithm or guideline exists for managing 
indeterminate biliary stricture. In evaluating indeterminate 
biliary strictures, a multimodality approach is crucial. 
Patient-specific considerations should be made based on 
the clinical history and presentation to assess for potential 
benign etiologies. Adequate cross-sectional imaging (ide-
ally multi-detector CT or MRI/MRCP) should be obtained. 
This may identify a mass lesion (notably pancreatic or 
ampullary) or malignant- appearing adenopathy that will 
help guide the diagnosis and provide a target for obtaining 
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a tissue diagnosis via EUS- FNA.  Due to limitations of 
cross-sectional imaging in identifying smaller mass lesions, 
performing routine EUS even in the absence of a mass 
lesion is recommended. Tumor markers, including CA 19-9 
and CEA, should additionally be obtained on all patients. 
Performing repeat ERCP with multiple methods of tissue 
acquisition, such as brush cytology, intraductal biopsy, and 
cholangioscopic-directed biopsy, should be done to improve 
diagnostic sensitivity. Additional techniques such as IDUS 
and CLE may be considered based on center experience 
and expertise. In cases where a definitive diagnosis remains 
unclear, repeat interval ERCP, EUS, and/or cross-sectional 
imaging is necessary to establish stability or progression 
and provide additional opportunity for obtaining a tissue 
diagnosis. As the majority of indeterminate biliary stric-
tures are later determined to be malignant, a high sustained 
clinical suspicion for malignancy is crucial. For this reason, 
a multi-disciplinary approach is also necessary, and eligible 
patients should be referred for consideration of surgical 
resection even in the absence of a tissue diagnosis [42].

 Special Considerations for PSC

PSC carries a known increased risk of cholangiocarcinoma, 
and the diagnosis of early localized cancer is often challenging, 
especially in the presence of a dominant biliary stricture. 
Features suggestive of malignancy include stricture length 
over 1  cm, location at the bifurcation versus common bile 
duct, and irregular margins; however, the reported sensitivity 
and specificity of cholangiography for malignancy in the 
setting of PSC are low at 66% and 51%, respectively [43]. 
Compared to non-PSC biliary strictures, the utility of 
conventional endoscopic brush cytology carries similar 
specificity of >95% and a modest sensitivity of 43% in 
detecting cholangiocarcinoma [44]. The presence of false-
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positive chromosomal alterations in up to 80% of benign 
biliary strictures in PSC patients impacts FISH performance. 
In a meta-analysis, the reported sensitivity and specificity of 
FISH in diagnosing cholangiocarcinoma were 68% and 70%, 
respectively [45]. Direct tissue acquisition by peroral 
cholangioscopy carries a better diagnostic yield with 82% test 
sensitivity and 91% specificity [46]. Although the data is 
limited, the addition of confocal laser endomicroscopy to 
cholangioscopy can help to improve the diagnostic sensitivity 
[42, 47]. A multimodality approach must be used to improve 
the diagnostic yield of indeterminate biliary strictures in PSC.

Endoscopic management is recommended to manage 
symptomatic benign dominant PSC strictures, mainly by 
ERCP-guided balloon or catheter dilation with or without 
temporary stent placement to prevent from cholangitis, jaun-
dice, and decline in liver function. In a prospective study, such 
interventions preserved the common bile duct function in 
PSC patients with a 10-year survival rate of 52% without liver 
transplantation [42, 48].

 Case Outcome

Due to indeterminate cytology and clinical concerns for 
cholangiocarcinoma, repeat ERCP with cholangioscopy was 
performed. Repeat ERCP again showed a 40 mm stricture 
of the common hepatic duct. Cholangioscopy using 
Spyglass™ DS (Boston Scientific) demonstrated 
neovascularization and abnormal-appearing biliary 
epithelium suspicious for malignancy at the level of the 
stricture (Fig.  5.3a, b, Video 5.1). Targeted biopsies of the 
abnormal-appearing biliary epithelium were taken using 
SpyBite™ miniature forceps. Pathology showed invasive 
moderate to poorly differentiated adenocarcinoma, 
confirming the suspected diagnosis of cholangiocarcinoma.
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a

b

Figure 5.3 (a) Neovascularization with abnormal-appearing biliary 
epithelium by cholangioscopy using Spyglass™ DS (Boston 
Scientific). (b) Abnormal biliary epithelial surface at the stricture 
level by cholangioscopy using Spyglass™ DS (Boston Scientific)
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 Case One

A 45-year-old female presents to our clinic with pruritus and 
elevated transaminases. Three weeks prior, she was admitted to 
an outside hospital for acute right upper quadrant pain and 
abnormal liver function tests: ALT 432  U/L, AST 207  U/L, 
alkaline phosphatase 742 mg/dL, and total bilirubin of 1.8 mg/
dL. An ultrasound showed choledocholithiasis, and she under-
went an ERCP, sphincterotomy, and stone extraction. She 
underwent a cholecystectomy without complication 1  week 
later. In our clinic, she denied pain or jaundice but reported 
persistent pruritus. Her liver enzymes remained elevated (AST 
121, ALT 300, alkaline phosphatase 666 mg/dL, and total bili-
rubin 1.3 mg/dL). Abdominal ultrasound showed dilated intra-
hepatic ducts with a 5 mm common bile duct. A subsequent 
MRCP showed obstruction of the right and left hepatic ducts 
at the level of the right/left hepatic duct confluence with exten-
sion into the proximal common bile duct (1–2 cm). Her CA19-9 
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was 18  U/ml. The patient was referred for endoscopic retro-
grade cholangiopancreatography (ERCP) for evaluation and 
treatment of her hilar stricture.

 Diagnosis of Hilar Strictures

Distinguishing between malignant and benign strictures involv-
ing the hilum of the liver is often difficult and can require 
multiple procedures to obtain a diagnosis [1]. Malignant hilar 
strictures include cholangiocarcinoma or metastatic disease 
causing extrinsic compression. Benign biliary strictures include 
postoperative injuries, particularly following cholecystectomy, 
or intrinsic liver disease such as primary sclerosing cholangitis 
(PSC) or autoimmune cholangiopathy. ERCP, in combination 
with laboratory values and cross-sectional imaging, plays an 
important role in determining the etiology of these strictures 
since tissue can be obtained either through brushings for cytol-
ogy, biopsy, or cholangioscopy.

 Cross-Sectional Imaging and Laboratory Values

Bloodwork, including alkaline phosphatase isoenzyme, serum 
bilirubin, and CA19-9, in combination with imaging findings 
on computed tomography (CT) or magnetic resonance imag-
ing (MRI), can be used to suggest benign or malignant causes 
of hilar strictures [1]. Laboratory values that have been 
reported to distinguish malignant strictures include increased 
alkaline phosphatase (>200 U/L), total bilirubin (>8.4 mg/dl), 
and CA 19-9 levels (>100 U/L) [2, 3]. Imaging findings associ-
ated with malignancy include increased thickness of bile duct 
wall to ≥5 mm, regional lymphadenopathy, and the  appearance 
of an abrupt cutoff and separation of biliary ductal system on 
cholangiogram [2, 3]. Between imaging modalities, MRI has 
been shown to differentiate benign and malignant causes of 
biliary obstruction more accurately than CT [1, 2]. Our imag-
ing study of choice to evaluate hilar strictures and to identify 
hilar masses is MRI/MRCP. In a multidisciplinary approach, 
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we use imaging findings in conjunction with elevations in 
serum bilirubin and alkaline phosphatase and CA 19-9 to 
determine our suspicion for malignancy.

 Brushings

One of the most common ways to obtain tissue during ERCP 
is with cytologic brushing. The reported sensitivity of cytology 
brushings varies between 35% and 70%, and reported speci-
ficity is usually greater than 90% [4–32]. In 1 study of 58 
patients with confirmed hilar cholangiocarcinoma, malig-
nancy was found in only 40% of patients with brush cytology 
alone [33]. Fluorescence in situ hybridization (FISH), which 
uses fluorescence-labeled probes to evaluate chromosomal 
abnormalities in cells obtained during biliary brushings, has 
been shown to increase the sensitivity of cytology brushings, 
with one study showing an increase from 35% to 44% while 
maintaining a specificity of 99% [34–36].

The accuracy of brush cytology may vary based on technique. 
The majority of the literature describes brushing over the stric-
ture at least ten times and immediately cutting the brush off and 
placing it into fixative as soon as the catheter have been with-
drawn from the patient [36]. Stricture dilation prior to brushing 
has been reported to increase the diagnostic yield [37–40].

In our own practice, we typically dilate hilar strictures 
before performing brushings for cytology. However, we have 
found that cytology brushings alone are often insufficient to 
make a diagnosis among patients with hilar strictures and 
have implemented the addition of FISH analysis in the pres-
ence of atypical cells when noted by our cytologists. A sec-
ond dedicated brush should be used for FISH analysis and 
can be sent when malignancy is not diagnosed by brush 
cytology alone.

 Biopsy

The sensitivity of biopsies using standard forceps advanced into 
the bile duct ranges from 43% to 88% with a specificity of 
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greater than 90% [4–32]. However, based on the current litera-
ture, it is unclear how the combination of biopsy forceps and 
brush cytology may increase the sensitivity of obtaining a diag-
nosis. While some studies have shown an incremental increase in 
sensitivity of up to 15–25% by combining brush cytology and 
biopsy forceps, others have shown that increase in sensitivity was 
too small to routinely use both techniques [11, 41]. Furthermore, 
the use of standard forceps requires a biliary sphincterotomy 
and wire-free cannulation and includes a possible increased risk 
of bile duct perforation. Our general practice is to use biopsy 
forceps in combination with cytology brushings among patients 
who have had a previous negative brush cytology alone.

 Cholangioscopy

Cholangioscopy allows for direct visualization and assess-
ment of biliary strictures, including hilar strictures. Findings 
that are concerning for malignancy include tumor vessels, 
described as irregularly dilated and tortuous blood vessels, 
intraductal nodules, or papillary/villous mucosal projections 
[42, 43]. A meta-analysis of eight studies found that visual 
inspection with cholangioscopy alone was 90% sensitive and 
87% specific for diagnosing a bile duct malignancy [44–48]. 
The added benefit of cholangioscopy is the ability to take 
targeted biopsies which can achieve tissue diagnosis in as 
high as 86% of patients with malignancy [44–47]. Biopsy 
taken through a cholangioscope is often quite small and may 
lack adequate depth for accurate histologic assessment, so it 
is imperative to take multiple biopsies. It is also important to 
note that cholangioscopy has been associated with higher 
adverse events, including cholangitis, so periprocedural anti-
biotics should be administered. In our experience, visual 
inspection among patients with previous biliary stent can be 
difficult to interpret due to stent-induced changes to the bile 
duct [49]. The use of cholangioscopy varies based on the 
availability of the equipment and endoscopists with appropri-
ate expertise. For patients with hilar strictures, we typically 
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reserve cholangioscopy for patients who have previously 
undergone ERCP with a negative work-up, but some endos-
copists prefer to perform cholangioscopy at the first ERCP in 
patients highly suspicious for malignancy. This is part to visu-
alize the duct before stent-induced changes which may obfus-
cate image interpretation.

 Intraductal Ultrasonography

Intraductal ultrasonography (IDUS) is a method to help fur-
ther characterize hilar strictures. Using a wire-guided 
approach, a high-frequency ultrasound probe is advanced 
into the bile duct to obtain images of the bile duct and peri-
ductal tissue [50]. The probe is radiopaque and may require a 
sphincterotomy to pass into the bile duct [50]. Findings on 
IDUS that differentiate benign from malignant strictures 
include disruption of the normal triple layer wall architecture, 
eccentric wall thickening, presence of a hypoechoic mass with 
irregular margins or invasion of adjacent structures, and/or 
the identification of malignant-appearing periductal lymph 
nodes [50–54]. The sensitivity of IDUS ranges between 80% 
and 90% with a specificity of 83% [50–54]. IDUS requires a 
separate processor, and IDUS probes are quite fragile and 
easy to damage [50]. As such, the use of IDUS is often limited 
by the availability and the experience of the endoscopist.

 Diagnostic Dilemma and Outcome of Case

Hilar strictures that are concerning for cholangiocarcinoma 
are often clinically challenging since the current means of diag-
nosing bile duct malignancies are imperfect. Among patients 
with a clinical history that may explain their stricture, such as 
postsurgical patients, an exhaustive work-up may not be neces-
sary. However, among patients with an indeterminate biliary 
stricture (see Chap. 5) or with primary sclerosing cholangitis 
(PSC), which is a known risk factor for cholangiocarcinoma, 
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multiple ERCPs may be required in order to secure a diagno-
sis. Of note, EUS with fine needle aspiration or CT-guided 
biopsy are additional options to obtain diagnostic tissue, but 
the concern for seeding the tract with malignant tumor cells 
has made these diagnostic methods fall out of favor.

As described above, our initial preference for diagnosis 
of hilar strictures is to perform dilation to at least 4–6 mm 
prior to obtaining both cytology brushings. If atypical cells 
appear on brushings, we perform FISH analysis to hopefully 
increase the diagnostic yield of malignancy. If the endo-
scope position allows for easy cannulation, we will advance 
biopsy forceps into the duct to biopsy the stricture. In gen-
eral, we reserve cholangioscopy for patients with negative 
cytology brushings and/or biopsies. However, if our concern 
for cholangiocarcinoma is high enough (based on imaging, 
labs, and clinical background), we will proceed to cholan-
gioscopy on the initial ERCP.

 Outcomes of the Case

The patient underwent ERCP, and her cholangiogram 
revealed a tight hilar stricture (Fig. 6.1). We were concerned 
this stricture may be malignant since there were no reported 
operative complications, nor any adjacent errant surgical 
clips to explain her stricture. As such, we proceeded with 
cholangioscopy revealed a pinpoint stricture in the hilum 
without abnormal vessels and villous-/frond-like projections 
(Fig. 6.2). Brushings and targeted biopsies by cholangioscopy 
were obtained but were nondiagnostic. The stricture persisted 
on repeat ERCPs despite repeat balloon dilations and the 
placement of multiple plastic stents (Fig. 6.3). Due to a lack 
of response to dilations, the development of weight loss, and 
new finding of a possible mass on a repeat MRCP, she was 
taken to the operating room for a hepaticojejunostomy. She 
was found to have T3N1 cholangiocarcinoma. She underwent 
adjuvant chemotherapy and radiation and is doing well 
4 years afterward.
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 Case Two

A 72-year-old female with stage IV colon cancer and metas-
tasis to the liver presents to our hospital for a second opinion 
on management of her cancer. At the time of presentation, 
her bilirubin was 37 mg/dL. Cross-sectional imaging revealed 
enlarged hilar lymph nodes and markedly dilated intrahe-
patic biliary dilatation. The patient was admitted and under-
went ERCP, which was notable for diffuse intrahepatic 
irregularities and a hilar stricture (Fig. 6.4), which was stented 
with one plastic stent into the right main hepatic duct. She 
was discharged the next day. However, less than a week later, 

Figure 6.1 Cholangiogram with a tight hilar stricture in a patient 
with elevated transaminases and pruritus postcholecystectomy
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she was readmitted to the hospital with lethargy and  persistent 
hyperbilirubinemia (bilirubin 32 mg/dL). Her imaging showed 
stable position of the previously placed plastic stent, as well 
as persistent intrahepatic biliary dilatation (Fig.  6.5). The 
patient was admitted for a repeat ERCP.

 Management: Biliary Drainage of Hilar Strictures

The optimal approach for biliary drainage of hilar strictures 
is somewhat controversial. While both percutaneous transhe-
patic biliary drainage (PTBD) and ERCP are accepted 

Figure 6.2 Fiber-optic cholangioscopy notable for pinpoint stric-
ture within the common hepatic duct. There was no obvious intralu-
minal mass or growth
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approaches for drainage of hilar strictures, ERCP is often 
preferred due to a number of factors, including improved 
quality of life with endoscopic stents rather than an external 
drain [55–57]. When ERCP is pursued for the management of 
these strictures, endoscopists must then decide whether to 
pursue unilateral or bilateral drainage, the use of plastic or 
self-expanding metal stents (SEMS), and if bilateral drainage 
with SEMS is pursued, what configuration of SEMS is 
 optimal for the patient’s disease. These decisions involve sev-
eral factors, such as the resectability of the malignant obstruc-
tion, as well as the availability and expertise of endoscopists, 
and should be made in a multidisciplinary fashion.

Figure 6.3 Cholangiogram with a persistently abnormal hilar stric-
ture despite multiple balloon dilations and plastic stent placement. 
Her CA 19-9 was normal
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 Unilateral Versus Bilateral Biliary Drainage

Unilateral versus bilateral biliary drainage among hilar 
malignancies is a highly debated question in the current lit-
erature. Bilateral drainage typically involves the placement of 

Figure 6.4 Cholangiogram with hilar stricture and rarefaction of 
intrahepatic bile ducts. (Courtesy of Ryan Law, DO, University of 
Michigan)
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two stents across the right and left intrahepatic biliary sys-
tems to achieve drainage of both lobes of the liver [56]. Liver 
volume is often a marker to assist in determining whether 
unilateral versus bilateral drainage is necessary since drain-
age of >50% of viable liver volume seems to correlate with 
better outcomes [56, 58–60]. However, implementing this in 
practice can be difficult since complex hilar tumors may 
sequester individual liver sectors and bilateral placement of 
stents is often technically more challenging [56, 60–62]. 
Unilateral drainage alone may not relieve jaundice com-
pletely and may leave the patient at risk for cholangitis. 
Studies have found that the use of two or more stents 

Figure 6.5 CT abdomen with previously placed plastic biliary stent 
and intrahepatic biliary dilation from metastatic colon cancer. 
(Courtesy of Ryan Law, DO, University of Michigan)
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improved survival as compared with one stent and reduced 
procedure-related mortality and cholangitis [63]. Furthermore, 
a retrospective study of 480 patients with hilar cholangiocar-
cinoma found superior cumulative stent patency rates for 
bilateral metal or plastic stents compared with unilateral 
metal or plastic stents [64]. Lastly, one of the most recent 
randomized trials evaluated unilateral versus bilateral SEMs 
for patients with malignant hilar strictures and found similar 
clinical success rates among both groups but that the propor-
tion of patients whose bilirubin decreased to <2.0 mg/dL was 
higher among those with bilateral drainage and that primary 
reintervention occurred less often in the bilateral SEMS 
group [3].

In our own clinical practice, we try to achieve bilateral bili-
ary drainage whenever possible to help maximize drainage 
and reduce adverse events associated with unilateral drain-
age. However, it is important to note that some patient’s 
anatomy does not allow for bilateral drainage, so review of 
imaging prior to ERCP is important to determine the domi-
nant biliary system that should be prioritized for drainage.

 Plastic Versus Metal Stent Placement

The majority of the data available suggests that SEMS are 
preferable to plastic stents among patients with malignant 
hilar strictures. Randomized trials and retrospective studies 
have found that SEMS are associated with lower occlusion 
rates, less need for reintervention, and lower rates of adverse 
events, such as cholangitis, stent migration, or stent occlusion 
[65–68]. Although a recent meta-analysis did not find a statis-
tically significant difference between SEMS in terms of rein-
tervention, they did confirm prior findings that SEMS had 
lower occlusion rates and less frequent episodes of cholangi-
tis [61]. The benefits of SEMS over plastic stents were attrib-
uted to the smaller caliber introducer of SEMS, greater 
flexibility of SEMS which allows for easier insertion, and the 
open mesh interstices in SEMS that allow improved drainage 
[61]. Although the cost of metal stents is higher than plastic 
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stents, the overall cost burden may be significantly less given 
the complication rates associated with plastic stents.

Even within our own institution, practice patterns vary by 
endoscopists. We prefer to use plastic stents first to assess 
whether we can establish adequate drainage. If we are able to 
normalize the bilirubin, we then will switch the stent to 
uncovered open-cell designed SEMS.  In patients who may 
have resectable disease (<30% of all hilar malignancies) or 
who may be candidates for liver transplantation, we continue 
to use plastic stents with targeted drainage of liver segments 
contralateral to the region of resection (often referred to as 
the functional liver remnant) to optimize postoperative liver 
function [56, 57, 69, 70]. Again, these clinical decisions should 
be made in a multidisciplinary fashion.

 SEMS Placement: Side-by-Side Versus Stent-in-Stent

Two techniques have been described for the placement of 
bilateral SEMS among patients with malignant hilar stric-
tures: side-by-side stenting and stent-in-stent deployment.

Side-by-side stenting is defined by placing two SEMS in 
parallel in the common bile duct [59]. The proximal ends of 
the SEMS are positioned in the left and right intrahepatic 
bile ducts, and the distal ends of the SEMS would ideally be 
transpapillary to allow for easier access to the biliary system 
at subsequent procedures. In order to achieve this, typically a 
10–12-cm-long SEMS is required. Side-by-side stenting can 
be performed simultaneously, with a 6-Fr delivery system or 
serially, with a 7-Fr or 8-Fr delivery system. If serial deploy-
ment is performed, it is recommended to deploy the first 
SEMS in the most difficult biliary anatomy and the second 
SEMS in the straighter, less angulated intrahepatic duct [59].

Stent-in-stent placement is defined by placing a second 
SEMS through the interstices of the first SEMS. Two wires 
are placed into the left and right intrahepatic system, and the 
first SEMS is deployed in the most angulated or most diffi-
cult biliary anatomy. After deployment of the first SEMS, a 
wire is used to cannulate through the stent interstices of the 
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first stent, using the second guidewire as a landmark. It can 
be difficult to place a wire through the stent interstices espe-
cially when the stent is newly deployed and not yet fully 
expanded. Therefore, balloon dilation can be performed to 
make the stent interstices larger, which helps to facilitate 
wire and stent placement. Stent-in-stent deployment can be 
technically difficult, especially when open-cell SEMS are not 
available [59]. Reintervention of the biliary system can be 
more difficult with the stent-in-stent model because it may 
require traversing through the interstices of the second 
SEMS [59].

In general, a stent-in-stent technique is considered more 
technically difficult as compared to stent-by-stent technique 
since advancing a second wire through the mesh interstices can 
be challenging. However, some endoscopists believe that stent-
in-stent is preferred over stent-by-stent because it allows full 
expansion of the stents in the common bile duct and may be 
more anatomically compliant. There have been no prospective 
studies comparing stent-in-stent versus stent- by- stent. A few 
retrospective studies comparing these two techniques have 
been performed, but there is no consensus for the superiority 
of one technique over another to relieve jaundice. There does 
not seem to be any statistical difference in complications 
including cholecystitis, cholangitis, and liver abscess [71]. 
Additionally, there is no difference in the need for reinterven-
tion or procedure time between the two techniques [72].

 PTC Versus ERCP for Biliary Decompression in Hilar 
Stricture

Currently, ERCP is the preferred method of biliary decom-
pression among patients with hilar strictures. However, some 
observational studies have found that PTBD is superior in 
achieving complete biliary drainage as compared to ERCP 
and that many patients who undergo an initial ERCP for 
malignant hilar strictures require subsequent PTBD for ade-
quate drainage [55, 57, 73–75]. Although some studies have 
found that the risk of adverse events is higher among patients 
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with PTBD versus ERCP, there have been no randomized 
studies that have evaluated the preferred modality of drain-
age among patients with malignant hilar strictures [55]. The 
INTerventional Radiology vs. ERC for Perihilar Tumors 
(INTERCPT) trial is an ongoing multicenter, randomized 
trial comparing ERCP vs. PTBD for decompression of malig-
nant hilar obstruction that will hopefully clarify the optimal 
modality of biliary decompression among patients with 
malignant hilar obstruction [55].

 Diagnostic Dilemma and Outcomes of Case

The endoscopic management of malignant hilar strictures is 
often technically difficult. Endoscopists must determine 
whether to pursue unilateral vs. bilateral drainage or plastic or 
metal stent placement, and if bilateral SEMS are pursued, what 
the optimal configuration of SEMS is for the patient’s disease 
in order to provide the maximal amount of biliary drainage. 
The initial approach for management of these strictures 
includes a multidisciplinary review of cross-sectional imaging 
to help establish resectability and to delineate the anatomy 
prior to their procedure. If a patient is a surgical candidate, our 
approach is to place bilateral plastic stents to allow for optimal 
preoperative biliary drainage. If a patient is not a surgical can-
didate, then placement of bilateral SEMS, in either a stent-in-
stent or stent-by-stent approach, should be pursued based on 
the endoscopists’ experience with these two methods.

 Outcomes of Case

Given that this patient had a hilar stricture from metastatic 
disease, and incomplete biliary drainage with unilateral plas-
tic stent placement, the decision was made to place bilateral 
SEMS in a stent-by-stent orientation. These stents have a 6-Fr 
delivery system and can be deployed simultaneously (Fig. 6.6). 
Since deployment of her stents, her bilirubin normalized, and 
she was able to receive chemotherapy.
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Pearls and Pitfalls
• The diagnosis and endoscopic management of hilar 

strictures are complex and require a multidisci-
plinary approach with radiologists and surgery.

• Obtaining a diagnosis of a hilar malignancy often 
requires multiple ERCPs. Our preference is to start 
with cytology brushings and biopsy forceps and to 
obtain brushings after dilation to increase diagnostic 
yield.

• If samples obtained are negative, the endoscopist 
should consider cholangioscopy, which can directly 
visualize the stricture and allow targeted biopsies.

• Drainage of hilar strictures can be complex because 
of the decisions that need to be made endoscopically 
including unilateral vs. bilateral drainage, plastic 
stents versus SEMS, and the configuration of SEMS 
if used.

Figure 6.6 Cholangiogram with bilateral guidewire placement and 
two metal stents deployed simultaneously within the bile duct. 
(Courtesy of Ryan Law, DO, University of Michigan)
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• Although the current evidence is conflicting, our 
preference is to pursue bilateral drainage whenever 
possible in order to maximize drainage and minimize 
delays in treatment due to persistent jaundice.

• Given the difficulty in diagnosing hilar strictures, if 
malignancy is not confirmed and/or staging has not 
been completed, we place plastic stents.

• If the diagnosis of malignancy is confirmed and a 
patient is considered to be resectable or a transplant 
candidate after multidisciplinary review, we place 
plastic stents and aim to achieve bilateral drainage 
when possible.

• If the diagnosis is confirmed and the patient is not a 
surgical candidate, we attempt to place SEMS since 
they have been associated with lower rates of stent 
occlusion and cholangitis.

• If SEMS are placed, we prefer to use open-cell 
designed metal stents.

• Stent-in-stent versus stent-by-stent configurations 
can be used for bilateral metal stent placement. 
Although stent- in- stent seems more anatomically 
correct, it is often more technically challenging. The 
decision should be based on the endoscopists experi-
ence and the patient’s anatomy.

• PTBD may allow for more optimal biliary drainage 
but has been associated with an increase in adverse 
events.
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 Benign Biliary Strictures

 Introduction

The clinical presentation of biliary obstruction can include mul-
tiple signs and symptoms depending on etiology and chronicity. 
Acute biliary obstruction can lead to abdominal pain, infection 
(cholangitis), and marked elevations in liver transaminases with 
delayed elevations in bilirubin, as is often seen in pancreatico-
biliary lithiasis [1]. Subacute or chronic obstruction can result in 
varying degrees of abdominal symptoms including pain, nausea, 
and vomiting, as well as jaundice, pruritus, dark urine, light-
colored stools, and significant elevation in bilirubin [2].

 Case 1

A 62-year-old man with cirrhosis due to hepatitis C has 
undergone a liver transplant. Six months after transplant, the 
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patient presented with elevated transaminases and mildly 
elevated total bilirubin, with concerns for development of 
biliary anastomotic stenosis. The patient had undergone a liv-
ing donor liver transplant and received the right lobe of the 
donor liver. The right anterior duct was anastomosed to the 
recipient common bile duct via a duct-to-duct anastomosis, 
while the right posterior duct was anastomosed via a Roux-
en-Y hepaticojejunostomy.

Diagnosis and Assessment

The clinical presentation of biliary strictures following liver 
transplant can be highly variable, with some patients 
remaining asymptomatic, while others presenting with 
anorexia, pruritus, fever, abdominal pain, and weight loss. 
In asymptomatic patients, elevated transaminases and total 
bilirubin should raise suspicion for biliary anastomotic 
stenosis.

Benign biliary strictures result in biliary obstruction and 
can lead to all of the above symptoms depending on etiol-
ogy, which is determined by patient history, comorbid condi-
tions, lab results, and imaging studies [3]. Noninvasive 
radiographic studies for evaluating the biliary system would 
include abdominal ultrasonography, computed tomography 
(CT), and magnetic resonance imaging (MRI) of the 
abdomen.

Etiologies of benign bile duct strictures are diverse and 
can be divided into four categories: iatrogenic (postsurgical, 
post-sphincterotomy, postradiation), inflammatory (pancre-
atitis, cholangitis, autoimmune), ischemic, and others (papil-
lary stenosis, extrinsic compression, trauma, etc.) [4]. 
Cholecystectomy and liver transplantation are the most com-
mon causes of postsurgical biliary strictures, with a bile duct 
injury occurring in 0.5% of patients following cholecystec-
tomy and anastomotic stricture occurring in 13–25% of 
patients following liver transplant [5–8]. The incidence of 
common bile duct stricture in patients with chronic pancreati-
tis ranges between 3% and 46% [9, 10].

A. Singla and A. A. Aadam



137

Treatment and Management

Endoscopic retrograde cholangiopancreatography (ERCP) is 
considered the first-line treatment option for benign biliary 
strictures and has been shown to be safe and effective, with 
excellent long-term results [4, 11, 12]. Techniques used for 
treatment during ERCP include dilation of the stricture and 
subsequent stent placement to bridge the stenosis with either 
multiple plastic biliary stents or a fully covered self- 
expandable metal stent (FCSEMS).

Balloon dilation followed by stent placement remains the 
mainstay of treatment for benign biliary strictures [4]. 
Specifically, for benign biliary strictures, the European Society 
of Gastrointestinal Endoscopy (ESGE) recommends placing 
temporary simultaneous plastic stents with re-evaluation and 
exchange every 3  months for up to 12  months [13]. More 
recent studies have shown that FCSEMSs are also effective 
and potentially preferable in certain circumstances.

Endoscopic management with ERCP is considered the 
first-line management approach to biliary strictures following 
liver transplant [4]. If a biliary anastomotic stenosis is 
encountered, a guidewire is advanced past the stricture, and 
balloon dilation is performed, followed by placement of plas-
tic biliary stents. The stricture should be dilated to the diam-
eter of the donor duct, typically ranging from 4 to 10  mm, 
progressively increasing in subsequent ERCPs. ERCP is 
repeated every 3 months to re-examine the stricture site, with 
greater number of plastic stents placed. Procedures can be 
stopped once resolution of the stricture is noted, and all 
stents have been removed [14]. This strategy is safe and effec-
tive, with about four ERCPs required, and resolution in 
66–100% of patients [4, 12, 15].

Despite the success of endoscopic treatment with multiple 
plastic stents, fully covered self-expandable metal stents 
(FCSEMS) have been used in the treatment of posttransplant 
biliary anastomotic strictures in recent years. One small ran-
domized trial showed similar efficacy of FCSEMS compared 
to multiple plastic stents resulting in similar success and com-
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plication rates, but with fewer overall number of procedures 
required, leading to cost-effectiveness of the FCSEMS [16]. 
However, stent migration of FCSEMS is of significant con-
cern, occurring in 33% of patients in a recent prospective, 
randomized trial [17], and there is potential for a higher num-
ber of adverse events [18]. In another study using FCSEMS 
comparing patients who had failed multiple plastic stents and 
those who had no previous endoscopic therapy, the rate of 
stent migration of FCSEMS was still 33%, though stricture 
resolution was achieved in 72% of patients who had previ-
ously failed therapy [19]. Hence, the standard approach of 
multiple plastic stents is preferred as the primary modality in 
endoscopic therapy of posttransplant biliary anastomotic 
strictures, with the use of FCSEMS reserved for when the 
standard approach fails [14, 19].

Living donor liver transplants (LDLTs) constitute about 
5% of all transplants in the United States, with the overall 
number significantly varying between UNOS regions, and 
only a few specific centers performing ten or more per year 
[20]. In the United States, LDLT has been shown to reduce 
mortality on the transplant waiting list and possibly improve 
5-year survival when compared to deceased donor liver trans-
plant (DDLT) [21, 22]. As noted above, biliary complications 
following liver transplant are common. However, the risk of 
biliary complications is significantly higher in patients under-
going LDLT when compared to DDLT, a finding that has 
been observed in multiple studies [23–26].

Patients having undergone LDLT who experience biliary 
anastomotic stenosis pose additional challenges to the endos-
copist. For the typical duct-to-duct anastomosis, the donor 
duct is typically smaller when compared to DDLT and the 
biliary system often angulated, resulting in difficulty  advancing 
a wire across the stenosis [27]. Indeed, failure to advance a 
guidewire through an anastomotic stenosis following LDLT 
ranges from 16% to 38% [27, 28]. More advanced techniques 
can be helpful in traversing anastomotic strictures following 
LDLT, with one case series showing moderate success using 
cholangioscopy-guided wire passage in those patients who 
failed initial passage [29].
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Long-term outcomes of the treatment of posttransplant bili-
ary anastomotic strictures in patients having undergone LDLT 
have yet to be studied in detail, but endoscopic therapies seem 
to be effective. One observational study noted a 21% recur-
rence rate of strictures, all of which were successfully retreated 
endoscopically over a total follow-up period of 70 months [28].

Few studies and case series have evaluated FCSEMS for 
patients experiencing anastomotic biliary strictures after 
LDLT. In a small study examining the use of FCSEMS as sal-
vage therapy following failure of standard approaches, patients 
with biliary anastomotic strictures after LDLT had a stricture 
resolution rate of 83%, with stent migration observed in 6%; 
however, the covered metal stent used in that study is not 
available in the United States [30]. Stent migration of FCSEMS 
and the resultant consequences would be of equal concern in 
patients having undergone LDLT compared to DDLT, and 
thus, FCSEMS should likely be reserved for refractory cases.

ERCP in patients with bilioenteric anastomosis is espe-
cially difficult, usually requiring deep enteroscopy to reach 
the bilioenteric anastomosis. The use of balloon entero-
scopes to reach the anastomosis limits the types of accesso-
ries that can be used for the procedure owing the length of 
the enteroscope itself. Additionally, further difficulties arise 
due to the lack of an elevator and the small working chan-
nel. A few meta-analyses have examined the success rates of 
these procedures, with one showing an overall procedural 
success rate of 61.7% [31]. Ultimately, there is a significant 
learning curve for ERCP in altered anatomy, which can be 
successful in experienced hands [4, 27]. Bilioenteric anasto-
motic strictures can be less recalcitrant when compared to 
duct-duct anastomotic strictures, often requiring balloon 
dilation alone [32].

Case 1 Outcome

The patient underwent ERCP with cholangiography showing 
stenosis at the duct-to-duct anastomosis (Fig. 7.1a) leading to 
the right anterior system. At the initial ERCP, this was dilated 
to 4 mm, and a 10 Fr plastic stent was successfully placed.
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An adult colonoscope was used to reach the hepaticojeju-
nostomy with some difficulty, and limited cholangiography 
was performed, indicating stenosis at the hepaticojejunostomy. 
Given the severity of the stenosis, a guidewire could not be 
advanced into the right posterior system (Fig.  7.1b). 
Percutaneous cholangiography was then performed by inter-
ventional radiology and was notable for dilated right posterior 
system leading to the stenosis at the hepaticojejunostomy 
(Fig. 7.1c). A percutaneous wire was able to traverse the hepati-
cojejunostomy and was coiled in the small bowel (Fig. 7.1d). 
The right posterior system was then able to be successfully 
accessed endoscopically using the rendezvous technique 
(Fig.  7.1e). The hepaticojejunostomy was balloon dilated 
(Fig. 7.1f), and a 10 Fr plastic stent was placed (Fig. 7.1g).

The stenosis at the hepaticojejunostomy resolved quickly 
over subsequent ERCPs (Fig.  7.1h), while the stenosis at the 
duct-to-duct anastomosis required further dilation and place-
ment of multiple plastic stents. At 1 year, complete resolution of 
this stenosis was noted as well.

Figure 7.1 Post living donor liver transplant biliary anastomotic 
strictures involving the duct-duct anastomosis and hepaticojejunos-
tomy. Initial ERCP via the papilla showed stenosis at the duct-duct 
anastomosis in this patient who underwent LDLT (a, arrow), with 
associated upstream dilation of the right anterior system. A pediatric 
colonoscope was advanced to the hepaticojejunostomy, which was 
also noted to be stenosed, and a guidewire was unable to be passed 
into the right posterior system (b). A percutaneous cholangiogram 
was performed by interventional radiology (c), and a guidewire was 
able to traverse the stenosis at the hepaticojejunostomy and was 
coiled in the small bowel (d). Overall cholangiography findings of the 
right posterior system were notable for dilation of the bile ducts 
above the stenosis at the hepaticojejunostomy (c–e). Using the ren-
dezvous technique, endoscopic access to the right posterior system 
was obtained (e). The stenosis at the hepaticojejunostomy was bal-
loon dilated (f) and a 10 Fr plastic stent was successfully placed (g). 
This stenosis at the hepaticojejunostomy eventually resolved (h)
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 Case 2

A 62-year-old man with a history of chronic pancreatitis pre-
sented with symptoms of right upper quadrant and epigastric 
abdominal pain associated with nausea, pruritus, jaundice, and 
dark urine, worsening over the course of 1 week. He has also 
been experiencing intermittent fevers and chills. Initial lab tests 
on arrival were notable for marked elevation in transaminases 
and alkaline phosphatase, a total bilirubin of 7.0, and leukocytosis. 
Abdominal ultrasound is notable for marked dilation of the 
intrahepatic bile ducts. CT scan shows changes in the pancre-
atic parenchyma consistent with chronic pancreatitis and mild 
interstitial acute pancreatitis, with difficulty visualizing the 
extrahepatic bile duct.

Diagnosis and Assessment

The initial evaluation of a patient presenting with abdominal 
pain and physical findings concerning for possible biliary 
obstruction includes laboratory evaluation and imaging, 
which are paramount in establishing the diagnosis. With this 
patient’s history of chronic pancreatitis, and without imaging 
evidence of a malignant mass, the etiology of biliary obstruc-
tion is most likely due to pancreatic fibrosis in the head of the 
pancreas, with resulting distal biliary stricture. Distal common 
bile duct stricture in the area of the head of the pancreas 
results from progressive fibrosis of the pancreatic paren-
chyma and develops in 3–46% of patients with chronic pan-
creatitis [10, 13, 33, 34].

Traditionally, bile duct strictures due to chronic pancreati-
tis do not need intervention unless there are signs and symp-
toms of biliary obstruction. These would include infectious 
symptoms due to cholangitis associated with elevations in 
transaminases and total bilirubin, and symptoms of biliary 
pain due to the formation of sludge and stones in a partially 
obstructed, dilated biliary system. While there is no evidence 
of distal pancreatic mass on CT scan, and the etiology is most 
likely stricture due to pancreatitis, it is still important to rule 
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out a primary biliary malignancy with brushings for cytology. 
Placement of transpapillary parallel plastic stents is effective 
in 60–90% of cases [35]. As previously mentioned, balloon 
dilation with placement of increasing number of stents is per-
formed sequentially every 3–4 months for up to 12 months. 
The stricture is considered resolved when the stricture waist 
has disappeared and contrast is able to freely drain from the 
biliary system [33].

Treatment and Management

On the spectrum of benign bile duct strictures, strictures due 
to chronic pancreatitis can be recalcitrant and respond least 
well to therapy with plastic stents [36]. In one observational 
study of 58 patients, the overall success rate at 12 months was 
only 38% [37]. The only predictor of success at 12 months was 
evidence of concomitant acute pancreatitis. This may indicate 
that the high recurrence rate of biliary strictures secondary to 
chronic pancreatitis may be due to the fibrotic, calcific nature 
of the disease.

As an alternative to plastic stents, fully covered self- 
expanding metal stents (FCSEMS) have been used in the 
treatment of benign biliary strictures. There are many poten-
tial advantages with FCSEMS, including easier deployment 
of a single stent compared to multiple plastic stents, larger 
post-deployment diameter, and less frequent and fewer endo-
scopic sessions. The FCSEMS can stay in place for 6 months 
before requiring removal, after which time there is a risk of 
stent occlusion and embedment due to the hyperplastic reac-
tion of the biliary mucosa [33]. Disadvantages to FCSEMS 
include higher cost than plastic stents and potential difficulty 
with removal.

In a randomized trial comparing FCSEMS and plastic 
biliary stents in benign biliary strictures, FCSEMS were as 
effective as plastic stents and achieved resolution of stric-
tures with fewer procedures (2.14 vs 3.24) [38]. In a system-
atic review and meta-analysis comparing FCSEMS and 
plastic biliary stents specifically in benign strictures due to 
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chronic pancreatitis, FCSEMS showed higher clinical suc-
cess at 12  months (77% vs 33%), lower incidence of late 
adverse events, and a lower number of ERCPs (1.5 vs 3.9). 
Despite the higher cost of FCSEMS when compared to 
plastic stents, there is evidence to show that the use of 
FCSEMS in benign biliary strictures due to chronic pancre-
atitis is cost-effective given the fewer number of ERCPs 
required [39].

Thus, while the use of simultaneous and increasing size/
number of plastic stents in the treatment of benign biliary 
strictures is the generally preferred approach, when it comes 
to strictures due to chronic pancreatitis, we prefer the use of 
a fully covered self-expending metal stent.

Case 2 Outcome

The patient underwent ERCP, and a distal common bile duct 
stricture was confirmed (Fig. 7.2a). Brushings of the stricture 
were performed, and the stricture was dilated to 6 mm with a 
biliary dilation balloon. A 10 Fr by 7  cm plastic stent was 
placed into the common bile duct (Fig. 7.2b). Cytology results 
from the brushings returned negative for malignancy. The 
patient’s symptoms and lab findings improved significantly. He 
returned 3 months later for an ERCP, at which time the previ-
ously placed stent was removed, the stricture dilated to 8 mm, 
brushings repeated, and three parallel 10 Fr by 7  cm plastic 
stents were able to be placed. Cytology results again returned 
negative for malignancy, and the patient’s stents were removed 
3 months later, at which time the stricture was noted to have 
resolved.

Four months after the removal of the biliary stents, the 
patient returned with similar symptoms to his original pre-
sentation (abdominal pain, itching, jaundice). Imaging con-
firmed a recurrent stricture. The patient underwent repeat 
ERCP, and the recurrent stricture was noted in the area of the 
head of the pancreas. At this time, a transpapillary 10 mm by 
6  cm fully covered metal stent was successfully deployed 
(Fig. 7.2c).
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 Bile Leaks

 Introduction

Bile duct injury resulting in bile leak can occur following 
surgical procedures on the biliary system, including cholecys-
tectomy, liver resection, and liver transplantation. The incidence 

a

c

b

Figure 7.2 Biliary stricture due to chronic pancreatitis. Initial ERCP 
showed severe stricture of the common bile duct in the area of the 
head of the pancreas and associated upstream dilation of the main bile 
duct and intrahepatics (a, arrow). A transpapillary 10 Fr plastic stent 
was placed at the initial ERCP in order to traverse the stenosis (b). 
Eventually, the patient failed multiple plastic stents, and eventually, a 
transpapillary 10 mm by 6 cm fully covered self-expanding metal stent 
was placed to traverse the stricture (c). Note the waist in the body of 
the stent after initial placement in the area of the stenosis (arrow)
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of bile leak following cholecystectomy has varied and is esti-
mated to occur in 0.4–1% of all cholecystectomies in the lapa-
roscopic era, with some evidence to suggest a higher 
association with open cholecystectomies [40, 41]. The overall 
incidence of bile leaks following liver transplant is common, 
with one review of literature noting an incidence of 8.2%, and 
various studies showing a range of 2–25% [23, 42].

 Case 3

A 34-year-old man with a history of cirrhosis due to alcohol 
use undergoes a living donor liver transplant and receives a 
donor right lobe. The transplant is initially uneventful, and the 
patient is discharged. A few days following discharge, the 
patient is seen urgently in transplant surgery clinic, where he is 
noted to have a distended/tender abdomen and bilious dis-
charge from the incision site. He is admitted to the hospital and 
taken for a laparotomy, at which time a large amount of bile is 
washed out of the peritoneum, and leakage of bile is noted 
from the cut surface of the liver, which was repaired surgically. 
A Jackson-Pratt drain was left in place. Over the next 2 days, 
there was continuous drainage of bile from the JP drain, con-
cerning for an ongoing bile leak.

Diagnosis and Assessment

Bile leaks are diagnosed clinically, often presenting as a 
biloma resulting in bile peritonitis or as persistent drainage of 
bile from a percutaneous drain in the right upper quadrant. 
Combined with a history of hepatobiliary surgical interven-
tion, the presence of a collection of fluid on imaging, such as 
transabdominal ultrasonography or computed tomography, 
should raise significant suspicion for a bile leak. While US 
and CT scan are useful, these methods cannot reliably distin-
guish bile leaks from other postoperative fluid collections 
such as blood, serous fluid, or pus. In this way, MRCP, com-
bined with hepatobiliary contrast-enhanced MR imaging, is 
useful in detecting biliary leak and differentiating it from 
other postoperative complications [43].
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With respect to bile duct injuries following cholecystec-
tomy, various classification systems have been proposed [44]. 
The Bismuth classification is based on the location of the 
injury in the biliary tract, specifically according to the distance 
from the biliary confluence [45]. However, this system does 
not include the wide spectrum of possible biliary injuries. The 
Strasberg classification consequently sought to expand the 
Bismuth classification and includes different types of injuries 
and leaks [46]. The most useful classification for endoscopists 
is likely the Amsterdam classification proposed by Bergman 
et  al., where there are four types of postoperative bile duct 
injury: type A being a cystic duct or aberrant duct leak, type B 
being a major bile duct leak with or without concomitant stric-
ture, type C being a bile duct stricture without a leak, and type 
D being a complete transection of the bile duct [47].

Bile leaks following hepatobiliary surgery such as liver 
resection and liver transplant are common and can be more 
complex when compared to cholecystectomy, occurring in up 
to 15% of all liver resections [48]. In a meta-analysis, the rate 
of biliary leakage after liver transplant was 8.2%, without 
significant difference between DDLT (7.8%) and LDLT 
(9.5%) [23]. Bile leaks following hepatobiliary surgery make 
up about 17% of all postsurgical bile leaks, with post- 
cholecystectomy leaks accounting for the rest [49].

Known risk factors for the development of bile leak fol-
lowing liver transplant include surgical technique, hepatic 
artery thrombosis, donors after cardiac death, prolonged 
warm and cold ischemia times, ABO blood group mismatch, 
and T-tube use [50].

Following liver transplant, leakage may develop at the 
anastomotic site, from the cystic duct remnant, from the cut 
surface of partial liver grafts in the case of LDLT, and follow-
ing T-tube removal [25]. Anastomotic leaks or leaks resulting 
from anastomotic strictures are the most common type to 
occur in post-liver transplant patients, followed by complica-
tions due to the presence of a T-tube if a T-tube is placed at 
the time of surgery [51]. It should be mentioned that the cur-
rent trend is toward no longer using T-tubes in the prevention 
of anastomotic strictures [52].
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Treatment and Management

In early years prior to the development of minimally invasive 
endoscopic techniques, surgical repair or conversion to hepati-
cojejunostomy was primarily used, with resultant morbidity and 
mortality [48, 53–55]. However, in the era of therapeutic ERCP, 
the vast majority of bile leaks are able to be successfully treated 
endoscopically with a combination of sphincterotomy and 
placement of biliary stents, given that the continuity of the bile 
ducts is maintained, and the main ducts have not been com-
pletely transected. The goal of sphincterotomy and stent place-
ment is twofold: to potentially bridge and cover the leak if 
possible, thereby allowing healing and/or to lead to preferential 
flow of bile through the papilla resulting in a reduced pressure 
gradient, thereby diminishing flow through the leak [53, 55].

As in post-cholecystectomy bile leaks, ERCP with sphinc-
terotomy and stent placement is the minimally invasive treat-
ment of choice in bile leaks following liver transplant. Overall, 
endoscopic therapy solves the problem in 85% of patients [13, 
25, 56, 57]. However, when compared to bile leaks after chole-
cystectomy, the rates of success are somewhat lower in 
patients who undergo liver transplant or liver resection [58]. 
In one study, multiple ERCPs were successful in treating 95% 
of leaks following cholecystectomy, but only 86% of leaks fol-
lowing liver transplant or other hepatobiliary surgery [58].

Based on experience and literature, a general protocol for 
endoscopic therapy of bile leaks can be proposed [47, 48, 53–55, 
58, 59]. Treatment should consist of cholangiography to localize 
and assess the severity of the leak, followed by sphincterotomy, 
and placement of a plastic biliary stent. The stent should cover 
or span the bile leak if possible (i.e., not in patients with a very 
peripheral leak or a terminal leak). Bilious output from the 
percutaneous drain should be monitored, and when complete 
resolution is suspected, repeat ERCP with stent removal and 
reassessment should be performed (typically 4–6  weeks fol-
lowing initial procedure). For persistent leaks (i.e., no improve-
ment in bilious output within 2–3 days following initial ERCP), 
repeat ERCP with multiple plastic stents should be considered. 
For those who fail this treatment, ERCP with placement of a 
fully covered self- expanding metal stent (FCSEMS) can be 
attempted if the stent can be placed above the leak site [53, 59]. 
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If endoscopic therapy has failed, then referral for surgery 
would be appropriate.

While some specific classification systems exist for bile leaks 
following cholecystectomy, a clinically useful method for the 
endoscopist to assess a postoperative bile leak would be a two-
category system delineating low-grade (small) leaks and high-
grade (large) leaks. Low-grade leaks would be classified as such 
if the leak is identified only after filling of the intrahepatic duct 
with contrast during cholangiography. High- grade leaks would 
be classified when there is substantial extravasation of contrast 
prior to filling of the intrahepatic bile duct at the time of chol-
angiography [48, 55, 60]. In one study, bile leak severity was the 
only independent factor associated with eventual success of 
endoscopic treatment following hepatobiliary surgery.

The use of FCSEMS in the treatment of posttransplant 
bile leaks has not been studied in detail. In one study examin-
ing the outcomes of FCSEMS in posttransplant bile leaks, 
there was a high rate of resultant common bile duct strictures, 
and removal was difficult in some cases, despite achieving 
resolution of bile leak [61]. Therefore, at this time, the use of 
FCSEMS is only recommended in select cases of refractory 
bile leaks, if at all [13, 25].

