Kulwinder Dua
Reza Shaker Editors

Pancreas and
Biliary Disease
A Point of

Care Clinical Guide

@ Springer




Pancreas and Biliary Disease






Kulwinder Dua ® Reza Shaker
Editors

Pancreas and Biliary
Disease

A Point of Care Clinical Guide

@ Springer



Editors

Kulwinder Dua Reza Shaker

Division of Gastroenterology &  Division of Gastroenterology &
Hepatology Hepatology

Medical College of Wisconsin Medical College of Wisconsin

Milwaukee, WI, USA Milwaukee, WI, USA

ISBN 978-3-319-28087-5 ISBN 978-3-319-28089-9  (eBook)

DOI 10.1007/978-3-319-28089-9
Library of Congress Control Number: 2016944235

© Springer International Publishing Switzerland 2016

This work is subject to copyright. All rights are reserved by the Publisher,
whether the whole or part of the material is concerned, specifically the rights of
translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduc-
tion on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or
dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service
marks, etc. in this publication does not imply, even in the absence of a specific
statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and
information in this book are believed to be true and accurate at the date of pub-
lication. Neither the publisher nor the authors or the editors give a warranty,
express or implied, with respect to the material contained herein or for any errors
or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



Preface

Pancreas and bile duct disorders can be benign, premalig-
nant, and malignant. Patients present with a variety of symp-
toms that not only create anxiety and fear in the patient but
also can be confusing to the treating primary care provider or
the internist. The spectrum of clinical presentation can range
from nonspecific symptoms to a severely sick patient admit-
ted to the ICU. Several patients are also referred with inci-
dental findings on imaging studies or blood tests done for
other reasons. The gastroenterology provider is often faced
with patient questions like “What is going on?” “Why did this
happen to me?” “Is this serious?” “Do I have cancer?” “Will
I develop cancer?” “Can this be treated without surgery?”
“Will this happen again?” “How long will I live?” and so on.
These questions, while seemingly straightforward, require
current, and frequently contradictory knowledge of the rec-
ommended guidelines (if any) to formulate a reasonable
answer that the patient can understand. This book is a point-
of-care reference for a busy clinician who needs the best
evidence-based answers to patient questions. The general
format of the chapters is focused around patient questions
followed by a summary of pertinent literature. For example
“What happened and why did this happen?” “What tests am
I going to have?” “Are there any complications from the
test?” will cover the Diagnosis and differential diagnosis;
“Why did this happen to me?” will address Epidemiology,
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genetics, environment, and pathogenesis; “Do I need surgery?”
“I don’t want surgery