The success of endoscopic treatment for post- cholecystectomy 
bile duct leaks has been shown to be greater than 90% [53]. The 
success rate approaches 100% for Amsterdam type A bile duct 
injuries, which is the most common type of injury seen after a 
cholecystectomy [58, 62, 63]. For other types of leaks, the suc-
cess rate is significantly lower. For patients with Amsterdam 
type B leak, the success rate has been reported to vary between 
60% and 80%, and nearly all patients with a complete transec-
tion of a main bile duct (Amsterdam type D) typically require 
surgical repair [58, 62, 63].

Case 3 Outcome

The patient underwent ERCP 2 days following laparotomy. On 
cholangiography, there was immediate extravasation of contrast 
at the posttransplant biliary anastomosis. Additionally, it was 
noted that the leak also involved the branch leading to the right 
posterior ductal system. The intrahepatic ducts in the right pos-
terior system and right anterior system eventually opacified with 
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contrast (Fig. 7.3a). With some difficulty, guidewires were able to 
be passed into both the right anterior and right posterior system 
(Fig.  7.3b). Two 8.5 Fr plastic stents were placed, both ending 
upstream above the location of the leak, with one in the right 
posterior system and one in the right anterior system (Fig. 7.3c).

One day following the procedure, the patient’s output of bile 
from the percutaneous drain was noted to be significantly 
reduced, and continued to improve the following day, at which 
time the patient was discharged.

a

c

b

Figure 7.3 Bile leak at the anastomosis following living donor liver 
transplant. Initial ERCP showed immediate extravasation of contrast at 
the posttransplant biliary anastomosis, indicating a large bile leak involv-
ing the right posterior system (a, arrow). With significant difficulty due 
to the small, angulated ducts, two guidewires were placed into the biliary 
system, with one in the anterior system and one in the posterior system 
such that the bile leak was traversed (b). Two 8.5 Fr plastic stents were 
placed, both ending upstream above the location of the leak, with one in 
the right posterior system and one in the right anterior system (c)
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Pearls and Pitfalls
• Endoscopic retrograde cholangiopancreatography 

(ERCP) is considered the first-line option for treat-
ment of benign biliary strictures and has been shown 
to be safe and effective, with strong long-term results.

• A standard approach for the treatment of benign bili-
ary strictures includes ERCP with sphincterotomy, 
balloon dilation of the stricture to the width of the 
bile duct, and placement of multiple plastic stents. 
ERCP is repeated with stent exchange every 3 months 
for up to 1 year until stricture resolution is achieved.

• Fully covered self-expanding metal stents (FCSEMS) 
are effective in treating benign biliary strictures, 
requiring a lower number of ERCPs; however, stent 
migration can be a significant concern.

• In patients having undergone living donor liver 
transplant (LDLT), the donor duct is typically smaller 
when compared to deceased donor liver transplant 
(DDLT), and the biliary system is often angulated, 
resulting in difficulty advancing a wire across the 
stenosis.

• FCSEMS are preferred in the treatment of bile duct 
strictures due to chronic pancreatitis because these 
strictures tend to be more recalcitrant and respond 
least well to therapy with plastic stents.

• The vast majority of bile leaks are able to be success-
fully treated endoscopically with a combination of 
sphincterotomy and placement of biliary stent, given 
that the continuity of the bile duct is maintained, and 
the main ducts have not been completely transected.

• The stent should cover or span the bile leak if possi-
ble (i.e., not in patients with a very peripheral leak or 
a terminal leak).

• Classifying bile leaks as low grade and high grade at 
the time of cholangiography can be helpful in deter-
mining treatment success.

• Anastomotic leaks or leaks resulting from anasto-
motic strictures are the most common type to occur 
in post-liver transplant patients.
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• While multiple ERCPs may be beneficial in treating 
bile leaks following cholecystectomy, the success of 
subsequent ERCPs after failure of initial ERCP in 
bile leaks following hepatobiliary surgery and liver 
transplant is much lower.

• In both benign bile duct strictures and bile leaks fol-
lowing liver transplant, the use of FCSEMS should 
be reserved only for refractory cases.
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 Case Presentations

 Case 1

A 29-year-old man with history of ataxia-telangiectasia syn-
drome (ATM gene mutation) presented with 2 days of pain-
less jaundice associated with nausea and vomiting. The 
patient was afebrile, hemodynamically stable, and physical 
exam revealed conjunctival telangiectasias and scleral icterus. 
Laboratory studies were remarkable for total bilirubin 
11.7 mg/dL, direct bilirubin 9.7 mg/dL, and alkaline phospha-
tase 398  units/L.  An abdominal ultrasound showed a dis-
tended gallbladder in addition to intrahepatic and extrahepatic 
biliary dilatation without identifiable filling defect. Magnetic 
resonance imaging with cholangiopancreatography (MRI/
MRCP) demonstrated a 3.3 by 3.3 cm hypoenhancing mass in 
the distal duodenal bulb and descending duodenum resulting 
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in common bile duct (CBD) stricture and dilatation of the 
pancreatic duct without vascular invasion (Fig. 8.1).

Figure 8.1 A 29-year-old man with history of ataxia-telangiectasia 
syndrome (ATM gene mutation) presented with a hypoenhancing mass 
in the distal duodenal bulb and descending duodenum resulting in com-
mon bile duct (CBD) stricture and dilatation of the pancreatic duct. 
Evaluation with upper endoscopy demonstrated a complete obstruc-
tion of the duodenal bulb due to a friable mass (a) that was successfully 
dilated under fluoroscopic guidance to 18 mm (b). Subsequently, pas-
sage of a duodenoscope was possible, and cholangiography demon-
strated a severe, malignant-appearing distal bile duct stricture (c). An 
uncovered metallic biliary stent was successfully deployed (d, e), fol-
lowed by the successful placement of an uncovered metallic duodenal 
stent (f, g) for palliation of the gastric outlet obstruction

a b

c d
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 Case 2

A 57-year-old woman presented with painless jaundice, and 
MRI/MRCP showed a porcelain gallbladder, Mirizzi’s syn-
drome, and right adnexal cystic mass concerning for primary 
ovarian malignancy. Mirizzi’s syndrome was palliated with 
ERCP, sphincterotomy, and plastic stent placement. 
Subsequent exploratory laparotomy, bilateral salpingo- 
oophorectomy, omentectomy, and subtotal cholecystectomy 
demonstrated metastatic gallbladder cancer with peritoneal 
and drop ovarian metastases. Postoperatively, the patient 
developed a left intrahepatic bile leak that was treated with 
stent placement. Over the next year, the patient was managed 
with plastic stent exchanges with a progressive, Bismuth IV 

e f

g

Figure 8.1 (continued)
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severe hilar stricture involving the upper portion of the CBD 
in addition to the left main and right main hepatic ducts. 
Despite bilateral plastic stenting with fenestrated double pig-
tail plastic stents, she presented with cholangitis and gastric 
outlet obstruction (Fig. 8.2).

 Case 3

A 59-year-old woman with a history of poorly differentiated 
duodenal cancer, managed with ERCP and plastic stent 
placement, underwent attempted Whipple procedure. 
Intraoperatively, she was found to have multiple liver 
 metastases, so the Whipple operation was aborted. A 
 gastrojejunostomy was performed to alleviate gastric outlet 
obstruction symptoms. However, postoperatively, the patient 

Figure 8.2 A 57-year-old woman with a complex history of meta-
static gallbladder cancer complicated by Bismuth IV hilar strictures 
previously managed with bilateral plastic stent placement now pres-
ents with septic shock and gastric outlet obstruction. The malignant 
gastric outlet obstruction was dilated to 18 mm under fluoroscopic 
guidance (a), and an Olympus JF slim duodenoscope was advanced 
to the major papilla. Limited cholangiography confirmed the persis-
tence of a severe, complex hilar stricture (b). Subsequently uncov-
ered metallic stents were placed in a Y-configuration for palliation 
of the hilar obstruction, and an uncovered duodenal stent was 
placed for the management of the gastric outlet obstruction (c, d). 
The patient returned several months later with recurrent cholangitis. 
After dilation of the previously place duodenal stent, the JF duode-
noscope was advanced to the region of the major papilla (e). The 
uncovered metallic biliary stent was cannulated through the inter-
stices of the duodenal stent with a guidewire, and the orifice was 
dilated to allow stent passage. Limited cholangiogram demonstrated 
persistence of a complex stricture of the left intrahepatic duct (f). 
Subsequently to 7 Fr plastic stents were successfully placed into the 
left intrahepatic duct with subsequent resolution of cholangitis (g)
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developed fever and obstructive jaundice with a total biliru-
bin 4.8  mg/dL and alkaline phosphatase 754  units/L 
(Fig. 8.3).

 Assessment and Diagnosis

Concurrent biliary and duodenal obstruction (CBDO) occurs 
in both malignant and benign diseases. Among malignant 
etiologies, pancreatic adenocarcinoma is the most common, 
followed by ampullary cancer, gallbladder cancer, cholangio-
carcinoma, gastric cancer, small bowel adenocarcinoma, 
intestinal and extraintestinal lymphoma, and metastatic dis-
eases. Benign conditions, such as autoimmune pancreatitis, 
sclerosing mesenteritis, and Bouveret’s syndrome, are much 
less common causes of CBDO [1].

Without therapy, the mean survival for patients presenting 
with malignant biliary obstruction is less than 200  days. 
Because most patients have advanced disease at the time of 

Figure 8.3 A 59-year-old woman with a history of poorly differenti-
ated duodenal cancer, managed with ERCP and plastic stent place-
ment, underwent an aborted Whipple due to intraoperative 
identification of diffuse metastatic disease. A palliative surgical 
gastrojejunostomy was surgically created but the patient developed 
cholangitis and biliary obstruction postoperatively. Endoscopy dem-
onstrated complete and untraversable obstruction at the level of the 
pylorus due to malignant infiltration (a). Subsequently the Olympus 
1 T upper endoscope was able to be advanced retrograde through 
the gastrojejunostomy to the second portion of the duodenum (b, c). 
There was malignant infiltration of the duodenum distal to the 
papilla. Utilizing a sphincterotome with fluoroscopic guidance, a 
guidewire was able to be advanced adjacent to the previously placed 
plastic stent into the bile duct. Cholangiography confirmed a severe 
2 cm distal biliary stricture with upstream dilation (d). Subsequently, 
an uncovered metallic biliary stent was deployed under fluoroscopic 
(e) and endoscopic (f) guidance, successfully (g)
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presentation, operative resection with curative intent is only 
possible in 10–15% of cases [2]. While there are not large series 
of patients with CBDO, published cohorts suggest that these 
patients have a worse prognosis, with as little as an 81-day 
median survival [3]. Given this prognosis, treatment must aim 
to palliate symptoms of duodenal obstruction, obstructive 
jaundice, and pain. While there is controversy about the best 
approach to palliative treatment, options include surgical 
approaches (biliary and gastric bypass with choledochojejunal 
and gastrojejunal anastomoses), percutaneous drainage 
options (percutaneous biliary drainage), and endoscopic 
approaches (endoscopic biliary and enteral stent placement).

Although the diagnosis of CBDO can be confirmed by 
endoscopic evaluation, clinical vigilance by incorporating 
clinical history, physical examination, and biochemical and 
radiographic findings can prevent unnecessary repeat proce-
dures or delay in care. Patients usually present with symp-
toms of biliary obstruction including jaundice and pruritus 
with associated conjugated hyperbilirubinemia and imaging 
findings of biliary ductal dilatation. The difficulty usually 
arises in recognizing gastric outlet obstruction (GOO) before 
proceeding with endoscopic biliary decompression. Patients 
with GOO usually have nonspecific symptoms that could be 
explained by the primary disease, and it is important to have 
a low index of suspicion. Patients could present with nausea, 
vomiting, abdominal pain, early satiety, weight loss, dehydra-
tion, and undernutrition. Imaging might show large volume of 
gastric contents with or without a dilated stomach or duode-
num. Oral and intravenous contrast are key due to their abil-
ity to establish the diagnosis, assess the stage of malignant 
diseases, evaluate the anatomy before procedures, and assess 
for possible contraindications and the extent and severity of 
luminal stenoses. The above findings in the right clinical set-
tings should elicit the suspicion for CBDO in the pre- 
procedural setting.

Based on the timing of the development of the biliary 
obstruction compared to the development of the duodenal 
obstruction, patients with CBDO can be classified into three 
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groups: (1) biliary obstruction followed by duodenal obstruc-
tion within weeks to months which is the most common sce-
nario (as in the first and third cases above), (2) simultaneous 
biliary and duodenal obstruction (as in the second case 
above), or (3) duodenal obstruction followed by biliary 
obstruction (least common).

From an anatomic and prognostic standpoint, CBDO can 
be classified into three types based on the location of the 
duodenal obstruction in relation to the major papilla, as 
described by Mutignani et al. (Fig. 8.4) [3, 4]. Type 1 repre-
sents duodenal obstruction that occurs at the level of the 
duodenal bulb or upper genu of the pancreas without 
involvement of the major papilla as in the first case. Type 2 is 
duodenal obstruction at the level of the major papilla as in 
the second case. Type 3 is duodenal obstruction distal to the 
major papilla. Generally, combined endoscopic approaches 
are most readily achievable in type 3 and most challenging in 
type 2 when biliary cannulation is hampered by tumor 
involvement of the papilla.

The above classifications can affect the clinical approach, 
treatment strategy, and outcomes for a patient. For example, 
in the three cases discussed, while all presented with obstruc-
tive jaundice, in the first case, the diagnosis of GOO was 
delayed until the time of endoscopy. In the second case, the 

Figure 8.4 Anatomic subtypes of combined biliary and duodenal 
obstruction, as suggested by Mutignani et al. [3]
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presence of ingrowth into the stents and worsening hilar mass 
on imaging were clues into the possible concurrent obstruc-
tion. While in the third case, the prior knowledge of the pres-
ence of the duodenal malignancy and GOO requiring surgical 
bypass were key in attempting a retrograde approach.

 Treatment and Management

The management of benign etiologies of CBDO primarily 
focuses on the treatment of the underlying process in the 
cases of sclerosing mesenteritis or AIP or relief of the 
obstructing stone in the case of Bouveret’s syndrome. We will 
focus here primarily on the management of malignant 
CBDO, which accounts for the vast majority of presentations 
in clinical practice.

In early stages, when the malignant disease can be resected, 
the role of endoscopy is to alleviate the symptoms and achieve 
biliary drainage while awaiting surgical resection. However, 
usually the presence of CBDO indicates at least locally 
advanced disease that is unresectable. Historically, unresect-
able disease was palliated surgically by performing double-
bypass surgery, gastrojejunostomy with hepaticojejunostomy 
or choledochojejunostomy, at the time of the diagnostic lapa-
rotomy. With the advancement of radiographic and endoscopic 
technologies, surgical palliation is rarely done. From an endo-
scopic perspective, a common theme is to attempt to treat the 
biliary obstruction first. This is related to the increased diffi-
culty of accessing the major papilla when it becomes jailed 
behind an enteric stent. In addition to traditional endoscopic 
approaches, endoscopic ultrasound-guided biliary access and 
lumen-apposing metal stents (LAMS) have advanced our abil-
ity to perform minimally invasive palliative procedures to 
alleviate the complications of malignant diseases including 
CBDO even in patients who are poor surgical candidates. Here 
we briefly discuss the management of isolated biliary and duo-
denal obstructions separately first, before discussing the differ-
ent possible scenarios for CBDO based on the anatomical 
types described by Mutignani et al. [3].

O. Altayar and K. Das



169

 Management of Malignant Biliary Obstruction

The current standard treatment for unresectable malignant 
biliary obstructions is transpapillary stenting. This can be 
achieved using plastic stents (PS) or self-expandable metal 
stents (SEMS). PS are safe and effective, are less expensive 
than SEMS, and can be easily replaced if occlusion occurs. 
SEMS were designed to extend the duration of patency 
utilizing a larger internal diameter and thereby reducing 
the frequency of re-intervention. SEMS are associated 
with lower complications rates, longer stent patency, and 
fewer re- interventions and lower costs after 1 year in com-
parison to PS, even in those patients with short survival 
times (<3 months) [5, 6]. Compared to uncovered SEMS 
(uSEMS), partially/fully covered SEMS (pc/fcSEMS) were 
developed to reduce the rate of tumor ingrowth; however 
there remain concerns of stent migration, sludge forma-
tion, stent-induced cholecystitis and pancreatitis, and 
tumor overgrowth [7]. The utility of covered SEMS is also 
limited to distal malignant biliary obstructions due to con-
cerns for blocking the contralateral intrahepatic system or 
ipsilateral intrahepatic branches. A recent meta-analysis 
[8] and large single-center retrospective study [9] demon-
strated no differences in the number of recurrent biliary 
obstructions or stent patency after 6 or 12 months, overall 
or median survival, median time to recurrent biliary 
obstruction, or rate of adverse events. Therefore, our prac-
tice is primarily to utilize fcSEMS upfront in  palliation of 
clinically, highly suspicious malignant biliary strictures 
without an official tissue diagnosis when a patient is post-
cholecystectomy [10] or in recanalization and preservation 
of an occluded indwelling uSEMS.

When the transpapillary approach fails, EUS-guided bili-
ary drainage and percutaneous transhepatic biliary drainage 
(PTBD) with external or internal biliary drainage are both 
excellent options. The presence of ascites might limit such 
approaches due to the risk of infection, leakage, and migra-
tion of the drainage catheters.
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 Management of Malignant Duodenal Obstruction

The current treatment options for unresectable duodenal 
obstruction or GOO are endoscopic stenting with enteral 
SEMS, surgical gastrojejunostomy, or venting gastrostomy 
with or without the placement of a jejunal feeding exten-
sion. Regardless of the treatment strategy chosen, it is para-
mount that when a patient presents with suspected GOO, a 
nasogastric (NG) tube is placed to suction as soon as pos-
sible to reduce the risk of aspiration and facilitate endo-
scopic intervention as appropriate. We frequently allow 
24 hours of drainage with an NG tube prior to attempting 
endoscopic intervention especially in patients with a dis-
tended stomach on imaging. The SUSTENT study demon-
strated that enteral stents have no differences in survival or 
quality of life in comparison with surgical gastrojejunos-
tomy, though surgical intervention was associated with 
fewer recurrent obstructive symptoms (28% vs 5%) occur-
ring at a longer interval [11]. However, in aggregate, enteral 
stents are associated with faster resolution of GOO symp-
toms, shorter hospital stays, reduced cost, and no differ-
ences in survival for the management of intrinsic duodenal 
obstruction [12].

The use of LAMS for EUS-guided gastrojejunostomy is a 
new approach that may be considered in the hands of high- 
volume therapeutic endoscopists in patients who are poor 
surgical candidates and cannot undergo duodenal stenting 
[13]. In this technique, a small bowel loop is demarcated by 
placement of wire-guided balloon catheter, injection of con-
trast using a wire-guided nasobiliary tube or a peroral ultras-
lim endoscope, or a wire-guided double-balloon tube. Then, 
an echoendoscope is used to localize the demarcated small 
bowel loop, and a gastroenterostomy is formed by placement 
of a LAMS [14]. While the preliminary case series of this 
approach have been encouraging, further robust clinical 
experience is required before its routine use in clinical 
practice.
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 Management of Combined Biliary and Duodenal 
Obstruction (CBDO)

In type 1 CBDO (duodenal obstruction is proximal to the 
major papilla), the goal is to pass the duodenoscope through 
the stricture to the major papilla, if possible. The initial 
approach should employ gentle pressure to pass the duode-
noscope or the utilization of a slim duodenoscope (i.e., JF) if 
available through the duodenal stricture. If that fails, a 
15–16.5–18 mm TTS balloon dilator can be used to dilate the 
stricture under fluoroscopic guidance. Alternatively, a 
balloon- tipped catheter can be passed fluoroscopically to the 
third portion of the duodenum to anchor and pull the endo-
scope across the stricture. Once the major papilla is reached, 
biliary cannulation and SEMS placement are completed per 
usual fashion. Subsequent to placement of a biliary stent, a 
guidewire can be passed into the fourth portion of the duode-
num, and an enteric stent can be placed under endoscopic 
and fluoroscopic guidance. The proximal end of the enteric 
stent should be positioned within the prepyloric area as type 
1 duodenal obstruction tends to be in the duodenal bulb. 
Additionally, care should be taken to use a stent long enough 
to achieve a margin of 2 cm both proximal and distal to the 
margins of the duodenal stricture as SEMS tend to shorten by 
25% during expansion. Ideally, if possible, the position of the 
biliary stent on fluoroscopy should be used as a guide to 
 prevent deployment of the duodenal stent across the biliary 
stent, though this is often unavoidable. If the maneuvers 
above fail to allow the duodenoscope to traverse the duode-
nal stricture, the placement of the enteric stent under fluoro-
scopic guidance prior to achieving biliary drainage becomes 
necessary. The endoscopist should attempt to position the 
distal end of the enteric stent proximal to the papilla to facili-
tate later biliary cannulation, though this is often difficult to 
gauge on fluoroscopy alone. As biliary obstruction usually 
develops prior to the development of the duodenal stenosis, 
many patients have indwelling PS/SEMS in place which can 
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help in localizing the papilla. Alternatively, it may be possible 
to advance a standard upper endoscope or ultrathin scope to 
the level of the papilla and mark this point either with a refer-
ence fluoroscopic image or with the placement of an endo-
scopic hemoclip. Once the duodenal stent is placed, the 
options are to either wait 1–3 days to allow the enteric stent 
to expand or to attempt to dilate the freshly deployed stent to 
15 mm to allow scope passage in the same session.

Type 2 CBDO represents the most challenging anatomic 
type of CBDO, as the duodenal obstruction includes the level 
of the major papilla making biliary access very challenging. 
Identification of the papillary orifice is often difficult due to 
extensive tumor infiltration. Furthermore, maneuverability is 
usually limited, with little room to work between the head of 
the endoscope and medial/lateral walls of the strictured duo-
denum. In many cases, the biliary obstruction has developed 
prior to the duodenal obstruction, and thus patients present 
having an indwelling PS or occluded SEMS in place. Utilizing 
endoscopic and/or fluoroscopic cues can be critical in achiev-
ing biliary cannulation. If biliary access is gained, the patient 
can be treated in similar approach to type 1. If the stricture is 
not traversable, a duodenal stent can be placed across the 
duodenal stenosis first. However, the placement of this stent 
will invariably make identification of the major papilla more 
challenging. In some cases, after stent deployment, the papil-
lary orifice may be identified or intuited based on the pres-
ence of bile streaking through the interstices of the duodenal 
stent, and biliary cannulation may be possible. If wire access 
can be established into the bile duct, ERCP can be performed 
through the interstices utilizing balloon dilation and/or argon 
plasma coagulation (APC) to create an opening in the metal-
lic mesh sufficient to allow passage of the biliary stent. There 
has been some innovation in this area, with the creation of 
the Meditek BONASTENT M-Duodenal, which employs a 
central area of looser cross mesh that makes biliary cannula-
tion potentially easier [15]. If biliary access cannot be 
achieved through a transpapillary approach after duodenal 
stent placement, then EUS-guided or percutaneous 
approaches can be utilized to gain biliary access.
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EUS-guided cholangiography utilizes a curved linear 
echoendoscope to identify the intrahepatic bile ducts using a 
transgastric approach or the extrahepatic bile ducts using a 
transgastric or transduodenal approach. When accessing the 
biliary tree in this fashion, the options are either a rendezvous 
approach where EUS access is used to pass a wire antegrade 
to the papilla to facilitate transpapillary drainage or EUS- 
guided creation of a fistula (hepaticogastrostomy, choledo-
choduodenostomy, etc.). Under EUS guidance, the bile duct 
is identified and punctured using a 19-gauge access needle. 
After aspiration of bile and injection of contrast into the bili-
ary tree to confirm appropriate access, a biliary wire is 
advanced into the biliary tree under fluoroscopic guidance. In 
the rendezvous approach, the wire is directed toward the 
papilla under fluoroscopic guidance. Once the wire is out of 
the papilla, the echoendoscope is withdrawn, and a duodeno-
scope is readvanced to the level of the papilla. Through the 
duodenoscope, the wire is retrieved and backloaded into the 
duodenoscope using snare or forceps. Over this wire, conven-
tional transpapillary drainage and stent placement can then 
be performed with the distal end of the biliary stent deployed 
within the duodenal stent [16]. Alternatively, the EUS-placed 
wire emerging transpapillary can be used as a guide for tradi-
tional transpapillary cannulation if grasping the wire is chal-
lenging. We will typically utilize fcSEMS that traverse the 
point of EUS-guided access to minimize the risk of a leak. In 
a similar fashion, PTC can be used to perform rendezvous 
ERCP, in conjunction with interventional radiology. 
Alternatively, a hepaticogastrostomy (HGS) or choledocho-
duodenostomy (CDS) could be created with this approach. 
After the wire is advanced into the biliary tree via either 
transduodenal or transgastric puncture, verifying that there 
are no intervening structures or vasculature on EUS, dilation 
of the tract can be performed with a combination of push 
catheters and a 4 mm/6 mm balloon. Subsequently, a trans-
mural fcSEMS or LAMS can be advanced in antegrade fash-
ion and deployed to form a hepaticogastrostomy or 
choledochoduodenostomy [17, 18]. There are lower complica-
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tion rates and leak rates associated with transpapillary drain-
age as opposed to the creation of fistulas. All of these 
techniques should be employed only in the hands of expertly 
trained therapeutic endoscopists at high-volume centers, with 
immediately available hepatobiliary surgery, and interven-
tional radiology consultations given the potential for morbid-
ity or even mortality should misdeployment or perforation 
occur. If this is not available or the case is not amenable, then 
percutaneous biliary access with the placement of a biliary 
stent across the papilla or external percutaneous drainage by 
an interventional radiologist is an excellent alternative.

In type 3 CBDO, as the duodenal obstruction is distal to 
the major papilla, endoscopic treatment is generally the most 
straightforward. These cases are the most uncommon and 
usually arise from pancreatic uncinate tumors. Although we 
still prefer achieving biliary drainage first to avoid unplanned 
jailing of the papilla, the order of which stent to place first is 
not as pivotal as in type 1 when the distance between the 
ampulla and the duodenal stricture is not close. It is impor-
tant to keep in mind that the risk of duodenal reflux after bili-
ary stenting is higher in patients with type 3 CBDO.

 Outcomes of the Clinical Cases

Pre-procedural knowledge of the patient’s anatomy and 
preparation for every type of CBDO, or combination therein, 
is crucial for real-time decision-making. It is also important 
to discuss and obtain appropriate consent from patients for 
 possible dilation, placement of biliary and enteric stents 
when GOO is suspected, or even the specific performance of 
EUS- guided access procedures. As mentioned above, when a 
patient has suspected GOO, an NG tube must be placed, and 
the gastric contents should be suctioned for at least 24 hours 
before the procedure. In our practice, we perform all our 
procedures with fluoroscopy and with anesthesia support 
under general endotracheal intubation when GOO is 
suspected.
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In the first case, the patient had type 1 CBDO with simul-
taneous biliary and duodenal obstruction. On initial attempt 
at ERCP, an Olympus TJF-160VF (13.2 mm outer diameter) 
and Olympus JF-140F (11.0  mm outer diameter) could not 
traverse a stricture at the distal duodenal bulb. The duodeno-
scope was exchanged for a straight-viewing Olympus GIF- 
H190 (9.2 mm outer diameter) gastroscope, and there was a 
large, infiltrating, obstructing mass in the distal portion of the 
duodenal bulb that was traversed with gentle pressure. The 
mass extended to 1.5 cm proximal of the ampulla. The steno-
sis was dilated using a 15–16.5–18  mm through the scope 
(TTS) balloon dilator to 18 mm. This made it possible for the 
Olympus TJF-160VF to traverse the stricture. Subsequently, 
biliary cannulation was achieved and cholangiography dem-
onstrated a single severe stenosis in the distal CBD that was 
treated successfully with the placement of an uncovered self- 
expandable metallic stent (uSEMS). Finally, the duodenal 
stenosis was treated with the placement of a 22 mm × 9 cm 
enteral stent with the proximal end positioned within the 
prepyloric antrum and the distal end proximal to the biliary 
stent (Fig. 8.1). The patient’s jaundice resolved, and he was 
able to advance his diet and receive outpatient neoadjuvant 
chemotherapy. Duodenal stent patency and biliary drainage 
were maintained for 6 months. His course was complicated by 
bleeding which was likely related to the combination of his 
ataxia-telangiectasia syndrome and the locally advanced 
tumor. The bleeding episodes were treated conservatively.

In the second case, the patient initially had a type 1 CBDO 
which was treated in a similar fashion to the first case, 
although the biliary obstruction was a hilar Bismuth IV lesion. 
She subsequently presented with a type 2 CBDO with tumor 
ingrowth through the stent interstices. In this case, ERCP was 
performed and demonstrated a severe duodenal bulb stenosis 
which was dilated with a 15–16.5–18 mm TTS balloon dilator 
to 18 mm under fluoroscopic guidance. She was noted to have 
occluded plastic stents which were removed, and a Bismuth 
IV stenosis was noted again. Due to the presence of malignant 
duodenal obstruction raising concern for possible inability to 
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access the bile ducts should the plastic stent be replaced, the 
decision was made to place Y-configuration metallic biliary 
stents. Subsequently, a 10 mm × 8 cm uncovered metallic stent 
was placed into the left intrahepatic duct. A wire was advanced 
through the interstices of the first stent into the right anterior 
duct, and another 10 mm × 8 cm uncovered metallic stent was 
placed into the right main duct, extending beyond the papilla. 
Finally, the duodenal stenosis was managed with a 22 mm × 
9  cm uncovered metallic stent with its proximal end in the 
prepyloric antrum. Two months later, the patient represented 
with fever, hypotension, bacteremia, and jaundice with total 
bilirubin 2.4 mg/dL and alkaline phosphatase 1002 units/L. She 
was found on contrast-enhanced computed tomography (CT) 
to have tumor ingrowth into the uncovered metallic stents and 
worsening infiltration of the soft tissue lesion into the hepatic 
hilum. Repeat ERCP was attempted through the duodenal 
stent and overlapping Y-configuration biliary stents. The duo-
denal stent was dilated with a 15–16.5–18  mm TTS balloon 
dilator to 18 mm under fluoroscopic guidance. The Olympus 
TJF-160VF duodenoscope was unable to traverse the stenosis, 
so it was exchanged for an Olympus JF-140F duodenoscope 
which was able to traverse the luminal stenosis. The biliary 
orifice was obscured by the overlaying duodenal stent. 
Utilizing fluoroscopic guidance, the bile duct was cannulated 
with a short-nosed traction sphincterotome through the inter-
stices of the duodenal stent. The entire biliary tree contained 
multiple diffuse stenoses, likely due to secondary cholangiopa-
thy from chronic cholangitis and obstruction. The interstices 
of the duodenal stent and distal CBD were dilated with an 
8-mm balloon dilator. Finally, two double pigtail 7 Fr × 10 cm 
plastic biliary stents were placed 12 cm into the common bile 
duct extending into the left intrahepatic ducts (Fig.  8.2). 
Subsequently, the patient’s fever, cholangitis, and jaundice 
rapidly resolved, and she was able to receive further palliative 
chemotherapy. Her course was complicated by recurrent chol-
angitis due to her hilar biliary strictures and cholangiopathy. 
She has been undergoing chemotherapy by her local oncolo-
gist and she had her plastic stents exchanged through the 

O. Altayar and K. Das



177

previously placed duodenal and biliary metal stents success-
fully for an episode of cholangitis 6 months later.

In the third case, the patient had biliary obstruction that 
was treated with PS initially and subsequently underwent pal-
liative surgical gastrojejunostomy for a type 1 CBDO.  She 
then developed biliary obstruction due to occlusion of the 
PS.  In this case, upper GI endoscopy using Olympus GIF- 
1TQ160 endoscope demonstrated severe malignant infiltra-
tion and obstruction of the duodenum just beyond the level 
of the duodenal bulb that could not be traversed. Therefore, 
the afferent limb of the gastrojejunostomy was entered, and 
the scope was advanced retrograde with some difficulty to the 
area of the ampulla. There was malignant infiltration of the 
second portion of the duodenum noted retrograde, with a 
small portion of the previously placed plastic stent visible 
endoscopically. There appeared to be a necrotic cavity ana-
tomically proximal to the level of the ampulla. Wire-guided 
biliary cannulation was achieved with a short-nosed sphinc-
terotome utilizing fluoroscopic visualization to direct the 
sphincterotome tip in axis with the indwelling biliary stent. 
Cholangiogram demonstrated the indwelling plastic stent 
with a 2  cm distal CBD stricture with significant upstream 
ductal dilation to 18 mm. A 10 mm × 8 cm uSEMS was then 
successfully placed across the stricture with the distal end of 
the stent position beyond the ampullary mass in the distal 
duodenum. Bile and pus flowed through the stent (Fig. 8.3). 
Jaundice and leukocytosis rapidly resolved after the proce-
dure, and it has been 9  months since without need for 
 re- intervention. She continues to follow up with her oncolo-
gist for chemotherapy.

 Reported Outcomes and Complications in Patients 
with CBDO

The evidence evaluating the role of the different endoscopic 
treatments for CBDO comes mainly from case series of 
malignant unresectable CBDO [19]. The largest published 
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case series by Hamada et  al. included 110 patients with a 
functional success rate of 95% including 90 patients who 
underwent ERCP, 10 who underwent EUS-guided CDS, and 
10 who underwent EUS-guided HGS. In terms of the timing 
of the development of the duodenal obstruction, 61% of the 
patients developed the duodenal obstruction after the biliary 
obstruction with a median time of 2 months. In 12.7% of the 
patients, the duodenal obstruction preceded the biliary 
obstruction with a median time of 1 month. Survival was the 
longest in patients who developed simultaneous CBDO and 
patients who had type 2 CBDO. In terms of achieving biliary 
drainage, ERCP was successful in most patients who had type 
1, type 3, or nonsimultaneous CBDO, while 30% of patients 
who had type 2 and 42% of the patients who had simultane-
ous CBDO required EUS-guided transmural drainage. In 
total, 33% of the patients developed recurrent biliary obstruc-
tion. Neither the sequence of the development nor the ana-
tomical type of CBDO predicted the time to recurrent biliary 
obstruction. On the other hand, different treatment 
approaches had different rates of recurrence with 50% of 
EUS-guided CDS, 40% of EUS-guided HGS, and 31% of 
transpapillary drainage developing recurrent biliary obstruc-
tion. Regardless, all the patients underwent successful re- 
intervention for biliary drainage via ERCP, EUS-guided, and 
percutaneous approaches [20].

From a safety standpoint, ERCP had the lowest rate of 
adverse events at 8.9% followed by EUS-guided CDS (20%) 
and then EUS-guided HGS (50%). Adverse events  associated 
with EUS-guided transmural drainage occurred early, within 
30  days, in all the patients. Potential adverse events of the 
endoscopic interventions that attempt to alleviate CBDO 
include cholangitis, cholecystitis, pancreatitis, bleeding, perfo-
ration, stent migration, and bile leakage [20].

A recently conducted randomized controlled trial has 
shown no difference in efficacy or safety profile between 
ERCP or EUS-guided biliary drainage in patients with distal 
biliary obstruction due to pancreatic cancer [21]. However, 
one of the exclusion criteria was the presence of altered 
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anatomy or inability to access the major papilla, which is a 
uniquely challenging scenario that might have led to higher 
rates of complications in line with prior CBDO case series 
[20]. Percutaneous drainage, in comparison to endoscopic 
intervention, has been associated with higher rate of adverse 
events and unscheduled re-interventions [22].

Pearls and Pitfalls
• Given the complexity, potential complications, and 

varied approaches to patients with CBDO, a multi-
disciplinary team that involves hepatobiliary surgery, 
oncology, interventional radiology, and interven-
tional gastroenterology should evaluate and discuss 
each case individually prior to committing a patient 
to intervention.

• Understanding the anatomy and the different ana-
tomical variations of CBDO is key in approaching 
the case efficiently. There should be a low index of 
suspicion for CBDO in patients who may not have 
classical, overt GOO symptoms, and contrast-
enhanced cross-sectional imaging should be reviewed 
pre-procedure to help in procedure planning. 
Similarly, patients should be consented for both 
enteric and biliary stents when there is any suspicion 
for CBDO.

• Malignancy is the most common cause for unresect-
able CBDO. Such patients usually have poor perfor-
mance status, and achieving both biliary drainage 
and duodenal stenting in one procedure may prevent 
periprocedural complications.

• It is important to set realistic expectations with the 
patients and their families that the intention of endo-
scopic intervention is palliation of symptoms and 
that the median survival remains modest.

• In general, when double stenting is performed, we 
recommend securing the biliary stent first when at 
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Abbreviations

CP Chronic pancreatitis
ERCP Endoscopic retrograde cholangiopancreatography
EUS Endoscopic ultrasound
FNA Fine needle aspiration
IRAP Idiopathic recurrent pancreatitis
MRCP Magnetic resonance cholangiopancreatography
PDv Pancreas divisum

 Case Presentations

 Case 1

A 40-year-old male is referred for recurrent acute pancreati-
tis. He reports two episodes in the past 4  months of right 
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upper quadrant and epigastric abdominal pain, nausea, vom-
iting, and anorexia. He denies associated fevers or scleral 
icterus. He has a past medical history of hypertension, non-
insulin-dependent diabetes, and morbid obesity (BMI 43). 
Hydrochlorothiazide was discontinued following his first 
attack of pancreatitis. He reports a remote history of binge 
drinking, but he denies alcohol intake in the context of recent 
attacks of pancreatitis. He reports tobacco use. He denies 
family history of pancreatitis, pancreatic cancer, or cystic 
fibrosis. In the clinic, he also reports daily postprandial 
abdominal pain. He has experienced a 10-pound weight loss.

Lipase levels with each attack of pancreatitis were 1131 
and 1246  U/L (ULN 393  U/L). Liver function testing and 
calcium level were normal. Triglycerides were 161 mg/dL at 
the time of his first episode of pancreatitis.

Right upper quadrant ultrasound was performed. The 
study demonstrated a contracted gallbladder and was nega-
tive for gallbladder calculi or wall dilation. There was no 
evidence of intrahepatic or extrahepatic bile duct dilation. 
Contrast-enhanced CT scan of the abdomen and pelvis was 
performed with both episodes of pancreatitis and was nega-
tive for significant pathology. With both pancreatitis episodes 
he was managed conservatively with NPO status, IV fluids, 
and discharged on a liquid diet with instructions to advance 
to solids as an outpatient.

What is the next best diagnostic test?

 Case 2

A 76-year-old male is referred with a diagnosis of IRAP. He 
has experienced three episodes of acute pancreatitis in the 
12 months leading up to his referral. He denies scleral icterus 
or fevers. He denies current or prior alcohol abuse and does 
not smoke. Review of his medication list is unrevealing. He is 
status post cholecystectomy 5  years ago for recurrent right 
upper quadrant abdominal pain and low gallbladder ejection 
fraction on HIDA scan. No gallstones were seen on pathol-
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ogy. His medical history also is notable for coronary artery 
disease, non-insulin-dependent diabetes, dyslipidemia, hyper-
tension, psoriasis, and chronic kidney disease. He has a BMI 
of 32.1. There is no family history of pancreatitis, pancreatic 
cancer, or cystic fibrosis. He is asymptomatic between epi-
sodes of pancreatitis.

Labs during attacks of pancreatitis reveal lipase levels 
between 315 and 11,159 U/L (ULN 78 U/L). His liver tests, 
calcium, and triglyceride levels are normal.

His workup includes a right upper quadrant ultrasound, 
which demonstrates a normal bile duct caliber.

Secretin-enhanced magnetic resonance cholangiopancrea-
tography (s-MRCP) with contrast performed at the time of 
his last episode of pancreatitis demonstrated a 4 cm hypoen-
hancing peripancreatic lesion proximate to the tail of the 
pancreas. The lesion appears to have mass effect on the body/
tail junction and has radiographic characteristics consistent 
with peripancreatic fat necrosis. The pancreatic duct is intact 
and demonstrates mild narrowing proximate to this lesion. 
There is no evidence of pancreas divisum (PDv). The com-
mon bile duct is normal.

An EUS one  month following demonstrates interval 
decrease in the size of the peripancreatic fluid collection. The 
pancreatic parenchyma is otherwise unremarkable. The pan-
creatic duct measures 3.4 mm in the head and 0.6 mm in the 
body and is diminutive in the tail. The ampulla is normal. The 
bile duct is normal caliber without evidence of stones or 
sludge.

Further workup is performed which demonstrates an 
ANA of 1:80, IgG4 of 62 mg/dL, calcium level of 10 mg/dL, 
and CA19–9 of 16 units/mL, all within normal limits.

Pancreatitis four panel is negative for pathogenic variants 
in cystic fibrosis transmembrane regulator (CFTR), chymo-
trypsin C (CTRC), cationic trypsinogen (PRSS1), and serine 
protease inhibitor Kazal Type I (SPINK1) gene loci.

At the conclusion of the above workup, he returns to clinic 
3  weeks after a subsequent attack of pancreatitis (lipase 
1400 U/L). A contrast-enhanced CT scan demonstrated inter-
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stitial pancreatic in the region of the pancreatic head and 
near resolution of his peripancreatic fluid collection.

What is the next step in his care?

 Case 3

A 43-year-old female is referred for recurrent acute pancreati-
tis. Her first episode occurred 13 years prior to presentation in 
clinic. She underwent cholecystectomy for suspicion of biliary 
pancreatitis at that time. She reports multiple, subsequent 
episodes of moderate to severe epigastric abdominal pain 
associated with nausea and anorexia lasting for 24–36 hours 
that were largely managed at home with a clear liquid diet. 
However, she presented recently twice to her local emergency 
room with severe, debilitating symptoms of abdominal pain, 
nausea, and vomiting. Biochemical testing revealed pancreatic 
enzyme elevations three times the upper limit of normal. 
Pancreatic enzyme levels between episodes were evaluated by 
her primary physician and are normal. She denies alcohol use. 
She is a prior smoker, having quit 11 years ago.

Workup from the referring center included normal cal-
cium, IgG4, and triglyceride levels. She has a family history of 
pancreatic cancer in a paternal grandmother at age 40. An 
MRCP/MRI with contrast was also performed at the refer-
ring center demonstrated PDv anatomy. The dorsal pancre-
atic duct is approximately 2.5 mm in the head of the pancreas. 
There are no focal cystic or solid pancreatic lesions. No evi-
dence of pancreatic side branches and/or pancreatic atrophy.

What is the next step in her care?

 Case 4

A 59-year-old female was admitted for acute pancreatitis. She 
has a history of chronic lower back pain managed with opioid 
pain medications. However, over the past 9 months, she has 
experienced worsening, daily abdominal pain and thoracic-

J. J. Easler



187

level back pain. In this setting her opioid pain medications 
have increased. She endorses a 15-pound weight loss over the 
past 2 months. Two outpatient CT scans of the abdomen and 
pelvis within the last 9  months were reportedly unremark-
able. She has chronic constipation; however her pain does not 
change with defecation. She has a history of remote cholecys-
tectomy for cholelithiasis. She has a history of remote, heavy 
alcohol abuse (10–12 servings of alcohol per day, abstinent 
for 15 years). She smokes one pack of cigarettes per day.

Labs in the emergency room demonstrated a lipase of 1661 
(ULN 393), Alk Phos 159, ALT, and total bilirubin normal. A 
CT scan was performed in the emergency room upon presen-
tation demonstrating a 2.4 cm low radiodensity lesion visual-
ized in the uncinate portion of the pancreas with upstream 
pancreatic duct dilation to 5 mm. There are minimal intersti-
tial and peripancreatic inflammatory changes.

She is managed with 3 cc/kg of lactate ringers for 36 hours. 
After 48 hours her nausea and anorexia improved, and she is 
tolerant of a clear liquid diet. However, she reports persistent 
abdominal pain.

What is the next step? When should this step be taken?

 Diagnosis and Assessment of Recurrent Acute 
Pancreatitis

 Understanding the Natural History of Recurrent 
Acute Pancreatitis and the Role of Endoscopic 
Therapy

Recurrent pancreatitis (RAP) is defined by multiple, self-
limited episodes of typical abdominal pain syndrome associ-
ated with either pancreatic enzyme elevations three times the 
upper limit of normal and/or radiographic evidence of pan-
creatic inflammation [1]. Attacks generally are of a severity to 
require management in the emergency department or inpa-
tient setting. Expert opinion defines RAP as a discrete syn-
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drome from episodes of acute pancreatitis and/or flares of 
pain in the absence of comorbid chronic pancreatitis (CP) [2]. 
This distinction is important when considering the role of 
endoscopic therapy to prevent or manage RAP, as therapeu-
tic strategies can differ significantly in the presence of CP and 
its local complications. Endoscopic therapies for patients with 
symptomatic CP are covered elsewhere in this book.

The risk for a recurrent attack of pancreatitis after an ini-
tial episode is 10–30% [3]. However patients with alcohol 
etiology and those without an identifiable etiology (idio-
pathic) are at greater risk for recurrence 24–30% [2, 4, 5]. 
Ongoing alcohol and tobacco use following a first attack of 
pancreatitis substantially increases risk for recurrence. This 
risk can be as high as 40–50% in patients that continue to 
drink and smoke in the setting of alcoholic and/or IRAP [4].

Counseling patients with RAP to abstain from alcohol and 
tobacco use cannot be over emphasized as a meaningful 
intervention. Data support alcohol and tobacco cessation 
interventions for RAP, as they correlate with favorable out-
comes [1, 6, 7]. Intensive counseling for alcohol cessation has 
randomized controlled trial level data that supports it as an 
intervention that associates with remission of recurrent epi-
sodes of pancreatitis [6]. For this reason, endoscopic therapy 
should generally be avoided in patients with recurrent pan-
creatitis in the setting of ongoing alcohol abuse.

 Initial Diagnostic Approach: Is It Biliary 
Pancreatitis?

A directed history and review of objective data with a focus 
on establishing an etiology are the first steps in the diagnostic 
algorithm for recurrent pancreatitis. Pancreatic enzyme lev-
els, liver function tests, and abdominal imaging of the pan-
creas, biliary tree, and gallbladder are of particular interest. 
These baseline studies are of greatest value when collected 
during or within days of an attack of pancreatitis. This data is 
critical in identifying biliary disease as the etiology for recur-
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rent pancreatitis. Biliary disease is implicated in 26–82% of 
attacks of acute pancreatitis. This figure varies significantly 
across populations of patients when stratifying by demo-
graphics and geographic regions [8–10]. With reference to 
biliary pancreatitis, elevated alanine aminotransferase (ALT) 
at the time of pancreatitis and imaging that confirms choledo-
cholithiasis, choleithiasis, microlithiasis (stones <3  mm in 
size), or gallbladder sludge are specific for biliary pancreatitis 
[3, 11].

Why is it so important to identify biliary disease as an eti-
ology for pancreatitis? Aside from being the most common 
nonalcoholic etiology for pancreatitis, there is a well-defined 
algorithm for deploying established, diagnostic studies and 
definitive therapies for biliary pancreatitis. For ERCP in par-
ticular, its role is defined by evidence-based predictors for 
retained common bile duct stone(s) at the time of presenta-
tion and is supported by published societal guidelines. If a 
single “very high” or several “high” predictors for choledo-
cholithiasis are present at the time of biliary pancreatitis, an 
ERCP for stone extraction should be performed. If a single 
high predictor or moderate predictors are present, high-qual-
ity imaging of the extrahepatic bile duct should be performed 
and ERCP to follow if choledocholithiasis is confirmed [12] 
(Table 9.1). Meta-analysis-level data support the selective use 
of ERCP in the setting of biliary pancreatitis, with lower rates 
of mortality and local and systemic complications in sub-
groups of patients with cholangitis and/or biliary obstruction 
[13, 14].

Cholecystectomy is indicated in all patients that are surgi-
cal candidates with biliary pancreatitis to prevent subsequent 
episodes. This is preferably performed at index hospitaliza-
tion or shortly thereafter in patients with mild, interstitial 
pancreatitis [1, 15]. Subsequent pancreatitis event rates in 
patients that fail to undergo cholecystectomy are as high as 
13–15% at 1–2 years [16, 17].

In patients who do not undergo cholecystectomy, ERCP 
offers therapeutic benefit for prevention of recurrence. A recent 
comparative study also found that ERCP biliary sphincterotomy 
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when deployed appropriately in biliary pancreatitis patients 
predicts a lower rate of readmission for subsequent pancreatitis 
in patients that fail to undergo cholecystectomy (HR 0.051 CI 
0.047–0.55, p < 0.0001) [18].

 Diagnostic Approach for “Idiopathic,” Recurrent 
Pancreatitis

The etiology of recurrent pancreatitis remains uncertain in up 
to 30% of patients after obtaining a history, right upper quad-
rant ultrasound, and biochemical testing [2]. Patients can be 
designated as having IRAP only after alcoholic, biliary, and 
medication etiologies have been excluded. Note that medica-
tions implicated in pancreatitis have varying levels of evi-
dence supporting their mechanism. Badalov et  al. offer a 
thoughtful review weighting the levels of evidence for various 
medications implicated in acute pancreatitis [19].

Table 9.1 Predictors and suggested management strategy for pos-
sible choledocholithiasis in patients with biliary pancreatitis based 
on biochemical and imaging findings
Predictor Type Approach
Very 
strong

CBD stone visualized on 
imaging
Clinical ascending cholangitis
Bilirubin >4 mg/dL

ERCP if any 
present

Strong Dilated CBD (>6 mm with 
gallbladder in situ)
Bilirubin level (1.8–4 mg/dL)

ERCP if both 
present
Advanced imaginga 
if single predictor

Moderate Abnormal liver biochemical 
test(s) other than bilirubin
Age > 55 years
Clinical gallstone pancreatitis

Advanced imaginga 
if any present

Adopted from [12]
aIOC or intraoperative ultrasound at cholecystectomy, EUS, or 
MRCP
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A second-tier workup should be undertaken prior to 
deploying endoscopic therapies for IRAP. This includes an 
evaluation for structural pancreatic abnormalities, pancre-
atic neoplasia, metabolic, autoimmune (more often Type 
II), and genetic cofactors that either cause or associate with 
recurrent pancreatitis. This next tier evaluation can be 
 tailored based on comorbid clinical conditions that are 
associated with each of the known etiologies for RAP 
(Table 9.2) [15].

Table 9.2 Selected etiologies of recurrent pancreatitis and associ-
ated clinical conditions, diagnostic findings

Category Specific etiologies

Associated clinical 
conditions, diagnostic 
findings, and “pearls”

Biliary Stones, microlithiasis 
(stones <3 mm), and 
sludge

Antecedent biliary colic
Elevated transaminases, 
jaundice with pancreatitis
Gallbladder pathology 
(stones, sludge) on 
ultrasound
Bile duct dilation on 
imaging

Alcohol Cofactor with tobacco 
abuse

Alcohol us >2/1 drinks 
daily or binge drinking: 
>5/3 drinks at drinking 
sessions for M/F

Implicated 
medicationsa

6-MP, azathioprine
Carbimazole
Codeine
Hydrochlorothiazide
Cytosine arabinoside
Dapsone
ACE inhibitors
Furosemide
Isoniazid
Valproic acid
Tetracycline
Sulindac

Timing of pancreatitis 
follows initiation of 
medication
Pancreatitis recurs with 
re-challenge
Absence of competing 
etiology (e.g., alcohol)

(continued)
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Table 9.2 (continued)

Metabolic Hypertriglyceridemia Metabolic syndrome
Diabetes
Concomitant or provoked 
by alcohol consumption

Hypercalcemia Hyperparathyroidism
Sarcoidosis
Paraneoplastic syndrome

Autoimmune Type I
(lymphoplasmacytic 
sclerosing pancreatitis)

Age > 60
Elevated IgG4, ANA
IgG4 cells (>10/hpf) on 
tissue staining
Biliary obstruction, 
strictures+

Pancreatic duct strictures 
without upstream dilation
Focal pancreatic lesions+ 
or diffuse pancreatic 
enlargement

Type II
(idiopathic duct-centric 
pancreatitis)

Age < 60
+ (also often found in 
type II)
More often RAP
Coincident with 
inflammatory bowel 
disease
Neutrophils infiltrating 
ductal cells, granulocyte 
epithelial lesion (GEL) 
on pathology

Congenital, 
structural

Pancreas divisum Cofactor with tobacco, 
alcohol
Cofactor with SPINK1, 
CFTR polymorphisms

Todani type I/III 
choledochal cyst
Anomalous 
pancreaticobiliary 
junction

Gallbladder and biliary 
malignancy (APBJ, type 
I cysts)
Cystic dilation of biliary 
tree on imaging (type I/
III cysts)

Category Specific etiologies

Associated clinical 
conditions, diagnostic 
findings, and “pearls”
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Table 9.2 (continued)

Genetic PRSS1
SPINK1
CFTR
CTRC

Onset childhood, young 
adult
Cofactor with pancreas 
divisum

Neoplasia Intraductal papillary 
mucinous neoplasm
Pancreatic ductal 
adenocarcinoma
Ampullary adenoma, 
adenocarcinoma

Pancreatitis onset, 
age > 55
Pancreatic duct dilation 
on imaging alone or with 
biliary dilation (double 
duct sign)
Elevated CA19–9

aTruncated list of implicated medications

Category Specific etiologies

Associated clinical 
conditions, diagnostic 
findings, and “pearls”

It is at this stage that high-quality imaging of the pancreas 
and biliary system plays a critical role in the diagnostic algo-
rithm. Options for imaging include s-MRCP, EUS, and/or 
ERCP. Timing studies 3–4 weeks distant from an episode of 
pancreatitis is generally recommended, especially if occult 
neoplasia or congenital pancreatic duct abnormalities are a 
consideration. Ongoing inflammatory changes such as pancre-
atic edema, necrosis, and acute peripancreatic fluid collections 
can compromise the ability of imaging studies to delineate 
small, focal pancreatic lesions and image the pancreatic duct.

EUS is now considered a cornerstone of high-quality 
imaging to investigate IRAP.  EUS is most effective for 
 identifying occult biliary disease (biliary sludge, microlithia-
sis) when investigating IRAP with a sensitivity approaching 
96% [3]. A recent meta-analysis confirmed EUS as the most 
sensitive imaging modality to identify occult biliary disease in 
the setting of pancreatitis [20]. The frequency with which 
occult biliary disease such as microlithiasis is implicated as a 
etiologic factor in IRAP varies (16–73%) and is reported 
across a heterogeneous group of studies [3]. EUS should 
strongly be considered for patients with a gallbladder in situ, 
antecedent biliary-type pain, LFT abnormalities juxtaposed 
to pancreatitis events, and/or pancreatitis events that follow 
cholecystectomy for cholelithiasis.
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Acute pancreatitis is also a recognized clinical presenta-
tion in patients with ampullary or pancreaticobiliary neopla-
sia which is an etiologic factor in up to 5–7% of patients. EUS 
should be performed if neoplasia is suspected. EUS is 
 sensitive for solid lesions smaller than 1–2  cm in diameter 
that involve the pancreas, extrahepatic bile duct, and ampulla. 
Fine needle aspiration (FNA) is able to further characterize 
neoplastic pancreatic lesions by providing a confirmatory tis-
sue diagnosis. FNA also enhances the accuracy of EUS for 
the diagnosis of mucinous lesions of the main pancreatic duct 
and its side branches.

In which patients should we suspect neoplasia? A study of 
218 patients presenting for EUS after acute pancreatitis 
described factors associated with pancreatic neoplasia as an 
etiology [21]. The study cohort was comprised of patients 
with a negative evaluation for gallstones and alcohol etiology. 
Adenocarcinoma was identified in 17% of patients, with 89% 
of the tumors found to be in the head of the pancreas. 
Intraductal papillary mucinous neoplasm (IPMN) was also 
found in an additional 3% of the cohort. Multivariable analy-
sis identified age  >50 (p  =  <0.008), weight loss >10  lbs 
(p  =  0.003), smokers (p  =  <0.001), cholestasis (p  =  0.035), 
pancreatic mass on imaging (p = 0.001), and pancreatic atro-
phy (p = 0.006) as independent predictors for malignancy in 
the setting of acute pancreatitis. EUS was found to be sensi-
tive and specific for establishing the diagnosis in this cohort.

MRI/MRCP with contrast and s-MRCP has meta-analysis-
level data suggesting that it is superior to EUS for identifying 
morphologic pancreatic abnormalities. Compared to diagnos-
tic ERCP, s-MRCP risk profile is favorable as there is negli-
gible risk for acute pancreatitis and the quality of imaging for 
the pancreatic duct is comparable [20].

Finally, the role of ERCP with or without manometry as a 
diagnostic modality for IRAP is diminishing. A study of 
ERCP with sphincter of Oddi manometry in 116 patients with 
IRAP identified a treatable cause in 37% patients. However, 
this included a mixture of anatomic abnormalities and biliary 
stones/sludge in addition to sphincter hypertension [22]. 
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Arguably, with the exception of sphincter hypertension, 
MRCP and EUS are sensitive for these etiologies. The benefit 
of a noninvasive imaging first approach was elegantly demon-
strated through a prospective study. Patients with IRAP 
underwent MRCP, EUS, and ERCP. Ultimately, the diagnos-
tic yield for EUS and MRCP together was >60%. ERCP 
offered negligible interval diagnostic benefit [23]. 
Consequently, diagnostic ERCP for recurrent pancreatitis 
should be reserved for cases with a clear pre-procedure inten-
tion for sphincter of Oddi manometry. More importantly, 
ERCP for recurrent pancreatitis should be considered a 
therapeutic modality (e.g., sphincterotomy, stone extraction, 
stricture therapy) and be deployed to address an abnormality 
found on EUS and/or s-MRCP [24].

 ERCP for the Management of Recurrent Acute 
Pancreatitis

ERCP in the setting of acute pancreatitis should be reserved 
for therapeutic intervention. It is only after completing com-
ponents of second-tier workup and high-quality imaging that 
ERCP should be offered for RAP.  ERCP endotherapy is 
either a directed therapy for RAP after discovery of occult 
biliary disease (e.g., CBD sludge), PDv, or in very select cases 
of neoplasia. ERCP with biliary sphincterotomy can be per-
formed “empirically” in select patients with IRAP, but with 
limited data for its effectiveness. Empiric ventral pancreatic 
duct sphincterotomy should never be performed in IRAP.

The literature that reports the impact ERCP for the recur-
rent pancreatitis is predominantly comprised of retrospective 
studies and case series. Significant heterogeneity across stud-
ies in terms of patient selection, outcome measures (single 
AP recurrence, decline in episode, or progression to CP), 
length of follow-up, and therapeutic techniques (biliary, pan-
creatic, dual sphincterotomy, stent exchanges) makes it diffi-
cult to draw firm conclusions as to the impact of endoscopic 
therapy for RAP. As recurrent pancreatitis is an intermittent, 
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episodic disease, long-term follow-up is required before 
meaningful conclusions can be drawn about the impact of 
endoscopic therapy.

 Pancreas Divisum, Minor Papillotomy, and Dorsal 
Duct Stent Placement

Pancreas divisum (PDv) is a congenital, anatomic variant 
characterized by a failure of fusion of the main pancreatic 
between the dorsal and ventral anlage of the pancreas. In this 
setting, secretion from dorsal pancreatic anlage (which repre-
sents the majority of the functional pancreas) exclusively exits 
the minor papilla. As the most common anatomic variant of 
the pancreas, the frequency is 6–12% in autopsy series [25–27]. 
PDv is identified in 25% patients with recurrent acute pancre-
atitis and 33–43% in patients with IRAP and CP [26, 28]. It is 
most effectively identified using s-MRCP [20]. The mechanism 
for recurrent pancreatitis in PDv is believed to be from pan-
creatic secretions exiting through a diminutive pancreatic 
outlet (the minor papilla). This creates a functional pancreatic 
duct outlet obstruction, “dominant dorsal duct syndrome” 
[29]. However, studies have found that PDv is present at a 
significantly greater frequency in RAP patients with CFTR 
polymorphisms than in RAP patients without genetic poly-
morphisms. The mechanism for IRAP in the setting of PDv is 
now believed to be more complex than standalone, mechani-
cal obstruction. It is now believed that PDv serves as com-
pounding cofactor with other etiologies that further predispose 
patients to symptomatic pancreatitis [30, 31].

Endoscopic therapy focuses on alleviating obstruction at 
the level of the minor papilla through the technique of dorsal 
duct cannulation, minor papillotomy with or without stent 
insertion [29]. Literature on ERCP-minor papillotomy with 
or without dorsal duct stenting for recurrent acute pancreati-
tis identifies endoscopic therapy as an intervention that offers 
favorable results for preventing further attacks. A recent 
systematic review describes a quite favorable rate of 
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“response” in RAP patients without CP at a median of 76% 
of patients across studies [27, 32–36].

However, the impact of therapeutic ERCP for RAP in PDv 
should be interpreted with caution. The literature is quite het-
erogeneous in terms of study design, follow-up, and the com-
bination of dorsal duct therapeutic techniques. Importantly, 
the effectiveness of minor papillotomy alone is yet to be con-
firmed in randomized controlled trials. The only prospective, 
randomized, controlled trial reported results for serial dorsal 
duct stenting (5–7  Fr stents, total of 12  months decompres-
sion) without minor papillotomy. While the intervention 
group experienced fewer attacks of pancreatitis (p = <0.05%), 
the median follow-up was also short (~2.5  years) following 
stent extraction [32]. Beyond the significant procedure burden 
of 12  months of serial stent exchanges, this approach is less 
often deployed by experts due to the high rates of stent-
induced dorsal pancreatic duct changes in patients with PDv 
undergoing endotherapy (up to 50%) [27, 32].

ERCP with minor papilla cannulation and papillotomy is 
recognized as technically challenging by expert endoscopists 
and carries a significantly higher risk for early complications, 
namely, post-ERCP pancreatitis [29, 37, 38]. Interval stenosis of 
the minor papillotomy is an additional risk of papillotomy and 
occurs in 11–24% of patients [27, 33]. Consequently, follow-up 
endoscopic procedures are often required to further manage 
patients after minor papillotomy with or without stenting.

In spite of favorable data that supports endotherapy for 
PDv in the setting of RAP, this intervention remains an area 
of controversy given the risks and our evolving understand-
ing of PDv as a cofactor in RAP. The risks and benefits of 
endoscopic therapy should be carefully discussed with a 
patient. The physician and patient should carefully weigh 
such factors as frequency of pancreatitis attacks, operator/
center expertise, potential need for multiple procedures, pres-
ence of modifiable (alcohol, tobacco) and non-modifiable 
(CFTR, SPINK) cofactors for recurrent acute pancreatitis, 
and a patient’s age and health status when considering endo-
therapy for RAP in the setting of PDv.
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 ERCP for Managing Congenital Abnormalities 
of Pancreaticobiliary Tree

Congenital pancreaticobiliary malformations are readily diag-
nosed on MRI/MRCP and represent a minority of patients 
with RAP [39]. Todani Type III choledochal cysts (“choled-
ochocele”) are congenital cystic abnormalities of the common 
bile duct within the ampulla of Vater. The papilla will display 
a focally cystic, protuberant appearance on cross-sectional 
imaging and when viewed endoscopically from within the 
duodenum. Pancreatitis is the most common presentation of 
choledochoceles (38–70%) presumably caused by a combina-
tion of mechanical outflow obstruction, increased pancreatic 
duct pressures, formation of biliary stones, and/or reflux of 
bile into the pancreatic duct. Endoscopic biliary sphincterot-
omy is considered therapeutic and is a reasonable alternative 
to resection as the potential for malignancy is low relative to 
other types of choledochal cysts [40]. Anomalous pancreatico-
biliary junction occurs in 0.2% of populations of European 
descent but is more common in Asian populations and is asso-
ciated with choledochal cysts (40–70%). These patients can 
present with pancreatitis by similar mechanisms as choled-
ochocele. ERCP with biliary sphincterotomy may also benefit 
these patients in preventing further episodes of pancreatitis 
[41]. However, due to a much greater risk for malignancy, sur-
gical referral for cholecystectomy with or without resection of 
the extrahepatic bile duct in the presence of choledochal cyst 
is also recommended in surgical candidates.

 Idiopathic Recurrent Pancreatitis, Sphincter 
of Oddi Manometry, and Sphincterotomy

Sphincter of Oddi dysfunction (SOD) is found in 30–78% of 
RAP patients [24]. Literature suggests endoscopic sphincter-
otomy for sphincter “spasm,” when identified, may eliminate 
recurrent pancreatitis in 50–75% of patients with SOD 
[42–44].
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The impact of sphincterotomy on IRAP is best described 
in the form two, conflicting retrospective studies. A study by 
Wehrmann et  al. reported outcomes in 37 patients with 
IRAP managed with biliary, pancreatic, or dual duct endo-
scopic sphincterotomy. The relapse rate was also 50% in the 
cohort. In patients with recurrent attacks, a lower frequency 
of episodes was observed after intervention after more than 
10  years of follow-up. This study is hindered by lack of a 
comparison group managed without ERCP [45]. Das et  al. 
reported retrospective comparative data for IRAP patients 
from the North American Pancreatitis Study (NAPS) cohort. 
In this study IRAP patients were stratified and analyzed 
based on a management strategy of either “medical therapy” 
or sphincterotomy. Rates of recurrent pancreatitis between 
groups managed with medical therapy versus sphincterot-
omy were similar (p  =  0.63). Rates of pancreatitis were 
observed to decline across both groups with follow-up. 
However, while a comparative study, there were some nota-
ble limitations to this study design. Length of follow-up to 
potentially capture events was nearly twice as long for 
patients managed with sphincterotomy (11.8 vs 6.8  years, 
p = 0.003). Also, baseline disease activity appeared to differ 
between groups, with the number of preceding attacks of 
pancreatitis found to be greater in the sphincterotomy group 
(3 vs 2, p = 0.039) and the rate to progression to CP was also 
higher in the sphincterotomy group (27% vs 18%, p = 0.46). 
These two studies offer long-term follow-up data on the 
impact of sphincterotomy on not only any recurrence of pan-
creatitis but also episode density which is perhaps the most 
important metric for therapy in IRAP. Their conflicting find-
ings highlight the limitations in studying the effectiveness of 
sphincterotomy for IRAP retrospectively. The potential for 
unmeasured confounders related to differences in upfront 
selection of patients for sphincterotomy and variability in 
the subsequent duration of monitoring for events will consis-
tently hinder studies with retrospective designs [46].

The only published prospective, randomized controlled 
trial dedicated to evaluating endotherapy for IRAP patients 
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allocated patients to therapeutic approaches based on the 
presence of pancreatic SOD (PSOD) at manometry [24]. The 
primary outcome was a single, recurrent attack of pancreatitis 
after intervention. The median length of follow-up for this 
cohort was quite substantial at 78  months (IQR, 
35–108 months). PSOD patients were randomized to biliary 
or biliary with pancreatic sphincterotomy. Recurrence of 
acute pancreatitis after intervention was similar between 
groups managed with either of the sphincterotomy approaches 
(48 vs 47%, p = 1.0). Patients without PSOD were random-
ized to sham or biliary sphincterotomy and recurrence rates 
of acute pancreatitis also found to be similar (11 vs 27%, 
p = 0.60). The impact of sphincterotomy on the frequency of 
pancreatitis (episode density) was not analyzed in this study, 
nor was the study powered to assess the impact of sphincter-
otomy vs sham. PSOD was associated with a risk of subse-
quent episodes of AP after intervention. Overall, this study 
concluded that a dual sphincterotomy approach (pancreatic 
and biliary) for patients with PSOD offers little interval 
advantage over a biliary sphincterotomy alone.

Conflicting data exists on the impact of sphincterotomy 
therapy on the natural history of IRAP. While it appears that 
IRAP recurs in approximately 50% of patients managed with 
a sphincterotomy, it is unclear if this can be attributed to the 
intervention or the natural history of the disease with obser-
vation. Based on the only randomized, controlled trial, if 
sphincterotomy is selected to manage a patient with IRAP, 
biliary sphincterotomy alone may be the most appropriate 
technique. The role of sphincter of Oddi manometry to iden-
tify SOD in IRAP is even more perplexing. Based on Cote 
et al., SOD may identify an aggressive phenotype. However, 
given that SOD is quite prevalent (50–75%) in RAP patients 
and does not predict response to therapy, many experts 
deploy an approach of empiric sphincterotomy without 
manometry.

Further, randomized studies with long-term follow-up that 
compare sphincterotomy to medical therapy/observation are 
required. These studies should assess the impact of sphincter-
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otomy on not only recurrence but also the episode density of 
pancreatitis after intervention/enrollment. At this time, it is 
reasonable to offer biliary sphincterotomy to IRAP patients 
with an aggressive RAP phenotype. Pancreatic sphincterot-
omy in this context should be avoided based on a randomized 
prospective study, a high restenosis rate (20–30%), and con-
sequent potential for repeat procedures to manage restenosis 
as a late, iatrogenic complication [3, 47]. Sphincterotomy for 
IRAP should be offered after a careful discussion of the risks 
(post-ERCP pancreatitis, interval sphincter stenosis), bene-
fits, and alternatives (empiric cholecystectomy, observation).

 ERCP for Management of Pancreatitis 
in the Setting of Pancreaticobiliary Neoplasia

Adenoma is the most common form of neoplasia of the 
ampulla. Pancreatitis is an infrequent presentation for these 
patients, occurring in 5% at presentation [48]. Endoscopic 
therapy in the form papillectomy with or without pancreatic 
sphincterotomy has technical success rates (defined by com-
plete tumor resection at 3–6-month follow-up) of 46–92%. 
However, rates of post-procedure complications are high 
(8–42%), with post-ERCP pancreatitis the most frequent [48, 
49]. While papillectomy effectively removes the obstructing 
lesion implicated in pancreatitis attacks, data regarding the 
success of this technique for realizing durable resolution of 
pancreatitis episodes remains poorly characterized and is 
largely unmeasured across studies. However, given obstruc-
tion is the most likely mechanism for RAP in these patients, 
is reasonable to offer endoscopic papillectomy to ampullary 
adenoma patients afflicted with RAP and expect resolution 
of pancreatitis with resection of the lesion.

Acute pancreatitis complicates 7–67% of patients with 
IPMN referred to tertiary centers for management. Reported 
rates of pancreatitis are higher in patients referred for 
 resection, as this is a guideline level indication for surgery. 
Studies are conflicted as to whether differences in rates of 
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pancreatitis exist across morphologic subtypes (e.g., side 
branch, mixed and main pancreatic duct lesions) [50, 51]. The 
mechanism for recurrent pancreatitis is suspected to be inter-
mittent pancreatic duct obstruction from the passage of mucin 
excreted from neoplastic epithelium. ERCP endoscopic ther-
apy is a potential alternative for patients that are not candi-
dates for or refuse resection [52]. Specifically, pancreatic 
sphincterotomy may prevent recurrent episodes of pancreati-
tis based on small case series. The largest case series (n = 16) 
evaluating this approach reported complete resolution of 
pancreatitis in 69% of patients (mean follow-up 24.9 months). 
A median numbers 3.5 episodes (+/− 2.3) were observed 
before sphincterotomy which decreased to 0.56 (+/−1.03) after 
sphincterotomy (p = <  0.0001). Further, comparative studies 
are needed to evaluate this technique as a viable alternative to 
resection for IPMN complicated by RAP.

 Case Outcomes

 Case 1: Occult Biliary Pancreatitis (Fig. 9.1)

EUS was performed as an outpatient. Hyperechoic, mobile 
material was visualized in the gallbladder consistent with 
layer sludge. Mobile hyperechoic material was also visual-
ized in the bile duct, which measured up to 7 mm in diame-
ter. The pancreatic duct was normal in caliber, measuring up 
to 1.5 mm in the head of the pancreas. The pancreatic duct 
could be followed from the ventral to dorsal anlage, exclud-
ing PDv. The EUS was followed by an ERCP. Dark bile with 
particulate sludge was visualized endoscopically exiting the 
bile duct prior to cannulation. Biliary cannulation, biliary 
sphincterotomy, and balloon sweep clearing the bile duct of 
sludge were performed. The patient was referred for laparo-
scopic  cholecystectomy. He has since advanced to a solid 
diet and is now 3  months without a recurrent pancreatitis 
event.
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This patient-reported biliary colic, was with a gallbladder 
in situ, and possessed risk factors for biliary disease (morbid 
obesity, diabetes). CT scan has limited sensitivity for gall-
stone disease and cholelithiasis (sensitivity <65%). Right 
upper quadrant ultrasound is sensitive for gallstones (>95%). 
In this case the gallbladder was contracted at the time of the 
sonogram, which diminishes the sensitivity for small stones 
and layering sludge. ALT alone has limitations in its negative 
predictive value even when normal at the time of pancreatitis. 
EUS was performed as the suspicion for biliary disease 
remained high in spite of his negative diagnostic studies. 
ERCP followed given the presence of bile duct sludge. 
Cholecystectomy followed for definitive prophylaxis from 
further RAP events.

a

c d e

b

Figuer 9.1 (a) EUS imaging demonstrating gallbladder sludge 
(green arrows), (b) EUS imaging from the duodenal bulb demon-
strating bile duct sludge (green arrows). (c/d) Duodenoscope images 
of the region of the ampulla demonstrating dark bile with particu-
late sludge. (e) Ampulla following sphincterotomy
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 Case 2: Sphincterotomy for IRAP

Given an extensive workup that was unrevealing for an etiol-
ogy, absence of CP, and multiple episodes of pancreatitis 
within a 12-month span, we offered endoscopic therapy. A 
temporary pancreatic stent was placed, and a biliary sphinc-
terotomy was performed. He is now more than 12  months 
without recurrent pancreatitis, which based on his pre-interven-
tion disease activity suggests a favorable response. Further fol-
low-up will be required to gauge the overall impact.

 Case 3: Minor Papillotomy for PDv (Fig. 9.2)

After a careful discussion of the risks, benefits, and alternatives, 
therapeutic ERCP was performed. Cannulation of the minor 
papilla was successful. Pancreatogram was consistent with PDv 
and without features of CP. A minor papillotomy was performed 
with a sphincterotome, and a 3 Fr by 8 cm prophylactic pancreatic 
stent was placed. Rectal indomethacin was administered. 
Following the procedure, she experienced new epigastric abdom-
inal pain and nausea. She was administered IV fluids at 3 cc/kg/
hour and admitted for suspiscion of post-ERCP pancreatitis, 
confirmed by biochemical testing the following day (Lipase 1848 
U/L, ULN 59). She was admitted for 48  hours and ultimately 
discharged on a solid diet. Follow-up KUB at 15 days from ERCP 
confirmed spontaneous migration of her pancreatic stent.

She has been without an episode of recurrent pancreatitis 
for the past 3.5 years.

 Case 4: Pancreatic Ductal Adenocarcinoma 
(Fig. 9.3)

Given the finding of suspicious pancreatic mass (discrete, low 
radiodensity, upstream pancreatic duct dilation) visualized on 
cross-sectional imaging in the setting of a concerning clinical 
scenario for cancer (antecedent pain, weight loss), the deci-
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sion was made to perform an EUS. The decision was made to 
perform the EUS procedure prior to discharge, as we believe 
that the lesion would be readily identified for sampling. 
Specifically, the lesion as visualized on cross-sectional imag-
ing and pancreatic inflammatory changes were minimal. EUS 
demonstrated a hypoechoic mass in the uncinate portion of 
the pancreas. FNA on-site cytopathology was suspicious for 
adenocarcinoma, with  confirmatory final pathology. The 
lesion demonstrated abutment of the superior mesenteric 

a b

c d

Figure 9.2 (a) Minor papilla, second portion of the duodenum. (b) 
Cannulation and minor papillotomy performed utilizing a sphinc-
terotome. (c) Endoscopic view of the minor papillotomy, 0.018 inch 
guidewire positioned across the minor papilla in the dorsal pancre-
atic duct. (d) Prophylactic dorsal pancreatic duct stent placed
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Figure 9.3 (a/b) Low radiodensity mass in the uncinate of the pan-
creas (arrows) visualized on cross section and coronal CT scan images. 
(c) Upstream pancreatic duct dilation on coronal CT scan images. (d) 
EUS images with a linear echoendoscope of the uncinate pancreas 
from second portion of the duodenal, mass visualized (arrows)

History, physical exam, review of objective data (LFTs,
pancreatic enzymes juxtaposed to episode, RUQ ultrasound,

cross sectional imaging)

Counsel tobacco and alcohol cessation

Alcohol, overt biliary disease, medication, metabolic
(hypertriglyceridemia, hypercalcemia) Excluded

Suspect occult biliary disease* or neoplasiaˆ

Yes No

Endoscopic ultrasound
+/- duodenoscopic exam of

the major papilla

Negative

Finding

s-MRCP with and without
contrast

Pancreatic divisum

Genetic testing~
consider ERP with minor papillotomy

Neoplasia found Sludge, microlithiasis,
macroscopic stone disease

Biliary Sphincterotomy if
idiopathic

Refer for surgery/oncology,
ERCP pancreatic

sphincterotomy if IPMN
and not a surgical candidate

* Pancreatitis 6–12 months following CCY for cholelithiasis, associated biliary colic, ALT elevations with symptoms. ^ Double duct sign, pancreatic duct dilation, onset age > 50,
   weight loss, ~ CFTR, SPINK1, PRSS1, CTRC

sMRCP and EUS negative:
-   Evaluate for autoimmune
(IGG4, ANA, peri-ampullary/

pancreatic FNB)
-   Consider genetic testing~

CCY,
ERCP with biliary

sphincterotomy if bile duct
pathology

Figure 9.4 Diagnostic and therapeutic algorithm for recurrent 
acute pancreatitis
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vein. The visualized left lobe of the liver was negative for 
focal lesions. The bile duct was normal. She was referred to 
oncology and pancreaticobiliary surgery. EUS-celiac plexus 
neurolysis was later performed due to persistent, severe 
abdominal pain. She was able to advance to a solid diet prior 
to discharge.

Pearls and Pitfalls (Fig. 9.4)
• ERCP for recurrent pancreatitis should be avoided 

in patients with alcoholic pancreatitis and in patients 
with non-biliary pancreatitis that are abusing 
alcohol.

• Smoking cessation should be emphasized for patients 
with RAP.

• Overt and occult biliary disease are among the most 
common identifiable etiologies for recurrent acute 
pancreatitis, and as ERCP endotherapy or surgery 
may be definitive interventions, biliary disease is a 
central, early consideration during the diagnostic 
workup.

• In patients with IRAP, significant inflammatory 
changes and that do not have a discrete mass on 
cross-sectional imaging, advanced imaging should be 
delayed 3–4 weeks, especially if structural abnormali-
ties or occult neoplasia is a consideration.

• EUS is often the advanced imaging study of choice 
for RAP patients, especially if biliary disease or neo-
plasia is suspected.

• S-MRCP is the advanced imaging study of choice for 
RAP patients with suspected pancreatic ductal 
pathology.

• Diagnostic ERCP should be avoided in patients with 
IRAP.

• Therapeutic minor papillotomy may offer benefit for 
patients with recurrent pancreatitis in the setting of 
pancreas divisum.
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 Case Presentation

A 44-year-old male with history of alcoholism and recurrent 
attacks of acute pancreatitis was evaluated for acute-onset 
epigastric abdominal pain radiating to the back and nausea 
for 3 days. Laboratory tests showed an elevated serum lipase 
at 152 U/L (reference range 9–82 U/L) and elevated total bili-
rubin at 2.9 mg/dl (reference range 0.0–1.2 mg/dl). CAT scan 
of the abdomen showed a 6 cm by 5 cm by 7 cm cystic lesion 
in the pancreatic head most likely representing a pseudocyst 
in the setting of recurrent pancreatitis. There was adjacent 
mass effect on the lower common bile duct (CBD) resulting in 
mild upstream extrahepatic and intrahepatic biliary dilatation. 
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Pancreatic duct (PD) was noted to have mild diffuse dilation, 
likely from the mass effect of the aforementioned pseudocyst. 
An endoscopic ultrasound examination revealed a 5  cm by 
6 cm hypoechoic and homogenous cyst in the pancreatic head 
causing mild extrinsic compression in the prepyloric region of 
the stomach, as well as the duodenal bulb. EUS-guided cysten-
terostomy was not technically feasible due to the lack of a safe 
needle tract for fistula creation. Subsequently, an ERCP was 
performed to evaluate for CBD and PD strictures. Ventral PD 
cannulation was achieved through the major papilla. After 
contrast injection, only a short portion of the ventral PD 
toward the ampulla was opacified, followed by acinarization 
of the ventral PD in pancreatic head suggesting pancreas divi-
sum. Major papilla sphincterotomy was performed and one 5 
Fr by 3 cm plastic stent was placed in the ventral PD for post-
ERCP pancreatitis prophylaxis. Subsequently, the dorsal PD 
was cannulated via the minor papilla using a tapered tip can-
nula. Contrast injection through the dorsal PD resulted in 
duct opacification up to the tail with no communication with 
the ventral PD, confirming the diagnosis of complete pancreas 
divisum. A 10  mm stricture was identified in the head and 
genu of the pancreas with upstream PD dilation. Contrast was 
seen extravasating into the pseudocyst from the upstream 
body of the pancreas. A dorsal sphincterotomy was per-
formed, and one 7 Fr by 9 cm plastic stent was placed, 8 cm 
into the dorsal PD.  The patient experienced relief from his 
symptoms and was discharged the following day.

This case highlights the importance a priori recognition of 
pancreatic ductal anatomy, successful minor papilla cannula-
tion, and the ability to deliver therapeutic interventions 
through the minor papilla into the dorsal pancreatic duct.

 Pancreatic Anatomy

The normal adult pancreas originates from the fusion of the 
ventral pancreatic bud with the dorsal pancreatic bud. The 
ventral pancreatic bud forms the uncinate process and the 
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main pancreatic duct (PD) in the head (duct of Wirsung), 
while the dorsal pancreatic bud forms the rest of the head, 
neck, body, and tail of the pancreas as well as the rest of the 
main PD and the accessory PD (duct of Santorini). As the 
embryonic pancreas develops, the ventral PD forms a com-
munication with the dorsal PD to form the main PD.  The 
portion of the dorsal PD toward the ampulla (downstream to 
the communication with the ventral PD) either regresses or 
opens into the duodenum via the minor papilla. Normally, all 
or almost all of the pancreatic secretions are drained through 
the main PD via the major papilla (Fig. 10.1).

Bile duct

Ventral bud

Primitive foregut

Dorsal bud

Dorsal pancreas

Ventral pancreas Dorsal pancreatic duct

Ventral pancreatic duct

Rotation of the ventral bud and fusion with the dorsal bud

Normal Complete pancreas divisum Incomplete pancreas divisum

Fusion of ventral and
dorsal pancreatic ducts

Unfused pancreatic
duct systems

Fusion with a
small-caliber channel

Figure 10.1 Formation of the normal pancreas and pancreas divi-
sum during embryological development. The schematic illustration 
above represents the embryological formation of the normal pan-
creas and abnormalities in this process that lead to the development 
of pancreas divisum. (Reproduced with permission from Springer 
Nature. Luther and Casey [11])
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In complete pancreas divisum, the ventral PD fails to com-
municate with the dorsal PD. Thus the bulk of the pancreatic 
secretions are drained through the accessory PD via the 
minor papilla, while the ventral PD drains only a small por-
tion of the head and the uncinate process (Fig.  10.2). In 
incomplete pancreas divisum, a rudimentary communication 
exists between the dorsal and ventral ducts; however the 
majority of drainage occurs via the dorsal PD at the minor 
papilla. The term pseudo-divisum (or functional divisum) is 
used when the pancreas has normal ductal anatomy, but most 
of the pancreatic secretions are still drained through the pat-
ent accessory duct via the minor papilla. This most commonly 
occurs when a stone or a stricture blocks the downstream 
part of the main PD toward the ampulla (embryonic ventral 
PD) redirecting the pancreatic secretions to flow through the 
accessory duct via the minor papilla. Therefore, in symptom-
atic pancreas divisum or pseudo-divisum patients, cannula-
tion of the minor papilla may be necessary to provide 
appropriate endotherapeutic interventions (Fig. 10.3).

 The Role of Pancreatic Endotherapy

Therapeutic maneuvers within the PD (so-called pancreatic 
endotherapy) have evolved over the last two decades. Due to 
its minimally invasive nature and the relatively lower risk of 
procedure-related morbidity when compared to surgical 
drainage, pancreatic endotherapy has become the preferred 
initial management for symptomatic chronic pancreatitis 
associated with ductal obstruction, as well as other indica-
tions. The role of ERCP in chronic pancreatitis is discussed in 
more detail in Chap. 11 and therefore here will only be dis-
cussed superficially. While chronic pancreatitis associated 
with stones and strictures remains the most common indica-
tion for pancreatic endotherapy, other conditions such as 
recurrent acute pancreatitis (RAP) possibly due to pancreas 
divisum and the management of duct leaks, disruptions, and 
peripancreatic fluid collections are also common indications. 
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a

b

Figure 10.2 MRCP of pancreas divisum. MRCP images (a, b) show 
the main pancreatic duct (image (b), white arrows) crossing the 
common bile duct (image (b), black arrow head) and draining via 
the minor papilla. (Image courtesy of Raj Paspulati, MD, Department 
of Radiology, University Hospitals Cleveland Medical Center, 
Cleveland, Ohio, USA)
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Other less common indications which have been reported 
include therapy for santoriniceles, resection of adenomatous 
polyps around the minor papilla, and transpapillary drainage 
of a dorsal duct intraductal papillary mucinous neoplasm 
(IPMN). While the majority of pancreatic endotherapy is 
performed by cannulation of the ventral PD at the major 
papilla, there are certain instances where cannulation of the 
minor papilla is required.

 Indications and Planning for Minor Papilla 
Cannulation

Cannulation of the PD via the minor papilla is performed 
most commonly in two circumstances: the first is to aid in 
endotherapy in the setting of pancreas divisum, and the 
 second is when the main PD cannot be accessed due to a 
failed cannulation or when deep-wire access and cannulation 
via the ventral PD is not achievable. The latter scenario most 
commonly occurs in the setting of ductal stones or strictures 
in the ventral PD. Sometimes, ventral PD distortion, such as 
an ansa loop, can prevent advancement of the guidewire 

Figure 10.3 Fluoroscopic pancreatogram findings in a patient with 
complete pancreas divisum: (a) Acinarization of a ventral pancreatic 
duct (VPD) via the major papilla, (b) complete opacification of the 
main pancreatic duct via the minor papilla. A stent was placed in the 
acinarized VPD (arrow) via the major papilla
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beyond the head of the pancreas when cannulated through 
the major papilla. In such cases, cannulation of the accessory 
PD via the minor papilla may facilitate deep advancement of 
the guidewire and delivery of successful endotherapy.

Successful endoscopic retrograde pancreatography (ERP) 
through the minor papilla necessitates a patent accessory 
duct that communicates with the main PD upstream. 
Accessory duct patency estimates have ranged from 12% to 
82%, depending on the method used (e.g., CT scan, MRCP, 
autopsy series) [1]. Therefore, knowledge of the PD anatomy, 
ahead of the planned ERP, by magnetic resonance cholangio-
pancreatography (MRCP) or endoscopic ultrasound (EUS) 
is extremely helpful before undertaking this technically chal-
lenging procedure. Having a good understanding of the 
underlying ductal anatomy before attempting endotherapy 
via the minor papilla may result in an increase in technical 
success while mitigating the risk of adverse events.

 Identification and Duodenoscope Position

The minor papilla is typically located on the medial wall of 
the descending duodenum, at the 1 o’clock position, proximal 
to the major papilla. Because of its location, just beyond the 
superior duodenal angle, it is typically best viewed with the 
duodenoscope in the “long” position (i.e., with a loop in the 
greater curvature of the stomach). In contrast to the major 
papilla, viewing the minor papilla in the “short” position (i.e., 
after reduction of the loop in the greater curvature) often 
results in duodenoscope positional instability. Because of the 
difficult nature of minor papilla cannulation, duodenoscope 
stability is paramount, and we prefer to attempt minor papilla 
cannulation with the duodenoscope in the long position. As 
viewed endoscopically, the minor papilla can vary widely in 
its appearance. While it is often rather obvious, it can also be 
subtle and very difficult to locate (Fig. 10.4). In the event of a 
subtle minor papilla which is difficult to visualize, several 
adjunctive techniques have been described to aid in its detec-
tion. Intravenous (IV) secretin has been studied in a small 

Chapter 10. Minor Papilla Cannulation



220

randomized controlled trial in patients with a prior failed 
minor papilla cannulation. The use of IV secretin resulted in 
an improvement in minor papilla cannulation from 7.7% in 
the placebo group to 81.3% in the secretin group [2]. Dyes 
used in chromoendoscopy such as methylene blue and indigo 
carmine, with and without the concomitant use of IV secretin, 
have also been used to spray over the region of the minor 
papilla to help in its identification. Endoscopic ultrasound- 
guided injection of methylene blue into the dorsal PD has 
also been described [3]. With the current widespread shortage 
of indigo carmine and the expense of IV secretin, we prefer 
to spray a dilute methylene blue solution (1–2 mLs with 8–9 
mLs of saline) in cases where the minor papilla is difficult to 
locate. This typically results in the minor papilla having a 
whitish appearance against a blue mucosal background 
(Fig. 10.5).

 Cannulation Devices and Guidewires

Once the minor papilla is identified, preparations are made 
for cannulation. Due to the smaller size of the papillary ori-
fice, techniques often differ when compared to cannulating 
the ventral PD or bile duct at the major papilla. Most stan-
dard sphincterotomes used for biliary cannulation have a 
distal tip outer diameter (OD) ranging from 4 to 5 Fr. The size 

a b c

Figure 10.4 Varying appearances of minor papillae. (a) Small white 
flat spot (blue arrow), (b) moderately sized, protuberant, (c) larger 
minor papilla with visible intraduodenal ductal segment
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of these cannulating devices however may be too large when 
attempting to cannulate the minor papilla. Therefore, in 
planned minor papilla cannulation, it may be preferable to 
utilize a cannula or sphincterotome with a smaller OD rang-
ing from 3 to 4 Fr. Older generation ERCP cannulas with 
small tapered tips are typically single-lumen devices meaning 
that the guidewire must be removed in order to inject con-
trast through the device. Several newer double-lumen models 
now exist (Tables 10.1a, 10.1b and 10.1c). Additionally, sev-
eral sphincterotomes with smaller tapered distal tips are 
available for use. The distal OD of these tapered sphinctero-
tomes is typically around 4 Fr, and they come with the advan-
tages of having multiple lumen capabilities (i.e., allowing 
simultaneous wire access as well as contrast injection) and a 
sphincterotomy cutting wire.

As with cannulating devices, minor papilla cannulation also 
commonly requires the use of smaller diameter guidewires. 
Guidewires with diameters of 0.018, 0.020, 0.021, and 0.025 

Figure 10.5 Use of methylene blue sprayed over duodenal mucosa 
in region of minor papilla to help identify orifice (arrows)
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inches are most commonly used when cannulating the minor 
papilla. It is vital to understand the specifications of the cannu-
lating device being used before selecting the preferred guide-
wire as several of the smaller tapered cannulas and 
sphincterotome models will not accommodate wires larger than 
0.021 or 0.025 inches (Table 10.1a, 10.1b and 10.1c). Guidewires 
used in pancreatic endotherapy can have a straight or angled 
hydrophilic tip. Straight-tip wires may carry an advantage in can-
nulation because of their reliable trajectory; however angled-tip 
wires can provide added maneuverability in small diameter and 
tortuous ducts and can promote alpha loop formation.

 Minor Papilla Cannulation Technique

 Preparation

For planned minor papilla cannulation, we typically begin 
with a tapered sphincterotome with a 3.9 Fr distal OD loaded 
with a straight-tip 0.021 or 0.025 inch hydrophilic wire. 
However, we have additional accessories ready in the event 
that cannulation is not successful. These include a 0.018 inch 
guidewire, a 3 Fr tapered cannula, a needle-knife papillotome, 
and a 5.5 Fr catheter designed with a 1 mm/23 gauge blunt 
needle (Cramer cannula, Cook Endoscopy).

 Wire-Guided Cannulation

We prefer the wire-guided cannulation (WGC) technique, 
exposing the wire a few millimeters out of the tip of the 
sphincterotome. The wire engages the papilla, and with gentle 
probing, cannulation can be achieved. This technique allows 
for the wire, the smallest part of the collective armamentar-
ium being used, to engage the small orifice first resulting in 
less trauma and mucosal edema. Once the wire has entered 
the dorsal PD, a limited contrast injection often helps delin-
eate the ductal anatomy enough to advance the wire safely 
upstream toward the body and tail. Doing so will result in a 
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safer navigation, reducing the chance of accidental wire per-
foration of a PD side branch. Judicious use of contrast in the 
PD is imperative. Care should be taken to inject as little con-
trast as possible in order perform the task at hand as over- 
injection of contrast, even in patients with chronic pancreatitis, 
increases the risk of post-ERCP pancreatitis. After wire posi-
tion is secured within the PD, a 3–6 mm minor papillotomy is 
performed, and the necessary endotherapy is undertaken.

 Alternative Techniques if WGC Fails

In the event that cannulation in the above manner is not success-
ful, we often will make further attempts with a 0.018 inch guide-
wire with either the sphincterotome or a smaller 3 Fr tapered 
cannula. If this fails, final attempts are made with a 5.5 Fr cath-
eter designed with a 1 mm/23 gauge blunt needle tip to engage 
the minor papilla and delineate the dorsal PD with contrast. 
Due to the small gauge of the needle tip, this catheter does not 
accommodate ERCP guidewires. We make a concerted effort to 
attempt early freehand papillotomy prior as repeated cannula-
tion attempts can cause significant mucosal trauma and edema 
to the minor papilla. Mucosal edema may obscure the normal 
landmarks, thereby potentially making a freehand papillotomy 
less safe. After freehand papillotomy, WGC is reattempted in the 
above manner. If cannulation remains unsuccessful, we do not 
perform endoscopic ultrasound (EUS)-guided intraductal 
methylene blue injection or rendezvous in the same session as 
these procedures require a more detailed discussion and 
informed consent process prior to proceeding.

 Minor Papillotomy

Endoscopic minor papillotomy is useful in most circum-
stances where minor papilla cannulation is indicated. In all 
cases, minor papillotomy facilitates the advancement of 
accessories such as extraction balloons and stents, as well as 
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making cannulation during any subsequent ERCP easier. 
Minor papillotomy can be performed by various methods. 
The method preferred by most endoscopists uses a pull-type 
sphincterotome. After deep-wire cannulation is achieved, the 
sphincterotome is advanced over the wire and into the dorsal 
PD. With the duodenoscope in the long position, a papillot-
omy directed toward the 12 o’clock position is performed. 
The length of papillotomy is tailored toward the size and 
position of the circular fold of the minor papilla but typically 
ranges from 3 to 5 mm in size. In the event that the sphinc-
terotome is not able to traverse the minor papilla, one can 
consider using a tapered catheter dilator and reattempting to 
advance the sphincterotome thereafter. In the event the 
sphincterotome is still not able to intubate the papilla, papil-
lotomy with a needle knife can be performed. This can be 
done over the guidewire or over a small diameter PD stent.

When other cannulation methods have failed, a freehand 
access minor papillotomy with a needle knife can aid in suc-
cessful cannulation. With the needle engaging the papillary 
orifice and the papilla en face, cutting is again directed 
toward the 12 o’clock position (Fig.  10.6). For access papil-
lotomy, smaller cuts of 2–3 mm are often enough to facilitate 
successful cannulation while minimizing the risks of adverse 
events such as duodenal perforation. Regardless of the 
method chosen, we recommend placing a PD stent after 
minor papillotomy to reduce the incidence of post-ERCP 
pancreatitis and papillary restenosis.

With regard to generator settings, we do not utilize a pure- 
cut mode so as to avoid an uncontrolled zipper cut at the 
smaller minor papilla. Whether using a sphincterotome, or a 
needle knife, we utilize the same generator settings for minor 
papillotomy. When using an ERBE generator (ICC200, VIO 
200S or 300D, ERBE USA, Marietta, GA), we perform 
minor papillotomy with the following settings: ENDO CUT 
I, Effect 2, cutting duration 3, and cutting interval 3. We also 
utilize Olympus generators (ESG 100, Olympus of America, 
Inc. Center Valley, PA) and in these circumstances use the 
pulse cut mode at 120 W.
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At the completion of the procedure, if a minor transpapil-
lary stent was not otherwise placed for therapeutic purposes, 
we place a short 3–5 Fr PD stent and obtain an abdominal 
X-ray in 4 weeks to assess for spontaneous migration. Stents 
that have not migrated are removed endoscopically if no fur-
ther intervention is planned within the PD.

 Endotherapies Through the Minor Papilla

 Chronic Pancreatitis

The endoscopic therapy of chronic pancreatitis is discussed in 
detail elsewhere in Chap. 12. Published literature suggests 
that skilled endoscopists are able to perform all endoscopic 

a b c

d e f

Figure 10.6 Minor papilla cannulation and papillotomy techniques: 
The top row demonstrates a small minor papilla (a) is accessed using 
a freehand needle-knife papillotomy technique (b), and a pancreatic 
duct stent is placed (c). The bottom row demonstrates a more obvi-
ous minor papilla (a) accessed atraumatically via wire-guided can-
nulation (b). After papillotomy with a standard traction 
sphincterotome, a pancreatic duct stent is placed (f)
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therapeutic interventions through the minor papilla that have 
traditionally been performed via the major papilla [4–6]. 
These interventions include minor papillotomy, accessory or 
main PD stricture dilation, PD stent placement and PD stone 
extraction, mechanical lithotripsy and less commonly, and 
pancreatoscopy with or without electrohydraulic lithotripsy. 
PD stone clearance takes a median of two to three ERPs per 
patient, and the success rate ranges from 74% to 91% [4, 8, 9]. 
Extracorporeal shock wave lithotripsy (ESWL) is commonly 
applied beforehand to break larger stones into smaller frag-
ments. Successful PD stricture resolution with balloon dila-
tion followed by sequential stent upsizing ranges from 52% 
to 91% and also requires multiple procedures [4, 5, 8, 9]. In 
patients with chronic pancreatitis and ventral PD obstruction, 
minor papilla endotherapy has been associated with a reduc-
tion in pain by >50% ranging from 58 to 96% (average 
around 75%) and a reduction in narcotic medication require-
ment by >50% around 43% [4, 5, 9].

 Symptomatic Pancreas Divisum

Pancreas divisum is the most common congenital anomaly of 
the pancreatic ductal system occurring with a prevalence of 
roughly 7%. The vast majority of people with pancreas 
 divisum remain asymptomatic during their lifetime. A small 
subset of patients, however, develop complications including 
RAP, chronic pancreatitis, chronic abdominal pain, and cystic 
dilation of the dorsal PD, known as a santorinicele. The effi-
cacy of endotherapy for symptomatic pancreas divisum varies 
based on clinical manifestation. Reported clinical outcomes 
include resolution of improvement in the number of RAP 
episodes (62–81%) [7], improvement in patient-reported pain 
(31–90%) [7], and a decrease in emergency room visits and 
hospital admissions (43–89%) [7]. Minor papilla endotherapy 
appears to be more successful in the subpopulation of 
patients with RAP (77%) compared to patients with chronic 
pancreatitis (52%) or “pancreatitis-type pain” (47%) [7]. 
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Moreover, the therapeutic effect of endotherapy tends to 
fade with longer periods of follow-up. These results have also 
been shown in a recently published systematic review evalu-
ating 22 studies [10]. Subsequent pancreatic surgery, for 
minor papilla endotherapy failure, or persistent symptom 
control, has been reported to be necessary in 22.5–46% [4, 7].

 Adverse Events

Reported short-term adverse event rates vary widely in the 
literature from 0% to 26%, depending on the technique used 
to cannulate the minor papilla and the population of the 
study [5, 7]. Post-ERCP pancreatitis is the most common 
reported adverse event with a pooled incidence of 10% [7]. 
This higher than usual pancreatitis rate should be interpreted 
with caution, as minor papilla endotherapy is performed on 
medically complex and sick patients who already commonly 
have recurrent acute or chronic pancreatitis and are often 
opioid dependent. To further emphasize the point, 7–21% of 
patients report worsening abdominal pain and an increase in 
narcotic use even after technically successful endotherapy [4, 
5]. Increasing number of cannulation attempts is associated 
with a higher risk of post-ERCP pancreatitis [5]. Post- 
papillotomy bleeding and infections have been reported in 
1–4% patients [4–6]. Procedure-related perforations and 
deaths are rare.

Pearls and Pitfalls
• Minor papilla cannulation is useful in select cases 

including pancreas divisum or obstruction of the ven-
tral PD at the major papilla.

• The minor papilla is located at the 1 o’clock position 
proximally in relation to the major papilla and is best 
viewed and accessed with the duodenoscope in the 
“long” position. Adjunctive measures such as methy-
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 Case Presentation

A 65-year-old male with alcohol- and tobacco-related chronic 
calcific pancreatitis with recurrent acute on chronic pancre-
atitis flares presented for further evaluation and management 
of abdominal pain. Initial magnetic resonance cholangiopan-
creatography (MRCP) revealed a severely atrophic pancreas 
with diffuse main pancreatic duct (MPD) dilatation up to 
11 mm; multiple intraductal stones, including a 17 mm one at 
the head of pancreas (HOP); and scattered parenchymal cal-
cifications (Figs. 11.1 and 11.2).

Given these findings and the presence of pancreatic-type 
pain, the decision was made to attempt MPD decompression 
by ERCP.  The first ERCP proved technically challenging 
requiring multiple combinations of accessories for MPD 
access, ultimately revealing a severe 3-cm-long MPD stricture 
at the HOP with upstream dilation and multiple proximal 
filling defects (6–15  mm). The stricture was dilated, and a 
single 5 Fr pigtail plastic stent was placed (Fig. 11.3).
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Figure 11.1 Coronal MRI/MRCP image demonstrating a markedly 
dilated main pancreatic duct (arrows) with stricture in the pancre-
atic duct in the head (arrowhead)

Figure 11.2 MRCP image demonstrating dilated main pancreatic 
duct and scattered intraductal stones (arrows)
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Repeat ERCP 1 month later was performed. The pancre-
atic stent was removed and repeat stricture dilation per-
formed; however attempts at stone removal by balloon sweep 
and basket use were unsuccessful. A new single 7 Fr pigtail 
plastic stent was placed with limited improvement in pain 
after 4  weeks. Given high-grade stricture persistence with 
proximal non-drainable MPD dilation on pancreatography 
and multiple filling defects, the decision was made to place an 
80  ×  60  mm fully covered self-expanding metal stent 
(FC-SEMS) to the MPD (Fig. 11.4).

The patient progressed well with improved pain control. 
At a follow-up ERCP session, MPD access was performed 

Figure 11.3 Pancreatogram demonstrating marked dilation of the 
pancreatic duct upstream from a severe stricture in the pancreatic 
head and multiple filling defects consistent with intraductal stones
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through the indwelling metal stent with balloon sweeps for 
direct stone extraction. Pancreatoscopy confirmed no proxi-
mal strictures or residual stones, so the stent was removed 
revealing now a large 20 mm stone impacted at the ventral 
pancreatic duct. Through-the-scope electrohydraulic litho-
tripsy (EHL) proved unsuccessful given the location of the 
stone, just superior to the ampulla, so a new 10 Fr straight 
plastic stent was placed (Fig. 11.5).

Figure 11.4 Intraduodenal portion of fully covered metallic biliary 
stent which was placed into the main pancreatic duct due to the 
persistence and severity of the pancreatic duct stricture despite pre-
vious dilation and plastic stenting
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Extracorporeal shock wave lithotripsy (ESWL) was then 
performed successfully. Follow-up ERCP however revealed 
proximal stent migration into the MPD which failed multiple 
attempts at removal. Repeat pancreatoscopy showed stent 
impaction adjacent to a large residual stone (Fig. 11.6). This 
was successfully treated by EHL, though repeat attempts at 
stent removal proved unsuccessful. The decision was made to 
leave the plastic stent in place. The patient continued to prog-

Figure 11.5 Following removal of the fully covered metallic stent, 
the large stone in the pancreatic head could not be fragmented via 
EHL, so a plastic pancreatic duct stent was placed
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ress well with absence of pain and no further interventions 
after 3 years of follow-up (Fig. 11.7).

 Diagnosis/Assessment

The patient previously described presented with recurrent 
acute pancreatitis exacerbations superimposed on underlying 
chronic debilitating pain. As such, evaluation for treatable 
targets and potential new local complications was warranted.

Figure 11.6 At follow-up ERCP following the removal of the fully 
covered metallic stent and a session of ESWL, the previously placed 
plastic pancreatic duct stent had migrated proximally into the pan-
creatic duct with persistence of the large pancreatic duct stone, both 
seen here on pancreatoscopy
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The importance of complete alcohol and tobacco absti-
nence was extensively discussed with the patient, and this 
cannot be emphasized enough, as its impact on disease pro-
gression is very well established. In addition, the response to 
endoscopic therapy and subsequent decisions in management 
may be more difficult to assess in the absence of alcohol and 
tobacco cessation.

Despite careful evaluation of MRCP results prior to thera-
peutic planning, dilation and stenting were performed across 
a HOP stricture which ultimately proved to be a large 
impacted stone at the distal MPD; highlighting that strictures, 
intraductal stones, and parenchymal calcifications may be dif-
ficult to differentiate. There should be a low threshold for 
EUS evaluation, and one must have appropriate understand-
ing of the patient’s CP morphology to select appropriate 
treatment and be prepared for unexpected findings requiring 
changes in endoscopic management or referral for surgical 
evaluation.

Finally, it is crucial to set expectations and review potential 
complications. As discussed later, a significant proportion of 
patients do not attain long-term benefit from endoscopic 

Figure 11.7 Coronal CT image with entirely intraductal pancreatic 
duct stent (arrow)
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therapy, and selected cases may ultimately require surgery 
with variable results. Next, we will discuss the existing litera-
ture on the assessment of pain, pancreatic stones, and stric-
tures in patients with CP.

 Chronic Pancreatitis Pain

Pain is one of the most common and disabling features of CP, 
presenting in approximately 85% of patients during the dis-
ease course [4, 5]. Whether spontaneous resolution of pain 
occurs (“burnout”) is controversial but has been reported in 
up to 53% of patients after a median of 10 years from diag-
nosis [6]. Classically two types of pain are described, “Ammann 
type A,” which refers to short-lasting pain episodes separated 
by long pain-free intervals, and “Ammann type B,” which 
presents with severe continuous non-resolving pain with or 
without recurrent pain exacerbations, which in turn may rep-
resent new local complications of CP.

Pain itself is multifactorial and may result from active 
inflammation and tissue ischemia, altered nociception (pain 
threshold, nerve damage, peripheral and central sensitiza-
tion), local complications (pancreatic duct obstruction, 
inflammatory masses, pseudocysts, and pancreatic cancer), 
remote complications (common bile duct obstruction, duode-
nal obstruction, and small intestinal bacterial overgrowth), 
and opioid-induced complications (constipation and narcotic 
bowel syndrome) [4].

When evaluating and managing pain in CP, one must 
always consider and treat secondary causes of pain. As such, 
imaging including computed tomography (CT), MRCP, and 
in selected cases endoscopic ultrasound (EUS) are important 
to evaluate for strictures, stones, inflammatory masses, and 
malignancy, which may result in common bile duct (CBD) or 
MPD obstruction leading to increased intraductal and 
 parenchymal pressure, pancreatic ischemia, and acute inflam-
mation with recurrent acute pancreatitis or chronic pain [2].
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 Pancreatic Duct Stones

Pancreatic stones result from crystallization and deposition of 
calcium carbonate due to significant reduction in bicarbon-
ate, citrate, and pancreatic stone protein in the setting of 
CP. Usually, pancreatic duct stones tend to be hard and sharp; 
however, occasionally proteins may precipitate forming plugs 
and stones with softer consistency. MPD strictures reduce 
flow and lead to stasis, thus facilitating intraductal stone for-
mation [7].

Pancreatic stones can be single or multiple and may be diffi-
cult to differentiate from intraparenchymal calcifications on CT 
particularly when using intravenous (IV) contrast; in addition, as 
previously noted MPD strictures and stones often coexist. As 
such, MRCP and/or EUS should always be performed prior to 
therapeutic attempts. Proximal MPD dilation on MRCP or EUS 
confirms presence of an obstructive component.

 Pancreatic Duct Strictures

Pancreatic strictures can result from acute or chronic pancre-
atitis, autoimmune pancreatitis, trauma, endoscopic or surgi-
cal interventions, and malignancy. Strictures may be single or 
multiple and are classified as dominant when there is associ-
ated ≥6  mm upstream MPD dilatation or contrast outflow 
obstruction alongside a 6 Fr catheter inserted into the MPD 
[8]. Refractory strictures are persistent symptomatic domi-
nant strictures despite 1 year of appropriate stent therapy (10 
Fr) [9]. In addition, MPD narrowing may result from extrinsic 
compression by masses or large parenchymal and side-branch 
stones.

Similar to the evaluation of pancreatic stones, MRCP and/
or EUS should be considered. In addition, depending on the 
level of suspicion, EUS and pancreatoscopy may be required 
for tissue acquisition to rule out underlying malignancy.
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 Treatment/Management

The patient previously described presented with multiple 
challenges for endoscopic management, including difficult 
MPD access due to a large impacted stone at the HOP initially 
presumed to be a stricture, and further presence of multiple 
stones proximally throughout the MPD.

Appropriate identification of the large impacted HOP 
stone could have led to earlier attempts at ESWL and/or 
pancreatoscopy-guided intraductal lithotripsy prior to dila-
tion and stenting efforts. While direct balloon-assisted stone 
extraction failed, and plastic stent placement to the MPD 
provided limited benefit, placement of a FC-SEMS led to 
pain relief and facilitated spontaneous passage of upstream 
MPD stones.

In a recent population-based cohort study of patients with 
CP and a median follow-up of 10  years, 23% underwent 
endoscopic therapy, while 11% required surgery [10]. This 
more closely reflects the general population prevalence, while 
other studies quoting higher numbers primarily include pan-
creatic referral centers. For those patients in which invasive 
procedures are required, however, typically multiple inter-
ventions are performed over several years.

 Chronic Pancreatitis Pain

In general, nonoperative strategies for managing pain are 
used before considering more invasive therapies. However, 
endoscopic therapy, ESWL, and surgery should be considered 
early in the management of specific structural pathologies, 
and this should be carefully pursued before patients become 
opiate dependent [2]. It has been suggested, at least from the 
surgical literature, that early intervention where the operative 
indication is pain is associated with improved outcomes 
including postoperative pain-free status and decreased opiate 
requirements for patients treated within an optimal cutoff of 
26.5 months since CP diagnosis [11].
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Endoscopic therapy may restore luminal patency with 
variable success by removing or bypassing obstructing stones, 
dilating or stenting strictures, and sealing MPD disruptions. It 
must be noted however that the amendment of structural 
abnormalities may not always translate in clinical improve-
ment. Centrally mediated pain and other secondary causes of 
pain including gastroparesis, small intestinal bacterial over-
growth, and narcotic bowel syndrome can play a role [4].

Pancreatic sphincterotomy is routinely performed in all 
cases to facilitate therapeutic access to the MPD and stone 
elimination [12–19]. Biliary sphincterotomy may also be 
added in selected cases where there is associated cholestasis, 
CBD obstruction, or cholangitis [8, 20].

As previously mentioned, there is limited to no role for 
endoscopic management of asymptomatic stones or strictures 
in CP patients, other than ruling out underlying malignancy 
in appropriate cases [9]. There is only limited evidence 
regarding the use of endoscopic therapy in asymptomatic 
patients to prevent development of exocrine or endocrine 
pancreatic dysfunction, and a large multicenter study in 
patients with painful CP in the setting of MPD obstruction 
due to strictures and/or stones showed no benefit [21].

 Pancreatic Duct Stones

Pancreatic stones can be managed by ESWL with or without 
endoscopic removal, retrograde MPD access and direct 
removal, or through-the-scope lithotripsy.

Standard endoscopic retrograde pancreatoscopy tech-
niques with sphincterotomy and direct stone removal can be 
attained by means of extraction balloons, retrieval baskets, 
and forceps. However in general this is not recommended for 
stones >5 mm in size, stones impacted proximal to MPD stric-
tures, or those proximal to the pancreatic head given low 
technical success rates (9–17%) [22, 23] and high risk for 
complications [8]. In particular there is a risk of basket impac-
tion with the stone behind a stricture.
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ESWL achieves successful stone fragmentation in up to 
90% of patients [24, 25]. Effective fragmentation has been 
previously defined as breakdown of stones into fragments of 
3 mm or smaller [25, 26]. This in turn leads to spontaneous 
stone elimination in 70–88% of cases [26, 27]. Similar to out-
comes of ERCP-guided stone removal, patients with MPD in 
the pancreatic head have the best outcomes with ESWL [28]. 
ESWL alone may provide long-term pain relief in up to 
70–96% of patients [26, 27, 29–32]. The use of ESWL however 
is often limited by local expertise and availability.

In a small randomized controlled trial of ESWL alone vs. 
ESWL combined with endoscopic removal for management 
of painful obstructing chronic pancreatitis, there were no dif-
ferences in post-procedural MPD diameter or pain relapse 
(ESWL 38% vs. combined therapy 45%) after 2-year follow-
 up. The cost however was three times higher for those in the 
combined therapy group [28].

In a large meta-analysis of ESWL with or without adjunct 
endoscopic stone removal, complete ductal clearance was 
attained in 70.7%, pain resolution was reported in 52.7%, and 
pain improvement in another 33.4%, while narcotic use 
decreased in 79.7% of patients [33].

Based on the available literature, the United European 
Guidelines recommend ESWL of obstructing stones   ≥5 mm 
with immediate endoscopic extraction unless there is consid-
erable local experience with ESWL use for pancreatic stones.

Common contraindications to ESWL include coagulopa-
thy, interposing organ structures, pregnancy, and presence of 
pacemakers or defibrillators.

Finally, peroral pancreatoscopy with through-the-scope 
intraductal lithotripsy can be achieved by EHL or laser litho-
tripsy (LL).

A single center study [23] including 33 patients treated with 
EHL and 6 patients treated with LL noted complete stone 
clearance in 70% of patients, with an adverse event rate of 
10%. In a multicenter retrospective study [34] of 28 patients 
with MPD stones who had otherwise failed ERCP (79%), 
ESWL (32%), and EHL (18%), LL achieved complete ductal 
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clearance in 79% after a median of 1 session, with only mild 
adverse events reported (29%). A recent review [35] on the 
topic also noted a tendency for higher stone clearance rates by 
use of LL compared to EHL. Subsequently, the largest study 
to date by Brewer Gutierrez et al. [36] on 103 pts. with CP and 
MPD stones demonstrated higher success rates for LL 
(100%) vs. EHL (81%), with similar rates of adverse events 
(8–9%), in patients that had otherwise failed ESWL in 12% 
and ERCP extraction in 87% of cases.

One of the potential advantages to take into consideration 
during therapeutic planning is that direct peroral intraductal 
lithotripsy may provide an opportunity to address concurrent 
MPD strictures and complete treatment at index ERCP. 
There is however limited literature on their relative efficacy 
and safety compared to ESWL, and for the time being the 
decision to pursue these techniques as opposed to ESWL 
should be based on local expertise.

The United European Guidelines recommend ESWL of 
stones  ≥5  mm obstructing the MPD with immediate endo-
scopic extraction unless there is considerable ESWL experi-
ence [9].

 Pancreatic Duct Strictures

Pancreatic strictures can be managed by dilation and 
stenting.

Isolated MPD stricture dilation without stenting has a lim-
ited role given its short-lasting effect. The typical initial 
approach is single plastic stent placement; however MPD stric-
ture resolution in this scenario is still only approximately 60% 
after the initial procedure [8]. Larger diameter plastic stents 
(10 vs. ≤8.5 Fr) are typically preferred based on studies show-
ing improved outcomes with lower hospitalization rates [37].

Given limited stricture resolution after a single interven-
tion, repeat procedures are usually required. Both scheduled 
and “on-demand” stent exchanges have been explored. 
On-demand exchanges are performed for interval symptom 
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onset which may relate to stent occlusion that aims to reduce 
the number of ERCP sessions [38].

Studies looking at scheduled stent exchanges at less than 
6-month intervals have shown worse outcomes [39]. On the 
other hand, a large study of repeated “on-demand” single 
plastic stent placement with or without ESWL, (median over-
all stent dwell time of 23  months) showed 62% of patients 
achieved adequate pain control without need for re-interven-
tion during a median follow-up time of 27 months. For those 
who relapsed, 80% of cases occurred during the first year 
after stent removal [17].

The expert recommendation is for scheduled stent 
exchanges – these are typically performed every 6–12 months – 
with additional on-demand interventions as needed [8, 9]. 
Stent removal without replacement can be considered if there 
is adequate contrast outflow after upstream ductal filling and 
easy passage of a 6 Fr catheter beyond the stricture [8, 9].

Multiple simultaneous plastic stents may also be employed; 
this is typically reserved for refractory strictures. In a study of 
patients that failed single plastic stent placement, resolution 
was achieved in 84% of cases without additional complica-
tions after a median follow-up of 38 months (maximal stents 
allowed by stricture, median 3, individual size 8.5–11.5 Fr) 
[40].

Uncovered self-expanding metal stents (UC-SEMS) 
should not be used. There is limited data for the use of 
FC-SEMS.  Prior reports noted high migration (40%) and 
stricture recurrence rates [41, 42]. More recently, a small 
study looking at outcomes of 6 mm diameter FC-SEMS used 
in benign CP-related MPD strictures, on plastic stent 
 refractory patients, showed pain and radiological improve-
ment in over 80% of cases, with a median post-stent removal 
follow- up of 47.3 months, after a median stent dwell time of 
7.5 months during which there were no migration events [43].

Adverse events from MPD stent placement include acute 
pancreatitis, duct injury or long-term stent-related duct 
changes, stent migration and occlusion, bleeding, and infec-
tions with abscess formation.
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The United European Guidelines recommend the use of 
single 10 Fr plastic stents with scheduled exchanges – these are 
typically performed every 6–12 months – with additional on-
demand interventions as needed and consideration of multiple 
simultaneous plastic stents vs. a 3–6-month trial of FC-SEMS 
for refractory strictures. Surgical drainage procedures should 
also be considered for refractory and multifocal strictures [9].

Difficult MPD access may result from impassable stones 
and/or strictures in the proximal MPD or presence of an 
altered postsurgical anatomy, in which case the trans- papillary 
approach may not be feasible. In this scenario EUS-guided 
MPD access can be pursued. Large performance studies on 
ERCP have shown canalization failure rates of up to 10% [44, 
45], while this may be higher in those with CP for the reasons 
pointed out before.

Indications for EUS-guided MPD access include inacces-
sible major and minor papilla or pancreaticoenterostomy site 
by ERCP in patients with ductal disruption/fistula or symp-
tomatic MPD obstruction with associated dilation [46, 47].

Contraindications include non-dilated MPD, multifocal 
MPD strictures, long distance from gastrointestinal (GI) tract 
wall or intervening organs/vessel through puncture route, 
thrombocytopenia, and coagulopathy [46, 47].

EUS-guided MPD access may be achieved by antegrade, 
with or without rendezvous technique, or by a retrograde 
approach. In the trans-enteric antegrade technique without 
rendezvous, MPD stenting is conducted by transluminal stent 
placement through the GI tract (typically the stomach or 
duodenum) into the MPD toward and across the papilla, 
while in the rendezvous variant, a guidewire is advanced in 
antegrade fashion across the papilla or anastomotic site, fol-
lowed by retrograde stent insertion into the MPD. The other 
less commonly used retrograde stenting approach involves 
transluminal stenting through the GI tract toward the pancre-
atic tail. In general, the rendezvous approach should be 
favored whenever the papilla is accessible.

The combined technical success rate on small retrospec-
tive series of various forms of EUS-guided MPD access is 
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79% [47], while a recent large multicenter study of EUS- 
guided pancreatic duct drainage in 80 patients showed it to be 
as high as 89% [48]. The overall adverse event rate is 18–21% 
according to various reports [47, 49]. Most common complica-
tions include acute pancreatitis, MPD disruption and leakage, 
hematomas, bleeding, pancreatic abscess formation, and GI 
perforation.

Outcomes are closely related to technical expertise; EUS- 
guided MPD access is technically demanding and should be 
performed by endoscopists adequately trained in this proce-
dure. The general recommendation is for EUS-guided ren-
dezvous approach to MPD access after failed ERCP whenever 
the papilla is accessible to endoscopic examination.

 Outcomes

The patient previously described progressed well on the long- 
term follow-up with adequate pain control and no need for 
further interventions after successful HOP stone fragmenta-
tion by consecutive therapy with ESWL and EHL. The plas-
tic stent however was left in place at the MPD after multiple 
failed attempts at removal in the setting of proximal migra-
tion. The relative contribution of the indwelling plastic stent 
to the patient’s indolent clinical course however is difficult to 
interpret and may be related to “pancreatic burn out.” Finally, 
it must be noted that consideration for surgical MPD 
 drainage would have also been a reasonable option if the 
patient had remained considerably symptomatic.

Critical appraisal of the outcomes of endoscopic therapy is 
reviewed, with brief discussion on the indications and com-
parative outcomes of surgical management in CP.

A large multicenter study [21] with over 1000 patients on 
endoscopic therapy for painful CP with MPD obstruction due 
to strictures (47%), stones (18%), or their combination 
(32%) revealed long-term clinical success rates, defined as 
improvement or resolution of pain, to be as low as 65% after 
a median of 4 ERCP sessions with pancreatic sphincterotomy, 
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stenting, and use of ESWL at the endoscopist’s discretion. 
This was driven largely by adjustments after intention to treat 
analysis due to the large number of patients requiring surgery 
(24%) during the mean 4.9  years of follow-up time. There 
were however no significant differences in outcomes based 
on index presentation (strictures, stones, or their 
combination).

Another large meta-analysis [3], including 11 studies and 
over 1500 patients, on the efficacy of endoscopic therapy for 
the treatment of painful CP using a similar approach revealed 
immediate pain relief in up to 88% of patients, but this was 
reduced to only 67% after the first month and decreased fur-
ther during a mean of 47 months of follow-up. The adverse 
event rate was 7.8% after each individual endoscopic inter-
vention. Stents (4–11.5 Fr) were selected according to MPD 
stricture characteristics, and both on-demand and fixed stent 
exchange schedules were used at the endoscopist’s 
discretion.

While endotherapy is a viable first-line therapeutic modal-
ity for painful obstructing CP, an individualized treatment 
plan should be developed after detailed pancreatic ductal 
anatomy evaluation, and early surgical consultation should 
be sought in cases of complex morphology with pancreatic 
ductal pathology in the body or tail, multifocal strictures or 
stones, refractory strictures, and inflammatory masses.

Studies looking at early vs. delayed multimodality surgical 
intervention for painful CP, where the operative indication 
was exclusively pain, have shown an optimal cutoff of 
26.5  months since the diagnosis of CP for long-term pain 
control and opioid independence [11].

Otherwise, two small studies comparing endoscopic ther-
apy vs. multimodality surgical intervention for painful 
obstructive CP have demonstrated superior pain control out-
comes on long-term follow-up after surgery (37 vs. 14% and 
75 vs. 32%) [50, 51], leading to a Cochrane Review favoring 
surgical management where applicable [52]. It must be noted 
however that the endoscopic techniques used in the two stud-
ies included may not reflect the current standard of care.
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The United European Guidelines recommend that surgi-
cal evaluation be considered for the management of inflam-
matory masses, multifocal strictures and/or stones affecting 
the pancreatic body or tail, or refractory strictures. However 
endoscopic therapy may still be attempted initially, with 
referral for surgical consideration if there is no clinical 
response after 6 – 8 weeks [9].

Table 11.1 Endoscopic therapies for chronic pancreatitis
Pancreatic sphincterotomy

Pancreatic duct stone extraction

  Direct endoscopic extraction with or without extracorporeal 
shock wave lithotripsy

  Intraductal electrohydraulic or laser lithotripsy

Pancreatic duct stricture dilation and stenting

Pancreatic duct leak stenting

Biliary sphincterotomy

Common bile duct stricture dilation and stenting

Drainage of pancreatic pseudocysts

Pearls and Pitfalls
• When considering endoscopic therapy in patient 

with chronic pancreatitis (Table 11.1), patient selec-
tion is key to successful clinical outcomes. The main 
indication to pursue ERCP and endoscopic decom-
pression is for the relief of chronic pancreatitis-asso-
ciated pain or recurrent acute pancreatitis attributed 
to pancreatic duct obstruction.

• Endocrine insufficiency, exocrine insufficiency, and 
weight loss are not strong indications to pursue pan-
creatic decompression as a significant clinical 
response is not expected to occur in the majority of 
cases.
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• Chronic pancreatitis patients suffering from pain but 
without evidence of pancreatic duct stone, stricture, 
or dilation should not be offered endoscopic 
decompression.

• Patients with obstructing disease (stones and/or stric-
tures) localized to the head/neck/proximal body and 
those in whom intervention is initiated during early 
course of pain onset tend to have the best response 
to endoscopic decompression.

• Tobacco and alcohol cessation should be strongly 
emphasized to all patients with chronic pancreatitis, as 
cessation may lead to significant relief of pain, and 
continued use will result in accelerated disease pro-
gression and may reduce the therapeutic response to 
endoscopic interventions.

• The process of pain development and progression in 
chronic pancreatitis is complex, typically starting at 
the local level (i.e., pancreatic inflammation, obstruc-
tion, ischemia) and evolving to a more centrally 
mediated process as the disease course progresses. 
As such, the inclusion of pain management special-
ists should be sought out sooner rather than later.

• In patients who are not responsive to therapeutic 
endoscopy, alternative sources of discomfort should 
be sought out, including chronic pancreatitis-associ-
ated biliary obstruction, luminal obstruction, pancre-
atic duct disruption/leak, pancreatic exocrine 
insufficiency, GI dysmotility, small bowel bacterial 
overgrowth, and occult malignancy.

• Surgical intervention should not be considered a fail-
ure on the part of the endoscopist. Surgery has a 
major role in the management of chronic pancreati-
tis, and data suggests that it may be the more prefer-
able approach in select patients.

• Patients with chronic pancreatitis are at increased 
risk for the development of pancreatic adenocarci-
noma. Thus, any significant change in pain pattern, 
weight loss, or clinical course should prompt an 
evaluation for pancreatic cancer.
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 Case Presentation

A 65-year-old female with past medical history significant for 
autoimmune hepatitis treated with azathioprine and unex-
plained chronic iron deficiency anemia was referred to our 
center for evaluation of a biopsy-proven ampullary adenoma. 
She had been followed closely by her local hematologist for 
iron deficiency anemia, which required prior red blood cell 
transfusions, with previous endoscopic evaluation including 
upper endoscopy, colonoscopy, and capsule endoscopy with-
out an identifiable source during the past 3 years. For recurrent 
symptomatic anemia, she underwent upper endoscopy that 
found mild nonerosive gastritis and nodular mucosa in the 
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second portion of the duodenum, both surrounding and 
involving the ampulla. This was felt to be morphologically 
consistent with an ampullary adenoma. Cold forceps biopsies 
of the lesion were taken, and pathologic assessment revealed 
tubular adenoma. Her liver function tests were notable for 
normal AST 38 IU/L, ALT 18 IU/L, and total bilirubin 0.2 mg/
dL but with mild elevation in her alkaline phosphatase 
155 mg/dL (normal range 39–117 mg/dL). No cross-sectional 
imaging had been pursued. She was subsequently referred to 
our institution for consideration of endoscopic 
ampullectomy.

Ampullary tumors are uncommon lesions with an esti-
mated prevalence of 0.04–0.12% in postmortem studies [1]. 
Ampullary adenomas are the most common tumor of the 
ampulla of Vater, arising from either the surface epithelium 
or the inner lining of the ampulla, with an estimated 3000 
cases annually in the United States [2, 3]. These lesions occur 
sporadically in the general population but are more com-
monly associated with hereditary syndromes such as familial 
adenomatous polyposis (FAP) [4]. Historically, these lesions 
were found in symptomatic patients with resultant underlying 
malignancy. However, now with more ubiquitous use of 
endoscopy and cross-sectional imaging, these lesions are 
being detected incidentally and often times at earlier stages 
[1]. Furthermore, screening protocols for FAP have also led 
to increased detection [5].

It is believed that duodenal adenomas follow the ade-
noma-to-carcinoma sequence, which has been well described 
in the formation of colonic adenocarcinoma, and as such, 
resection is recommended [6–9]. The frequency of malig-
nancy is higher for ampullary adenomas when compared to 
other sporadic non-ampullary duodenal polyps [10]. The inci-
dence of malignancy within ampullary adenomas ranges from 
20% to 30% [11–13].

Traditionally surgery, either by transduodenal local resec-
tion or pancreatoduodenectomy (Whipple procedure), was 
the mainstay of treatment of ampullary adenomas [14–16]. 
However, given advances in therapeutic endoscopy, endo-
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scopic papillectomy has emerged as a minimally invasive, less 
morbid alternative compared to surgery [11, 16–18]. The 
endoscopic terms “ampullectomy” and “papillectomy” have 
been used interchangeably in the literature and in common 
parlance (as well as in this review). However, papillectomy is 
the more technically appropriate term for endoscopic resec-
tion of an ampullary neoplasm, as complete ampullectomy 
can only truly be performed by means of surgery [19, 20].

 Diagnosis/Assessment

 How to Approach an Ampullary Lesion

Although our patient had a biopsy-proven ampullary ade-
noma, details of the lesion size and morphologic characteris-
tics were not included in the outside gastroenterologist’s 
endoscopy report, possibly owing to the fact that the lesion 
was assessed by using only a standard forward-viewing gas-
troscope. While these lesions can be appreciated with the use 
of a standard forward-viewing endoscope, a side-viewing 
duodenoscope is optimal and necessary for proper assess-
ment of the ampulla of Vater. Using a duodenoscope, we 
identified a large, 40-mm sessile, multi-lobulated, laterally 
spreading polyp in the second portion of the duodenum that 
involved the ampulla (Fig. 12.1).

Meticulous morphologic assessment of ampullary lesions 
is important. Even with careful assessment with high-defini-
tion white light (HDWL) and narrow-band imaging (NBI), 
adenomatous changes may be difficult to identify, particularly 
as NBI for the diagnosis of dysplasia has not been widely vali-
dated in the duodenum. Morphologic characteristics includ-
ing ulceration, excessive friability, and contact bleeding 
should raise suspicion for malignancy [10]. As such, biopsies 
of the lesion are recommended and should be obtained prior 
to attempted resection.

Care should be taken to biopsy away from the ampullary 
os or pancreatic duct (PD) opening (in the case of separate 
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biliary and pancreatic ductal orifices) to avoid papillary 
edema, which may lead to duct obstruction and pancreatitis 
[21, 22]. While biopsies confirming the diagnosis of an ade-
noma are helpful, they do not rule out the possibility of a 
deeper underlying adenocarcinoma [23]. Endoscopic biopsies 
yielding high-grade dysplasia should raise suspicion for 
underlying adenocarcinoma [24]. Accuracy of biopsies in 
diagnosing adenocarcinoma has been reported between 45% 
and 80%, with false-negative rates of 16–18% [8, 11, 15, 19, 23, 
25–29]. This is likely the result of the heterogeneity of malig-
nant tumors and intra-ampullary growth, which may result in 
sampling error. To obtain deeper biopsies, some have reported 
increased diagnostic yield with biopsies taken after sphincter-
otomy is done to expose the deeper ampullary epithelium. 
While typically done at the time of sphincterotomy, some 
have advocated obtaining biopsies 48 hours to 1 week after 
sphincterotomy, as biopsies after a fresh sphincterotomy can 
be difficult to interpret [30, 31].

The limitations posed by forceps biopsy are overcome by 
ampullectomy for complete histologic assessment [26]; how-
ever, resection of small (<1  cm) asymptomatic papillary 
lesions, or partial ampullary resection, for the purposes of 
pathological diagnosis should be avoided. In many instances 

Figure 12.1 Endoscopic appearance of the ampullary adenoma 
using a side-viewing duodenoscope

M. B. McCabe and A. Y. Wang



265

endoscopists are able to accurately triage patients for endo-
scopic papillectomy versus surgical management based on 
the gross endoscopic appearance. Irani et  al. [11] demon-
strated in a large case series that out of 102 patients believed 
to have endoscopically resectable adenomas, only 6 patients 
(5%) who ultimately underwent papillectomy harbored 
malignancy on final pathology.

 Determining Criteria for Endoscopic Papillectomy

Following diagnosis of a biopsy-proven ampullary adenoma, 
options include endoscopic surveillance versus endoscopic or 
surgical resection. There are no clinical trials directly compar-
ing these approaches; thus no consensus regarding manage-
ment exists. Historically local surgical ampullectomy by way 
of a transduodenal approach was employed; however, high 
rates of tumor recurrence have given way to pancreaticoduo-
denectomy as the preferred surgical approach [32, 33]. 
Pancreaticoduodenectomy offers definitive resection with 
the lowest recurrence rates but is associated with higher rates 
of morbidity and mortality [12]. The relatively widespread 
use of diagnostic upper endoscopy has led to identification of 
ampullary neoplasms at earlier stages, which has made endo-
scopic papillectomy an appealing alternative. Relative to 
surgical options, endoscopic papillectomy has lower morbid-
ity and identical mortality rates. Therefore, endoscopic resec-
tion is considered first-line therapy before surgical 
consideration for benign ampullary lesions in appropriate 
patients [17].

The criteria of endoscopic papillectomy are not well estab-
lished, although Binmoeller et  al. published an early case 
series on this topic and recommended endoscopic resection 
for (1) size <4 cm, (2) no evidence of malignancy on endo-
scopic inspection (i.e., absence of ulcerations, spontaneous 
bleeding, and friability), (3) absence of malignancy on biopsy, 
and (4) lack of intraductal extension as demonstrated on 
endoscopic retrograde cholangiopancreatography (ERCP) 
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[34, 35]. These criteria continue to serve as a general guidance 
when determining a lesion’s potential for endoscopic resec-
tion, although over time we have witnessed an expansion of 
criteria in regard to resecting larger lesions that are amenable 
to wide-field endoscopic mucosal resection techniques [35, 
36]. Furthermore, benign adenomas with intraductal exten-
sion have been successfully resected, albeit with a lower cura-
tive rate relative as compared to lesions without intraductal 
growth (46% vs 83%) [1]. Controversy exists regarding pre-
ferred treatment of pT1 ampullary cancers, as vascular inva-
sion and lymph node metastasis are not seen in lesions 
confined to the ampulla [8, 37, 38]. There have been reports of 
successful endoscopic resection of ampullary lesions with in 
situ carcinoma without recurrence, although this is not uni-
versally recommended [39].

 Special Population: FAP

Although not applicable to our patient, it is important to 
consider differences in management of ampullary adenomas 
in patients with FAP relative to those with sporadic adeno-
mas. It is estimated that 50–90% of FAP patients will develop 
duodenal adenomas, with the vast majority in the peri-ampul-
lary region [40]. Adenomatous changes of the papilla may not 
be readily apparent without biopsy [4]. Adenocarcinoma of 
the peri-ampullary region, arising from duodenal or ampul-
lary adenomas, is the most common site of malignancy and 
cancer death in FAP patients who have already undergone 
colectomy [6, 41–45]. The Spigelman  staging system was 
developed to assess degree of duodenal adenomatous polyp 
burden (size and number), histology, and degree of dysplasia 
to predict the risk of developing duodenal cancer and to iden-
tify high-risk individuals [40].

Management of ampullary adenomas in FAP patients is 
complicated as the patient’s malignancy risk may be affected 
by the overall degree of polyposis within the duodenum (i.e., 
the Spigelman score) and not solely their ampullary lesion 
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[43]. Furthermore, endoscopic resection does not eliminate 
the risk of recurrence or development of another cancer in 
the upper gastrointestinal tract. Thus, management of ampul-
lary adenomas in this population is undertaken on a case-by-
case basis based on the stage of their disease, with endoscopic 
treatment being appropriate for selected patients [45].

Burke et  al. [44] examined the natural history of 
untreated duodenal and ampullary adenomas in FAP 
patients in endoscopic surveillance programs and demon-
strated histologic progression in FAP patients is low with 
only 1 out of 114 patients developing an interval peri-
ampullary cancer over 51-month period. Consequently 
some authors have advocated for surveillance with biopsies 
in FAP patients with ampullary adenomas without rapid 
growth or high-grade dysplasia [46], which may be appro-
priate for small (<1 cm) lesions that are not causing symp-
toms or evidence of biliary or PD obstruction. Surveillance 
intervals in this patient population have not been standard-
ized, but frequency should reflect both the Spigelman stag-
ing and presence of ampullary involvement [47]. In our 
institution, our practice is to perform endoscopic surveil-
lance with biopsies every 6–12  months, reserving further 
interrogation with EUS only if high-risk features (as listed 
above) are present.

 Adjunctive Imaging

 Case Presentation (Continued)

Our patient underwent endoscopic ultrasound (EUS) which 
noted a heterogeneous lobulated mass at the ampulla measur-
ing 25  mm in maximal cross-sectional diameter. The lesion 
appeared to be confined to the mucosa, without extension into 
the deeper wall layers, and the muscularis propria was noted to 
be intact. There was also an intact interface between the mass 
and the pancreas and bile duct, suggesting lack of invasion 
(Fig. 12.2).
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Magnetic resonance imaging (MRI) of the abdomen with 
and without contrast was obtained and demonstrated a 
T2-hyperintense lesion measuring 16  mm  ×  13  mm arising 
from the medial wall of the second part of the duodenum near 
the ampulla. There was no evidence of intra- or extrahepatic 
biliary dilation. The PD was not dilated, and there was no evi-
dence of pancreatic divisum (Fig. 12.3).

Use of adjunctive imaging to aid in accurate tumor staging 
is critical in guiding therapeutic management regarding 
ampullary adenomas and neoplasms. Multiple imaging 
modalities can be employed as adjuncts to aid the endosco-
pist in staging ampullary tumors. Cross-sectional imaging and 
EUS can assess for intraductal extension of an ampullary 
adenoma, and it can also identify invasive cancer as well as 
potential nodal involvement, which can be critical in choosing 

Figure 12.2 EUS assessment of the lesion demonstrated confine-
ment to the mucosa with intact muscularis propria

Figure 12.3 MRI/MRCP of lesion arising from the medial wall of 
the second portion of the duodenum without intraductal 
involvement
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between endoscopic papillectomy and surgery [19]. EUS 
using 7.5–10 MHz was found to be more accurate for T-staging 
as compared to computed tomography (CT) and MRI, but 
not for N staging [48–51]. Thus, the use of EUS plus cross-
sectional imaging is oftentimes complementary. Although 
EUS is superior for T-staging, there are some potential cave-
ats. The presence of indwelling stents may compromise accu-
racy of T-staging by EUS and lead to tumor understaging, 
although other studies have not found this to be significant 
[48, 51]. On the contrary, overstaging may occur in the setting 
of peri-tumoral inflammation and surrounding edema or in 
fibrosing pancreatitis [52]. Intraductal ultrasound (IDUS) at 
a frequency of 20–30 MHz offers resolution of 0.07–0.18 mm. 
IDUS has been reported to be superior to conventional EUS 
using an dedicated echoendoscope for T-staging, although 
one prospective study reported a tendency for overstaging 
[31, 37]. IDUS may serve as a potentially useful adjunct to 
conventional EUS, although widespread adoption has been 
limited given the cost and a relatively small number of studies 
in direct comparison to EUS to date.

There is no consensus regarding whether EUS should be 
performed routinely for all ampullary adenomas or only in 
select patients if there is concern for underlying malignancy to 
include biopsy-proven high-grade dysplasia, features of unre-
sectability (friability, ulceration, fixation), or lesion size 
>1–2 cm [11, 53]. We believe that EUS has a clear role particu-
larly in patients at risk for malignancy as if evidence of inva-
sive disease or extensive tumor ingrowth (>1.5 cm) is found 
and then patients can be directed to surgery sparing them the 
risk of non-curative endoscopic papillectomy [54–56].

ERCP can also be performed prior to endoscopic papil-
lectomy in order to assess for intraductal growth of the ade-
noma and to delineate ductal anatomy. This is especially 
important if EUS was not performed prior to attempted 
papillectomy or if there was ambiguity regarding intraductal 
involvement on EUS or other adjunctive imaging modalities. 
Ductal ingrowth (particularly if >1 cm to 1.5 cm) in general 
should prompt surgical referral, although some groups have 
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reported papillectomy with concomitant successful intra-
ductal ablation of tumor ingrowth [1, 57]. While pancreatog-
raphy has the added benefit of assessing for pancreas divisum, 
which would obviate the need for PD stenting following 
papillectomy of the major papilla, this can be typically deter-
mined in a noninvasive fashion via MRCP or EUS at the time 
of endoscopic staging.

 Treatment/Management

 Endoscopic Resection

 Case Presentation (Continued)

After assessing the lesion with a duodenoscope and having 
previously employed adjunctive imaging modalities (EUS and 
MRI) to verify no intraductal involvement or evidence of inva-
sive cancer in this biopsy-proven ampullary adenoma, it was 
felt the lesion would be amendable to papillectomy and wide-
field endoscopic mucosal resection (EMR). We attempted to 
identify the ampullary orifice, but were not able to clearly see 
it due to the bulky nature of the adenoma. The area was 
injected in dynamic fashion with normal saline tinted with 
methylene blue using a 25-gauge Carr-Locke injection needle 
(US Endoscopy, Mentor, OH) using the duodenoscope to pro-
vide adequate submucosal lifting (Fig. 12.4).

Figure 12.4 Submucosal injection
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The adenomatous polyp was removed by piecemeal EMR 
technique by employing a 15-mm Captivator II stiff snare 
(Boston Scientific, Marlborough, MA) and EndoCut Q (set-
tings, 3–2-1) current, using a VIO 300D generator (ERBE 
USA, Marietta, GA). The polyp was removed in five pieces 
(Fig. 12.5). A small 3-mm focus of tissue remained in the center 
of the resection base, which was removed using hot biopsy 
avulsion using EndoCut Q (settings, 3–1-2) with a Radial Jaw 
4 hot biopsy forceps (Boston Scientific) (Fig.  12.6). Careful 
inspection of the resection site revealed confirmed complete 
macroscopic resection. The resected pieces were collected 
using a retrieval net and sent for histopathological evaluation 
(Video 12.1).

Figure 12.5 Piecemeal resection
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Attention was then turned to accessing the biliary and pan-
creatic ducts (Fig. 12.7). The ventral PD was accessed using a 
0.025 inch × 450 cm VisiGlide wire (Olympus America, Center 
Valley, PA) passed via a tapered-tip sphincterotome (Olympus 
America). Limited contrast was injected to ascertain absence of 
intraductal involvement of the PD.  The PD in the head and 
genu was dilated to 5  mm, possibly owing to the ampullary 
adenoma. A limited ventral pancreatic sphincterotomy was 

Figure 12.6 Hot biopsy avulsion (left panel) of remaining suspected 
adenomatous tissue foci with resultant complete resection of all 
macroscopic tissue (right panel)

Figure 12.7 Accessing the biliary and pancreatic ducts post-resection
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performed, and the wire in the ventral pancreatic duct was left 
in place. The bile duct was accessed with a second guide wire 
loaded into the sphincterotome. Once the bile duct was accessed, 
a cholangiogram was performed that showed no intraductal 
tumor ingrowth and a biliary sphincterotomy was performed to 
reduce the risk of delayed papillary stenosis and possibly chol-
angitis. A 10 Fr × 7 cm plastic biliary stent was placed into the 
bile duct to ensure drainage and further decrease the risk of 
cholangitis. Lastly a 5 Fr × 4 cm plastic stent with an external 
pigtail was placed into the PD to help mitigate the risk of post-
ERCP pancreatitis. Furthermore, indomethacin 100  mg was 
administered per rectum to further decrease the risk of post-
ERCP pancreatitis. The mucosal defect was subsequently 
closed with five 16-mm-long Duraclips (Conmed Corporation, 
Utica, NY) to decrease the risk of delayed bleeding (Fig. 12.8).

 Technical Aspects of Ampullary Resection

The principles and techniques of endoscopic papillectomy 
originated from and continue to mirror that of EMR for 
colon polyps. There are a number of techniques described in 
the literature with no standardized approach, likely owing the 
paucity of studies directly comparing different techniques.

Figure 12.8 Biliary and pancreatic duct stents placed followed by 
mucosal defect closure with endoscopic clips
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 Submucosal Injection

There is no consensus regarding whether a submucosal lift is 
required prior to attempted papillectomy. It has been reported 
that the absence of an adequate lift may portend underlying 
malignancy, with one study demonstrating its prognostic sig-
nificance as the strongest predictor of malignancy followed 
by EUS T-staging [58, 59]. However, one must remember that 
the ampulla contains fixed muscular sphincters and ducts that 
will not lift. The potential space created by the lift can 
decrease the risk of injury, both mechanical and thermal, to 
the underlying muscularis propria [60]. Lastly, submucosal 
injections, especially using an injectate of diluted epinephrine 
(1:100,000 to 1:200,000), may decrease bleeding risk during 
papillectomy, particularly if wide-field duodenal EMR is also 
required [59, 61].

There are drawbacks to submucosal lifting. Submucosal 
injection can distort the ampullary adenoma secondary to the 
“anchoring effect” created by the bile duct and PD that 
course through the lesion, which in turn can create a central 
depression at the ampullary opening making resection diffi-
cult [43]. Others have noted that en bloc resection might be 
difficult after submucosal lifting as the injectate will increase 
the volume of the ampullary and peri-ampullary tissue. 
Lastly, excessive submucosal injection might promote a more 
superficial resection that can leave the deeper sphincteric 
musculature intact, and it can also make subsequent PD iden-
tification and cannulation more difficult [62].

 Snare Resection

Papillectomy is performed with a side-viewing duodenoscope 
to provide a direct view of the papilla, which with use of the 
elevator can allow for better access to the lesion with a snare 
and other endoscopic devices. When possible, en bloc exci-
sion of the entire lesion should be pursued. There is no stan-
dardization for snare selection, and the size of a snare chosen 
is often dependent on the size of the lesion. Standard or 
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braided snares are most often used [35, 43, 63, 64]. Fine-wire, 
flexible snares designed for papillectomy have also been 
described [60]. Standard snares offer greater flexibility and 
are easier to maneuver over the elevator. Sniffer snares may 
allow for easier positioning parallel to the plane of resection 
[46]. After resection, retrieval of the specimen is critical for 
histologic assessment. This can be retrieved with the use of 
the snare or a retrieval net. Antiperistaltic agents, such as 
glucagon, may be helpful in preventing downstream speci-
men migration.

There is also no consensus regarding electrosurgical cur-
rent settings, and so the optimal electrocautery mode is based 
on expert opinion. Latest-generation adaptive electrosurgical 
generators, that monitor tissue resistance and only provide 
the required amount of energy, should be used [19, 64, 65].

If en bloc resection is not feasible, typically because the 
lesion size is >2 cm (which is around the limit of safe en bloc 
resection), then piecemeal resection is required. Piecemeal 
resection is prone to leaving behind mucosal islands that are 
difficult to remove using a snare. As such, avulsion or adjunc-
tive ablative therapies can be used to ensure removal or 
destruction of remnant adenomatous tissue. Some authors 
have even used ablative technology as primary therapy for 
ampullary and non-ampullary adenomas [66, 67]. Using abla-
tive therapy as the primary therapy has several disadvantages, 
with the primary shortcoming being lack of histologic exami-
nation, which is especially important given risk of occult 
malignancy in ampullary adenomas. Furthermore, eradication 
oftentimes requires multiple treatments [67]. As such, we do 
not recommend primary ablative therapy in most instances 
for ampullary adenomas, but ablation can play an important 
adjunctive role in fulgurating small non-ampullary adenomas, 
particularly in patients with FAP and innumerable small duo-
denal lesions.

Ablative therapies include argon plasma coagulation (APC) 
and monopolar or bipolar electrocoagulation. APC is the most 
commonly used modality owing to its superficial tissue destruc-
tion and ubiquity in GI endoscopy suites [34, 35, 64, 68, 69]. 
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Endobiliary radiofrequency ablation (RFA) may play a role in 
treating limited tumor ingrowth of the bile duct. PD stents are 
often placed before employing tissue ablative strategies around 
the PD orifice.

 Pancreatic and Biliary Sphincterotomy

Ductal interrogation should be performed to assess for intra-
ductal involvement of the tumor. Cholangiogram and pan-
creatogram can be performed pre- and/or post-resection [19]. 
Ductal interrogation prior to resection can aid in post-resec-
tion access by creating a road map of ductal anatomy, which 
anecdotally may allow for easier ductal access after resection. 
However, some experts believe that post-resection access is 
often easier after the ampullary mound has been resected 
and the ductal orifices or deeper muscle complexes are 
exposed. Post-resection opacification of the ducts is impor-
tant in order to ensure absence of bile leak or PD leak, as a 
result of papillary resection. Intraductal involvement (typi-
cally >1 cm) previously was a criterion for referral for surgery, 
although it has been argued that endoscopic papillectomy can 
still be considered if the intraductal adenomatous tissue is 
accessible after sphincterotomy [1, 64]. In practice, adenoma-
tous ingrowth of >1.5 cm  probably should still prompt opera-
tive resection. In the case of pancreas divisum, accessing and 
studying the ventral PD of Wirsung is not required and may 
contribute to unnecessary risk.

There is no consensus regarding whether biliary and pan-
creatic sphincterotomy should be performed routinely and at 
what stage in the resection process, either pre- or post-papil-
lectomy [1, 53, 58, 59, 63]. The rationale for performing dual 
sphincterotomies is to ensure drainage given coagulative 
effect and anatomic distortion following papillectomy, 
thereby mitigating the risk of post-procedural cholangitis and 
pancreatitis. Desilets et al. [69] advocated for dual sphincter-
otomies as well as PD stent placement performed prior to 
resection to mitigate post-resection complications. 
Furthermore, PD stenting was felt to protect the PD orifice 
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from thermal injury during electrosurgical resection as well 
as from adjuvant thermal ablation (if required), thus lessen-
ing the risk of pancreatitis and stricturing. As such, some cli-
nicians attempt snare resection of the papilla over a PD stent. 
However, performing sphincterotomies or placing a PD stent 
prior to resection may limit the ability to perform an en bloc 
resection [46, 69].

Other authors have advocated for post-papillectomy 
sphincterotomy and PD stent placement to allow for en 
bloc resection [43]. En bloc resection allows for more accu-
rate pathologic examination for the completeness of resec-
tion and shortened procedure time [43]. Difficulty 
identifying the pancreatic orifice after papillectomy can be 
ameliorated by spraying the presumed area of the PD with 
methylene blue followed by the use of intravenous secretin 
[70]. By using this method, the pancreas is stimulated to 
release pancreatic juice, which makes the area of the orifice 
appear less blue or even become grossly visible. 
Alternatively, pancreatogram with injection of methylene 
blue diluted in contrast (1:2 dilution or even more dilute) 
prior to papillectomy may aid post-papillectomy access for 
PD stent placement [70].

 Biliary and Pancreatic Stenting

Pancreatitis is a known and dreaded complication of endo-
scopic papillectomy, and as such prophylactic PD stenting 
after papillectomy is recommended to reduce the risk of 
pancreatitis in patients that do not have pancreas divisum 
anatomy [19]. The benefits of prophylactic PD stenting to 
prevent post-ERCP pancreatitis are well established [71–73]. 
Harewood et al. [62] published the first prospective, random-
ized controlled study that demonstrated that PD stent place-
ment (with 5 Fr × 3 to 5 cm, single flanged stents) reduced 
post-papillectomy pancreatitis. Some have argued for the 
need of a larger trial, as this was a small trial with a total of 
19 patients enrolled. This study was stopped early given 
safety concerns after interim analysis demonstrated pancre-
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atitis occurring in 33% of the group without PD stents rela-
tive to 0% in the stented group [74]. Others have argued 
routine prophylactic PD stent placement may not be neces-
sary in all patients and that more studies to clearly ascertain 
the subgroup that might benefit are needed [75]. Rectal indo-
methacin is also typically administered given extrapolation 
from data demonstrating its reduction in risk and severity of 
post-ERCP pancreatitis in high-risk populations, although no 
study has looked specifically at risk reduction regarding post-
papillectomy pancreatitis [76].

Biliary stenting at the time of papillectomy is often 
performed. Biliary stenting is particularly indicated if 
there is concern for poor drainage, as this could predis-
pose the patient to developing cholangitis and biliary 
sepsis [34, 43, 69].

 Adverse Events

Endoscopic papillectomy is one of the highest risk procedures 
that an advanced endoscopist can perform. Early complica-
tions include pancreatitis, bleeding, perforation, cholangitis, 
and risk of sedation/anesthesia, with late  complications includ-
ing biliary and pancreatic duct stenosis [19, 64]. In a systematic 
review, Han et al. [77] reported morbidity rates of 23% (range, 
10–58%), with the most common complications being bleed-
ing and post-papillectomy pancreatitis.

Given the robust vascular supply of the duodenum, there 
is an increased risk for both early and delayed bleeding. 
Bleeding rates have been reported as ranging from 0% to 
25%. The vast majority of bleeding can be controlled with 
endoscopic hemostatic techniques. Post-papillectomy pancre-
atitis has been reported also ranging from 0% to 25% [77]. In 
most cases, post-papillectomy pancreatitis was mild to mod-
erate in severity [11]. Again, prophylactic PD stenting has 
been shown to mitigate the risk of post-papillectomy pancre-
atitis [62]. Lastly, perforation has a reported frequency of 
0–8% [77].
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In the event of a complication, early recognition is of para-
mount importance. As such, the resection site should be care-
fully inspected to assess for areas of deeper muscle injury or 
frank perforation. However, endoscopic diagnosis of deeper 
injury is less reliable relative to other areas of the gastrointes-
tinal tract [63]. Risk of perforation may be higher in cases 
with extensive lateral extension of the lesion or in invasive 
cancer [11]. Perforation is typically retroperitoneal, and so 
the absence of free air in the peritoneum or subdiaphrag-
matic space on a plain film may provide false reassurance, 
and cross-sectional imaging is required when the clinical sus-
picion for a retroperitoneal perforation is high. Thankfully, 
most retroperitoneal perforations in this setting can be man-
aged conservatively with antibiotics and observation and 
without the need for surgical repair [35, 60, 77].

Papillary stenosis is a late complication and can occur 
7  days to 24  months, or even years later, following endo-
scopic papillectomy [60, 66, 77]. PD stenosis was less com-
mon in those who received a PD stent at the time of 
resection (15.4% vs. 1.1%) [64, 77]. Routine biliary and 
pancreatic sphincterotomy and stenting may mitigate the 
risk of the late complication of papillary stenosis. Mortality 
from endoscopic papillectomy has been reported as averag-
ing 0.4% (range, 0–7%) [77].

 Outcomes

 Clinical Presentation (Continued)

The patient was asymptomatic following her ERCP, papillec-
tomy, and wide-field EMR but was admitted to our inpatient 
service following the procedure for observation, given her 
comorbidities, and as she did not live close to our medical 
center. She had no evidence of bleeding or pancreatitis and was 
subsequently discharged 48 hours later. Final pathology from 
the resected specimens showed tubular adenoma. There was 
no  evidence of invasive carcinoma. Given this result, we 

Chapter 12. Endoscopic Ampullectomy



280

 recommend a follow-up ERCP in 3 months for stent removal 
and ampullary surveillance.

The ultimate goal of endoscopic papillectomy is to achieve 
curative resection, which can be loosely defined by lack of 
residual or recurrent dysplastic tissue at subsequent endo-
scopic follow-up, preferably confirmed by histopathological 
sampling with cold biopsies. Han et al. [77] performed a sys-
tematic review that evaluated the success rates for endoscopic 
papillectomy, which ranged from 46% to 92%, and recurrence 
rates which ranged from 0% to 33%. The data regarding over-
all success rates and recurrence rates were based on multiple 
small- to medium-sized retrospective case series, but this study 
was limited due to significant heterogeneity. Catalano et  al. 
[64] found the following factors were significantly associated 
with success: lesion size <3 cm, older age (defined as >54 years), 
adjunctive use of thermal ablation, and sporadic adenomas. 
Irani et  al. [11] demonstrated through multivariate analysis 
that lesion size <2 cm and absence of dilated ducts were the 
most important factors favoring success.

 Surveillance

 Case Presentation (Continued)

Despite waiting 3  months, there were mucosal changes that 
were likely inflammatory and related to the healing process; 
however, we could not definitively exclude residual adenoma 
based solely on the endoscopic appearance (Fig.  12.9). 
Therefore, extensive biopsies at the time of follow-up ERCP 
were obtained that showed granulation tissue without evidence 
of any residual or recurrent adenoma.

Recurrence rates have been reported between 0% and 
33%, and thus endoscopic surveillance is recommended fol-
lowing endoscopic removal of an ampullary adenoma [77]. 
Surveillance with a duodenoscope is required. Biopsies should 
be obtained from the resection site even in the absence of 
morphologic characteristics consistent with residual or recur-
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rent adenoma. Although there is consensus that a post-papil-
lectomy surveillance strategy should be employed to assess for 
recurrent or residual adenomatous tissue,  consensus regarding 
posttreatment surveillance intervals is lacking [19].

Many endoscopists follow the surveillance guidelines laid 
out by Catalano et al. [64] which call for endoscopic surveil-
lance every 2–3  months until complete resection is con-
firmed with negative biopsies, followed by surveillance every 
6–12  months for the next 2  years. After 2  years without 
recurrence, patients with sporadic adenomas should have 
repeat endoscopy only if clinical symptoms dictate, whereas 
patients with FAP should continue surveillance every 
2–3 years or as further dictated by their polyp burden in the 
duodenum (i.e., Spigelman score). Some authors have rec-
ommended annual surveillance for 5  years after papillec-
tomy [35]. Factors such as intraductal involvement at the 
time of resection, piecemeal resection, and histological 
assessment of degree of dysplasia should be considered 
when determining case-specific  surveillance intervals as well 
as surveillance duration. Not surprisingly, patients with high-
grade dysplasia are at increased risk for recurrence [13].

Figure 12.9 Endoscopic surveillance was performed 3-month post-
resection. While it was difficult to distinguish areas of adenomatous 
recurrence from inflammatory/granulation tissue, extensive biopsies 
did not show any residual or recurrent adenoma
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The need and frequency of follow-up cross-sectional imag-
ing to evaluate for subsequent lymph node metastasis or inva-
sive pancreatic cancer has not been well-defined. In patients 
who remain free of dysplasia on endoscopic surveillance, it is 
our practice to obtain follow-up MRI every 1–2 years for up 
to 5 years to evaluate for the development of regional recur-
rence or distant metastasis.

 Conclusion

Endoscopic management of ampullary adenomas has 
emerged as the preferred treatment modality, having sup-
planted surgical resection in many patients. While advance-
ment in endoscopic technologies and refinement of endoscopic 
techniques continue to push the boundary with respect to 
what constitutes an endoscopically resectable lesion, enthusi-
asm should be tempered by the inherent risk and potential 
adverse outcomes of this procedure. As such, this procedure 
is best undertaken by experienced pancreaticobiliary endos-
copists at large-volume referral centers with sufficient radio-
logical and surgical backup.

Pearls and Pitfalls
• Endoscopic papillectomy requires careful patient 

selection and appropriate multi-modality staging, 
especially for larger lesions.

• Biopsies should be pursued prior to attempted resec-
tion, as endoscopic morphologic assessment alone is 
less reliable in predicting deeper invasion relative to 
other areas in the GI tract. Conversely, one must 
understand the limitations of superficial biopsies in 
histologic assessment.

• En bloc resection should be a resection goal when-
ever possible, as this technique allows for more com-
plete histologic assessment and lower rates of 
recurrence.
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 Introduction

Cholangioscopy has been increasingly used in evaluation of 
biliary pathology. It allows for direct visualization and sam-
pling of biliary abnormalities that asre concerning for malig-
nancy, such as dilated and tortuous blood vessels, villous 
mucosal projections, ulcerated strictures, and intraductal 
nodules [1]. Cholangioscopy is also instrumental in the 
 management of both large bile duct stones and pancreatic 
duct stones. Recently, cholangioscopy has also been utilized 
to access difficult-to-approach targets within the biliary tree 
and retrieve migrated stents.

Initially, cholangioscopy did not garner widespread use due 
to the cumbersome two-person operating system, small working 
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channel, and high rates of complications [2]. The initial 
approach, the mother-daughter cholangioscopy (MDC), pro-
vides a high visual sensitivity and accuracy. Unfortunately, the 
reusable scope is easily damaged and requires two operators, 
two light sources, and two video monitors [3].

Direct peroral cholangioscopy (DPOC), which is a single- 
operator system, provides the highest-resolution images, pre-
cise tip control, and larger working channel but has been 
reported to be operationally challenging [3].

Single-operator cholangioscopy (SOC) requires only one 
endoscopist, allows for visually directed biopsies, and is reported 
to be easier to use due to its four-way tip deflection of at least 30 
degrees in all directions [4] . The single-operator cholangioscope 
is passed through the working channel (4.2 mm) of a standard 
therapeutic duodenoscope. The device is approved by the Food 
and Drug Administration for both biliary and pancreatic indica-
tions. The scope uses 10 French access, a 1.2 mm working channel 
(for passing guidewires, lithotripsy probes, and miniature forceps), 
and two irrigation channels. Moreover, the scope is disposable, 
which mitigates concerns about scope damage and scope steriliza-
tion. Initially, this modality was noted to have lower resolution 
due to the fiber-optic probe and limited durability [3], but more 
recent versions with digital imaging have significantly improved 
image quality. These innovations have demonstrated an improved 
detection of malignancy over combination endoscopic retrograde 
cholangiopancreatography (ERCP) techniques [5, 6].

In this chapter we will focus on the use of cholangioscopy 
in the evaluation of indeterminate biliary strictures, stone 
disease, and alternative uses of cholangioscopy including 
challenging wire placement during ERCP.

 Case 1

A 48-year-old male presents with biliary colic for 1  month 
and was found to have elevated liver function tests, most 
notably a total bilirubin of 2.3  mg/dL.  An ERCP was per-
formed, which revealed a dilated common bile duct and 
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numerous cystic duct stones concerning for Mirizzi syndrome 
(Fig. 13.1). Due to a small distal common bile duct, the stones 
were unable to be removed, and a plastic biliary stent was 
placed. Subsequently, the patient was taken for a cholecystec-
tomy. The gallbladder was contracted, necrotic, and highly 
inflamed. As such, complete dissection of the cystic duct 
could not be performed, and the patient was referred follow-
ing cholecystectomy for a second ERCP with stone removal. 
ERCP was performed with the assistance of SOC and elec-
trohydraulic lithotripsy (EHL). The stones were fragmented 
and removed (Video 13.1). The patient tolerated the proce-
dure well and was discharged on 5 days of ciprofloxacin.

Figure 13.1 Cholangiogram revealing extrinsic compression of 
common hepatic duct by multiple stones in the cystic duct (arrows) 
consistent with Mirizzi syndrome
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 Diagnosis and Assessment

Patients with large bile duct stones most commonly present 
with biliary colic and elevated liver function tests. They may 
also present with cholangitis or acute pancreatitis. MRCP and 
endoscopic ultrasound (EUS) are more sensitive for the 
detection of common bile duct stones compared to transab-
dominal ultrasound or computed tomography (CT) scans. 
Unfortunately, it is challenging to determine if a stone will be 
difficult to remove until visualized by ERCP. Factors that may 
make a bile duct stone difficult to remove include large size, 
small size of downstream bile duct, stacked stones, impacted 
stones, those located proximal to a bile duct stricture, and 
inability to perform a large sphincterotomy. The treatment 
aim for these patients is to decompress the bile duct in as few 
procedures as possible. If the patient is hemodynamically 
unstable or has cholangitis, a stent can be placed to temporize 
the situation until the patient is stable enough to endure a 
longer endoscopic procedure.

 Treatment and Management

Common bile duct stones have typically been treated with 
biliary sphincterotomy and extraction of stones with a bal-
loon catheter or basket. Unfortunately, 10–15% of stones are 
unable to be removed with standard techniques [7]. Although 
there is no standard defining size for large bile duct stones, 
stones larger than 15  mm have proven to be difficult to 
extract [8]. Stone fragmentation improves duct clearance and 
stone removal, which traditionally has been accomplished 
with mechanical lithotripsy. Endoscopic papillary large bal-
loon dilation (EPLBD) has also been utilized as an alterna-
tive or adjunct to endoscopic sphincterotomy.

In the past, a failed conventional ERCP would have led to 
a common bile duct exploration. Patients with previous cho-
lecystectomy would have had an additional surgery for a 
common bile duct exploration and stone removal. Although 
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surgical intervention has historically been required, the use of 
cholangioscopy has significantly improved the treatment of 
difficult biliary stones. Peroral cholangioscopy can be com-
bined with laser lithotripsy (LL) or EHL to effectively treat 
complicated or large bile duct stones [9]. The stone clearance 
rate with the use of cholangioscopy is cited to be 88% from a 
pooled analysis [10].

Single-operator cholangioscopy (SOC) with lithotripsy 
provides direct visualization of stone fragmentation during 
each procedure and minimizes bile or pancreatic duct injury. 
EHL uses saline irrigation to complete shock wave energy 
transmission, while LL uses laser light to induce wave- 
mediated fragmentation [8]. Either mechanism is enhanced 
by the direct visualization of SOC as to confirm that shock 
waves are directed appropriately at the stone and not the bile 
duct wall. Overall, the adverse event rate is cited to be 7% [8].

In order to perform SOC, copious amounts of water may 
need to be instilled. Therefore, it is recommended that 
patients are intubated prior to the procedure. Of note, many 
practitioners caution against the instillation of a large amount 
of contrast prior to performing cholangioscopy as this may 
inhibit full visualization, although these concerns seem to 
have been diminished with newer iterations of this device. 
Next, cannulation of the CBD with the cholangioscope can 
be performed with or without the use of a guidewire. 
Instillation of 0.9% normal saline helps conduct an electrical 
impulse necessary for EHL.  The cholangioscope is then 
advanced to the level of the stone via both fluoroscopy and 
direct visualization. Once the stone is visualized, the EHL 
probe can be advanced out of the cholangioscope and into 
direct contact with the stone and then pulled back ever so 
slightly. The optimal distance between EHL tip and the stone 
is 2–3  mm. There may be difficulty in advancing the EHL 
probe out of the cholangioscope. If difficulties are encoun-
tered, one can consider unlocking all wheels. Second, the 
EHL probe can to be advanced out of the cholangioscope 
while in the duodenum and left at the tip of the cholangio-
scope prior to entering the bile duct. Simultaneous saline 
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instillation and application of current is then performed. 
Initial power and frequency are set to the lowest settings and 
can be increased as needed for effective fragmentation. 
During the procedure, shocks are created that produce high- 
amplitude hydraulic pressure waves for stone fragmentation. 
The generator produces high-voltage electrical impulses at a 
frequency of 1–20 per second at a power range of 50–100 
watts. After the stone is fragmented, the cholangioscope is 
withdrawn, and fragments are removed via traditional ERCP 
methods. Due to fragility of the probe, it may take more than 
one EHL probe to fragment a stone. Once stone debris is 
removed, the cholangioscope can be reinserted into the duct 
to confirm stone clearance. If the stones cannot be com-
pletely removed, a stent is reinserted until re-treatment. With 
laser lithotripsy, light of a particular wavelength is focused on 
the stone to induce a wave-mediated fragmentation. It must 
be noted that this technique is less efficacious on stones 
which are mobile within the common bile duct, as a stable 
position for lithotripsy is difficult to achieve.

 Outcomes

A multicenter retrospective analysis compared LL to EHL with 
regard to procedure time and stone clearance rate. Procedure 
time was found to be longer in EHL, but stone clearance rate 
was similar (around 80%) for both groups [11]. Fewer than 5% 
of patients from either group required additional surgical inter-
vention [11]. Moreover, a randomized study compared conven-
tional therapies (mechanical lithotripsy and endoscopic 
papillary large balloon dilation) to cholangioscopy-guided LL 
and found that cholangioscopy- guided LL had longer proce-
dural times, but increased stone clearance rates with similar 
adverse event rates [11]. Therefore, SOC-guided LL and EHL 
are thought to be useful for clearance of difficult bile duct 
stones with similar rates of adverse events.

Interestingly, a meta-regression analysis demonstrated a 
statistically significant difference between stone clearance 
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rate and type of cholangioscope used; specifically the highest 
rates of success have been achieved with single-operator 
cholangioscopy [10]. In this meta-analysis the overall stone 
clearance for SOC-guided therapy was 88% (95% CI [85%–
91%]) [10]. The adverse event rate was 7% with a severe 
adverse event rate of 1%. A retrospective study evaluating 
306 patients with SOC at 22 tertiary care centers found that 
ducts were completely cleared in 97.3% of patients and 77.4% 
had duct clearance in a single session. The authors concluded 
that this procedure was safe in greater than 95% of patients 
with difficult or large biliary stones [11]. A multicenter expe-
rience of 69 patients utilizing LL in patients who had a mini-
mum of one failed ERCP for stone extraction required a 
mean of 1.2 LL sessions to achieve a 97% clearance rate and 
a 4% adverse event rate [12].

In a similar manner to SOC with EHL or LL in the bile 
duct, peroral pancreatoscopy can be performed instead of 
extracorporeal shock wave lithotripsy (ESWL) as a primary 
modality in patients with large main pancreatic duct stones. A 
study involving 39 patients who underwent peroral pancre-
atoscopy demonstrated complete or partial stone clearance in 
91%, with complete clearance in 70%. There was no differ-
ence between groups who underwent SOC or endoscope- 
based pancreatoscopy. The overall clinical success at median 
follow-up of 15  months was 74% [13]. In addition, a 
 retrospective study at 4 tertiary care centers found 28 patients 
who underwent peroral pancreatoscopy. Technical success 
occurred in 22 patients (79%) with complete ductal clear-
ance. Clinical success at a median of 13 months was noted in 
25/28 (89%) as judged by an improvement in pain, decreased 
narcotic use, or reduced hospitalizations [14].

 Case 2

A 74-year-old female with no significant past medical history 
presents with painless jaundice (total bilirubin of 13.6  mg/
dL). An ERCP was performed at an outside hospital, which 
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revealed a hilar stricture. Brushings of the stricture were 
performed which revealed atypical cells. Bilateral plastic 
stents were placed. She was referred to our center for ERCP, 
which re-demonstrated the stricture (Fig.  13.2). Brushings 
for cytology and FISH were obtained from the stricture. 
SOC showed dilated and tortuous blood vessels as well as 
areas of ulceration (Fig.  13.3). Brushings again returned 
negative, but SOC-assisted biopsies demonstrated adenocar-
cinoma (Video 13.2).

Figure 13.2 Malignant-appearing hilar stricture (arrow)
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 Diagnosis/Assessment

Biliary strictures are considered indeterminate after basic 
laboratory work-up, cross-sectional imaging, and ERCP with 
biliary sampling are all nondiagnostic. Unfortunately, there 
are no perfect clinical or radiologic features to distinguish 
benign from malignant strictures. A cholestatic pattern of 
liver chemistries, especially those with very abnormal liver 
chemistries, has a higher likelihood of malignancy. Serum CA 
19-9 and CEA levels have been used in clinical practice to 
help identify those with hepatobiliary malignancies. Yet CA 

Figure 13.3 Cholangioscopic appearance of stricture with friable, 
ulcerated tissue and tortuous blood vessels, all consistent with malig-
nancy
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19-9 levels can be elevated in patients with any cause of bili-
ary obstruction, as well as cirrhosis and gastric cancer.

Furthermore, many of the benign etiologies, including pri-
mary sclerosing cholangitis and IgG4-related sclerosing chol-
angitis, place patients at increased risk for developing 
malignancy, which only complicates the diagnostic process 
[15]. Cholangiocarcinoma and pancreatic adenocarcinoma 
are the most common causes of biliary strictures [15]. Yet 
previous studies have demonstrated that 5% to 15% of 
patients who undergo surgical resection prove to have benign 
pathology [16, 17]. Unfortunately, there is a lack of consensus 
on pre-surgical resection features to confirm benign etiology 
[18]. Therefore, determining benign from malignant etiolo-
gies is of the utmost importance given the morbidity and 
mortality associated with surgery, chemotherapy, and 
radiation.

Historically, ERCP has been the primary pre-surgical tech-
nique to determine biliary pathology. Tissue sampling with 
ERCP is safe and inexpensive and therefore can be widely 
used. Yet obtaining adequate specimen cellularity with ERCP 
tissue sampling has proved difficult in a number of situations 
including severely narrowed strictures, proximal lesions, 
tumors associated with ulceration or fibrosis, lesions with 
submucosal spread, and extrinsic mass lesions [4].

ERCP with intraductal brush cytology is still the first-line 
approach for specimen sampling. While this approach is the 
most convenient for tissue sampling and has a high specificity 
at 99%, its sensitivity has been cited to be as low as 36% to 
45% [5, 19].

Although a number of factors including the experience of 
the pathologist can affect sensitivity [20], cancer detection 
rates using brush cytology can vary drastically depending on 
the type of cancer. Cancer detection rates with brush cytology 
are reportedly the highest for cholangiocarcinoma at 63% 
while cited to be only 37% for pancreatic cancer detection 
from a pooled analysis [19]. Other technical modifications 
have been attempted to increase sensitivity. For example, 
repeat brushing has been shown to increase diagnostic yield 
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by about 9% [4]. Overall, ERCP with brush cytology is safe 
and provides excellent specificity but lacks adequate 
sensitivity.

Sampling using intraductal biopsy forceps is a more chal-
lenging and time-consuming procedure and therefore is used 
less frequently. This procedure generally requires a sphincter-
otomy to allow passage of the forceps through the papilla. 
Fluoroscopy is used to advance the forceps to the distal area 
of the stricture where blind specimen collection can be 
obtained. There is consensus that at least three specimens 
should be obtained during this procedure to increase sensitiv-
ity [21]. Similar to ERCP with brush cytology, specificity is 
high at 99% [5]. Yet even with a deeper tissue sample, ERCP 
fluoroscopic-guided forceps biopsy continues to be limited by 
low sensitivity at 48% [5]. ERCP with forceps biopsy is a rela-
tively safe procedure, and adverse events are rarely reported 
in the literature. Of the few adverse reports, bleeding and 
perforation have been documented [22, 23]. Although sam-
pling with ERCP biopsy allows for increased tissue sampling, 
this procedure is still limited by sensitivity and technical dif-
ficulty and appears to have more adverse events than ERCP 
with brush cytology.

When ERCP with brush cytology and forceps biopsy are 
combined, sensitivity improves to 70% [23]. Combination 
sampling has also been shown to have a higher cancer detec-
tion rate than either single modality.

FISH is a cytogenetic technique that requires fewer cells 
than cytology and capitalizes on the increased aneuploidy of 
cancer cells. When FISH is used as a single modality, sensitiv-
ity is only 52%; but when used in concert with brush cytology, 
sensitivity increases to 89% [24].

Although ERCP and MRCP are the primary methods for 
determining biliary strictures, it is important to mention EUS 
as an important modality when the work-up for a biliary stric-
ture is nondiagnostic. A study in 2014 directly compared 
EUS-FNA and ERCP tissue sampling in a prospective, 
single- blind study [25]. This study demonstrated that sensitiv-
ity of EUS-FNA was 80% for biliary strictures, which was 
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greater than the sensitivity reported from ERCP with cytol-
ogy and forceps at 67%. Of note, EUS is more likely to detect 
a distal than proximal cholangiocarcinoma [26]. EUS has a 
sensitivity of 53% when utilized to determine unresectability 
for preoperative planning. Although EUS-FNA can provide 
increased sensitivity and is becoming more widespread in use, 
it is important to remember that EUS-FNA is less sensitive 
for proximal bile duct lesions and sampling should not be 
obtained in all cases, as it can preclude patients from future 
transplantation [27].

 Treatment/Management

Improvements in cholangioscopy technology are increasingly 
important for indeterminate biliary strictures, especially 
when the clinical suspicion for malignancy is high. When 
reviewing all biliary strictures evaluated by cholangioscopy 
prior to the newest generation of SOC in 2015, a pooled 
analysis found cholangioscopy-guided biopsies had a sensitiv-
ity of 60% and specificity of 98%, which is a significant 
improvement when compared to conventional ERCP tech-
niques [5].

The newest generation SOC has the ability to diagnosis 
biliary disease through visual impression (VI) and miniature 
forceps biopsies (MFB) with further improved sensitivity. In 
a meta-analysis including older and newer generation SOC, 
VI and MFB demonstrated high combined sensitivity at 90% 
with a slight reduction in specificity at 87% [28]. Utilizing a 
combined approach is best for diagnosing malignancy. By 
using VI to potentially detect malignancy and MFB to help 
confirm malignancy [28], it is important to note that even 
with combining modalities, clinical suspicion for malignancy 
should remain high.

SOC has a 1.2 mm accessory channel that permits passage 
of miniature forceps (width of 4.1 mm) as well as a 6000-pixel 
optical probe providing a 70-degree field of view, as well as a 
high definition resolution for optimum visualization. 
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Maneuvering the SOC for the evaluation of indeterminate 
strictures is similar to the technique used for large bile duct 
stones. The SOC system is advanced into the bile duct over a 
guidewire or in a freehand fashion. The probe is then 
advanced under direct and fluoroscopic visualization to the 
level of the stricture. Locking the dials of the cholangioscope 
can help stabilize the position. Irrigating the bile duct with 
water helps with visualization. Once in position, biopsies of 
the affected mucosa can be obtained. It is helpful to deflect 
the probe tip to try and sample the stricture or abnormal 
mucosa in four quadrants. Prior studies have found that exo-
phytic lesions, papillary mucosal projections, ulceration, and 
dilated tortuous vessels are suggestive of malignancy [29]. 
Some centers have direct on-site pathology available for 
immediate evaluation of biopsies. This is usually achieved by 
smearing a sample between two slides (“smash protocol”) 
followed by staining similar to immediate cytologic evalua-
tion. This may improve the diagnostic yield of sampling.

 Outcomes

When only assessing studies utilizing newer generation SOC, 
sensitivity was improved to 95.5% while maintaining specific-
ity at 94.5% [9]. The improvements in sensitivity are attrib-
uted to the improvements in visualization with the newer 
scopes. Meaning, newer SOC has the highest rates of sensitiv-
ity and specificity for diagnosis of malignancy to date.

Although VI demonstrates high sensitivity, currently there 
is no standard classification system for malignancy utilizing 
visual impression as a stand-alone technique. Sampling inde-
terminate biliary strictures with SOC has its challenges and 
limitations, but acquiring multiple biopsies appears to 
improve rates of sensitivity. A recent study suggests at least 
five biopsies for each lesion should be obtained to improve 
histologically diagnosis [9].

As far as safety, SOC provides more detailed information 
about indeterminate biliary strictures without significant 
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increased procedural risk when compared to ERCP [30]. The 
adverse event rate has been cited to be between 7% and 13%, 
including pancreatitis, cholangitis, and perforation [9, 30]. The 
severe adverse event rate is cited to be only 1%, which included 
perforation [10]. A recent multicenter analysis found mortality 
after SOC to be 0% [9]. This study also reiterated the use of 
single-shot peri-interventional antibiotic as a best practice. 
When comparing patients who received antibiotics to those who 
did not, rates of cholangitis increased from 1% to 12.8% [9].

Pooled studies have shown that the sensitivity of cholan-
gioscopy with intraductal biopsy has a sensitivity of 92%, 
specificity of 93%, and diagnostic accuracy of 93% compared 
to 66%, 51%, and 55%, respectively, with standard ERCP 
brush cytology. MFB associated with SOC allows for ade-
quate histologic specimens in >95% of cases. Navaneethan 
et  al. prospectively studied 36 patients with indeterminate 
strictures who underwent SOC and MFB [5]. Four biopsy 
specimens were obtained in 33 cases. Twenty-two patients 
were diagnosed with malignancy, and SOC biopsies yielded 
diagnoses in 18 of those 22 patients. In this study, the overall 
sensitivity and specificity for visual impression were 95% and 
79%, while SOC biopsies had a sensitivity of 82% [5].

The first US multicenter study using the new SOC included 
85 patients for stricture or ductal evaluation. Eight of these 
patients underwent cholangioscopy to assess the extent of 
tumor, while the remaining 77 has indeterminate strictures. 
Forty percent of these patients had neoplasia of which 81% 
were confirmed with SOC biopsies. In this study, the sensitivity, 
specificity, positive predictive value, and negative predictive 
value of SOC biopsies were 97%, 96%, 94%, and 98% [31].

In a systematic review involving 10 studies and 456 
patients, the pooled sensitivity and specificity of 
cholangioscopy- assisted biopsies were 60.1% and 98%, 
respectively. Among studies in which patients had nondiag-
nostic work-up including imaging, brushing, or biopsies, the 
pooled sensitivity and specificity were 74.7% and 93.3%. The 
pooled sensitivity and specificity to detect CCA were 66.2% 
and 97% [32].
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 Case 3

A 67-year-old female with metastatic breast cancer presented 
with jaundice secondary to biliary obstruction. The patient 
had a metallic biliary stent and enteral stent placed 5 months 
ago for malignant biliary obstruction and gastric outlet 
obstruction. After cannulating the biliary stent through the 
interstices of the enteral stent, contrast was injected, and a 
completely obstructed bile duct was encountered (Fig. 13.4). 
Despite pressure injection and the use of multiple slim and 
angled wires, the obstruction could not be traversed. 

Figure 13.4 Completely obstructed bile duct (arrow) at proximal 
aspect of previously placed metallic biliary stent
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Ultimately, DPOC was utilized. The upper endoscope was 
advanced to the level of the stricture. At this level, there was 
dense tissue ingrowth, and the bile duct appeared completely 
obstructed. Again, multiple unsuccessful attempts were made 
to probe the stricture with the guidewire under direct endo-
scopic visualization with the choledochoscope. The mucosa in 
this area was edematous from previous attempts at guidewire 
passage as well as a submucosal injection. Then, a punctate 
area of bile staining was noted (Fig. 13.5). Once the bile stain 
was probed with the guidewire, there was no resistance in 

Figure 13.5 Complete obstruction visualized on cholangioscopy 
with punctate area of bile staining (arrow) in the location of the 
residual lumen. Under direct visualization, the wire was advanced to 
this area and into the intrahepatic ducts
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guidewire passage up the biliary tree. The choledocoscope 
was then removed and the wire left in place. The bile duct was 
then cannulated with a balloon over a wire, and a cholangio-
gram was obtained, which demonstrated a single severe ste-
nosis in the upper third of the bile duct. Then, a 10 mm × 8 cm 
uncovered metal stent was placed (Video 13.3). Ultimately, 
the jaundice resolved.

 Diagnosis/Assessment

Manipulating a guidewire to reach difficult to access targets 
can be one of the most technically challenging aspects of 
ERCP.  Generally, when ERCP is unsuccessful, it’s because 
the guidewire is unable to cross an obstructed or difficult to 
opacify bile duct, especially in cases of hilar cholangiocarci-
noma or transpapillary cystic duct stents. When an obstructed 
bile duct is encountered, diagnostic maneuvers are limited to 
blind passaging of the guidewire and performing an occlusion 
cholangiogram to look for a trickle of contrast in order to 
mark the area of interest. If these maneuvers fail, EUS- 
guided access or percutaneous transhepatic cholangiography 
in interventional radiology can be attempted.

Proximally migrated biliary and pancreatic duct stents can 
be an immediate problem of stent mal-deployment during 
ERCP or occur as a late complication. It is important to remove 
migrated stents as the stent itself, or the buildup that occurs 
around these stents, can lead to pancreatitis or jaundice.

 Treatment/Management

Cholangioscopy can be used to help gain access to difficult 
biliary targets. The cholangioscope is maneuvered within the 
bile duct, and the specific target is directly visualized. The 
duct itself or bile staining can be used to probe with a guide-
wire under both direct endoscopic and fluoroscopic guidance. 
Once the wire is in position, the cholangioscope can be 
removed, and the remainder of the ERCP can be performed 
in a traditional fashion.
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Migrated stents are typically removed via balloon sweeps 
or with the aid of a basket. If this approach fails, biopsy for-
ceps can be utilized under fluoroscopic visualization to grasp 
and remove the stent. Oftentimes, the migrated stents can 
move proximally as further attempts are made to retrieve 
them. Care should be taken to avoid causing a bile/pancreatic 
duct leak in the process of stent removal. If other measures 
fail, a cholangioscope can be inserted and the miniature for-
ceps can be utilized to grasp the stent under direct visualiza-
tion. In the near future, a small basket will be available to use 
with the single-operator cholangioscope.

 Outcomes

Published literature is sparse in this area, but the authors’ 
experience with the use of cholangioscopy for accessing dif-
ficult targets and removing migrated stents has been 
encouraging.

Pearls and Pitfalls
 – Given the water insufflation that is needed to achieve 

good visualization with SOC, we recommend elective 
intubation of patients undergoing this procedure.

 – Due to the risk of cholangitis with cholangioscopy, 
we recommend intraprocedure antibiotic administra-
tion as well as post-procedure antibiotics.

 – Cholangioscopy with EHL/LL is a very effective treat-
ment for difficult biliary stones. This technique may 
take numerous sessions to achieve ductal clearance. 
Placing the lithotripter catheter within 2–3 mm of the 
stone optimizes stone destruction.

 – Cholangioscopy-assisted treatment of difficult bile 
duct stones works best for stones which are not 
mobile within the common bile duct. Mobile stones 
will cause the practitioner to “chase” the stone up the 
bile duct.
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 Case Presentation

A 36-year-old woman presents with a history of recurrent 
acute pancreatitis. She has had three episodes of documented 
acute pancreatitis confirmed by the revised Atlanta classifica-
tion. She does not drink alcohol or smoke cigarettes and has 
normal serum triglyceride levels and liver enzymes. She has a 
history of obesity, hypertension, and gastroesophageal reflux 
disease – treated with amlodipine and pantoprazole, respec-
tively. She has no family history of pancreatitis.

During her prior admissions, the episodes of pancreatitis 
were uncomplicated and resolved with supportive care. CT 
examinations demonstrated peripancreatic fat stranding 
without biliary dilation or pancreatic fluid collections. MRCP 
demonstrated no anatomic ductal variants.
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She undergoes an endoscopic ultrasound (EUS) at an out-
side hospital facility, which identifies a small, 2 mm stone that 
is seen in a 4 mm main pancreatic duct. Thought to be con-
tributing to her symptoms, she undergoes ERCP for removal 
of this stone. Rectal indomethacin is administered for phar-
macoprophylaxis of post-ERCP pancreatitis. During the 
ERCP, the ventral pancreatic duct is deeply cannulated, con-
trast is injected, and a single stone is seen. A ventral pancre-
atic sphincterotomy is made using electrocautery. The ventral 
pancreatic duct is swept with an 8.5 mm balloon, and a 5 Fr 
by 5 cm plastic pancreatic stent is placed into the ventral pan-
creatic duct. After the procedure, the patient has significant 
epigastric pain with an elevated serum lipase and is admitted 
for post-ERCP pancreatitis. She is managed with aggressive 
intravenous hydration, nutritional support, and pain control 
and is discharged home after 3 days.

She transfers care to our institution for further assessment 
and management of her recurrent acute pancreatitis. 
Abdominal X-ray confirms retained pancreatic duct stent, 
and she undergoes endoscopy for pancreatic duct stent 
removal. During the endoscopy, her stent is removed, and she 
is noted to have a mildly prominent ampulla. Biopsies are 
performed and are consistent with a villous adenoma.

The ampullary adenoma is determined to be the likely 
cause of her recurrent acute pancreatitis, and the patient 
returns for ERCP and endoscopic ampullectomy (Video 
14.1). Upon initial inspection, a 12 mm villous mass is seen at 
the major papilla. A 0.025 inch guidewire is passed into the 
biliary tree, and a sphincterotome is passed over the guide-
wire to deeply cannulate the bile duct, contrast is injected, 
and a sphincterotomy is made with electrocautery. Next, the 
0.025 guidewire is passed into the ventral pancreatic duct. 
This is also deeply cannulated with the sphincterotome, and 
contrast is injected. Using a 15 mm snare, the major papilla is 
grasped and then resected using electrocautery. A small vil-
lous area is noted at the pancreatic duct orifice and is biop-
sied. After resection, a guidewire is again passed into the 
ventral pancreatic duct, and a 5 Fr by 3 cm plastic pancreatic 
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stent with a full external pigtail and a single internal flap is 
placed. Similarly, a guidewire is passed into the bile duct, and 
a 7 Fr by 7 cm plastic biliary stent with a single external flap 
and a single internal flap is placed with fluid flowing through 
both stents. Pathologic analysis confirms a diagnosis of 
ampullary adenoma but unfortunately with residual adenoma 
at the pancreatic duct orifice. The patient is initially dis-
charged home after 24-hour observation but admitted 2 days 
later for another episode of post-ERCP pancreatitis. 
Abdominal radiograph confirms premature pancreatic duct 
stent migration. She receives supportive care and is dis-
charged home 2 days later.

 Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) 
provides the ability to detect, classify, and provide therapy for 
diseases involving the pancreaticobiliary system. Despite 
being introduced in the late 1960s, it remains one of the most 
technically challenging and high-risk endoscopic procedures 
performed. Complications arising from ERCP can include 
post-ERCP pancreatitis (PEP), bleeding, perforation, chole-
cystitis, and cholangitis. Of these complications, PEP is the 
most frequent and can lead to significant morbidity and occa-
sionally mortality.

Due in part to the risk of complications and the advance-
ments in EUS and cross-sectional radiologic imaging tech-
niques, namely, magnetic resonance cholangiopancreatography 
(MRCP), ERCP has transitioned primarily to pancreatobili-
ary therapeutics. However, advances in technology built on 
the scaffold of ERCP, including intraductal ultrasound, direct 
cholangioscopy, and pancreatoscopy, have secured ERCP as 
an obligate endoscopic procedure for clinical problems involv-
ing the pancreatic duct and hepatobiliary system. Therefore, 
understanding the definition, patient and procedural risk fac-
tors, and preventative management strategies for PEP are 
critical for any therapeutic endoscopist practicing ERCP.
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 Diagnosis/Assessment

 Incidence and Definition

Post-ERCP pancreatitis (PEP) is the most common compli-
cation of ERCP (Table 14.1). Prospective, multicenter studies 
have examined the frequency of PEP and found incidence 
rates ranging from 3% to 15% for the average-risk popula-
tion with approximately 5% of patients developing a severe 
course [1–9]. In high-risk stratified cohorts, the risk of PEP 
has been reported to range from 15% to 25%.

Two recent large cohort studies evaluate the incidence of 
PEP in which the reported incidence rate of PEP has been 
estimated to be 3.5% and 9.7%. Andriulli et  al. [10] con-
ducted a systematic review of 21 prospective studies, includ-
ing 16,855 ERCPs for PEP incidence, and found that 
post-procedural pancreatitis occurred in 3.5% of all patients 
undergoing ERCP with approximately 90% being mild or 
moderate in severity (Table 14.1). This was followed in 2015 
by Kochal et  al. who conducted a systematic review of the 
control groups (placebo or no-stent arms) of 108 randomized, 
controlled trials (RCTs) to determine the incidence, severity, 
and mortality of PEP [11]. Evaluating 13,296 control patients 
that underwent ERCP for both diagnostic and therapeutic 
purpose, the overall rate of PEP was 9.7%, with a mortality 
rate of 0.7% and incidence of severe PEP of 0.5%.

The definition of PEP includes the consensus PEP-specific 
diagnostic and grading severity criteria, proposed by Cotton 
et al. in 1991 [12], and the revised 2012 Atlanta international 
classification [13]. The proposed consensus PEP-specific 
diagnostic criteria includes new or increased abdominal pain 

Table 14.1 Incidence and mortality of ERCP complications
Complication Pancreatitis Bleeding Perforation Infection
Incidence (%) 3.47 1.34 0.60 1.43

Mortality (%) 0.11 0.05 0.06 0.11

Adapted from Andriulli et al. [10]
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characteristic of pancreatitis, serum amylase ≥3 times the 
upper limit of normal at ≥24 hours after ERCP, and require-
ment of hospital admission or a prolongation of planned 
admission of at least two nights. Cotton et al. [12] also pro-
pose a PEP severity grading system to differentiate between 
mild, moderate, and severe PEP (Table 14.2). While providing 
a standardized reporting method of PEP, this criterion is lim-
ited by the decreased use of serum amylase and subjective 
nature of defining post-procedure pain and requirement for 
hospitalization. To address these limitations, Freeman et  al. 
have proposed modifying the criteria to include serum lipase 
and defining clinical pancreatitis as “new or worsened 
abdominal pain.”

Although not designed specifically for PEP, the revised 
Atlanta classification provides a clear classification for acute 
pancreatitis that can be extrapolated for use in diagnosing 
PEP.  According to the revised Atlanta classification, acute 
pancreatitis can be diagnosed if two of the following three 
criteria are present: (1) abdominal pain consistent with acute 
pancreatitis (epigastric, radiating to the back), (2) serum amy-
lase and/or lipase ≥3 times the upper limit of normal, and (3) 
CT or MRI findings characteristic of acute pancreatitis [11]. 
The revised Atlanta classification system is limited for PEP 
evaluation in that the utility of contrast-enhanced cross-section 
imaging in the PEP setting has not been extensively studied.

Table 14.2 Grading system for severity of post-ERCP pancreatitis
Criteria Mild Moderate Severe
Length of 
hospitalization (days)

2–3 4–10 >10

Other complications None None Hemorrhagic 
pancreatitis
Phlegmon
Pseudocyst
Percutaneous 
drainage
Surgery

Adapted from Cotton et al. [12]
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 Case Discussion

In the case presented above, the patient met criteria for 
acute pancreatitis as she had characteristic abdominal pain 
and lipase ≥3 times the upper limit of normal. Demonstrating 
the limitations of the consensus criteria for PEP, she cannot 
be evaluated by the criteria proposed by Cotton et al. [12] as 
our institution does not routinely test serum amylase to 
diagnose acute pancreatitis. The recommendation by multi-
ple societies [14–18] to preferentially use serum lipase over 
serum amylase in the diagnosis of acute pancreatitis may be 
a barrier to widespread use of the Cotton et al. [12] criteria, 
as it was in our case. By the Cotton et al. [12] grading system, 
our patient met criteria for mild PEP given that she was 
hospitalized for 3 days and had no other complications.

 Risk Factors for Post-ERCP Pancreatitis

The mechanism through which ERCP causes pancreatitis is 
multifactorial. Most evidence points to increased hydrostatic 
pressure and mechanical obstruction due to post-procedural 
papillary edema as the primary mechanisms. However, the 
risk for PEP can be influenced by multiple patient, proce-
dural, and operator characteristics, and the key factor to pre-
venting PEP is pre-procedural careful selection of patients 
and identification of high-risk patients. Identification of these 
factors is necessary for risk-stratification, informed consent, 
and implementation of preventative measure to reduce the 
incidence and severity of PEP.

 Patient-Related Risk Factors

Patient characteristics associated with an increased risk of 
PEP include sphincter of Oddi dysfunction, female gender, 
younger age, history of recurrent pancreatitis, prior history of 
PEP, normal serum bilirubin, non-dilated bile ducts, and 
absence of common bile duct stones.
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Patients with sphincter of Oddi dysfunction are unequivo-
cally at higher risk for PEP, though the mechanism is unknown. 
Prospective, multicenter studies have found odds ratio (OR) 
for PEP of 5.0 [2] and 2.6 [1]. A meta-analysis of 15 prospec-
tive studies found an OR of 4.1 [19]. These patients also tend 
to have more severe PEP [2]. Female sex, for unknown rea-
sons, is an independent risk factor for PEP (OR 2.5) [2]. 
Younger age is a PEP risk factor. One prospective, multicenter 
study found that a 30-year-old has an OR of 2.1 of PEP com-
pared to a 70-year-old [3]. Another prospective, multicenter 
study found that patients age <60 have an OR of 2.1 com-
pared to patients age >0 [20]. Patients with a history of recur-
rent pancreatitis had PEP at a rate of 16% versus 6% for those 
without it [21]. Another study found an OR of 2.5 [19]. Prior 
history of PEP strongly predicts future risk of PEP (OR 5.3) 
[2]. Normal serum bilirubin doubles the risk of PEP [2]. 
Absence of common bile duct stones is also a risk factor [22].

 Procedural-Related Risk Factors

The methods utilized in attempting selective cannulation can 
have a significant impact on the risk of developing PEP. 
Cannulation techniques (guidewire assisted vs. contrast 
assisted), pancreatic duct contrast injection (OR 1.4–2.7), dif-
ficult cannulation (OR 2.4–14.9), pancreatic sphincterotomy 
(OR 1.7–3.1), minor papillotomy (Video 14.2), failed 
 pancreatic stenting, balloon dilation of an intact sphincter, 
advanced cannulation techniques, and self-expanding metal 
biliary stent placement (Fig.  14.1) have all been associated 
with increased risk of PEP [23, 24].

Difficult cannulation, frequently referred to as the failure 
to obtain selective deep access of the duct of interest using 
standard cannulation techniques, has been demonstrated to 
be one of the strongest independent risk factors for PEP (OR 
2.4–14.9) [23]. Repeated (>5) attempts at cannulation carry a 
11.9% risk of PEP as opposed to a 0.6% risk with a single can-
nulation attempt [23]. Therefore in the case of difficult can-
nulation, typically defined as >5 attempts or >10 minutes of 
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attempting to cannulate (OR 1.76) [8] a native papilla, some 
experts advocate early utilization (after 2–3 attempts) of 
advanced access techniques, consideration for repeat attempt 
in 24–48  hours, or referral to another endoscopist [25]. The 
advanced techniques commonly include the double-wire tech-
nique (Fig. 14.2), biliary cannulation adjacent to a pancreatic 
duct stent, needle-knife precut sphincterotomy (+/− over a 
pancreatic duct stent) (Video 14.3), transpancreatic septot-
omy, and biliary fistulotomy. While these advanced techniques 
may increase the likelihood of achieving biliary access, they 
can also increase the risk of PEP. Precut sphincterotomy has 
been associated with a higher risk of pancreatitis (OR 3.6) [3], 
though this risk can be mitigated with pancreatic duct stenting 

Figure 14.1 CT scan showing changes of post-ERCP pancreatitis 
(PEP) after self-expandable metal stent placement. After placement 
of an 8 mm × 8 cm uncovered metal biliary stent for the treatment of 
cholangiocarcinoma, the patient developed acute interstitial pancre-
atitis. CT examination revealed new marked peripancreatic stranding 
and fluid. Extending in the mesenteric root and bilateral anterior 
pararenal space. Rectal indomethacin and aggressive fluid hydration 
were administered during ERCP as part of routine practice. The pan-
creatic duct was neither cannulated nor injected during the ERCP
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a

b

Figure 14.2 Double-wire technique to aid biliary cannulation. (a) 
Guidewire placement in the PD can help aid in subsequent cannula-
tion of the common bile duct (CBD) and (b) can then be used for 
PD stent placement to prevent PEP
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[26], and it is possible that some of the risk attributed to precut 
sphincterotomy is confounded by the PEP risk of difficult can-
nulation. Precut sphincterotomy is usually used after failed 
cannulation, at which point the papilla may have been suffi-
ciently traumatized to cause PEP.

 Operator-Related Risk Factors

Some evidence points to experience, as determined by case 
volume, to influence PEP risk [3]. Loperfido et al. [5] found 
that centers performing <200 ERCPs per year had increased 
rates of PEP. However, other studies have not found a signifi-
cant difference [2, 27]. It is likely that endoscopists with lower 
case volumes choose to perform fewer risky cases than high-
volume endoscopists, confounding complication rates for each 
group [27]. There is mixed evidence on effect of trainee 
involvement on PEP risk. Cheng et  al. found increased risk 
when trainees participated in the case (OR 1.5) [1]. However, 
Schulman et al. showed that PEP risk does not vary through-
out the year at academic institutions, suggesting that trainee 
experience, at least, does not influence risk [28] and Freeman 
et al. [3] did not find increased risk with trainee involvement.

One important finding regarding PEP risk factors is that the 
risk is not simply additive but rather synergistic. For example, 
Freeman et al. [2] found that a woman with normal serum bili-
rubin, suspected sphincter of Oddi dysfunction, and a difficult 
cannulation would have a PEP risk greater than 40%.

 Diagnostic Evaluation: Clinical Assessment

Although patients are most frequently identified as having 
clinical findings suspicious for PEP in the post-procedure 
recovery unit, the diagnostic consideration and evaluation 
for PEP should begin prior to the procedure, be maintained 
throughout the duration of the procedure, and continued 
until discharged. Even before the procedure is initiated, the 
indication for the procedure, determination of independent 
patient and procedure-related risk factors for PEP, and 
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consideration for procedural techniques and pharmaco-
logic intervention should be assessed.

Early recognition of possible PEP is important to initiate 
the appropriate medical management. Throughout the dura-
tion of the ERCP, patient vital signs should be continuously 
monitored for acute changes. New-onset tachycardia intraop-
eratively, while under anesthesia, should raise concern for pos-
sible impending or developing complication including PEP. In 
our practice, if these changes are identified in the setting of 
difficult biliary cannulation, inadvertent pancreatic duct can-
nulation, and/or contrast injection, we initiate therapeutic 
maneuvers including intensifying IV hydration with Lactated 
Ringer’s solution, ensuring placement of prophylactic pancre-
atic stents and delivering rectal NSAIDs (if not already given).

Given the diagnosis of acute pancreatitis can be con-
founded with benign etiologies of abdominal discomfort such 
as insufflation-related discomfort and there is significant 
morbidity for delay in initiation of therapy, the treatment 
team should have a very low threshold for considering 
PEP. In our clinical practice, when patients have post-ERCP 
abdominal pain, we routinely look for objective signs to sup-
plement subjective reports of abdominal pain including 
changes in vital signs and laboratory testing. Use of radiologic 
imaging, including plain films or cross-sectional imaging, is 
not routinely performed in the immediate (2–4  hour post-
procedure) period for assessment of PEP and, however, 
should be considered in cases of suspected perforation.

Similar to the intraoperative assessment, post-procedure 
vital signs changes including tachycardia in the setting of new 
or worsening abdominal pain increase our suspicion for 
PEP. However, while assessing the vital signs, it is important 
to review the medical record for use of any heart rate control-
ling agents such as beta-blockers or calcium channel blockers 
which may provide a false-negative assessment for possible 
inflammatory conditions such as PEP.

In addition to observing vital signs, it is our practice to 
obtain a serum amylase and lipase level 2–4 hours post-proce-
dure on patients with post-ERCP abdominal pain. Although 
studies have primarily evaluated the predictive value of amy-
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lase for PEP, including a recent study from Brazil that identi-
fied negative predictive value of 94% with an amylase level 
<1.5 times the ULN at 4 hours [29], a single study evaluating 
lipase identified a level of <4 times the ULN was associated 
with a negative predictive value for PEP of 99% [30]. As rec-
ommended by the European Society for Gastrointestinal 
Endoscopy (ESGE), if a serum amylase level is less than 1.5 
times the ULN or serum lipase level is less than 4 times the 
ULN obtained 2–4  hours, the PEP risk is sufficiently low to 
safely discharge the patient without risk for PEP [31].

 Case Discussion

The patient in this case was at very high risk for post-ERCP 
pancreatitis with multiple patient and procedural risk factors 
that likely acted in a synergistic manner. Regarding patient risk 
factors, our patient (1) was a woman (2) of young age (3) with 
a history of recurrent pancreatitis and (4) a history of prior 
PEP and (5) normal liver function tests and non-dilated bile 
ducts. There were also procedural technical factors that con-
tributed to an increased risk of PEP including pancreatic duct 
contrast injection. Further the procedure itself, an ampullec-
tomy, is associated with an increased risk of PEP (~15%) [26].

 Treatment/Management

The management of PEP is not different than that of acute 
pancreatitis from other causes and consists of early, aggres-
sive intravenous fluid resuscitation, pain control, early imple-
mentation of enteral nutrition, and monitoring for severe 
complications such as necrosis or cholangitis [3, 16, 32].

 Prevention Strategies

There is strong interest in developing preventive measures 
for PEP, and these can be divided into procedural interven-
tions and chemopreventive interventions.
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 Procedural Prevention Strategies

Guidewire-Assisted Cannulation

Conventional contrast-assisted bile duct cannulation consists 
of inserting a cannula or papillotome into the papilla and 
advanced into the bile duct using contrast injection for confir-
mation. Guidewire cannulation is thought to potentially pre-
vent PEP by decreasing papillary trauma and contrast injections 
into the pancreatic duct in comparison to conventional can-
nulation (Fig. 14.3). In this technique, the tip of a dual-lumen 
catheter is inserted 2–3 mm into the ampulla, and a guidewire, 
usually 0.035 or 0.025 inches in diameter, is advanced under 
fluoroscopy into the bile duct and the catheter then advanced 
over the guidewire with contrast injection used for confirma-
tion [33]. If the guidewire is inadvertently inserted into the 
pancreatic duct, it can be withdrawn and redirected – though 
repeated guidewire insertion into the pancreatic duct is associ-
ated with increased of PEP (OR 2.25) [34].

In cases of difficult bile duct cannulation, a guidewire can 
also be inserted into the pancreatic duct first; this alters the 
anatomy in a way that facilitates insertion of a second guide-
wire into the bile duct. In one study, this technique led to 
successful selective cannulation of the bile duct in 73% of 
patients in which a 15-minute attempt at conventional can-
nulation had been unsuccessful [35]. A meta-analysis of 12 
RCTs found that guidewire cannulation of the bile duct 
decreased incidence of PEP by 49% (NNT = 31) and improved 
cannulation success (84% vs. 77%) without increased compli-
cations when compared to conventional cannulation [36]. 
Based on this data, guidewire cannulation is considered stan-
dard of care for PEP prevention and recommended by both 
the ASGE and ESGE [31, 37].

Prophylactic Pancreatic Duct Stent Placement

Placement of prophylactic pancreatic stents is another tech-
nique that has been successful in preventing PEP.  As dis-
cussed earlier in this chapter, mechanical outflow obstruction 
of pancreatic secretions due to papillary edema and injury due 
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a

b

Figure 14.3 Guidewire-assisted cannulation vs. contrast-assisted 
cannulation. (a) Guidewire cannulation is thought to potentially 
prevent PEP by decreasing papillary trauma and contrast injections 
into the pancreatic duct and is considered standard of care for PEP 
prevention. (b) Contrast-assisted cannulation may be beneficial in 
cases of difficult cannulation; however repeated injection of the 
pancreatic duct can increase the risk of PEP
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to increased hydrostatic pressure are thought to be the most 
important mechanisms in the pathogenesis of PEP. Placement 
of pancreatic duct stents in theory should lead to appropriate 
drainage and decompression of the duct even in the setting of 
papillary edema. A recent meta-analysis of 14 RCTs pooling 
1541 patients found that prophylactic pancreatic stent place-
ment after ERCP decreased the risk of pancreatitis by 61% 
(NNT = 8) [38]. The benefit was seen in both mild to moderate 
PEP and severe PEP (55% and 74% relative risk reduction, 
respectively). Given the strong benefit seen in these trials, 
prophylactic pancreatic stent placement after ERCP for PEP 
prevention is recommended by the ASGE and ESGE [42, 43]. 
There is little evidence regarding optimal stent choice. Chahal 
et  al. showed no difference in PEP or stent dislodgement 
between long 3 Fr and short 5 Fr stents in an RCT [39]. One 
expert reports using 4-Fr, 11-cm, soft, unflanged, single-pigtail 
stent in cases when the guidewire can easily be passed to the 
pancreatic tail and a 5-Fr, double-inner and double-outer 
flanged, ultrasoft stent if the wire does not pass beyond the 
genu [40]. Spontaneous stent passage can be assessed with an 
abdominal radiograph 2–3  weeks post-procedure; if a stent 
does not pass spontaneously, it should be endoscopically 
removed. There is some evidence that if a patient who under-
went prophylactic pancreatic duct stent placement develops 
severe PEP, it may be due to premature stent migration, and 
outcomes may improve with prompt replacement of the stent. 
Similarly, if a patient did not have a prophylactic pancreatic 
stent placed and subsequently develops severe PEP, prompt 
placement of a stent may improve outcomes [41].

 Pharmacologic Prevention Strategies

Rectal Nonsteroidal Anti-Inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the 
most effective PEP chemopreventive agents to date. 
Elmunzer et al. [42] demonstrated, in a meta-analysis pool-
ing 912 patients from four RCTs, that prophylactic adminis-
tration of rectal NSAIDs decreased the incidence of PEP by 
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64% and of moderate or severe PEP by 90%. This study was 
followed by a multicenter, double-blind RCT [43] that tested 
rectal indomethacin versus placebo in 602 patients, showing 
that patients who received indomethacin were 46% less 
likely to develop pancreatitis (NNT = 13) and 50% less likely 
to develop moderate or severe pancreatitis (NNT  =  23). 
Despite these strongly positive results, there is conflicting 
evidence. Levenick et al. [44] conducted a single-center RCT 
also administering 100 mg of rectal indomethacin or a pla-
cebo suppository and found no difference between the two 
groups in the incidence or severity of PEP. Of note, this trial 
contained more patients of average-risk, as opposed to high-
risk patients than prior RCTs. This suggested that perhaps 
NSAID chemoprevention was only effective in high-risk 
patient populations. However, a subgroup meta-analysis 
pooling 2450 average-risk patients from five RCTs (includ-
ing the Levenick et al. [44] study) still found a relative PEP 
risk reduction of 28% [45]. As of the time of this writing, 
both the American Society for Gastrointestinal Endoscopy 
(ASGE) and the European Society of Gastrointestinal 
Endoscopy (ESGE) recommend rectal NSAID administra-
tion (100  mg of indomethacin or diclofenac) for PEP pro-
phylaxis [31, 37].

In regard to the timing of the delivery of rectal NSAIDs, 
Yu et al. performed a meta-analysis which showed effective-
ness prior to ERCP as well as after ERCP [46]. Additional 
experts have supported delivering the rectal NSAIDs prior 
to the procedure, as the initiation of the inflammatory cas-
cade of pancreatitis may be early in the procedure [23, 47]. In 
our practice, we deliver rectal NSAIDs to all of our patients 
prior to the beginning of the ERCP unless there is a docu-
mented allergy.

Protease Inhibitors

Protease inhibitors are another class of drugs that may have 
a role in PEP chemoprevention. Like NSAIDs, protease 
inhibitors attempt to interrupt the inflammatory reaction 
that leads to PEP but in this case through inhibition of 
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trypsin activation as opposed to inhibition of prostaglandin 
and phospholipase A-2 signaling. Nafamostat mesylate has 
been the most promising protease inhibitor thus far. In a 
meta-analysis, pooling 2956 patients from 7 RCTs showed a 
53% decrease in PEP incidence compared to controls [48], 
though it is likely more helpful for low-risk rather than 
high-risk patients [49]. Despite this significant chemopre-
ventive effect, nafamostat mesylate is not widely used due 
to high costs and the logistical inconvenience of needing to 
administer a lengthy intravenous infusion, sometimes last-
ing up to 24 hours, and is not recommended in the ASGE 
or ESGE guidelines [31, 37]. Two other protease inhibitors 
have been thoroughly studied, gabexate and ulinastatin, but 
have overall been less effective and more cumbersome than 
nafamostat mesylate [50–52]. Other drug classes are also 
being investigated with mixed results to date, as shown on 
Table 14.3.

Table 14.3 Classes of chemopreventive agents under investigation 
and recommendation status in society guidelines [31, 37]
PEP chemopreventive agents under investigation

Drug class Mechanism
ASGE or ESGE 
recommendation

Rectal NSAIDs 
[42–45]

Anti-inflammatory effect 
through prostaglandin 
and phospholipase A-2 
inhibition

Yes

Protease 
inhibitors [48, 49]

Trypsin activation 
inhibition

No

Sublingual 
nitroglycerin [62]

Sphincter of Oddi 
relaxation

No

Topical 
epinephrine 
[63–65]

Papillary edema 
reduction through 
vasoconstriction

No

Somatostatin 
and analogues 
[66]

Inhibition of pancreatic 
exocrine secretion

No
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Somatostatin and Nitroglycerin

Somatostatin and nitroglycerin have been investigated as 
potential pharmacological interventions to prevent 
PEP. Somatostatin, a suppressor of pancreatic exocrine func-
tion, has been studied for PEP prevention in at least 15 RCTs. 
A meta-analysis of these trials found that somatostatin sig-
nificantly decreased the incidence of PEP in high-risk patients 
when administered as a long-term infusion (0.25 mg/h intra-
venously for >10  hours) initiated 0–60  minutes prior to 
ERCP; unfortunately no preventive effect was seen with less 
burdensome delivery regimens or in patients who were not at 
high risk [53]. However, this long-term delivery is not practi-
cal for outpatient ERCP procedures. Another meta-analysis 
found the evidence for somatostatin to be inconclusive [54].

Nitroglycerin may prevent PEP by promoting relaxation of 
the sphincter of Oddi and outflow of pancreatic secretions; 
however the published data to date has been conflicting. Four 
RCTs – two using transdermal nitroglycerin, one intravenous, 
and one sublingual – were examined in a meta-analysis; this 
study suggested some reduction in PEP but did not achieve 
statistical significance [55]. However, three additional pla-
cebo-controlled RCTs have demonstrated a significant reduc-
tion in PEP [56–58]. Further, a double-blind RCT combination 
study by Sotoudehmanesh et al. [59] reported that the rates of 
PEP were significantly decreased in patients who received 
combination indomethacin-nitroglycerin therapy compared 
with the indomethacin-placebo cohort (6.7% vs. 15.3%).

Therefore, while somatostatin and nitroglycerin both show 
some promise as agents for pharmacological prevention of 
PEP and can be considered in certain cases, current data 
remains inconclusive, and larger trials are necessary before 
widespread clinical adoption.

 Aggressive Periprocedural Lactated Ringer’s Solution

Early aggressive intravenous hydration provides support to 
the microcirculation of the pancreas, reducing tissue ischemia, 
and thereby aids in the prevention of severe pancreatitis. 
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Lactated Ringer’s (LR) solution is currently the favored crys-
talloid solution for fluid resuscitation as it reduced the likeli-
hood for metabolic acidosis and has been found to decrease 
systemic inflammation and serum C-reactive protein levels in 
patients with acute pancreatitis more effectively than normal 
saline (NS). In addition to the treatment of acute pancreatitis, 
LR can also be used as a preventive measure against PEP. Two 
RCTs demonstrated that aggressive LR administration 
resulted in lower incidence of PEP when compared to stan-
dard LR administration (defined as 1.5 ml/kg/hr. during and 
8 hours post-ERCP) [60, 61]. The optimal LR administration 
strategy for PEP prevention is unknown; both a regimen of 
10 ml/kg bolus pre-ERCP, 3 ml/kg/hr. during, and 8 hours post-
ERCP and a regimen of 3  ml/kg/hr. during, 20  ml/kg bolus 
post-ERCP, and 3  ml/kg/hr. for 8  hours post-ERCP were 
found to significantly decrease rates of PEP compared to the 
standard regimen without causing volume overload.

 Case Discussion

Despite identifying the patient in this case to be high risk for 
PEP and undertaking maneuvers to reduce the likelihood of 
PEP, the patient still developed PEP on two different occa-
sions. In the two instances that this patient developed PEP, 
she received standard of care PEP prevention measures dis-
cussed above, including administration of rectal indometha-
cin, guidewire cannulation, and prophylactic pancreatic stent 
placement.

Although these cases are challenging, acknowledgment of 
the patient’s risk factors allows for a thorough, pre-procedure 
informed consent process prior to completing the ampullec-
tomy. It also raises the question whether or not combination 
therapy to target different components of the pancreatitis 
inflammatory cascade should be considered. In addition to the 
aforementioned RCT demonstrating superior PEP preven-
tion in patients receiving rectal indomethacin and sublingual 
nitroglycerine, a recently published RCT compared combina-
tion therapies of different IV crystalloid fluids and rectal 
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indomethacin. In this study, Mok et al. [67] reported that the 
combination of LR and rectal indomethacin was associated 
with a lower rate of PEP than NS and placebo (6% vs. 21%). 
However, there was no statistical difference between LR 
alone and LR with rectal indomethacin. Some experts have 
questioned whether rectal indomethacin can decrease the 
need for pancreatic duct stenting, as one post hoc analysis 
demonstrated that after adjusting for risk using two different 
logistic regression models, rectal indomethacin alone appeared 
to be more cost-effective and possibly more clinically effective 
for preventing PEP than a pancreatic duct stent alone and the 
combination of indomethacin and a pancreatic duct stent [68]. 
A comparative effectiveness, multicenter, randomized, dou-
ble-blind, non-inferiority study of rectal indomethacin alone 
versus the combination of rectal indomethacin and pancreatic 
stenting for preventing PEP in high-risk cases is ongoing [69].

Her recurrent episode of PEP after the ampullectomy and 
noted premature/early passage (48  hours) of the short 5 
Fr  ×  3  cm pancreatic duct stent also warrants discussion. 
There is limited data on (1) the optimal stent size and length 
for prophylactic pancreatic duct stenting or (2) the optimal 
duration required for effective prophylaxis.

Of the available data published on pancreatic duct stents, 
larger stents (5 Fr stents) have been demonstrated to have 
higher rate of successful placement and in theory may better 
facilitate pancreatic pressure reduction, but also a higher rate 
of pancreatic duct injury when compared to smaller stents (3 
or 4 Fr stents) [39, 70]. There is limited data available on opti-
mal stent length. Chahal et al. reported no particular advan-
tage of long (>8 cm) 3 Fr stents over short (3 cm) 5 Fr stents, 
including no difference in PEP incidence, increased rate of 
spontaneous dislodgement with short 5 Fr stents, and 
increased rate of stent placement failure in the long, 3 Fr 
cohort [39]. This suggests that the added manipulation 
required for deep guidewire cannulation into the pancreatic 
tail is not necessarily warranted to place a long stent. In our 
practice, we favor placing short, 3 cm stents (occasionally with 
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the inner flange removed) to facilitate this passage and 
decrease the need for repeat endoscopy for removal.

Although most stents pass spontaneously on their own 
within a few weeks of placement, there remains minimal data 
regarding optimal duration of pancreatic duct stenting for 
prophylaxis. Some experts have hypothesized that early sal-
vage ERCP to replace prematurely migrated pancreatic 
stents might reduce the severity of PEP.  In a study of 3216 
ERCPs, Kerdsirichairat et al. [41] performed urgent salvage 
ERCP to place or replace a pancreatic stent in 14/57 patients 
with PEP, including 7 with premature pancreatic duct stent 
migration. In this small cohort, very early outward stent 
migration was temporally associated with moderately delayed 
onset PEP, and stent reinsertion improved the severity of 
pancreatitis. Further investigation is required before recom-
mending salvage ERCP for stent replacement in cases of 
early migration and delayed onset PEP.

In our patient, given (1) the nature of increased thermal 
injury to the pancreatic sphincter from the ampullectomy and 
(2) the synergistic high-risk patient risk factors for PEP, a 
more prolonged duration of prophylactic stenting with a lon-
ger, more stable stent may have been a better choice to 
ensure complete pancreatic duct decompression until the 
trauma and edema of the ampullectomy had resolved.

 Outcomes

Despite PEP being the most frequent complication of 
ERCP, the majority of patients will have a mild to moderate 
course with approximately 5% of patients developing a 
severe course requiring prolonged hospitalization or addi-
tional interventions [11]. Early identification and manage-
ment with aggressive intravenous fluid resuscitation, pain 
control, early implementation of enteral nutrition, and 
monitoring for severe complications are required to limit 
the severity of PEP.
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 Case Discussion

Six weeks after her ampullectomy, the patient presented for 
an EGD for biliary stent removal. A small pancreatic orifice 
lesion is again seen, concerning for recurrent adenoma; this is 
confirmed through pathologic analysis. The patient is further 
evaluated with an EUS, which demonstrated a 4 mm frond-
like projection into the main pancreatic duct suspicious for 
tissue in-growth from external papillary adenoma. Given her 
young age, intraductal extension of her adenoma, and recur-
rent pancreatitis history, she is referred to a pancreatic sur-
geon who recommended elective pancreaticoduodenectomy 
(Whipple) procedure to prevent further episodes of pancre-
atitis or malignant transformation of adenoma. The patient 
underwent the Whipple procedure and has not had any fur-
ther episodes of acute pancreatitis.

Pearls and Pitfalls
• Pancreatitis is the most common complication of 

ERCP (3–15% of patients) and results in significant 
cost, morbidity, and occasionally mortality.

• Post-ERCP pancreatitis occurs as an inflammatory 
reaction and is activated by increased hydrostatic 
pressure in the pancreatic duct and/or outflow 
obstruction of pancreatic juices due to post-proce-
dural papillary edema.

• A complete understanding of patient- and procedural-
related risk factors for PEP informs pre-, mid-, and 
post-procedural management strategies, including 
informed consent and use of procedural and pharma-
cotherapy prevention strategies.

• The patient- and procedural-related risk factors for 
PEP may have a synergistic effect.

• The most important factor in preventing post-ERCP 
pancreatitis is careful and appropriate selection of 
patients with adherence to the evidence-based indi-
cations for ERCP.
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• In addition to new-onset abdominal pain, new-onset 
vital sign changes, particularly intra-procedure or 
post-procedure tachycardia, should raise suspicion of 
possible PEP. Watch for false negatives in patients on 
beta-blockers.

• After >10  minutes or >3 attempts, if standard can-
nulation techniques remain unsuccessful at selective 
biliary cannulation, consider alternative more 
advanced cannulation techniques.

• Guidewire cannulation, rectal NSAID administra-
tion, and prophylactic pancreatic duct stent place-
ment are all standard of care measures to prevent 
PEP in high-risk cases and should be considered in 
average-risk patients.

• In our practice, unless a documented allergy, we give 
rectal NSAIDs to all patients undergoing ERCP.

• Aggressive, liberal delivery of intravenous hydration 
with lactated Ringer’s solution (1 liter in pre-op, 
150 mL/hour after) should be considered for patients 
undergoing ERCP.

• Pancreatic duct stents (typically short, 5 Fr soft 
stents) placed for PEP prevention must be docu-
mented to spontaneously have passed (abdominal 
X-ray) or be removed endoscopically.
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Case 1

An 84-year-old female with history of peptic ulcer disease s/p 
Billroth II gastrectomy presents with right upper quadrant 
pain. Laboratory evaluation demonstrated a white blood cell 
count of 15.3, total bilirubin of 2.5, alkaline phosphatase of 221, 
aspartate transaminase (AST) of 857, and alanine transaminase 
(ALT) of 386. CT scan of the abdomen and pelvis revealed 
multiple common bile duct stones associated with intrahepatic 
and extrahepatic ductal dilatation. ERCP was performed. The 
scope was advanced through the gastroenterostomy several 
centimeters to the opening of the afferent limb. Upon with-
drawing the endoscope slightly, a 2 cm tear was noted in the 
proximal afferent limb (Fig. 15.1a, b). Free air was seen under 
the diaphragm on fluoroscopy, and abdominal decompression 
was performed (Fig. 15.1c). Endoscopic closure with hemoclips 
was performed. Nasogastric tube was placed, and IV antibiot-
ics were given, and surgical consultation was obtained.
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Case 2

A 78-year-old female with chronic right upper quadrant pain 
was referred to our institution for ERCP for possible biliary 
obstruction and sphincter of Oddi dysfunction after magnetic 
resonance cholangiopancreatography (MRCP) revealed bili-
ary dilatation without evidence of stones or sludge. ERCP 
revealed a large periampullary diverticulum (Fig.  15.2a, b), 
diffuse dilation of the common bile duct, and biliary papillary 
stenosis. The patient was treated with biliary sphincterotomy 
and placement of a biliary stent. The sphincterotomy site was 
inspected and suspicious for duodenal perforation (Fig. 15.2c). 
This was treated with placement of two biliary stents and three 
hemoclips placed at the apex of the biliary sphincterotomy 
(Fig. 15.2d). Subsequently a CT scan of the abdomen and pel-
vis revealed retroperitoneal free fluid adjacent to the duode-
num which tracked into the perirenal fat. A nasogastric (NG) 
tube was placed and intravenous (IV) antibiotics were started.

 Diagnosis and Assessment

While ERCP-related perforation is a dreaded complication 
for any endoscopist, having the knowledge and confidence 
that allows quick recognition and appropriate management 
decisions will ensure the best possible outcome. The endosco-

a b c

Figure 15.1 Afferent loop of the jejunum: perforation (box), diver-
ticulum (top arrow), afferent limb (bottom arrow) (a). Afferent loop 
of the jejunum perforation (b), fluoroscopy revealing free air under 
the liver margin (c)
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pist must have an extremely high index of suspicion in order 
to recognize, attempt repair, and obtain appropriate surgical 
consultation when needed. Multiple risk factors have been 
reported in the literature, and a thorough pre-procedural 
evaluation identifying these factors may allow the endosco-
pist to better prepare for or prevent potential adverse events. 
Risk factors that have been reported include postsurgical 
anatomy (Billroth II gastrectomy, Roux-en-Y gastric bypass, 
and Whipple procedure), presence of a periampullary diver-
ticulum (PAD), and the use of pre-cut sphincterotomy tech-
niques. In the analysis of over 11,497 procedures over a 
12-year period, 16 were identified to have perforations 
related to ERCP. Virtually all of the patients with duodenal 
perforation were found in those with foregut surgery [1]. 
Therefore, prior to performing ERCP on patients with diffi-
cult anatomy, extreme care must be taken with advancement 
of the endoscope with most endoscopists favoring use of a 
forward viewing gastroscope prior to attempting passage of 
the duodenoscope.

While postsurgical anatomy seems to be risk factor for 
ERCP-related perforation, the presence of a PAD 
(Fig.  15.3a, b) as a risk factor is less clear [2–4]. Multiple 
prospective studies have demonstrated that ERCP is effec-
tive and safe; however, a more recent study noted higher 
rates of bleeding, infection, and pancreatitis when a PAD is 
present [5]. Given the rarity of ERCP-related perforations, 
it is difficult to definitively establish PAD as a risk factor. 

a b c d

Figure 15.2 Presence of a large periampullary diverticulum as seen 
in (a) with attempted cannulation (b). Following sphincterotomy, 
contrast- injected images obtained were concerning for perforation 
(c). Repair was performed with multiple through the scope clips (d)
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Often, the papilla remains accessible on the side wall of the 
diverticulum, but difficulty can arise when the papilla lies 
deep within a diverticulum or if the orientation is unfavor-
able. Performance of a safe sphincterotomy can be difficult 
due to the inability to visualize the proper axis to guide the 
sphincterotome. In this setting placement of a protective 
pancreatic duct stent followed by pre-cut technique or bal-
loon sphincteroplasty should be considered [6]. There are 
no specific comparative data favoring sphincterotomy ver-
sus endoscopic papillary balloon dilation in this setting. 
Perforation may also occur due to the tip of the duodeno-

a

c d

b

Figure 15.3 Definitions with endoscopic and fluoroscopic examples 
of ERCP-related perforations: (a) Type I  – Defect seen in lateral/
medial duodenal wall secondary to endoscope trauma. (b) Type II – 
Sphincterotomy-related perforation (arrow) with presence of pan-
creatic duct stent. (c) Type III  – Ductal or duodenal perforations 
secondary to instruments (i.e., guidewires, baskets, stents). Pancreatic 
duct leak seen on pancreatogram (arrow). (d) Type IV – presence of 
retroperitoneal air seen on fluoroscopy (arrows)
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scope negotiating the inside of the diverticulum when can-
nulation is attempted.

Due to a higher risk of bleeding and perforation, needle- 
knife sphincterotomy should be performed only by experi-
enced endoscopists. This was emphasized in a review which 
compared those who performed more than one sphincterot-
omy per week versus those who performed fewer. Success 
rate using pre-cut technique was 90% for higher-volume 
providers and 52% for low-volume providers. Therefore, 
given the higher risk of perforation and lower success rate, 
referral to higher-volume centers should be considered [7]. 
As mentioned performance of a pre-cut technique in the set-
ting of a periampullary diverticulum is possible in experi-
enced hands but should be performed following placement of 
a protective pancreatic duct stent when possible [8]. Further 
procedural-related risk factors include common bile duct 
dilatation, sphincter of Oddi dysfunction, longer duration of 
procedure, biliary stricture dilatation, and performance of 
sphincterotomy (Table 15.1) [9].

The diagnosis of ERCP-related perforations can be classi-
fied based on location and timing of recognition (early vs 
late). The most widely used system was developed by Stapfer 
et  al., characterizing perforations based on mechanism and 
location [10]. Type I perforations are due to endoscope 
trauma of the lateral duodenal wall, type II are related to 
sphincterotomy, type III are due to perforation of the bile 
duct with endoscopic tools, and type IV are usually minuscule 

Table 15.1 Adapted from Enns et al. Procedural factors related to 
increase risk for ERCP-related perforations
Factors OR (95% CI)
Dilated CBD 2.32 (1.02–5.03)

Sphincter of Oddi dysfunction 3.20 (1.64–8.94)

Longer duration of procedure 1.02 (1.0–1.04)

Biliary stricture dilation 7.29 (1.84–28.11)

Performance of sphincterotomy 6.94 (2.43–19.77)
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and only identified by free air on fluoroscopic imaging 
(Fig. 15.3). Early recognition often requires a high index of 
suspicion with the ability to recognize the complication visu-
ally or through the use of fluoroscopy. The authors recom-
mend defining early recognition as “during endoscopy,” as 
this definition has the most clinical relevance, allowing the 
endoscopist to attempt repair when appropriate.

Most type I perforations can be definitively visualized dur-
ing endoscopy, whereas type II, III, and IV perforations may 
be more difficult, demonstrating only retroperitoneal fat or 
mucosal bleeding on endoscopic inspection. In the latter 
cases, fluoroscopy can be very helpful to identify free intra-
peritoneal air or leakage of contrast (Fig.  15.3c, d). 
Additionally, the use of a “safety injection” (injection of con-
trast while withdrawing a cannula through the sphincterot-
omy incision over a guidewire) can aid the recognition of 
occult type II perforations [11] (Fig. 15.2c). Early recognition 
is of utmost importance as studies have demonstrated that 
this may lead to improved outcomes (less systemic inflamma-
tory response syndrome (SIRS), shorter hospital stay, shorter 
number of ICU days) and allow the endoscopist an attempt 
at endoscopic repair when deemed appropriate [12].

The prognosis is generally worse for any gastrointestinal 
perforation with a delay in diagnosis [12–14]. Presenting signs 
or symptoms can be non-specific and may be mistaken for 
other complications including post-ERCP-related pancreati-
tis [11]. It is important to consider the retroperitoneal loca-
tion of the duodenum which may mask immediate peritoneal 
signs and symptoms leading to an even greater delay in 
 diagnosis. Therefore, endoscopists should have a low thresh-
old to perform cross-sectional imaging in post-ERCP patients, 
especially those with associated risk factors.

Physical exam is generally non-specific with fevers, tachy-
cardia, hypotension, and diffuse abdominal tenderness. The 
presence of SIRS and presence of peritoneal signs are gen-
erally poor prognostic indicators and have been predictive 
of requiring operative repair [13]. Laboratory evaluation 
may reveal a leukocytosis, anion gap metabolic acidosis with 
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an elevated lactic acid. Given the retroperitoneal location of 
the duodenum, free air may not be visualized with plain 
abdominal radiography, and therefore, cross-sectional imag-
ing is the gold standard in making the diagnosis (Fig. 15.4) 
demonstrating free air within the peritoneum or retroperi-
toneum. Importantly, the amount of air does not necessarily 
correlate with the severity of the complication as 29% of 
asymptomatic patients can have retroperitoneal air revealed 
on CT scan performed 24 hours post-ERCP. This suggests 
that air in the absence of symptoms does not indicate perfo-
ration [15].

 Treatment and Management

Principles regarding management of luminal perforations 
throughout the gastrointestinal tract apply to perforations 
related to ERCP. The use of carbon dioxide rather than air is 

Figure 15.4 CT imaging of endoscopic-related perforation evi-
denced by free air (arrows)
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important and should be standard. It remains true that 
abdominal air under pressure is an emergency and therefore 
palpation of the abdomen should be performed with abdomi-
nal decompression when appropriate [16].

Historically, management of ERCP-related perforations 
tends to depend on institutional preference and endoscopist 
experience rather than on evidence-based approach. Experts 
have based the decision to pursue surgical repair on a 
patient’s dynamic markers including radiographic findings or 
vital signs. More recently, however, an algorithmic approach 
based on the classification system proposed by Stapfer et al. 
has gained relevance (Table  15.2) [11]. General principles 
include the following:

 1. Type I perforations: Immediate attempt at endoscopic 
repair if recognized during ERCP, surgical consultation, 
and urgent repair if endoscopic repair failed or if patient’s 
clinical status (SIRS, peritoneal signs) warrants.

 2. Type II perforations: When recognized immediately, biliary 
diversion (stenting) and repair of the defect should be 

Table 15.2 Classification of ERCP-related perforations and initial 
management
Type 
I

Lateral duodenal wall 
perforation secondary to 
endoscope trauma

Attempt at endoscopic 
repair only if recognized 
immediately. Immediate 
surgical consultation as the 
majority of cases will require 
operative repair

Type 
II

Sphincterotomy-related 
perforation

Performance of biliary 
diversion therapy or local 
repair with hemoclips

Type 
III

Perforation of the bile 
duct with endoscopic 
tools (guidewires, stents, 
baskets)

Biliary or pancreatic diversion 
therapy is favored over 
conservative treatment alone

Type 
IV

Usually minuscule and 
identified with free air 
on fluoroscopic imaging

Conservative management
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attempted. When delayed the decision to pursue surgery 
should be based on the presence of SIRS or peritoneal signs.

 3. Type III: Generally do not require surgical repair. We 
would advocate biliary diversion therapy (FCSEMS or 
plastic biliary stent) vs conservative therapy.

 4. Type IV: Generally require no endoscopic or surgical 
intervention.

It is our practice that all patients with type I and II perfo-
rations receive IV antibiotics, bowel rest, and NG tube place-
ment. The decision to pursue endoscopic management vs 
surgical management is based on timing and location of the 
perforation along with the patient’s clinical status. Khumbari 
et  al. were able to retrospectively validate an algorithmic 
approach, noting that type I perforations were better man-
aged surgically and type II perforations managed medically 
unless they were deemed to clinically worsen.

In our experience, if the perforation is recognized immedi-
ately and the endoscopist is experienced, an attempt at repair 
with the use of through the scope clips, endoscopic suturing, 
or over the scope clips (OTSC) should be performed [17]. The 
decision to select which repair method is beyond the scope of 
this chapter, but repair methods are chosen based on experi-
ence, location of perforation, and size of perforation [16, 18]. 
The most commonly used methods are through the scope 
clips or OTSC. Deployment of the OTSC in the duodenum 
can be extremely challenging due to the size of the outer 
diameter of the clip and sharp angulation in the duodenal 
sweep. Even if endoscopic repair is attempted, a multidisci-
plinary approach in conjunction with hepatobiliary surgery 
remains extremely important in type I perforations. The 
patient must be continually monitored for signs of clinical 
deterioration. Predictors of needing operative repair include 
(1) late identification of perforation, (2) location of perfora-
tion, and (3) the presence of SIRS or peritoneal signs [13].

Type II perforations are most commonly encountered in 
clinical practice. Older studies describe high failure rates of 
conservative management in this patient population, with up 
to 30% of patients requiring operative intervention [19]. 
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However, recent studies have demonstrated that the over-
whelming majority of patients with type II perforations can 
be successfully managed with biliary diversion (nasobiliary 
drain, plastic or covered metal stent) and antibiotics, particu-
larly if the perforation is recognized during ERCP [11, 12, 
20]. To date, the superiority of plastic vs FCSEMS remains to 
be determined. Furthermore, if a large periampullary defect 
is seen, the use of hemoclips can also be helpful [21]. If clip 
placement is necessary, placement of protective stents into 
the bile duct and pancreatic duct may be necessary in order 
to minimize the risk of duct obstruction.

Type III perforations generally have a good prognosis. 
Recent literature demonstrates success rates (defined by avoid-
ance of surgery) nearing 100% with biliary diversion therapy 
alone [12, 20]. Type IV perforations tend to do well with biliary 
diversion therapy or conservative management [11, 12].

 Outcomes

Overall mortality as a result of ERCP-related perforations is 
reported up to 8%. This varies significantly depending on tim-
ing of recognition and location of perforation [22]. A recent 
study demonstrated that immediate recognition (during 
endoscopy) led to more favorable patient-related outcomes, 
with a lower incidence of SIRS, less need for ICU care, and an 
overall shorter hospital stay [12]. Additionally, immediate rec-
ognition of Stapfer type I and II perforations was associated 
with a decreased perforation-associated mortality. Thus 
emphasizing the importance of training endoscopists in the 
recognition and therapy of ERCP related perforations.

In regard to location, Stapfer type I perforations are the 
most serious and are associated highest rate of operative 
repair, morbidity, and mortality [9–13]. While endoscopic 
repair methods have shown to be efficacious in the setting of 
colon or rectal perforations related to endoscopic mucosal 
resection, there are limited data given the rarity of duodenal 
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perforations that endoscopist can use to guide in decision- 
making. As experience with novel endoscopic repair methods 
increases, endoscopists may have the potential to repair a 
significant portion of duodenal perforations related to ERCP 
and therefore prevent surgical intervention and a significant 
portion of patient-related morbidity.

Outcomes of type II perforations vary greatly in the litera-
ture. A recently published meta-analysis demonstrated a 
failure rate of non-operative management nearing 30% with 
conservative management alone [19]. This differs from other 
recent data demonstrating 100% success, defined by avoid-
ance of surgery, with biliary diversion therapy (FCSEMS or 
plastic stents) [12, 20]. Given this favorable data, we favor 
biliary diversion therapy for all immediately recognized 
sphincterotomy-related perforations. Furthermore, literature 
recently has demonstrated excellent outcomes in type III 
perforations with biliary diversion therapy [12, 20]. Type IV 
perforations generally have a good prognosis with conserva-
tive management.

 Case Follow-Up

Case 1

The first case highlights a patient with a history of Billroth II 
gastrectomy with a technically difficult to access afferent limb 
with significant looping noted prior to recognition of the per-
foration. The patient was admitted with hepatobiliary surgery 
following in consultation. She was made NPO, given IV antibi-
otics, and did well with conservative management.  Forty- eight 
hours post-procedure, the patient underwent an upper GI 
series with water-soluble contrast demonstrating no intestinal 
leak. Her diet was advanced, and she was eventually dis-
charged home. Interventional radiology was contacted to assist 
in management of her choledocholithiasis and performed a 
percutaneous transhepatic cholangiogram with internal/exter-
nal biliary drainage and subsequent stone extraction.
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Case 2

The second case highlights a patient with a large periampullary 
diverticulum with resultant sphincterotomy-related perforation. 
Following endoscopy the patient was admitted to the hepatobili-
ary surgical service. She continued to have intermittent abdomi-
nal pain, and therefore repeat CT scans continued to show stable 
and eventually improving size of her retroperitoneal fluid collec-
tions. After a few days, she was tolerating PO intake and eventu-
ally was discharged home without further intervention.

Pearls and Pitfalls
• Extreme care should be taken when performing 

ERCP in patients with surgically altered anatomy, 
those with a large periampullary diverticulum, and 
when pre-cut access is needed.

• Diagnosis of ERCP-related perforation requires a 
high index of suspicion, and early detection is key in 
achieving favorable outcome.

• Endoscopic repair with hemoclips or OTSC should 
be strongly considered when perforation is detected 
early.

• All patients with type I and II perforations require 
close observation and surgical consultation.

• We would recommend biliary diversion therapy in all 
patients with type II and type III perforations.

• A multidisciplinary approach in close coordination 
with hepatobiliary surgery is a key to a successful 
outcome.

• Know when to refer complex cases to expert/high-
volume centers, either prior to performing ERCP or 
after a perforation has occurred.
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 Introduction

Since the first bile duct cannulation in 1968, the technical 
approach and practice of endoscopic retrograde cholangio-
pancreatography (ERCP) have rapidly flourished alongside 
technological advancements. ERCP has evolved from a diag-
nostic tool to a primary therapy in the endoscopic manage-
ment of pancreaticobiliary disorders. As our techniques and 
technology improve, so too does the complexity of the cases 
and subsequently adverse events. ERCP-related adverse 
events occur in about 5–10% of cases. The most common 
events are post-ERCP pancreatitis (5–10%), cholangitis/cho-
lecystitis (1–2%), hemorrhage (0.1–2.0%), perforation (0.3–
0.6%), and sedation-related cardiopulmonary events 
(0.9–1.33%) [1, 2]. Less frequently encountered adverse 
events include impaction of a stone retrieval basket, systemic 
air and bile embolism, reaction to contrast, cannulation/
opacification of the portal vein or hepatic artery, gallstone 
ileus, and pneumothorax or pneumoperitoneum [3]. It is criti-
cal for the endoscopist to understand how to avoid and treat 
adverse events. This chapter will focus on bleeding-related 
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adverse events, including risk factors, prevention, and 
management.

The most common cause of ERCP-related bleeding is 
endoscopic biliary and/or pancreatic sphincterotomy, which 
has been reported in as few as 0.1 but up to 2% of cases [4]. 
The true incidence is unknown, and variable rates are 
described due to retrospective study design, lack of standard-
ized definitions, and insufficient data on relevant patient and 
physician factors. Immediate oozing after sphincterotomy 
that resolves is not considered an adverse event. Less com-
mon etiologies of ERCP-related bleeding include splenic 
injury, hepatic injury, pseudoaneurysm, and vascular injury. 
The bleeding can be immediate (intraprocedure or immedi-
ately after) or delayed (hours to weeks post procedure with 
late being any time after 14 days) and can range in severity 
from minor to clinically significant.

The initial grading system proposed by Cotton et  al. 
defined the severity of ERCP-related adverse events accord-
ing to the intervention required [5]. For example, bleeding 
was defined as mild if only blood transfusion was provided, 
moderate if angiographic intervention needed, and severe if 
necessitating surgery. A more recent statement by the 
American Society for Gastrointestinal Endoscopy (ASGE) 
defines bleeding as hematemesis and/or melena or a hemo-
globin drop >2  g following a procedure (Table  16.1) [6]. 
Hospital admission and level of acuity are also critical 
descriptors. An adverse event that requires an unplanned 
hospital admission or prolongation of hospital stay for <3 
nights is graded mild in severity compared to severe if 
requiring >10 nights or >1 night in ICU.  Bleeding that 
requires transfusion or a repeat endoscopy is graded as 
moderate severity.

Bleeding in the post-ERCP patient requires attention to 
patient and procedure-related factors, a thoughtful approach 
to diagnosis, consideration for multiple endoscopic treatment 
modalities, and access to radiographic or surgical salvage 
therapies.
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Table 16.1 Common adverse events and consensus definitions
Category
  Adverse event

Definition

Bleeding Hematemesis and/or melena or 
hemoglobin drop >2 g

Pancreatitis Typical pain with amylase/lipase 
>3 times upper limit of normal

Cardiovascular
  Hypotension
  Hypertension
  Dysrhythmia, cardiac arrest, 

myocardial infarction, 
cerebrovascular event

<90/50 or 20% decrease
>190/130 or 20% increase

Pulmonary
  Hypoxia
  Hypopnea, laryngospasm,
  Bronchospasm, pneumonia

O2 < 85%

Thromboembolic
  Deep venous thrombosis, 

pulmonary embolus

Instrumental
  Perforation

  Penetration

  Impaction

Evidence of air or luminal 
contents outside the GI tract
Visual or radiographic evidence 
of unintended penetration 
beyond the mucosa or duct, 
without perforation
Unable to remove instrument or 
device

Infection
  Cholangitis

  Pancreatic infection

Temperature >38C >24 h with 
cholestasis
Temperature >38C >24 h with 
collection

Pain Not caused by pancreatitis or 
perforation

Integument Damage to skin, eyes, bones, 
muscles

Adapted from Cotton et al. [6]
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 Case Presentations

 Case 1

A 37-year-old female with a history of a deep venous throm-
bosis on anticoagulation with warfarin is evaluated in the 
clinic for abnormal liver function tests, typical biliary pain, 
and mild dilation of biliary ducts suspicious for papillary ste-
nosis. She is bridged with low molecular weight heparin and 
undergoes ERCP. A 5 mm precut biliary sphincterotomy was 
performed with a needle knife followed by extension using a 
freehand technique with electrocautery. The pancreatic duct 
followed by the common bile duct was cannulated, and injec-
tion of contrast showed a diffusely dilated common bile duct 
up to 8  mm diameter. The biliary sphincterotomy was 
extended to 10 mm with a traction (standard) sphincterotome 
using electrocautery. There was no bleeding at the end of the 
procedure. This was an elective ambulatory case, and the 
patient was discharged in stable condition.

The next day she returned with abdominal pain and a 
lipase of 1262  U/L consistent with post-ERCP pancreatitis 
requiring admission for pain control. Her labs also showed 
AST 300 U/L, ALT 673 U/L, alkaline phosphatase 129 U/L, 
and total bilirubin 1.4 mg/dL. She had a leukocytosis of 10,600 
109/L. She resumed anticoagulation with low molecular weight 
heparin as a bridge to warfarin. On hospital day 3 (post-pro-
cedure day 4), she had an acute drop in her hemoglobin from 
11.5 to 7.9 g/dL. A computed tomography angiography (CTA) 
was performed which revealed slightly high attenuation con-
tent surrounding the loop of the pancreatic stent terminating 
in the duodenal second portion and in the proximal jejunum 
possibly representing hematoma or blood clot; however, there 
was no evidence of active extravasation (Fig. 16.1). She subse-
quently had melena so her anticoagulation was held. The fol-
lowing day, ERCP was performed to investigate the source of 
bleeding. The major papilla appeared ulcerated (Fig. 16.2a, b). 
Oozing from a visible vessel was seen inferior to the pancre-
atic orifice. Previous biliary and pancreatic sphincterotomy 
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a b

Figure 16.1 Computed tomography angiography (CTA). (a) Non- 
contrast image demonstrates slight hyperattenuation around the 
pancreatic stent terminating in the second portion of the duodenum, 
suspicious for blood clot. (b) Arterial contrast phase image demon-
strates no change in attenuation, suggesting no active extravasation. 
Red arrow – region of hyperattenuation. Yellow arrow – pancreatic 
duct plastic stent

c

ba

d

Figure 16.2 Case 1. (a) Stomach without blood. (b) Ampulla – area 
of oozing. (c) Pancreatic duct stent and three hemostatic clips in 
place. (d) After application of bipolar therapy
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sites appeared open. Blood was coming from adjacent to the 
major papilla. The ventral pancreatic duct was cannulated and 
pancreatogram was normal. For pancreatitis prophylaxis, a 
single 7 Fr by 9 cm pancreatic stent with two external flaps and 
a single internal flap was placed 9 cm into the ventral pancre-
atic duct with return of clear fluid (Fig. 16.3). Three hemostatic 
clips were successfully placed adjacent to the ampulla at the 
oozing vessel (Fig. 16.2c, d). Bipolar coagulation was applied 
to additional areas adjacent to the ampulla for hemostasis. The 
patient had no further episodes of bleeding, and the pancre-
atic duct stent was removed a few weeks later.

 Case 2

An 80-year-old male with a history of diabetes mellitus, 
hypertension, and hyperlipidemia presented with 2  days of 
non-radiating epigastric pain. He was afebrile, was hemody-
namically stable, and had laboratory studies and imaging 
findings suggestive of biliary pancreatitis. He was not taking 
any aspirin or anticoagulants at the time.

a b

Figure 16.3 Case 1. (a) Pancreatogram. (b) Final film after place-
ment of pancreatic stent
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The patient underwent ERCP notable for a dilated com-
mon bile duct of 8 mm with a 3 mm stone in the distal duct and 
normal intrahepatic biliary ducts. A 8 mm short-nosed mono-
filament traction biliary sphincterotomy using electrocautery 
was performed. The biliary tree was swept with a 12 mm bal-
loon, and three small stone fragments and sludge were found. 
There was no bleeding at the end of the procedure.

The next day, the patient developed hypoxemic respiratory 
failure, and electrocardiogram showed a non-ST-elevation 
myocardial infarction (NSTEMI) with corresponding posi-
tive troponin value and echocardiogram showing ejection 
fraction of 12%. He was given aspirin 325 mg, started on a 
heparin drip, and underwent cardiac catheterization that 
showed severe three-vessel coronary artery disease. No coro-
nary stents were placed, and he was discharged to a nursing 
home on aspirin 81 mg daily and clopidogrel 75 mg daily.

Two days later (post-ERCP day 11), he presented to the 
hospital with three episodes of dark tarry stools and hemo-
globin drop from 10.1 to 6.9  g/dL.  An urgent ERCP was 
performed (Fig.  16.4). Dark-colored and fresh blood was 

b

d

c

fe

a

Figure 16.4 Case 2. (a) Dark-colored and fresh blood in the stom-
ach. (b) Large blood clot with active bleeding at the major papilla. 
(c) Injection of epinephrine slowed the bleeding. (d–f) Large clot 
within the periampullary diverticulum removed with cold snare
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seen in the stomach. Large blood clot with active bleeding 
was noted at the major papilla. The major papilla could not 
be identified initially despite suctioning and aggressive irri-
gation. The area was injected with 8  cc of epinephrine 
(1:10,000), and this slowed the bleeding. Large clots were 
noted at the level of the major papilla and within the peri-
ampullary diverticulum. These clots were removed with a 
snare. The major papilla was then identified with active 
bleeding at the site of sphincterotomy. The site was injected 
again with 2 cc of epinephrine (1:10,000). The bile duct was 
cannulated and cholangiogram was normal. Balloon sweep 
was performed and nothing was found. Given the significant 
bleeding, decision was made to place a fully covered self-
expandable metal stent (SEMS) (Fig. 16.5). A 10 mm × 4 cm 

a b

c d

Figure 16.5 Case 2. (a) Active bleeding at site of previous sphinc-
terotomy. (b) Bile duct cannulation. (c) Placement of transpapillary 
fully covered metal stent (WallFlex, 10  mm × 4  cm). (d) Stent in 
place with bile drainage and no bleeding
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transpapillary covered metal stent (WallFlex) with no inter-
nal/external flaps was placed 3  cm into the common bile 
duct with consideration to not occlude the opening of the 
cystic duct. Bile flowed through the stent. The patient had 
no further bleeding and did well clinically.

 Diagnosis/Assessment

Bleeding in the post-ERCP patient should be approached 
systematically using specific features to diagnose the etiology. 
Important questions can guide the assessment and 
management.

 1. Does the patient have risk factors for bleeding? Antiplatelet 
or anticoagulant, thrombocytopenia, bleeding diathesis, 
cirrhosis?

 2. Are there procedure-related factors that increase the risk 
of bleeding such as performance of sphincterotomy?

The Sandblom triad of gastrointestinal bleeding (GIB) 
(melena), biliary colic, and jaundice traditionally used to 
describe traumatic hemobilia can also be seen after bile duct 
manipulation (iatrogenic hemobilia) [7].

In the first case, a young female on anticoagulation 
underwent a biliary and pancreatic sphincterotomy for pap-
illary stenosis and 4 days later has a significant drop in her 
hemoglobin. CTA was performed as the initial diagnostic 
test given the absence of any overt gastrointestinal bleeding 
(GIB). When intraluminal blood was identified, ERCP was 
deemed the most appropriate next step. In the second case, 
an elderly gentleman with gallstone pancreatitis underwent 
biliary sphincterotomy and stone removal via balloon 
sweep, with a hospital course complicated by NSTEMI for 
which he was started on dual antiplatelet therapy with sub-
sequent melena. The suspicion was highest for post-sphinc-
terotomy bleed in the setting of dual antiplatelet therapy; 
thus, urgent ERCP was performed.
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 Risk Factors for Bleeding

When evaluating a patient with post-ERCP bleeding, it is 
critical to define the patient profile. This includes medical 
comorbidities, anatomical variants, and concomitant medica-
tions. A landmark paper by Freeman et  al. in NEJM 1996 
described the rate of adverse events after endoscopic biliary 
sphincterotomy according to the patient, procedure, and 
endoscopic technique [2]. In a multivariate analysis, five risk 
factors were identified as significantly increasing the risk for 
post-endoscopic sphincterotomy (ES) bleeding. These 
included coagulopathy before procedure (OR 3.32, 95% CI, 
1.54–7.18), initiation of anticoagulation <3  days after proce-
dure (OR 5.11, 95% CI, 1.57–16.68), cholangitis before proce-
dure (OR 2.59, 95% CI, 1.38–4.86), endoscopist mean case 
volume (OR 2.17, 95% CI 1.12–4.17), and bleeding during 
procedure (OR 1.74, 95% CI 1.15–2.65). Interestingly, they 
found that use of aspirin or nonsteroidal anti-inflammatory 
drugs (NSAIDs) within 3  days did not increase the risk of 
post-ES bleeding. They also found that ampullary tumor, 
extension of prior sphincterotomy, and length of incision 
were not associated with bleeding. Similar findings were seen 
in a retrospective cohort study evaluating 2715 therapeutic 
ERCPs with 122 hemorrhagic complications. Univariate 
analysis showed that aspirin/clopidogrel use (OR 1.84; 95% 
CI, 1.45–2.88) and anticoagulant use (OR 1.65, 95% CI 1.15–
2.89) were significant risk factors for post- sphincterotomy 
bleeding; however in multivariate analysis they were not 
independent predictors [8].

The risk of post-ERCP bleeding in the setting of coagu-
lopathy of liver disease seems to be more nuanced. A retro-
spective review of 129 ERCPs performed in cirrhotic patients 
compared to 392 in non-cirrhotic patients found that cirrhosis 
was a risk factor for post-ERCP gastrointestinal bleeding 
(GIB) (OR = 3.58; 95% CI, 1.22–10.47) as well as sphincter-
otomy during ERCP (OR 3.22; 95% CI, 1.05–9.94). 
Interestingly, multivariable analysis demonstrated that INR 
was not a predictor of GIB (OR 2.09; 95% CI, 0.85–5.12) 
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suggesting possible limited value in using this laboratory test 
for risk stratification or preprocedure planning [9]. A recent 
South Korean study looked at the timing of restarting antico-
agulation and its impact on post- sphincterotomy bleeding in 
96 patients on warfarin bridged with heparin therapy around 
the time of their procedure. They found no difference in 
bleeding in very early (<24  h), early (24–48  h), and late 
resumption (>48 h); however, there was an increased risk of 
thromboembolic events in the late resumption group (0 vs. 0 
vs. 24%) [10]. The precise role of the newer direct-acting, non-
vitamin K oral anticoagulants (dabigatran, rivaroxaban, apix-
aban, and edoxaban) on risk of bleeding requires further 
investigation.

 Prevention

Prevention of ERCP-related bleeding requires a thoughtful 
approach to the clinical scenario and various procedure- 
related techniques. Here we offer some practical suggestions.

The importance of having an accurate list of patient medi-
cations before and after ERCP cannot be overstated. An elec-
tive procedure provides the luxury of preprocedure planning. 
The endoscopist should take a detailed history on use of anti-
platelet or anticoagulants and follow the ASGE guidelines on 
how to manage these in the periprocedural period [11]. 
Although a complete review is beyond the scope of this chap-
ter, these detailed recommendations emphasize weighing the 
procedural risk for bleeding with the risk of cardiovascular or 
thromboembolic event. ERCP with biliary or pancreatic 
sphincterotomy poses a high-risk for bleeding, especially 
while on therapeutic anticoagulation, though less so while on 
aspirin [11]. ERCP with stent placement or papillary balloon 
dilation without sphincterotomy is a low-risk procedure. 
Patients at high risk of thromboembolic events (mechanical 
valves, atrial fibrillation with a history of CVA, or a CHADS-
VASC of >2) can be bridged with heparin in the periproce-
dural period. The novel oral anticoagulants should be stopped 
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>2 half-lives before the procedure, which depends on the 
specific agent and the patient’s renal function. Generally aspi-
rin can be continued, but thienopyridine should be stopped 
5–7 days prior to the procedure if possible. When sphincter-
otomy is anticipated, anticoagulation should be held if possi-
ble. It is prudent to avoid sphincterotomy in patients with 
coagulopathy and instead perform balloon dilation. Finally, 
correction of coagulopathy may be required after endoscopic 
sphincterotomy to prevent post-procedure bleeding.

Use of meticulous procedural technique is imperative. 
Care should be taken to achieve the preferred angle for cut-
ting, which is usually 11 o’clock for biliary and 1 o’clock for 
pancreatic sphincterotomy. The desired extent of the 
 sphincterotomy should be determined prior to cutting as the 
anatomy can become distorted. Use of smart electrocautery 
is advised. Our practice is to use ENDO CUT mode (ERBE, 
Germany), with settings effect 1, duration 2, and interval 3. 
The person performing the procedure is also a factor that can 
impact outcomes. Performance by an endoscopist with high 
case volume is associated with better technical success (OR 
1.6, 95% CI, 1.2–2.1) and lower post-ERCP adverse events 
(OR 0.7, 95% CI 0.5–0.8) as demonstrated in a recent system-
atic review and meta-analysis [12].

 Treatment/Management

 Medical Management

In all cases of gastrointestinal bleeding, the importance of 
resuscitation and medical management cannot be overem-
phasized. First steps include adequate intravenous access, 
resuscitation with fluid and/or blood products, and medical 
stabilization. The majority of post-sphincterotomy bleeding 
can be managed with endoscopic therapy. Modalities include 
injection of epinephrine, balloon tamponade using occlusion 
balloon, clipping, thermal therapy (bipolar coagulation), and 
placement of a metal biliary stent. If the bleeding is refractory 
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to endoscopic therapy including metal stent, then CTA and 
assistance from interventional radiology for embolization 
should be pursued. It is rare that surgery would be needed.

 Endoscopic Therapies

Bleeding may occur in the seconds to minutes following 
sphincterotomy or hours to days later, and timing will likely 
dictate endoscopic therapy. Wilcox et  al. described post- 
sphincterotomy bleeding patterns in a prospective study of 
506 patients who underwent 550 procedures [13]. Bleeding 
within the first 5 minutes was characterized as oozing (42%), 
trickle (27%), pulsatile (6%), or none (24%). In a total of 79 
of these cases (14%), injection of 1:10,000 diluted epineph-
rine (median 0.55  cc, range 0.5–4  cc total) as monotherapy 
achieved acute hemostasis. The use of epinephrine injection 
alone has also been demonstrated to achieve hemostasis in 
delayed post-sphincterotomy bleeding, even when compared 
to use in combination with thermal therapy [14].

Although there is some data for epinephrine injection 
alone for post-sphincterotomy bleeding, the larger body of 
literature describing approaches and outcomes in endo-
scopic hemostasis in non-variceal upper GIB is relevant. 
Societal guidelines emphasize that epinephrine should 
always be combined with a second endoscopic therapy such 
as cautery or clips (high-grade recommendation) [15]. This 
recommendation can be applied to other clinical scenarios. 
A few particular cautions in the post-endoscopic sphincter-
otomy bleed deserve mention. Caution should be applied 
not to place a clip over the pancreatic orifice, and thermal 
therapy should be avoided in close proximity as pancreati-
tis can occur. There is no specific guideline on how to avoid 
or prevent this other than careful attention to the anatomy. 
In case 1, since the bleeding vessel was just inferior to the 
pancreatic orifice, a prophylactic pancreatic duct stent was 
placed prior to use of hemostatic clips and thermal 
therapy.
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Over the past decade, fully covered self-expandable metal 
stents (SEMS) have been used for post-sphincterotomy 
bleeding with good clinical outcomes [16–18]. They can be 
particularly effective in cases where primary endoscopic 
intervention fails, to obviate the need for angiography or sur-
gery. In a case series from Japan of 11 patients with post- 
sphincterotomy bleeding where epinephrine injection and 
balloon tamponade were unsuccessful at controlling the 
bleeding, subsequent placement of a SEMS achieved hemo-
stasis for all cases [19]. One patient was found to have subse-
quent stent dislodgment, and rebleeding occurred. Additional 
data comes from the CEASE study where 67 patients with 
post-endoscopic sphincterotomy bleeding and primary inter-
vention failure were treated with either fully covered SEMS 
(n = 23) or nonstent therapy (n = 44) [20]. The stent group 
had higher risk of bleeding (40% vs. 9%, p value 0.008) but 
lower bleeding rate at 72 h (0.66 g/dL vs. 1.98 g/dL, P < 0.001).

There have been no head to head trials comparing clipping, 
cautery, or metal stents for post-sphincterotomy bleeding. As 
illustrated in our two cases, various approaches can be utilized. 
In the first case presented, injection of diluted epinephrine, 
placement of hemostatic clips, and bipolar thermal therapy 
achieved primary hemostasis. This approach utilizes the fun-
damental tools traditionally applied in other luminal causes of 
gastrointestinal bleeding. In the second case presented, injec-
tion of epinephrine and removal of clot with snare allowed for 
improved visualization of the bleeding source, followed by 
placement of SEMS with short- and long- term hemostasis.

 Outcomes

Both of these cases demonstrate ERCP-related bleeding from 
sphincterotomy that was successfully controlled with endo-
scopic methods. In the first case, the patient presented initially 
with post-ERCP pancreatitis followed by bleeding. Of note, 
her anticoagulation was resumed at <3 days post procedure, 
timing which has been associated with increased risk of bleeding. 
In the second case, the patient had comorbidities (diabetes, 
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hypertension, hyperlipidemia, elderly) that placed him at 
higher risk with subsequent cardiorespiratory event. It is likely 
that initiation of dual antiplatelet therapy did contribute to his 
post-sphincterotomy bleed. He also was noted to have a peri-
ampullary diverticulum. Increased risk of post- endoscopic 
sphincterotomy bleeding with periampullary diverticulum has 
been suggested [21]; however, other studies point against it 
(OR 0.96, 95% CI 0.53–2.06) [8] so the significance remains 
unclear. Important predictors of rebleeding after initial hemo-
stasis include severity of initial bleeding and serum bilirubin 
level of greater than 10 mg/dL [22].

Pearls/Pitfalls
• ERCP-related bleeding adverse events are relatively 

uncommon, but the endoscopist needs to be skilled 
at prevention and management.

• Prevention involves appropriate use of anticoagula-
tion prior to procedure, consideration for balloon 
dilation when appropriate, and performance by a 
skilled endoscopist.

• Endoscopic therapy options include epinephrine 
injection, hemostatic clips, thermal therapy, and 
placement of metal biliary stent.

• ERCP-related bleeding rarely requires angiography 
or surgery.

• Endoscopists performing ERCP should be aware of 
the ASGE/ACG established quality metrics and 
adverse event reporting system and monitor their 
performance in practice [23].
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Abbreviations

CT Computer tomography
ERCP Endoscopic retrograde cholangiopancreatography
EUS Endoscopic ultrasound
MRCP Magnetic resonance cholangiopancreatography
PDAC Pancreatic ductal adenocarcinoma

 Case Presentations

 Case 1

An 80-year-old woman with a history of Roux-en-Y gastric 
bypass 20 years ago and a history of cholecystectomy 15 years 
ago presents with generalized weakness, chills, and altered 
mental status. Her white cell count is 13,000 μL, and bilirubin 
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is 4.2 mg/dL. Patient is found to have Gram-negative bactere-
mia. Work-up for source of infection is negative. A right 
upper quadrant ultrasound shows a dilated common bile duct 
with a 5-mm hyperechoic density associated with shadowing, 
within the common bile duct. What is the next step?

 Case 2

A 52-year-old male with a history of resectable pancreatic 
ductal adenocarcinoma (PDAC) in the head of the pancreas 
that was detected 2 years ago. Soon after, he underwent an 
R0 classic pancreaticoduodenectomy. Subsequently, adjuvant 
chemotherapy and radiation were administered. He has done 
well since then. He now presents with elevated liver function 
tests, right upper quadrant pain, and fever. Gram-negative 
bacteremia was noted on blood culture. A computer tomog-
raphy (CT) scan of the abdomen showed dilated biliary tree. 
What is the most likely cause for these abnormal findings?

 Case 3

A 60-year-old male with history of Roux-en-Y gastric bypass 
approximately 20 years ago presents with right upper quadrant 
pain, nausea, emesis, and elevated liver function tests. He cur-
rently takes amlodipine for primary hypertension. He is other-
wise healthy. A right upper quadrant ultrasound was performed 
in the emergency department. This showed evidence of chole-
lithiasis, with gallbladder wall thickening and a small amount 
of pericholecystic fluid. The common bile duct was dilated to 
12  mm. The distal common bile duct and pancreas were 
obscured by bowel gas. What is the best management option?

 Case 4

A 60-year-old male with a history of partial gastrectomy now 
presents with jaundice, fevers, chills, nausea, and vomiting. An 
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MRI/MRCP was performed and showed a 2 cm stone within 
the common bile duct. What is the choice of endoscope in this 
patient with altered surgical anatomy?

 Case 5

An 85-year-old female with history of hypertension, hyperlip-
idemia, and Roux-en-Y hepaticojejunostomy about 35 years 
ago presents with isolated elevation in alkaline phosphatase 
(440 μL). She lives alone and her ECOG performance grade 
is 0. An MRI/MRCP shows an isolated left intrahepatic duct 
stricture. What is the next step?

 Introduction

ERCP was first described in 1965 mainly as a diagnostic pro-
cedure [1], and in the following years, cannulation technique 
was described in 60 patients with a successful cannulation 
occurring in 73% of patients [2]. Over the ensuing decades, 
the development in dedicated duodenoscopes along with new 
therapeutic accessories has transformed ERCP into an effec-
tive procedure for the management of pancreaticobiliary dis-
eases. The role of ERCP has evolved mainly into a therapeutic 
role with the advent of newer and safer alternative imaging 
techniques such as magnetic resonance cholangiopancreatog-
raphy (MRCP) and endoscopic ultrasound (EUS) [3, 4].

Surgical procedures on the biliary tract have decreased 
over the past decades [3]; however, there has been an increase 
volume of non-biliary gastrointestinal surgery [5, 6]. This can 
result in alteration of the luminal or biliopancreatic anatomy 
which presents unique challenges to the endoscopist. There 
are no specialized endoscopes to access the biliary or pancre-
atic ducts in this subgroup of patients. Endoscopists are there-
fore compelled to achieve biliopancreatic access with 
endoscopes that are generally used for luminal endoscopy. 
Technical challenges include identification and intubation of 
the biliopancreatic limb, reaching and visualizing the papilla 
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or pancreaticobiliary-enteric anastomosis, limited dedicated 
accessories, and cannulation without the help of an endo-
scope equipped with an elevator [7, 8].

The aim of this article is to review the common alterations 
in surgical anatomy and challenges and possible solutions to 
accomplishing a successful ERCP in patients with either 
altered luminal or pancreaticobiliary anatomy. Limited data 
exist to support the endoscopist to make clinical decisions 
regarding management of these patients. The approach to 
patients with altered anatomy may vary widely depending on 
local expertise. This article reviews commonly used tech-
niques and tools when performing an altered anatomy ERCP 
and provides evidence-based approach, where available.

 Procedure Planning

 Types of Altered Surgical Anatomy

A thorough understanding of the type of surgery and nomen-
clature is critical to a successful altered anatomy ERCP. Review 
of operative reports, when available, is helpful in estimating 
length of the surgically altered limbs, and this can help in the 
right choice of endoscope and accessories while preparing for 
an altered anatomy ERCP. Also, knowledge of the extent of 
anatomic resection, length of surgically created bowel, type of 
reconstruction, and type of anastomosis can help in the plan-
ning of these procedures. In addition, extensive firsthand 
review of gastrointestinal imaging may help provide greater 
insight into potential difficulties and pitfalls that may be 
encountered during the procedure. The radiological reports 
may not fully convey the extent of information needed by the 
endoscopist, and therefore review of the actual images is 
highly recommended. The images can provide insight into 
other potential causes of cholangitis that can sometimes be 
easily missed on endoscopy such as chronic afferent loop syn-
drome. Further, it can provide an understanding of the possi-
ble postsurgical anatomy when limited information is available 
from the patient and medical records. If this is a repeat ERCP, 
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previous fluoroscopic images may be reviewed while paying 
special attention to the small bowel anatomy and/or the orien-
tation of the scope when in optimal position for ERCP.

The presence of altered surgical anatomy may rarely be 
discovered only after an endoscope is passed into the stomach. 
This can occur in patients who are new to the health system, 
have scant outside hospital records, and/or are poor historians. 
In such situations, when possible, it may be prudent to 
reschedule a non-emergent procedure with a longer length of 
block time to help appropriately plan and accomplish a suc-
cessful ERCP. In centers with high volume of altered anatomy 
procedures who have well-labeled accessories set aside for 
this purpose, the procedure can be successfully performed in 
the allotted time, especially when the altered surgical anatomy 
is favorable (e.g., Whipple’s procedure).

 Standard ERCP Techniques in Altered  
Surgical Anatomy

Patients with prior esophagectomy with gastric pull-through, 
vertical band gastroplasty, laparoscopic adjustable gastric 
band placement, choledochoduodenostomy, sleeve gastrec-
tomy, Billroth I surgery, and central pancreatectomy (when 
evaluating the bile duct or pancreatic duct in the head of the 
pancreas) can undergo ERCP with a conventional duodeno-
scope and accessories. The duodenoscope in Billroth I and in 
choledochoduodenostomy can be unstable without the pos-
sibility of gaining a short “hockey stick” position. To gain 
stability and access, it may be necessary to advance the scope 
in and maintain an inward tension and/or rotation of physi-
cian’s axis of the body. Despite the problems with scope sta-
bility, most therapeutic interventions can be accomplished 
with conventional ERCP techniques.

 Nonstandard ERCP Techniques in Altered  
Surgical Anatomy

Billroth II reconstruction, Roux-en-Y gastrojejunostomy, 
Whipple’s procedure, and Roux-en-Y gastric bypass are the 
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commonest types of altered surgical anatomy encountered 
that require nonstandard ERCP techniques. The most impor-
tant part of the preparation for the procedure is the choice of 
endoscope. This further determines the types of accessories 
and the stents that can be used.

First successful antrectomy was performed in 1881 by 
Theodor Billroth in a patient with gastric cancer [9]. Partial 
gastrectomy became the standard surgery for gastric ulcer 
since its first publication in 1910 [10]. Partial gastrectomy is 
commonly performed today for malignant and rarely for 
benign disease. Surgical therapy is uncommon for gastric 
ulcers in today’s post-proton pump inhibitor era. After an 
antrectomy, there are three common ways to restore continu-
ity into the small bowel: Billroth I, Billroth II, and Roux-en-Y 
reconstructions. Billroth I surgical reconstruction involves the 
primary anastomosis of the resected edges of the stomach 
and duodenum in an end-to-end fashion. As stated above, in 
patients with Billroth I surgical anatomy, ERCP can be 
accomplished using standard tools and techniques.

Billroth II is generally performed when Billroth I cannot 
be performed such as in a more extensive gastrectomy. The 
duodenal stump is closed, and loop of jejunum is pulled up 
to the gastric resection site, and this is reconstructed in an 
end- to- side fashion. Hence, jejunal continuity is restored in 
this surgical technique but not the duodenal continuity. 
Construction of a Roux-en-Y diverts pancreaticobiliary 
drainage away from the stomach. In this technique, proximal 
jejunal limb is transected, and an end-to-side 
 gastrojejunostomy is performed. The biliopancreatic limb is 
then anastomosed to the jejunum at an optimal length of 
about 40  cm from gastrojejunostomy. This is generally per-
formed to overcome the problem of biliary reflux that can be 
seen in patients with Billroth II.  A Braun’s enteroenteros-
tomy may sometimes be performed in patients with Billroth 
II anatomy to decompress the afferent limb and decrease 
alkaline reflux into the stomach.
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A Whipple’s procedure is performed to resect neoplastic 
lesions in the head of the pancreas, for chronic pancreatitis, or 
for duodenal lesions/injuries. This involves pancreaticoduo-
denectomy with partial resection of the stomach. The jejunal 
limb is then mobilized, and reconstruction of an end-to-side 
anastomotic gastrojejunostomy is performed. The proximal 
limb of jejunum is anastomosed with the hepatic duct and the 
remaining pancreatic duct. This limb is the afferent limb or 
the biliopancreatic limb. Several variations of this classic 
Whipple’s procedure have been developed. These include 
pylorus-preserving surgery, pancreaticogastrostomy, and min-
imally invasive surgery, among others. Any of these variations 
can be encountered during your procedure, and this mainly 
depends on local expertise.

Roux-en-Y gastric bypass was first described in 1994 and is 
currently the second most common bariatric surgery per-
formed in the United States. A 30-mL gastric pouch is created 
in the proximal stomach, and this is anastomosed with a jeju-
nal limb, known as the Roux limb. The Roux limb can mea-
sure between 75 cm and 150 cm in length and connects to a 
biliopancreatic limb distally to form the common channel. 
The common alterations in surgical anatomy and their termi-
nology are reviewed in Fig. 17.1.

 Choice of Endoscope

The choice of endoscope is based on the anticipated length of 
the limbs and the difficulty in traversing them. In Billroth II 
anatomy, the ampulla can be reached with an upper  endoscope, 
a pediatric colonoscope, an adult colonoscope, or a conven-
tional duodenoscope. Similarly, in a patient with Whipple’s 
procedure anatomy, biliary and pancreatic access can be gained 
with any of the above scopes. Occasionally, a double-balloon 
enteroscope (DBE) or a single-balloon enteroscope (SBE) 
may be required, especially in patient with adhesions or with 
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Figure 17.1 Types of altered surgical anatomy. (a) Roux-en-Y gas-
tric bypass. (b) Roux-en-Y gastrojejunostomy. (c) Billroth I. (d) 
Billroth II. (e) Billroth II with Braun’s enteroenterostomy
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longer than usual afferent limb. The choice of scopes is also 
influenced by the local expertise and experience. For example, 
some centers routinely use a therapeutic upper endoscope for 
ERCP in both post Whipple’s and Billroth II anatomy.

In patients with a Roux-en-Y gastrojejunostomy, access to 
the ampulla can be gained using a pediatric or an adult colono-
scope. In case of Roux-en-Y gastric bypass, the Roux limb is 
generally about 100  cm, and therefore an SBE or DBE is 
required to access the papilla. Occasionally, a colonoscope may 
be adequate to reach the papilla in some patients. Table 17.1 
describes the working channel diameter of each endoscope 
and their merits and limitations. It is ideal to start with the 
shortest scope with the largest caliber working channel. Please 
refer to Table 17.1 for details of available endoscopes and their 
specifications.

 Support Staff

The availability of well-trained support staff is imperative for 
a successful procedure. This is even more important in altered 
anatomy ERCP. As part of planning, one should confirm that 
the available staff are trained in altered anatomy ERCP and 
are familiar with the tools.

 Procedure

The skill set for an altered anatomy ERCP procedure is dif-
ferent from that of a conventional ERCP. While the conven-
tional ERCP has one major rate-limiting step, i.e., cannulation, 
the altered anatomy ERCP has multiple major rate-limiting 
steps. The correct identification of the afferent limb, success-
ful advancement of the endoscope to the papilla, cannulation 
without help from an elevator channel, sphincterotomy with-
out dedicated conventional accessories, and stent placement 
without the conventional ability to push the stent across a 
tight stricture are all potential bottlenecks preventing suc-
cessful completion of the procedure.
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 Identification of the Afferent Limb

In patients with Billroth II and Whipple’s anatomy, once the 
gastrojejunal anastomosis has been reached, it is not uncom-
mon to easily locate one of the limbs of small bowel. This is 
usually the efferent limb. The afferent limb oftentimes is 
located on the same side as the lesser curvature of the stom-
ach. This is generally the difficulty of the two limbs to find or 
intubate. Careful evaluation of the peristaltic wave can some-
times help with identification of the limbs. The peristaltic 
waves travel in a craniocaudal fashion inside the recon-
structed afferent and efferent limb. On careful observation, 
subtle indications in the small bowel peristalsis can generally 
help identify the afferent limb. The presence of bilious mate-
rial is a poor predictor of the afferent limb.

If a presumed afferent limb has been intubated, the scope 
is then advanced as far distally as possible. If the papilla or 
the bilioenteric anastomosis is not encountered, further 
evaluation of the possibility of a longer afferent limb can be 
performed by injection of contrast through the working chan-
nel under fluoroscopic guidance. Injection of contrast into the 
lumen can sometimes result in reflux into the stomach and 
increase the risk of aspiration. It is prudent to recommend 
general anesthesia in those patients known to have a history 
of failed or difficult ERCP. Upon injection of contrast, if the 
contrast flows to the blind limb or a cholangiogram is noted 
on contrast injection or there is flow of contrast into the right 
upper quadrant, it may indicate that the endoscope is in the 
afferent limb. If further advancement is not possible, change 
in patient position, abdominal pressure, or change to a SBE 
or DBE may be warranted. On the other hand, if the contrast 
seems to flow into the right lower quadrant, it is less likely to 
be the afferent limb. The endoscope is then pulled back, to 
the gastrojejunal anastomosis and then advanced into the 
other limb. It is not uncommon that endoscopists with limited 
experience in altered anatomy can often fall back and inad-
vertently readvance back into the same limb. Taking a biopsy 
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of the mucosa at the entrance of the limb or withdrawing the 
scope while exchanging for a wire can help identify the two 
limbs and avoid this pitfall.

Identification of the afferent limb at the jejunojejunos-
tomy can be challenging. Here again, careful examination to 
identify the direction of peristalsis can give a clue regarding 
the afferent limb. Experts generally recommend “crossing 
the anastomosis” as an effective strategy in differentiating 
the afferent limb from the common channel. The presence of 
bile, although often advocated, is not a reliable predictor of 
the afferent limb. In patients who have had revisions of 
RYGB or have had multiple surgeries in the past, the identi-
fication and advancement of scope may be much more chal-
lenging. When viewed on fluoroscopy, the scope may assume 
unusual paths, and therefore many of the above rules may 
not apply. Acute angulations and inability to advance the 
scope may be encountered. Changing to a thinner caliber 
scope can help with angulation issues. Often, acute angles 
can be the result of excessive torqueing of the scope, insuf-
flation, or looping. When it is impossible to pass and advance 
the scope, withdrawal of the scope by a 30–50 cm and read-
vancing can help. At the same time, care should be taken to 
minimize air insufflation. Changes in patient position and 
abdominal pressure may be applied if necessary. Just as in all 
altered anatomy endoscopy, there is not a single solution to 
addressing issues with scope advancement in patients with 
history of multiple surgeries. However, difficulty in accom-
plishing ERCP in this subgroup of patients is significantly 
higher.

Despite following the above general principles, identifica-
tion of the afferent limb can sometimes be challenging. Often, 
the appearance of the anastomosis, relative location of the 
afferent limb at the anastomosis, and the limb lengths can 
vary based on local surgical expertise and techniques. It is not 
uncommon to have difficulty in accomplishing altered anat-
omy ERCP in patients who present from a different health 
system or who have undergone surgery several decades ago.
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 Cannulation

Cannulation is a procedure-limiting step in ERCP.  This is 
further complicated in altered anatomy for several reasons: 
approach to the papilla from a retrograde or from a caudal 
approach, use of forward-viewing scope without an elevator, 
and the use of tools designed for standard ERCP.

 Native Papilla

The caudal approach of the papilla alters the endoscopic 
appearance of the relative locations of biliary and pancreatic 
orifices. From a caudal view, the biliary and pancreatic ori-
fices are reversed by 180 degrees when compared to standard 
ERCP. Sometimes, rotation of the scope by 180 degrees such 
that the papilla is in the bottom half of the screen may be 
required for successful cannulation. A combination of fluoro-
scopic and endoscopic images can help identify the correct 
orientation and angulation that is required for successful can-
nulation. The use of clear cap can further aid in exposure of 
the papilla and possibly in straightening of the distal common 
bile duct. The tools that can be used for cannulation can vary 
depending upon the type of scope. SBE- and DBE-assisted 
ERCPs tend to have the greatest limitation in availability of 
ERCP accessories.

 Bilioenteric or Pancreaticoenteric Anastomosis

Identification of the hepaticojejunostomy and pancreatico-
jejunostomy can be facilitated using a clear cap fitted at the 
tip of the endoscope. The hepaticojejunostomy can be iden-
tified after advancing the tip of the scope to the area of the 
hilum of the liver on fluoroscopic images. After adequate 
insufflation of the lumen, the cap maybe used effectively to 
move the small bowel folds aside to locate the anastomosis. 
Identification of the anastomosis can be challenging when 
patient has anastomotic stricture or small bowel luminal 
strictures. Luminal strictures can form because of tumor 
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infiltration or radiation. Underwater examination of the 
afferent loop can sometimes help in identifying the orifice. 
After identification, cannulation can be achieved with a 
wire and extraction balloon. When hepaticojejunostomy is 
performed higher up in the bile duct, two anastomotic ori-
fices can be seen within the lumen.

 Therapeutics

It is often desirable to access selective intrahepatic bile 
ducts to evaluate and treat biliary disease in the liver. This 
can often be challenging despite the use of curved hydro-
philic guidewires. This may be due to acute angulation of 
the common bile duct, lack of alignment of the scope to the 
common bile duct, or acute angulation of intrahepatic 
ducts after extended liver resection. Appropriate changes 
to the scope tip under endoscopic and fluoroscopic guid-
ance can help improve alignment of the scope to the bile 
duct. This provides the best opportunity to obtain biliary 
access to the desired intrahepatic duct. Further, this can 
help in increasing the chances of a successful stent place-
ment. Changes to patient body position may be attempted 
as the last resort (i.e., change from prone to semi-prone or 
supine position) if all other corrective measures have been 
unsuccessful. The common therapeutic maneuvers are 
described below.

 Sphincterotomy

Sphincterotomy can be achieved with a needle-knife or a 
special S-shaped Billroth II sphincterotome. Freehand 
needle- knife sphincterotomy can be associated with higher 
risk of complications. Often, stents are placed into the bile 
duct, and an over-the-stent needle-knife sphincterotomy is 
performed to decrease risks. Alternatively, a small needle- 
knife sphincterotomy followed by sphincteroplasty can be 
safe and effective.
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 Stone Extraction

Stone extraction is a common maneuver performed in altered 
anatomy ERCP. The caudal approach of the forward-viewing 
scope to the ampulla alters the angles, and therefore the prin-
ciples of stone extraction in standard ERCP cannot be 
applied to these patients. Stone extraction in altered anatomy 
requires a generous sphincteroplasty. If balloon sweeps alone 
are not adequate for stone removal from the common bile 
duct, a combination of balloon and enteroscope may need to 
be pulled back to facilitate stone removal. Alternatively, long 
baskets are available to remove stone from the bile duct. 
However, the use of rescue lithotripsy can be limited, espe-
cially in SBE or DBE ERCP.

 Stent Placement

Stent placement can be challenging without an elevator on 
the enteroscope. The caliber of the working channel of the 
enteroscope severely limits the size of stent that can be 
placed. The ability to traverse a stricture is severely limited in 
altered anatomy ERCP. When a stent is being placed to tra-
verse a stricture, it is imperative to perform adequate dilation 
to accommodate stents. As described above, corrections to 
the tip of the scope to correct alignment of scope to the bile 
duct are recommended to achieve successful stent placement. 
Care should be taken to keep the flaps down when advancing 
a stent into the working channel. This can be achieved using 
a positioning sleeve that is supplied with the stent.

 Alternatives to Peroral ERCP

Even with experienced endoscopists, altered anatomy ERCP 
can be unsuccessful. Several alternative approaches to ERCP 
are available. These maybe performed when altered anatomy 
ERCP has failed or if equipment or expertise for altered 
anatomy ERCP is unavailable. For choledocholithiasis, 
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patients may proceed to cholecystectomy and then undergo 
common bile duct exploration. If this is successful, ERCP can 
be avoided.

 Laparoscopic-Assisted Transgastric ERCP

When the indication for ERCP is urgent, laparoscopic- 
assisted transgastric ERCP may be performed in the operat-
ing room where the surgeon accesses the gastric remnant with 
a large-bore trocar that can be used to traverse a duodeno-
scope. This method offers the added advantage of being able 
to perform endoscopic ultrasound (EUS) at the same time if 
needed. In addition, cholecystectomy can also be performed 
in the same setting, if indicated.

 Newer Techniques

In patients with RYGB who have biliary disease that 
requires multiple ERCPs, it may be necessary to create an 
access to the gastric remnant either by creation of a gastro-
gastric fistula or by creation of a gastrocutaneous fistula. The 
former can be achieved by endoscopic ultrasound-guided 
placement of a lumen-opposing stent to create a fistula 
between the gastric pouch and the gastric remnant [11, 12]. 
The latter can be achieved by placement of a push or pull 
percutaneous endoscopic gastrostomy (PEG) tube place-
ment with the help of a DBE or a surgically placed gastros-
tomy tube. These access points can be dilated after maturation 
of the tract to help with passage of a duodenoscope. These 
techniques are helpful for nonurgent procedures.

EUS-guided antegrade biliary access has been described. In 
this procedure, access to a dilated left intrahepatic bile duct is 
obtained under endosonographic visualization from the proxi-
mal stomach. This access point is used to further direct therapy 
in an antegrade fashion [13]. Another approach, endoscopic 
ultrasound-directed transgastric ERCP (EDGE) describes 
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EUS-guided placement of a PEG tube into the gastric remnant 
for transgastric access [14]. Further research is needed to evalu-
ate the efficacy and safety of these newer techniques.

 Percutaneous Transhepatic Cholangiography

In patients that require emergent access to the bile ducts in 
the setting of acute cholangitis with hemodynamic instability 
or when local expertise in altered surgical anatomy is not 
available, PTC may be performed. This is also an option when 
altered surgical anatomy ERCP has been unsuccessful. When 
the failure is primarily due to unsuccessful cannulation, EUS 
rendezvous or PTC rendezvous may be considered for ante-
grade passage of wire across the papilla to facilitate retro-
grade ERCP cannulation.

 Outcomes

Studies in altered anatomy ERCP are highly variable in their 
outcomes. The outcomes’ endpoint may be access to the papilla, 
cannulation, therapeutic success, or overall success. Further, 
studies in this area have been over several decades. Over the 
study duration, there have been changes to endoscopes and 
technology in ERCP accessories. This makes  comparison of the 
study difficult. The underlying altered surgical anatomy likely 
determines the difficulty, success, and safety of the procedure.

 Case Outcomes

 Case 1

Patient was taken for an urgent altered anatomy ERCP with a 
DBE enteroscope fitted with cap at the tip. The afferent limb 
was selectively intubated by “crossing the anastomosis.” 
Selective biliary cannulation was successfully performed with 
a 600-cm-long wire with a hydrophilic tip and a 320-cm-long 
sphincterotome. A small sphincterotomy was performed with a 
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needle-knife, and common bile duct stone was extracted using 
350-mm-long stone retrieval balloon. After multiple balloon 
sweeps, an occlusion cholangiogram was performed and was 
normal. Patient tolerated the procedure well, and her mental 
status improved dramatically after the procedure. Older 
patients with cholangitis can present with altered mental status 
more often than younger patients (43% vs. 23%) [15].

 Case 2

Patient’s CT scan images were carefully evaluated. In addition to 
the dilation of the bile ducts, there was evidence of dilation of 
small bowel loops which appeared to be in the afferent limb. 
Based on these findings, there was clinical suspicion for afferent 
loop syndrome. ERCP was performed with a therapeutic upper 
endoscope. At the gastrojejunal anastomosis, the afferent limb 
appeared to be stenosed, and abnormal mucosa, suspicious for 
tumor infiltration, was noted. This was biopsied. Dilation of the 
stenosis was performed to 10  mm, and the endoscope was 
advanced into the afferent limb. The entire lumen of the afferent 
limb which was dilated with large amounts of bilious material 
was noted. The  hepaticojejunostomy was widely patent. 
Cholangiography showed mildly dilated biliary tree without 
obstructing stone or lesion. A fully covered 10 mm by 6 cm self-
expanding metal stent with both internal and external flanges 
was placed across the stricture at the gastrojejunostomy. Efferent 
limb was widely patent. Patient tolerated the procedure well and 
improved clinically. The biopsies showed recurrent adenocarci-
noma consistent with PDAC.  He was presented at the tumor 
board for discussion regarding future management.

 Case 3

This patient has high probability of choledocholithiasis. Local 
surgeons have expertise in common bile duct exploration. 
Patient was referred to minimally invasive surgery and under-
went laparoscopic cholecystectomy and CBD stone removal 
by exploration. Patient recovered well after procedure and 
was discharged home.
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 Case 4

Further review of MRI showed that patient may have under-
gone Billroth I surgery. Previous records were unavailable for 
review. Based on this finding, the procedure was begun with 
a duodenoscope. Careful evaluation of the gastroenteric 
anastomosis confirmed that this was Billroth I.  Using stan-
dard ERCP techniques, common bile duct stone was removed. 
Postoperative course was uneventful. Patient improved clini-
cally and was discharged the following day.

 Case 5

A family meeting was conducted in clinic. Patient did not 
wish to undergo surgical resection should that stricture be 
cholangiocarcinoma; however she was open to chemotherapy, 
if indicated. A decision was then taken to perform ERCP to 
obtain a tissue diagnosis.

A DBE ERCP was performed. Choledochojejunostomy 
was widely patent. Biliary cannulation was achieved with a 
350-mm-long stone retrieval balloon and a 600-mm-long 
guidewire with a straight hydrophilic tip. The common bile 
duct appeared sigmoid in shape. The isolated left intrahepatic 
duct stricture was visualized on cholangiography; however, 
this could not be selectively accessed despite the use of a fully 
hydrophilic guidewire. Patient was then sent to interventional 
radiology, and a PTC was performed, and brushings of the 
stricture were obtained. The brushings were nondiagnostic.

Patient was brought in for a repeat ERCP 6  weeks later. 
The PTC was removed after advancing a wire through it into 
the jejunum under fluoroscopic guidance. The tract was 
dilated, and a thin caliber scope was advanced into the bile 
duct through the percutaneous route. Water infusion was per-
formed without any air insufflation to minimize risk of air 
embolization. The stricture was endoscopically visualized, and 
biopsies were obtained. The biopsies showed cholangiocarci-
noma, and patient was referred to oncology for discussion 
about treatment options.
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Pearls and Pitfalls
• Successful completion of an altered anatomy ERCP 

requires a thorough understanding of the indication, 
type of altered anatomy, pre-procedure planning 
(Table  17.2), selection of appropriate scope and 
accessories, and a keen eye for safety.

• A review of cross-sectional imaging, when available, 
can provide insights into anatomy that might other-
wise be missed on reading the reports alone.

• Familiarizing oneself with the available accessories 
and organizing them into one labeled cabinet is 
often helpful. As with standard ERCP, ensuring 
that there is an appropriate indication for proce-
dure is vital.

• The use of fluoroscopy and a clear cap fitted at the 
tip of the scope can be invaluable in identifying the 
afferent limb and major papilla or hepaticojejunos-
tomy. It can also help expose the papilla better and 
aid in cannulation.

• Reducing and creating a stable scope position at the 
papilla and evaluating the angles between the scope 
and bile duct can be time-consuming; however, they 
are imperative to a successful altered anatomy ERCP.

• When advancing the stent into the working channel, 
care should be taken to keep the flaps down. This can 
be achieved with a positioning sleeve that is gener-
ally supplied with the stent.

• Advancement of stent into the biliary tree requires a 
complex maneuver beyond the manual advancement 
of the stent through the accessory channel. This can 
include advancement of scope and the use of right/
left or up/down control knobs to advance the scope 
tip closer to the biliary orifice.

• Finally, a multidisciplinary approach with involve-
ment of surgical team in the decision-making process 
is recommended for optimal outcomes from ERCP 
in patients with altered surgical anatomy.
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 Case Report

A 34-year-old woman who is 24 weeks pregnant with her first 
child presents to the emergency room with a 2-week history 
of right upper quadrant abdominal pain. She initially attrib-
uted her discomfort to acid reflux as the pain was primarily 
postprandial, but the use of over-the-counter H2 blockers 
provided no symptom relief. On presentation, she noted a 
3-hour episode of persistent pain, associated with nausea, 
non-bloody emesis, and generalized fatigue. She denied 
fevers and jaundice.

In the emergency room, she was found to have tempera-
ture 98.5 °F and pulse 114 beats per minute (bpm). Labs were 
significant for aspartate transaminase 159, alanine transami-
nase 210, alkaline phosphatase 280, and total bilirubin 1.2. On 
transabdominal ultrasound, the visualized portions of the 
extrahepatic bile duct were seen to be dilated to 8  mm 
(Fig. 18.1) with sludge seen in the gallbladder (Fig. 18.2). Her 
heart rate improved to 86  bpm with the administration of 
normal saline fluids. Both gastroenterology and general sur-
gery were consulted.
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Figure 18.1 Transabdominal ultrasonography revealing a dilated 
common bile duct (8 mm) but no choledocholithiasis

Figure 18.2 Transabdominal ultrasonography revealing shadowing 
sludge within the gallbladder neck (arrow)
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The patient’s case posed a handful of dilemmas in 
management:

• Is an endoscopic retrograde cholangiopancreatography 
(ERCP) indicated?

• Is immediate action necessary or can the patient be medi-
cally managed with therapeutic intervention delayed until 
after delivery?

• Should a confirmatory test be performed to determine if 
the patient has choledocholithiasis, if so should it be a 
magnetic resonance cholangiopancreatography (MRCP) 
or endoscopic ultrasound (EUS)?

• What risks does ERCP pose to the mother and the fetus?
• How must standard ERCP techniques be tailored in a 

pregnant patient?

 Introduction

Pregnancy is a known risk factor for developing gallstones. 
During pregnancy, elevated levels of estrogen and progester-
one increase bile lithogenicity and decrease gallbladder wall 
motility, favoring the formation of gallstones [1–3]. These 
physiologic alterations in pregnancy can even provoke the 
recurrence of biliary tract disease in patients who have 
already undergone cholecystectomy [4].

Pancreaticobiliary disease is estimated to complicate as 
many as 3.3–12.2% of pregnancies [5, 6]. In a prospective 
study, sludge and/or stones were found by ultrasound in 5.1% 
and 7.9% of pregnant women by the second trimester and 
third trimester, respectively, as well as in 10.2% of women by 
2–4 weeks postpartum [7]. Fortunately, most pregnant women 
remain asymptomatic, such that the frequency of disease 
requiring therapeutic intervention has been reported be as 
few as 1  in 1200 deliveries [8]. Furthermore, in the postpar-
tum period, sludge and stones are spontaneously cleared in 
61% and 28% of women, respectively, as hormone levels 
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return to their prepregnancy state [9]. Despite this phenom-
enon, significant complications of cholelithiasis including 
acute cholecystitis, cholangitis, and pancreatitis can still 
develop in up to 10% of symptomatic pregnant females and 
may lead to potentially life-threatening consequences for 
both the mother and the fetus. Surgery, once considered to be 
the mainstay in management for gallstone disease, is now 
understood to carry an increased risk of maternal and fetal 
compromise [10]. ERCP, therefore, has emerged as the treat-
ment of choice, and interventional endoscopists treating 
pregnant patients need to be experienced and comfortable 
with this procedure. In this chapter we review the special 
considerations that should be reviewed when ERCP is con-
sidered for a pregnant patient.

 Diagnosis/Assessment

 Indications for ERCP

The role of ERCP in pregnancy is strictly therapeutic. The 
primary indications are similar to those in nonpregnant 
patients and are listed in Table 18.1. In rarer instances, ERCP 
has been performed in pregnant patients with choledochal 
cysts [11], parasitic infection of the biliary tree [12], and pan-
creatic adenocarcinoma [12].

Justifying the need for ERCP in a pregnant patient begins 
with the appropriate diagnosis. Transabdominal US has tradi-

Table 18.1 Indications 
for ERCP during 
pregnancy

Symptomatic 
choledocholithiasis

Cholangitis

Gallstone pancreatitis

Obstructive jaundice

Biliary or pancreatic ductal 
disease (i.e., leak, stricture)
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tionally been the initial imaging study of choice in patients 
with suspected choledocholithiasis, but its use may be limited 
when considering the changes in body habitus and the anat-
omy that occur in pregnancy. The use of MRCP and EUS to 
confirm the presence of choledocholithiasis prior to ERCP has 
recently been gaining popularity. However, due to the limited 
studies on the use of MRI during pregnancy, the International 
Commission on Non-Ionizing Radiation Protection recom-
mends avoiding this as much as possible during the first trimes-
ter of pregnancy [13]. They state that MRI should only be 
pursued after critical risk-benefit analysis has been undertaken 
for each individual patient. Data supports the use of EUS prior 
to ERCP, especially in cases where transabdominal US and/or 
MRCP are nondiagnostic and the clinical suspicion for CBD 
stones remains high. Several studies have emphasized the util-
ity of EUS-guided ERCP in patients with suspected choledo-
cholithiasis as up to 40% of ERCPs may be avoided by the lack 
of biliary pathology seen on initial EUS [14–16].

Ultimately, treatment should not be delayed for patients 
with a clear diagnosis that requires intervention. In a retro-
spective study, patients managed conservatively for symp-
tomatic gallstones were more likely to develop recurrent 
symptoms, require emergency room or hospital visits, and 
undergo cesarean section operations than those treated with 
either ERCP and/or cholecystectomy [17]. For patients in 
whom an indication is not straightforward, the decision to 
undergo ERCP should be individualized, based on the clini-
cal status of the mother and the fetus and expert opinions of 
the endoscopist, anesthesiologist, obstetrician, and surgeon.

 Pregnancy Testing

Rapid pregnancy testing is commonplace and should be con-
sidered standard of care prior to ERCP in any woman of 
childbearing age. The importance of pregnancy screening is 
highlighted in a case series on the safety and efficacy of stan-
dard ERCP in pregnancy in which 3 out of 23 women did not 
know they were pregnant at the time of ERCP [8].
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 Consent

As with any intervention, a thorough informed consent pro-
cess is mandatory prior to ERCP. All patients should be told 
of available alternatives in management, the proposed plan 
for ERCP, along with any potential adverse events. In addi-
tion to the immediate risks of ERCP to the patient and the 
fetus, the possible long-term risk of radiation exposure to the 
fetus should be discussed with the patient [18].

 Fetal Monitoring

Prior to ERCP, an obstetrician consultation is required for 
assistance in the perioperative care of the patient and the 
fetus. Their support should also be readily available through-
out the procedure in the event there is fetal or patient dis-
tress. The decision to monitor fetal heart rate should be 
individualized based on the recommendation of the obstetri-
cian, which is typically guided by gestational age of the fetus 
and available resources. Before 24 weeks gestation, Doppler 
confirmation of the presence of an adequate fetal heart rate 
before and after the procedure is sufficient. After 24 weeks 
gestation, simultaneous monitoring of electronic fetal heart 
and uterine contraction should be performed before and 
after the procedure [19].

 Timing

There is scarce evidence in regard to the optimal timing of 
ERCP in pregnancy. The second trimester of pregnancy theo-
retically provides the safest opportunity [19]. In the first tri-
mester, the fetus is undergoing organogenesis and is therefore 
most susceptible to the teratogenic effects of ionizing radia-
tion [20]. Studies from atomic bomb survivors suggest that 
the effects of radiation on the central nervous system are 
highest during weeks 8–15 of gestation [21]. In the third tri-
mester, the mother’s gravid uterus may present anatomic 
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alterations that make it difficult for even the most skilled 
endoscopists to access the ampulla.

In a retrospective review, patients who underwent ERCP 
in the first trimester had the lowest percentage of term 
pregnancy (73.3%), highest risk of preterm delivery (20.0%), 
and highest-risk low-birth-weight newborns (21.4%) [22]. 
The authors suggested that the adverse outcome in those 
undergoing first-trimester ERCP was attributed more to the 
hepatobiliary disease itself rather than the ERCP procedure 
itself. Reassuringly, none of the 59 patients in this study 
experienced adverse events such as stillborn or fetal 
malformations.

 Sedation and Antibiotics

Sedation is high risk in pregnancy and therefore should be 
administered under the guidance of an anesthesiologist. All 
agents should be used with great caution and vigilance and 
given in slow titration and at the lowest dose to avoid hemo-
dynamic and respiratory changes in the mother and the fetus.

Physiologic changes to the respiratory system during preg-
nancy include a 20% increase in oxygen consumption and a 
20% decrease in pulmonary function residual capacity, which 
can lead to a rapid decrease in partial pressure oxygen in situ-
ations with maternal apnea [23]. Furthermore, airway protec-
tion is of concern in pregnant patients, as swelling of the 
oropharyngeal tissues and a decreased caliber of the glottic 
opening can make intubation challenging. Additionally, pro-
gesterone causes relaxation of the lower esophageal sphinc-
ter, thereby increasing the risk of aspiration in an unconscious 
pregnant patient [24]. Noteworthy hemodynamic changes 
during pregnancy include a 40% increase in blood volume 
and cardiac output and a 20% dilutional decrease in hemato-
crit, rendering the fetus sensitive to maternal hypoxia and 
hypotension [23]. Great care, therefore, must be taken to 
avoid oversedation of pregnant patients [19].

The risk of drug teratogenicity in the fetus is related to the 
inherent toxicity of the medication, the dosage and the dura-
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tion of exposure, and the period of fetal development when 
introduced [25]. Recommendations are based on scant data 
from case series and reports and from the Food and Drug 
Administration (FDA) drug categorization. Since 2014, the 
FDA no longer uses the five categories (A, B, C, D, and X) to 
determine the safety of over-the-counter and prescription 
drugs in pregnancy. Because most information about drug 
safety during pregnancy came from animal studies, uncon-
trolled studies, and postmarking surveillance, the old FDA 
classification system led to confusion and difficulty applying 
available information to clinical decisions. In 2015, the FDA 
enlisted a new labeling of all drugs in a consistent format 
called the “Pregnancy and Lactation Labeling (Drugs) Final 
Rule (PLLR).” The information required by the FDA has 
three subsections: pregnancy (8.1), lactation (8.2), and females 
and males of reproductive potential (8.3) [26]. A summary of 
the commonly used sedative drugs using the new FDA clas-
sification is provided in Table 18.2.

The indications for antibiotics are the same in pregnant 
and nonpregnant patients. Antibiotics are often given pro-
phylactically during ERCP particularly if contrast is used to 
decrease the risk of infection of inadequately drained con-
trast. In general, penicillins, cephalosporins, erythromycin, 
and clindamycin are considered to be safe during pregnancy 
and lactating, while quinolones and tetracyclines should be 
avoided in all trimesters [19]. Metronidazole should not be 
used in the first trimester, and sulfonamides and nitrofuran-
toin should not be given to pregnant patients in their third 
trimester. During breastfeeding, sulfonamides, quinolones, 
and metronidazole should be avoided.

 Treatment/Management

 Positioning

The optimal position for pregnant women undergoing ERCP 
should minimize fetal radiation exposure (discussed further 
below) and avoid vascular compression. In the second and 
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third trimester, patients should avoid being placed in the 
supine position as the gravid uterus can compress the aorta or 
the vena cava, resulting in maternal hypotension and inade-
quate placental perfusion [19]. In most studies, patients are 
placed in the left lateral position with a wedge or pillow placed 
under the patient’s right hip to help maintain safe orientation.

 Electrocautery

Amniotic fluid can serve as a conduit for electrical current to 
the fetus [27]. When sphincterotomy is used, the uterus 
should not lie in the path between the sphincterotome and 
the grounding pad. Placement of the grounding pad on the 
posterior thoracic wall therefore is more ideal than place-
ment on the thigh. If available, monopolar electrocautery can 
be used to avoid the need for a grounding pad and decrease 
the risk of current passing through the gravid uterus [19].

 Radiation Exposure and Risk

The consequences of radiation exposure during standard 
ERCP with fluoroscopy are a major and highly debated con-
cern. Knowledge regarding the effects of radiation are largely 
derived from epidemiologic and observational studies from 
exposed human populations and animal studies. Radiation 
harm to the fetus can be divided into two types. Deterministic 
effects of radiation include malformation and disturbances in 
growth and development, the likelihood and severity of 
which are proportional to the radiation dose. Stochastic 
effects include disturbances in genetics and cancer, which fol-
low a “no-threshold” model regardless of radiation dose [28].

There are three possible sources of radiation during stan-
dard ERCP [29]. The first occurs when the X-ray source emits 
a focused beam of radiation directly toward a subject. The 
second form is the major source of exposure to the endosco-
pists and staff, as well as the fetus, as the X-ray “scatters” 
throughout the room. It occurs when a source emits a focused 
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beam of radiation that strikes an object and ricochets from its 
original path. The third form is often negligible and occurs 
when radiation escapes or “leaks” from the X-ray source.

Ionizing radiation can be quantified in a variety of ways 
[30]. The absorbed dose is the amount of energy per unit mass 
of tissue through which the radiation passed and is expressed 
in units of gray (Gy). The effective dose is expressed in units 
of sievert (Sv). It combines the amount of radiation absorbed 
and tries to estimate the effect of the radiation, based on 
radiation type and radiation-sensitivity of different organs. 
This measurement is used to assess long-term risk of radia-
tion exposure, such as cancer. The dose-area product (DAP) 
or kerma-area product is a measure of radiation dose inte-
grated across the entire exposed field. It is derived from the 
absorbed dose multiplied by the area irradiated and is 
expressed in units of gray per square centimeters (Gy/cm2).

The 2017 American College of Obstetricians and 
Gynecologists Guidelines for Diagnostic Imaging During 
Pregnancy and Lactation state, “fetal risk of anomalies, 
growth restriction, or abortion have not been reported with 
radiation exposure of less than 50  mGy, a level above the 
range of exposure for diagnostic procedures.” [20]

Several authors, therefore, have attempted to quantify 
radiation exposure during ERCP to both the mother and the 
fetus using different methodologies. Using thermolumines-
cent dosimeters (TLDs), Kahaleh et al. found mean estimated 
fetal radiation exposure to be 0.4 mGy (range 0.01–1.8 mGy) 
[31]. Another group used a non- anthropomorphic phantom to 
estimate the entrance dose and subsequently measured fetal 
dose exposure at 3 mGy (range 1.02–5.77 mGy) with a mean 
fluoroscopy time of 3.2 minutes (range 1.1–6.1 minutes) [32]. 
Samara et  al. presented an intriguing model utilizing data 
obtained from 24 nonpregnant patients for estimating concep-
tus radiation dosage for a  specific patient procedure [28]. The 
study was performed in two stages. The first step involved col-
lecting data on technical and physical parameters for fluoros-
copy and radiography. The second step involved the use of a 
Monte Carlo-N-particle code, a mathematical phantom, to 
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calculate the normalized conceptus dose for a range of expo-
sure techniques, patient size, and gestational age. This model 
allows for a more accurate estimation of fetal radiation expo-
sure when compared with traditional methods. Their data 
revealed that fetal dose exposure may occasionally exceed 
50 mGy (range 3.4–55.9 mGy), above the level deemed “safe” 
by ACOG. Despite these authors’ efforts and the recommen-
dations laid forth by ACOG, a clear-cut safe or harmful radia-
tion dose for ERCP in pregnancy is still unknown. We 
recommend the lowest dose of radiation necessary to com-
plete the procedure successfully be used.

Because standard ERCP has the potential to deliver ele-
vated doses, dose reduction techniques are of the utmost 
importance to protecting the mother and the fetus. Table 18.3 
contains a list of general rules for safe and effective fluoros-
copy use. Patients should be strategically positioned relative to 
the expected trajectory of the X-ray beam. Wagner et al. pro-
posed that a posteroanterior projection of the X-ray beam 
would result in 3–7× less entrance dose compared to a lateral 
approach, as the mother has more tissue in this direction to 
provide shielding [33]. A lead should be used in all cases of 
ERCP with fluoroscopy. The use of a radiation-attenuated 
drape (made of heavy metals bismuths and antimony) hung 

Table 18.3 Techniques to minimize radiation exposure in standard 
ERCP
Use short “taps” of fluoroscopy

Use the last-image-hold or fluoroscopy loop recording feature 
for image analysis

Use low-dose-rate setting
Avoid recorded images

Avoid use of magnification

Collimate X-ray beam to the smallest field possible

Place the patient close to the image receptor and far from the 
radiation source

Use lead shielding
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around the image intensifier in one study reduced radiation 
dose exposure to the endoscopists and the staff by ~90% [29]. 
Room setup is important and should be arranged so that the 
image receptor is kept as close to the patient as possible and 
the X-ray beam as far from the patient as possible. Endoscopists 
should use pulse (not continuous) fluoroscopy at a low-dose 
frame rate setting. If image noise becomes a problem at the 
low-dose frame rate, then endoscopists should collaborate 
with a medical physicist or work with a vendor service repre-
sentative to adjust image processing settings to optimize 
image quality [34]. The number of recorded spot images 
should be limited, keeping in mind that digital image capture 
requires a lower dose compared with film radiography, if 
images are necessary. For image analysis the last- image- hold 
or loop recorder feature is useful. Magnification mode should 
be used sparingly as the radiation dose is compounded as the 
field of view decreases. Routine reminder of demagnification 
may be useful as endoscopist may have the habit of staying in 
magnification mode while preoccupied with other facets of 
ERCP [35]. Collimating the X-ray beam to the smallest field 
possible accomplishes several advantages including decreas-
ing the amount of scatter radiation striking the fetus and 
image receptor, improving the fluoroscopic image quality, and 
reducing the chance of direct exposure to the fetus [34]. The 
importance of ERCP in pregnant patients being performed by 
skilled endoscopists in properly equipped and staffed health-
care institutions cannot be reinforced enough. It has been 
shown that radiation exposure is significantly higher with 
endoscopists who perform less than 200 ERCPs per year. In a 
study by Liao et al., the differences in median radiation expo-
sure to patients essentially doubled when the procedure was 
performed by a low-volume endoscopist [36].

 Non-radiation ERCP

The goal of non-radiation ERCP is to achieve biliary cannu-
lation without radiation exposure, thereby negating the risks 

Chapter 18. ERCP in Pregnancy



416

of radiation to the patient and fetus. However, the lack of 
fluoroscopy may increase the risk of retained stones or miss-
ing biliary pathology (i.e., strictures, leak). Therefore, the 
benefit of the lack of fetal radiation exposure needs to be 
weighed against the risk of the more technically challenging 
ERCP.  Multiple techniques have been suggested including 
needle-knife fistulotomy, two-stage process with biliary stent-
ing, and bile aspiration. Further studies are needed to deter-
mine the role of each of these techniques in pregnancy.

In 1990, Binmoeller and Katon published a landmark case 
of NR-ERCP in a pregnant female with an impacted stone at 
the ampulla that caused displacement and obstruction of the 
papillary orifice, prohibiting standard papillotomy and biliary 
cannulation [37]. Using the needle-knife papillotome, a large 
choledochal-duodenal fistula was created allowing spontane-
ous passage of the stone. Several other authors have reported 
use of the needle-knife papillotome to facilitate biliary can-
nulation in patients that fail conventional methods [38, 39]. 
The needle-knife allows for flexibility in orientation and ease 
of maneuverability and can cut with little current. The 
authors note that the incision should be done over the calcu-
lus as this will function as a safety buffer. Safety of needle- 
knife was examined by Huibregtse et al. who found the rate 
of duodenal perforation to be less than that of standard 
endoscopic papillotomy with no difference in bleeding rates 
but a higher risk of pancreatitis with use of needle-knife [40].

Bile aspiration is another proposed technique for non- 
radiation ERCP. Uomo et al. first described this technique in 
1994 where a catheter was inserted into the bile duct followed 
by aspiration of fluid [41]. The technique is based off the 
assumption that if bilious fluid is aspirated, then bile duct can-
nulation is confirmed. If clear fluid is seen, then placement in 
the pancreatic duct is presumed and cannulation is reat-
tempted. Shelton et al. performed wire-guided  cannulation and 
confirmed biliary cannulation by observing bilious fluid around 
the guidewire while moving the guidewire back and forth to 
facilitate fluid drainage [42]. The bile aspiration technique has 
several potential drawbacks. The method does not differentiate 

J. Kagihara and L. Fujii-Lau



417

between cannulation of the cystic duct versus the common 
hepatic duct, and it may be difficult to discern whether the duct 
has been cannulated beyond the level of obstruction. 
Additionally, confirmation that the biliary duct has been swept 
of all biliary stones or sludge is not always clear. Shelton et al. 
overcame this by performing choledochoscopy to confirm duc-
tal clearance in five patients, while transabdominal ultrasound 
was performed after ERCP in another case series [43].

The use of stents in the setting of pregnancy is controver-
sial. Axelrad et al. was the first group to implement prophy-
lactic bile duct stenting in a pregnant patient with 
choledocholithiasis who had recurrent pain after sphincter-
otomy and balloon extraction [44]. Repeat ERCP demon-
strated retained gallstones prompting placement of a CBD 
stent to prevent recurrence. Opponents of biliary stents as 
temporary treatment for choledocholithiasis in pregnancy 
argue that stent placement requires fluoroscopy and a second 
procedure to remove the stent, with the added potential com-
plication of stent occlusion and cholangitis. Proponents, on 
the other hand, reason that it is a safe technique with minimal 
adverse events. In a case series of ten pregnant patients who 
underwent placement of a 10 Fr biliary stent without sphinc-
terotomy, all the patients delivered healthy babies at term 
with postpartum ERCP with sphincterotomy and stent 
extraction [45]. In two patients, the stent remained in place 
for 7 and 8 months throughout gestation without cholangitis. 
Sharma et al. performed a similar study but opted for sphinc-
terotomy plus stenting of a 7Fr double-pigtail CBD stent [46]. 
In the postpartum period, patients were subjected to defini-
tive ERCP with stent removal, cholangiogram, and stone 
removal. One patient presented for her second ERCP 3 years 
after the first and in the interim had another asymptomatic 
pregnancy with normal delivery. Four patients were found to 
have completely blocked stents with bile drainage seen 
around the stent. The authors recommend therefore that a 
sphincterotomy be performed prior to stenting as it allowed 
drainage of the bile even in the event of stent occlusion, 
decreasing the risk of complications.
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Imaging tool-guided ERCP entails the use of transab-
dominal US, EUS, or choledochoscopy to directly visualize 
the biliary duct to facilitate cannulation and clearance. 
Transabdominal US requires the patient to be moved from 
the left lateral position to supine with the ERCP equipment 
in place [47, 48]. This is time-consuming and difficult, mak-
ing it not an optimal technique for ERCP.  As discussed 
earlier, EUS before ERCP can determine the actual neces-
sity of intervention. It can also provide information regard-
ing the location, size, and number of stones present to 
directly guide biliary intervention. Vohra et al. used EUS to 
confirm the presence of choledocholithiasis prior to ERCP, 
and the number of stones extracted at ERCP matched the 
number of stones seen during EUS [15]. Two patients 
underwent direct peroral choledochoscopy to confirm 
stone clearance due to fragmentation of a stone during 
extraction. There were no immediate procedure-related 
complications, and no patient required a repeat procedure. 
A more recent trial by Netinatsunton et al., however, seems 
to yield more concerns and questions regarding the efficacy 
and safety of EUS- guided ERCP without fluoroscopy when 
compared to that of standard ERCP with fluoroscopy [49]. 
While the cannulation success rates, adverse event rates, 
and total procedure times were similar in both groups, the 
stone clearance rate in the EUS-guided ERCP group was 
inferior to that in the standard ERCP group. Peroral cho-
ledochoscopy provides direct visualization of the duct and 
is performed by insertion of a cholangioscope through the 
working channel of a duodenoscope. Few reports have uti-
lized this technique; however a promising case series by 
Shelton et al. used the SpyGlass Direct Visualization System 
(Boston Scientific, Marlborough, MA) to confirm biliary 
cannulation and document stone clearance without the 
need for fluoroscopy [42]. The main limitations of choledo-
choscopy are its high cost and exhaustive technical and 
time demands, such that it should be used selectively in 
pregnant patients after conventional ERCP methods have 
been unsuccessful.
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 Outcomes

 Adverse Events

Complications of ERCP whether performed during preg-
nancy or not include pancreatitis (2–9%), post- sphincterotomy 
hemorrhage (0.5–5%), cholangitis (<1%), and perforation 
(<1%) [50, 51]. Post-ERCP pancreatitis (PEP) is an impor-
tant and potentially preventable complication of 
ERCP. Patient-related risk factors for PEP include young age 
and female gender. Procedural risk factors include difficult 
cannulation, need for precut sphincterotomy, and passage of 
a guidewire deep into the pancreatic duct.

A retrospective cohort study of the National Inpatient 
Sample compared standard ERCP outcomes among 907 preg-
nant women with 2721 nonpregnant women [52]. There was 
no difference in rates of perforation, infection, and bleeding 
between both groups. However, PEP occurred in 12% of preg-
nant women versus 5% of nonpregnant women. Pregnancy 
was an independent risk factor for PEP, even when controlling 
for the lower rate of pancreatic duct stent placement in the 
pregnant women. The authors proposed several theories to 
explain this including more difficult cannulation due to mini-
mizing of radiation use and physician hesitancy to give large 
volumes of intravenous fluid and prophylactic rectal indo-
methacin. Muniraj and Jamidar et al. reviewed the outcomes 
of 11 large studies using standard ERCP in pregnancy and 
found PEP and post-sphincterotomy bleeding to comprise 
9.5% and 1.0% of maternal complications, respectively [53]. 
There were no maternal deaths. Fetal complications included 
preterm birth (4.0%), spontaneous abortion (0.5%), and pre-
eclampsia (1%). There was one  neonatal death, but no clear 
causal relationship to the ERCP procedure was established.

Wu et  al. analyzed the outcomes of 12 large studies of 
NR-ERCP in pregnancy [54]. The overall morbidity rate in the 
series was found to be 15.6%. Significant maternal complica-
tions included incomplete stone clearance (6.7%), hemor-
rhage (2.2%), stent occlusion (2.2%), PEP (1.1%), and stent 
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migration (1.1%). Fetal complications included preterm birth, 
intrauterine growth restriction, and spontaneous abortion at a 
rate of 2.6%, 2%, and 0.6%, respectively. There were no thera-
peutic abortions or postpartum infant deaths after ERCP, and 
with fetal mortality <1%, the procedure is seen to be relatively 
safe. Again, because the protocol for NR-ERCP eliminates 
ionizing exposure altogether, there is no need to consider the 
potential effects the fetus or child may experience.

 Case Presentation Follow-up

In the presented case of the pregnant patient with compli-
cated gallstones, an obstetrician was present to assist the 
patient and the fetus throughout the perioperative period. 
The patient was determined to be at indeterminate risk of 
choledocholithiasis based on ASGE guidelines and therefore 
underwent an EUS, which confirmed the presence of one 
stone within the bile duct (Fig.  18.3).[GIE 2010 71; 1] An 

Figure 18.3 Endoscopic ultrasonography reveals a shadowing stone 
(arrow) in the distal common bile duct
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immediate ERCP was performed with fluoroscopy used to 
only confirm biliary placement of the wire. A sphincterotomy 
was performed and the one stone was swept from the duct. 
Further balloon sweeps yielded nothing and were without 
resistance to suggest the presence of additional stones. The 
next day the patient underwent a laparoscopic cholecystec-
tomy. She went on to have an uncomplicated pregnancy and 
delivered a full term baby without further biliary issues.

 Conclusions

ERCP with or without the use of fluoroscopy is efficacious 
and safe in pregnant patients. It should be emphasized that 
this procedure be performed under the appropriate indica-
tions and when otherwise conservative management poses a 
life-threatening risk. Although the use of ERCP without fluo-
roscopy has the benefit of avoiding fetal exposure to radia-
tion, the procedure becomes much more advanced and 
technically challenging. Therefore, each therapeutic endosco-
pist needs to have an arsenate of skill sets and should provide 
a comprehensive informed consent that includes the risks to 
both the patient and the fetus.

Pearls/Pitfalls
• ERCP with or without fluoroscopy is safe in all tri-

mesters of pregnancy.
• ERCP should not be delayed in patients with a clear 

indication.
• EUS is theoretically preferred over MRCP for con-

firmation of bile duct pathology in the first 
trimester.

• Perioperative fetal monitoring and an obstetrician 
consultation should be considered in all patients.

• There is no known threshold for “safe” or “harmful” 
radiation to the fetus, so radiation reduction strate-
gies should be employed in all patients.
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• Non-radiation ERCP can be utilized in pregnant 
patients but makes the procedure more technically 
challenging.

• Therapeutic endoscopists with low ERCP volumes 
should consider transferring pregnant patients to a 
tertiary center with higher volumes.

Suggested Reading

The highly significant articles are marked in * in the refer-
ence section.
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 Case Presentations

Case 1

A 9-year-old male without significant past medical history pre-
sented to the emergency department with persistent and wors-
ening epigastric abdominal pain. He reported decreased appetite 
and non-bloody, non-bilious emesis approximately 24  hours 
after falling off his bike onto the handle bars. The review of sys-
tems was notable for abdominal pain radiating to his back. The 
physical exam revealed epigastric tenderness, guarding, and 
bruising to his right mid-abdomen. Laboratory testing revealed 
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an elevated lipase (9173 U/L) and amylase (197 U/L). Computed 
tomography (CT) scanning of the abdomen and pelvis with 
contrast revealed an abnormal hypo-density throughout the 
body of the pancreas consistent with a pancreatic body lacera-
tion and contusion with peri- pancreatic fluid. He was admitted 
to the pediatric surgical service and was initially managed con-
servatively with bowel rest. His lipase and amylase were initially 
down-trending, and his abdominal pain improved while 
NPO. However, upon advance to a low-fat diet, he developed 
acute, sharp, epigastric abdominal pain, nausea, and non-bloody, 
non-bilious vomiting with recurrent elevation in the serum 
lipase (9085 U/L) and amylase (345 U/L). Right upper quadrant 
ultrasound revealed a more defined peripancreatic fluid collec-
tion. Bowel rest was resumed, total parenteral nutrition (TPN) 
was initiated, and he was referred for ERCP.

Case 2

A 14-year-old female with a past medical history of chronic 
pancreatitis, nonalcoholic fatty liver disease (NAFLD), obe-
sity, elevated liver enzymes, vomiting, functional abdominal 
pain, and laparoscopic cholecystectomy presented to the 
emergency department with worsening abdominal pain for 
2 days. She had been previously managed with ERCP with a 
nasopancreatic drain 4 years prior for acute pancreatitis. Her 
lipase was elevated (4210  U/L) at presentation. She was 
referred for evaluation for ERCP.

 Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is 
an advanced endoscopic procedure that allows for diagnostic 
evaluation and management of pancreaticobiliary disorders. 
Relative to adults, there is less data on ERCP in pediatric 
populations. Table  19.1 includes all studies on pediatric 
ERCP between the years of 2004 and 2017. Notably, there 
has  been an increase in the number of pediatric ERCPs 
 performed and an overall rise in therapeutic procedures 
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(69% increase between 2000 and 2009) with a decline in 
diagnostic procedures (43% decrease) felt to be due to more 
widespread use of MRI and endoscopic ultrasonography [1]. 
There has also been an increased incidence in pancreatitis 
and biliary disease in pediatric populations [1]. While the 
need for ERCP in pediatric populations is increasingly recog-

Table 19.1 Indications for pediatric endoscopic retrograde 
cholangiopancreatography
Biliary

Choledocolithiasis

Biliary stricture, usually secondary to primary sclerosing 
cholangitis or following liver transplantation

Intra- or extrahepatic ductal dilation

Management of other etiologies of biliary obstruction

Biliary leaks following blunt abdominal trauma, 
cholecystectomy, or liver transplantation

Neonatal cholestasis

Preoperative evaluation of choledochal cyst and 
pancreaticobiliary maljunction

Evaluation of the biliary tract when less invasive diagnostic 
modalities are equivocal or suspected to have a false negative

Pancreatic

Gallstone pancreatitis

Chronic pancreatitis

Acute or recurrent pancreatitis of unclear etiology

Pancreatic pseudocyst drainage

Pancreatic leaks following blunt abdominal trauma

Pancreas divisum

Annular pancreas

Evaluation of the pancreas when less invasive diagnostic 
modalities are equivocal or suspected to have a false negative
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nized, there are no guidelines for ERCP in children, and the 
translation of adult practices to the pediatric population has 
been based largely on the clinical experience of providers. 
The overall technical and clinical success rates appear to par-
allel those seen in adults without an increase in the adverse 
event rate [2, 3]. This chapter aims at discussing the indica-
tions, success rates, procedural considerations, and complica-
tions associated with ERCP in pediatric populations.

 Indications

ERCP is performed for pancreaticobiliary indications. In chil-
dren, it is more commonly utilized in early adolescents, with 
a mean age range of 7–13.9  years old [2, 4–14], without a 
gender predominance [3]. In adults, the American Society of 
Gastrointestinal Endoscopy (ASGE) has clear guidelines 
regarding use of ERCP for diagnostic and therapeutic pur-
poses. Although there is considerable overlap between chil-
dren and adults, the distribution of indications is different in 
pediatrics, and while malignant indications are common in 
adults, they are rare in pediatric cohorts.

Table 19.2 lists indications for ERCP in children. Similar to 
adults, the most common indications are biliary obstruction 
and pancreatitis, reported at rates of 11.3–63.9% and 4–60.9%, 
respectively [4–6, 8, 10, 11, 14, 16, 17]. Children ages 0–6 have 
an equal distribution of biliary and pancreatic indications, 
those ages 7–12 have a predominance of pancreatic indica-
tions, and those 13 and older have a predominance of biliary 
indications [7]. This discussion will focus on indications 
unique to pediatric populations.

 Traumatic Injuries

Pancreatic injury following blunt abdominal trauma is esti-
mated at about 0.6%. In children, the most common mecha-
nism is from motor vehicle accidents (55.8%). Other common 
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etiologies include bicycle accidents (19.7%), strikes to the 
abdomen (14.1%), and falls (8.8%) [18]. Injury to the pan-
creas occurs when the pancreas is compressed by anterior 
blunt force against the vertebral bodies posteriorly resulting 
in pancreatic contusion, laceration, or transection [19]. The 
patient presentation may include abdominal pain, fever, leu-
kocytosis, and elevation in the serum amylase and lipase. The 
diagnosis may be evaluated with abdominal imaging. 
Ultrasound is often favored in children and may demonstrate 
abdominal free fluid; however it is often unable to image the 
pancreas due to overlying bowel gas. Contrast-enhanced CT 
may demonstrate the pancreatic injury and the presence of 
peripancreatic fluid collections and/or walled off necrosis. 
MRI with magnetic resonance cholangiopancreatography 
(MRCP) may be more involved, especially for young children 
due to the need for breath holding and length of time required 

Table 19.2 Consensus classification of post-ERCP pancreatitis [15]
Requires the presence of all three of the following:
  • Clinical pancreatitis
  •  Amylase >3 times the upper limit of normal more than 

24 hours following ERCP
  •  Admission to the hospital following procedure or extension 

of hospital stay by 2–3 days in those with planned admission

Can be categorized further as mild, moderate, or severe based off 
duration of hospital stay, associated complications, or need for 
intervention

Mild Moderate Severe

Hospital stay lasting 
up to 3 days

Hospital 
stay lasting 
4–10 days

Requires one of the 
following:
  •  Hospital stay lasting 

more than 10 days
 •  Development 

of hemorrhagic 
pancreatitis, phlegmon, 
pseudocyst, or infection

 •  Need for percutaneous 
drainage of surgery
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to obtain imaging. For these reasons, sometimes general anes-
thesia is required to obtain MRI/MRCP in children. However, 
it is the best noninvasive modality for imaging the pancreatic 
and biliary ductal anatomy and can help discriminate between 
solid and liquid peripancreatic collections. ERCP is primarily 
indicated for therapeutic indications and is the most sensitive 
test for ductal anatomy and leaks.

Although rare, traumatic injuries are associated with high 
morbidity (26.5%) and mortality (5.3%) [18]. Pancreatic 
head injuries are more morbid than tail injuries due to associ-
ated damage to the inferior vena cava, portal vein, and supe-
rior mesenteric vein. Those with ductal injury have an 
increased risk of death within 48 hours, as leakage of pancre-
atic contents can lead to rapid decompensation and multi- 
organ failure. They also have a risk of major complications, 
including fistulas and abscess formation [19].

In the setting of ductal injury, the management has been 
traditionally operative. A recent review reported the use of 
ERCP for these injuries in 2.8% of patients [18]. Newer 
research for pancreatic duct disruption and pancreatic tran-
section suggests a role for ERCP in the management of these 
conditions and may enable children with traumatic injuries to 
avoid major abdominal surgery and the postoperative com-
plications of pancreatectomy.

Biliary tract injuries are rare but can occur in children follow-
ing blunt abdominal trauma via motor vehicle accidents, bicycle 
accidents, or strikes to the abdomen. These can range from 
minor injuries to complete ductal transections and are estimated 
to occur at a rate of 0.09% [19, 20]. Patients may have a delayed 
presentation and can present with fever, abdominal pain, hyper-
bilirubinemia, or the presence of a biloma. A hepatobiliary imi-
nodiacetic acid (HIDA) scan may confirm a biliary leak. ERCP 
is often the best approach to biliary leaks. Biliary sphincterot-
omy and stent placement can provide for physiologic flow of bile 
and allow for healing of the biliary injury. Bilomas may in some 
cases require percutaneous drainage. Stenting across duct tran-
sections and strictures has reduced the number of children 
requiring laparotomy and hepaticojejunostomy [20].

M. Muftah et al.



433

Multiple studies highlight the use of ERCP in managing 
blunt abdominal injuries. A retrospective review evaluated 
nine patients that underwent ERCP following blunt abdomi-
nal trauma. Seven had pancreatic injuries and two had 
hepatic duct injuries. Four patients were successfully treated 
with stents (44.4%), one was stented but required distal pan-
createctomy for persistent leak, and four were managed with 
laparotomy following diagnostic evaluation [21]. An addi-
tional retrospective review of 22 pediatric trauma centers 
found that ERCP altered management or improved out-
comes in 50% of patients with blunt pancreatic injury [22]. 
Another retrospective review evaluated 11 patients with 
traumatic bile leaks. All patients were diagnosed with a 
HIDA scan and were successfully treated with combinations 
of percutaneous drainage and ERCP with stenting and/or 
sphincterotomy [23]. A retrospective review evaluated 
patients with biliary tract injuries following blunt abdominal 
trauma. Five patients were identified, and 60% were success-
fully treated with ERCP and stenting. The remaining patients 
required laparotomy [20]. Lastly, a retrospective study dem-
onstrated successful treatment of posttraumatic and postop-
erative biliary leaks with ERCP and stenting in 85.7% of 
patients [24].

 Neonatal Cholestasis and Biliary Atresia

Neonatal cholestasis, defined as a direct hyperbilirubinemia 
>1 mg/dL, occurs in about 1 in 2,500 full-term infants [25, 26]. 
It can have intra- or extrahepatic causes and warrants further 
investigation. Biliary atresia is the most common extrahepatic 
disorder, occurring at a rate of 1  in 12,000 live births in the 
United States [26]. There is a female predominance and 
increased incidence among non-white infants [27]. Biliary 
atresia typically presents 2–6 weeks following birth with jaun-
dice and acholic stools, consistent with an extrahepatic ductal 
obstruction disrupting the flow of bile [25]. Initial evaluation 
may involve ultrasound and hepatobiliary scintigraphy. MRCP, 
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while sensitive (99%), has poor specificity (36%) and may not 
be able to confirm the diagnosis. The gold standard for the 
diagnosis is intraoperative cholangiogram and biopsy [26]. 
ERCP is emerging as a less invasive diagnostic tool with 
higher specificity (estimated at 73–94%) than MRCP [26, 28, 
29] and may spare a laparotomy and biopsy in up to 12–20% 
of neonates [12, 29]. Multiple studies have demonstrated that 
ERCP can be safe in infants with a low risk of complication 
[12, 28, 30]. Management of biliary atresia may necessitate 
liver transplantation, although a Kasai portoenterostomy may 
be an alternative, particularly as a bridge to transplant [31].

 Choledochal Cysts and Pancreaticobiliary 
Maljunction

Choledochal cysts are rare congenital cystic dilations of the bili-
ary tract. They are more common in Asians and have a female 
predominance. They may present in 1 in 13,000 individuals in 
Japan and 1  in 100,000–150,000 individuals in Western coun-
tries. Choledochal cysts may be associated with an anomalous 
pancreaticobiliary junction (APBJ), a congenital malformation 
in which the pancreatic and bile ducts join outside the duodenal 
wall, in approximately 30–70% of cases [32]. It can also be asso-
ciated with concurrent biliary atresia [32].

Approximately 80% of patients are diagnosed within the 
first decade of life. Patients usually present with abdominal 
pain, jaundice, or a right upper quadrant mass. They may experi-
ence complications such as pancreatitis and cholangitis. Patients 
may be initially identified due to common bile duct dilatation 
concerning for choledocholithiasis or other ductal obstruction. 
ERCP is the gold standard for diagnosis and is also indicated in 
type 3 choledochal cysts (choledochoceles) in which a biliary 
sphincterotomy may be therapeutic. MRCP is often performed 
in lieu of ERCP and has a high sensitivity (70–100%) and speci-
ficity (90–100%) for the diagnosis. However, MRI does not 
have a therapeutic role and can miss small choledochoceles and 
more subtle abnormalities [32]. ERCP may also provide for bet-
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ter preoperative planning, particularly in cases where cross-
sectional imaging is equivocal for the diagnosis. A retrospective 
review found that preoperative ERCP was successful in 99% of 
92 patients with choledochal cysts. ERCP clearly identified 
pancreaticobiliary maljunction (PBM) in 79% of patients and 
delineated the pancreatic duct in 94% of patients [30]. PBM is 
another condition that may benefit from preoperative evalua-
tion with ERCP [33]. This condition, particularly the non-cystic 
sub- type, does not typically cause symptoms in patients. 
However, diagnosis and excision are important due to the risk 
of malignant transformation to cholangiocarcinoma or gall-
bladder cancer [34]. For many choledochal cysts, the manage-
ment involves surgical excision, particularly in those with high 
risk for malignant transformation. Some patients may require 
liver transplantation, and choledochoceles may be managed 
with ERCP alone [32].

 Pancreas Divisum

Pancreas divisum is the most common anatomical variant of 
the pancreas in the general population, occurring at a rate of 
5–10% [35]. It is a congenital abnormality in which a short 
duct of Wirsung drains the minor, ventral portion of the pan-
creas through the major papilla and the duct of Santorini 
drains the major, dorsal portion of the pancreas through the 
minor papilla. It occurs when the dorsal and ventral pancre-
atic buds fail to fuse during the seventh week of embryonic 
development [36]. Most patients remain asymptomatic; how-
ever, approximately 5% can present with chronic or recurrent 
pancreaticobiliary-type pain, idiopathic recurrent acute pan-
creatitis, and/or chronic pancreatitis due to inability to drain 
pancreatic secretions [36]. The diagnosis may be confirmed 
by MRCP; however, MRI has a sensitivity of 60–73.3% com-
pared to ERCP [37–39]. When indicated, ERCP is the gold 
standard for establishing the diagnosis of a ductal abnormal-
ity. Endoscopic ultrasound may also be used with a reported 
sensitivity of 50–86.7% [37, 40].
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Management is either endoscopic or surgical with a goal of 
improving pancreatic drainage through the minor papilla. 
The most common endoscopic therapy involves a papillot-
omy at the minor papilla with pancreatic duct stent place-
ment. Other therapies include balloon dilation of the minor 
papilla, stone extraction, and botulinum toxin injection at the 
minor papilla [36]. Endoscopic therapy has a reported clinical 
success rate of 62.3–69.4%. It is associated with a higher risk 
of re-intervention; however it is much less invasive than surgi-
cal interventions which may involve a sphincteroplasty, pan-
creatic head resection, or Whipple procedure [35, 41]. More 
recently, the role of divisum in pancreatitis has been called 
into question, and large prospective studies in adults are 
being developed to define the role for interventions directed 
at minor papilla therapy. Overall, the clinical decision making 
should weigh the risks, benefits, and patient characteristics.

 Complications Post Liver Transplant

Following liver transplantation, patients may develop biliary 
complications at a rate of 12–50%, most common of which 
are biliary strictures and biliary leaks occurring at the anasto-
motic site. These are more common in those who have a duct 
to duct anastomosis [42, 43]. Patients can present with 
abdominal pain or abnormal liver enzymes, and the work-up 
may involve evaluation and treatment with ERCP. ERCP has 
proven to be safe in the management of biliary complications 
following transplant in children [44, 45]. Biliary strictures can 
be treated via ERCP with sphincterotomy, balloon dilation, 
and stenting. A retrospective review evaluated children with 
liver transplant undergoing ERCP for abdominal pain, ele-
vated liver enzymes, and known biliary strictures. Seventy- 
seven percent of these patients underwent therapeutic 
interventions. The overall complication rate was 2.9%, similar 
to that in adults and in children who have not had liver trans-
plantation [44].
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 Procedural Considerations

The ASGE addresses specific procedural considerations 
when performing endoscopy in children [46]. General anes-
thesia is typically employed when performing ERCP in chil-
dren; however, some studies suggest that monitored anesthesia 
care with propofol was equivalent to general anesthesia in 
regard to safety and technical success [5]. Children may be at 
greater risk of hypoventilation in the prone or supine posi-
tion and airway obstruction due to higher airway compliance. 
Airway hyperreactivity can be exacerbated by recent upper 
respiratory infection. General anesthesia is generally favored, 
and at present we use general anesthesia for all patients 
undergoing ERCP.  Contraindications to ERCP are relative 
and similar to those seen in adults and include neutropenia, 
coagulopathy, and unstable cardiopulmonary disease [46].

In regard to equipment, most pediatric procedures can be 
performed using an adult duodenoscope. The pediatric duo-
denoscope is limiting due to a diminutive 2  mm working 
channel [46], which severely limits the passage of devices and/
or stents through the working channel as well as the ability to 
suction. The adult duodenoscope is recommended in any 
child over 2 years of age [5, 8, 46]. For children between 1 and 
2 years of age, it may still be reasonable to use the adult duo-
denoscope if the child is larger and weighs more than 10 kg. 
In children less than 1 year of age, a pediatric duodenoscope 
may be required [46].

Pediatric ERCP has been compared to ASGE grade- 
matched adult controls on procedural parameters and clinical 
outcomes. In this study, all procedures were done for thera-
peutic indications with adult duodenoscopes by adult gastro-
enterologists. No difference was found between the two 
groups in regard to technical success, clinical success, or com-
plication rates. There was also no difference in procedural 
duration, length of hospital stay, or the number of procedures 
performed on each patient. There was an increased use of 
general anesthesia in pediatric patients, and post-procedural 
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admission rates were higher. Overall outcomes were equiva-
lent between the two groups [6].

There is debate on whether adult or pediatric gastroenter-
ologists should be performing ERCP in children. To date, 
most procedures are performed by high-volume adult-
trained endoscopists. Previously, ERCP was exclusively per-
formed by adult-trained endoscopists due to the technical 
skill and procedural proficiency needed to ensure adequate 
success rates and reduce the risk of adverse events [47, 48]. A 
pragmatic consideration is that there are no clear pathways 
for therapeutic pediatric advanced endoscopy fellowship 
training. In rare cases, pediatric gastroenterologists may pur-
sue advanced endoscopic training in adult-based fellowships. 
In terms of competency, the ASGE recommends at least 200 
ERCPs at a minimum [49]; however, a 2015 meta-analysis 
suggested that this may not be sufficient [50]. A meta-analy-
sis evaluating rates of adverse events in pediatric ERCPs 
attempted to assess for differences related to the type of 
endoscopist performing the procedure; however, the data 
that currently exists is too heterogeneous to draw meaning-
ful conclusions [3]. A 2010 retrospective review found that 
high-volume centers have lower rates of post-ERCP pancre-
atitis, despite  performing ERCP on higher-risk patients, 
compared to low-volume centers [48]. Another retrospective 
review suggests an ongoing case volume of at least 50 cases 
a year is associated with higher success rates and lower com-
plication rates [51].

 Outcomes and Complications

The overall complication rate in children undergoing ERCP 
is reported at 6% [3]. This parallels that seen in the adult 
population [46, 52]. The most common complication is post- 
ERCP pancreatitis, estimated to occur at a rate of 2.8–9.2%, 
in line with reported rates in adults at 3–10% [52]. Other 
complications include bleeding, estimated at a rate of 0.8%, 
and infection, estimated at 0.6% [3].
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 Post-ERCP Pancreatitis

A consensus definition of post-ERCP pancreatitis (PEP) has 
been frequently used since 1991 (Table 19.3) [15]. This defini-
tion is used to report rates of PEP in most studies. There are 
concerns that this definition overestimates the rates of PEP 
because many patients have abdominal pain prior to the pro-
cedure and many patients have expected hyperamylasemia 
following instrumentation of the pancreatic duct [52]. There 
are limited data on procedural and patient characteristics 
associated with an increased risk of PEP in children including 
pancreatic duct injection, pancreatic sphincterotomy, pancre-
atic duct stricture dilation, and prophylactic pancreatic stent-
ing [16, 53, 56]. In adults, prophylactic pancreatic duct stenting 
has been repeatedly shown to reduce the risk of PEP [52]. 
However, a retrospective multivariate analysis evaluating 432 
pediatric ERCPs showed that pancreatic sphincterotomy and 
pancreatic duct injection were associated with an increased 
risk of PEP in children. There was no identifiable association 
between PEP risk and age, female gender, or prior episodes 
of PEP as has been found in adult cohorts. Chronic pancreati-
tis was found to be a protective factor [56].

Given that PEP is the most common adverse event follow-
ing ERCP, many studies have been performed to evaluate 
prophylactic interventions to reduce the risk of PEP. In a 
large blinded sham-controlled trial, rectal indomethacin has 
been shown to be protective against PEP in adults – reducing 
the overall incidence and severity of PEP [52]. A single dose 
of 100 mg rectal indomethacin is used at the time of the pro-
cedure. There have been limited data on the use of rectal 
indomethacin in the pediatric population. One trial examined 
the rates of PEP in children who received a dose of rectal 
indomethacin compared to those that did not. In this study, 
the rate of PEP was not different between the groups. There 
was no increase in bleeding or renal injury in the group 
receiving indomethacin. The study was not powered to exam-
ine an impact on the PEP rate; however, the authors recom-
mend the use of indomethacin for prophylaxis in pediatric 
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Table 19.3 Studies on pediatric ERCP (2004–2017)

Yeara Focus of study
Number of 
procedures Ageb

Technical 
success 
ratec (%)

Complication 
rated (%)

2004 [2] Compared technical 
success and 
complication rates 
between ERCP 
in pediatric and 
matched adult 
cohorts

163 9.3 years 97.5 3.4

2005 [14] Diagnostic and 
therapeutic yields of 
ERCP in children

48 10 years 97 6

2005 [13] Indications, findings, 
therapies, safety, and 
success rates

329 12.3 years 97.9 9.7

2009 [12] Indications, findings, 
therapies, safety, and 
success rates

99 7 years 71 4

2009 [29] Diagnostic 
accuracy of ERCP 
in neonates with 
cholestasis compared 
to intraoperative 
cholangiogram

140 60 days 93 3.6

2009 [53] Post-ERCP 
pancreatitis 
(excluded patients 
with chronic 
pancreatitis)

276 11 years 2.5

2010 [11] Indications, findings, 
therapies, safety, and 
success rates

245 8 years 98.4 18.4

2010 [28] Diagnostic efficacy 
of ERCP in 
evaluating neonates 
with cholestasis

104 7 weeks 91.3 1.0

2011 [10] Indications, 
therapies, safety, and 
success rates

231 11.4 years 4.76

2012 [54] Evaluation of 
neonatal cholestasis

27 55 days 0
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Table 19.3 (continued)

(continued)

2013 [7] Compared 
indications, findings, 
therapies, and safety 
of ERCP between 
age groups in the 
pediatric population

289 11.5 years 90.7 5.9

2013 [17] Indications, safety, 
success rates

429 14.9 years 95.2 7.7

2013 [55] Safety and success 
rates of pediatric 
ERCP by pediatric 
gastroenterologists 
for 
choledocholithiasis

154 15.2 years 98 5

2013 [9] Efficacy and safety 
of pediatric ERCP 
performed by adult 
gastroenterologists

70 12 years 97.1 7.1

2014 [23] Traumatic bile leaks 11 11 years 100 18

2014 [1] Pediatric ERCP 
trends in the United 
States

22,153 18 years 
(median)

2014 [30] ERCP in small 
children with 
pancreaticobiliary 
disorders, including 
choledochal cyst and 
biliary atresia

235 2 years 96 9.4

2015 [21] Role in blunt 
abdominal trauma

9 7.8 years 55.6

2015 [56] Factors associated 
with post-ERCP 
pancreatitis

432 12.7 years 
(median)

10.9

2015 [57] Pancreaticobiliary 
maljunction

63

2015 [45] Post-transplant 
biliary complications

17 12 years 94 29.4

2015 [4] Indications, 
therapies, and safety

75 13.9 years 
(median)

94.7 9.7

Yeara Focus of study
Number of 
procedures Ageb

Technical 
success 
ratec (%)

Complication 
rated (%)
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Table 19.3 (continued)

2015 [16] Indications, type of 
sedation, therapies, 
and safety

425 13.6 years 95 16.6

2016 [8] Outcomes 
of pediatric 
ERCP by adult 
gastroenterologists 
using adult 
duodenoscopes

65 13 years 93.8 12.3

2016 [5] Clinical outcomes of 
therapeutic ERCP

144 13.3 years 93.1 4.9

2016 [6] Compared outcomes 
of ERCP in children 
compared to ASGE 
grade- matched adult 
controls

107 12.8 years 91 4.7

2016 [58] Blunt pancreatic 
trauma

25 8.5 years

2016 [3] Systematic review of 
complication rates

3566 6

2017 [59] Biliary complications 
following liver 
transplantation

25 10.7 years 
(at time of 
transplant)

2017 [60] Outcomes of 
sphincterotomy

198 8.7 years 98.9 14.1 (early); 
6.1 (long- 
term)

2017 [61] Efficacy and 
safety of rectal 
indomethacin 
for post-ERCP 
pancreatitis

119 13 years 95.8 4.2

2017 [62] Demographics, 
indications, 
therapies, safety, and 
success rates

215 14 years 97 10

Yeara Focus of study
Number of 
procedures Ageb

Technical 
success 
ratec (%)

Complication 
rated (%)
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Table 19.3 (continued)

2017 [63] Therapeutic ERCP 
for recurrent acute 
pancreatitis or 
chronic pancreatitis

117 11.9 years

2017 [24] Bile duct injuries 46 10 years 85.7 4.3

2017 [64] MRCP vs. ERCP in 
evaluating chronic 
pancreatitis

48 12.1 years 85.4

2017 [22] Pediatric pancreatic 
trauma

28 11 years 86 16

2017 [65] Indications, safety, 
and success rates

54 7.6 years 90.7 9.3

aStudies listed in chronological order
bListed as mean age unless otherwise stated
cTechnical success rate was typically defined as successful cannulation of the bile duct; however defini-
tions were either omitted or varied between studies
dComplications were defined differently between studies, particularly that there was no consistency on 
whether hyperamylasemia alone was considered a complication

patients undergoing ERCP [61]. There have been many stud-
ies in adults investigating the utility of prophylactic pancre-
atic stenting [66], intravenous hydration [67], and cannulation 
techniques [68, 69] in preventing PEP. However, there are no 
prospective studies evaluating the efficacy of these interven-
tions in children.

 Outcome of Cases

Case 1

Due to the persistent inability to tolerate oral intake, an 
MRCP was performed which confirmed the formation of a 
peripancreatic fluid collection at the site of the laceration, 
measuring 2.9 × 2.6 × 3.4  cm, which was in communication 
with the pancreatic duct (PD). He was then transported to a 
quaternary children’s hospital for ERCP.  Pancreatogram 

Yeara Focus of study
Number of 
procedures Ageb

Technical 
success 
ratec (%)

Complication 
rated (%)
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revealed a PD stricture in the region of the neck and a PD 
leak with extravasation of contrast (Fig. 19.1b). A sphincter-
otomy was performed, and stent was placed bridging the 
stricture and the region of the ductal disruption. He returned 
to the floor with near complete resolution of his symptoms. A 
regular diet was advanced the following day, and he was dis-
charged home in stable health that evening.

a b

c

Figure 19.1 (a) Endoscopic image of the duodenoscope in the sec-
ond portion of the duodenum. A wire has been inserted into the 
pancreatic duct to traverse the ductal disruption. (b) Fluoroscopic 
image showing the duodenoscope in the second portion of the duo-
denum. A wire has been advanced across the ductal disruption to the 
tail of the pancreas. In the central portion and overlying the spine, 
there is contrast extravasation confirming a transection and pancre-
atic duct leak. (c) The final fluoroscopic image on follow-up 
ERCP. The stent has been removed and a wire has been passed to 
the tail of the pancreas. The pancreatic duct leak and injury have 
resolved
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Following discharge, he continued to thrive. He returned for 
repeat outpatient ERCP approximately 1 month later which 
showed minimal dilatation of the main PD (3 mm), improved 
PD stricture in the body region, and improved leak in the 
body/tail region. The stent was upsized again bridging the 
leak, and he was discharged home. A repeat right upper quad-
rant abdominal ultrasound was repeated 3 weeks later which 
showed complete resolution. His final ERCP was performed 
the next day, confirming resolution of the stricture and leak, 
and no new stents were placed at that time (Fig. 19.1c).

Case 2

Prior to proceeding with ERCP, an MRCP was performed 
which revealed an accessory pancreatic duct with a peripan-
creatic fluid collection near the head (Fig. 19.2a). There were 
edema and inflammatory changes surrounding the pancreas 
compatible with pancreatitis. The common bile duct (CBD) 
was dilated to 10  mm with no obstructing stones. Based on 
these findings, she was admitted to the pediatric gastroenter-
ology service and underwent ERCP. The ERCP was remark-
able for pancreatic duct (PD) dilation to 5  mm, with a 
prominent duct of Santorini and a santorinicele at the inser-
tion. There was a frank pancreatic duct leak with free contrast 
extravasation at the insertion of the duct of Santorini in the 
region of the santorinicele (Fig. 19.2b). There was biliary duc-
tal dilatation to 12 mm with no contrast extravasation on the 
cholangiography. A pancreatic duct stent was placed into the 
ventral PD via the major papilla, and a biliary stent was placed 
into the CBD; however, she remained symptomatic. The 
minor papilla was not patent. ERCP was repeated, and a thin 
stent was placed via the major papilla in an antegrade manner 
back into the duct of Santorini and to the region of the leak in 
the santorinicele, and a new stent was placed via the major 
papilla to the tail (Fig. 19.2c, d). She returned to the floor, and 
her symptoms improved almost immediately. She was dis-
charged home in stable health. She has returned to school and 
remains asymptomatic tolerating a regular diet. Repeat ERCP 
with stent exchange has demonstrated a slowly resolving leak.
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Figure 19.2 (a) MRCP revealing the pancreatic and biliary ductal 
anatomy. The duct of Wirsung terminates at the major papilla with 
the bile duct. There is a prominent duct of Santorini. There is a fluid 
collection and pancreatic duct leak at the insertion of the duct of 
Santorini on the duodenum. (b) Fluoroscopic image showing the 
duodenoscope in position. A wire and catheter have been passed to 
the tail of the pancreas. There is a prominent duct of Santorini and 
a frank pancreatic duct leak with free contrast extravasation at the 
insertion of the duct of Santorini on the duodenum. (c) Fluoroscopic 
image showing the duodenoscope in position. Two wires have been 
passed. One wire inserts at the major papilla and passed back in a 
partially antegrade manner into the duct of Santorini, while the 
second passes in a completely retrograde manner in the ventral duct 
to the tail of the pancreas. Stents were placed over both wires, result-
ing in resolution of symptoms, tolerance of an oral diet, and dis-
charge home. (d) Final endoscopic image showing both pancreatic 
duct stents and a biliary stent in position

 Conclusions

The numbers of ERCPs performed in children have been 
increasing, and the procedure has shown to be safe and effica-
cious for a growing number of indications in pediatric popu-
lations. ERCP may be critically indicated in children and may 
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Pearls and Pitfalls
• ERCP can be performed safely in children, with simi-

lar success and complication rates as in adult 
populations.

• Indications such as traumatic pancreaticobiliary 
leaks and congenital abnormalities may be more fre-
quent in pediatric cohorts.

• An adult duodenoscope is typically used in children 
over the age of 2 years.

• The most common complication is post-ERCP pan-
creatitis, for which rectal indomethacin can be used 
safely for prophylaxis.

result in dramatic benefit with certain clinical presentations. 
There is a major role for pancreatic injuries, some pancreatitis 
presentations, biliary strictures, and obstructions such as 
stones. As the procedure becomes more widely adopted, 
larger prospective studies may further refine the roles the 
procedure plays in younger cohorts of patients.
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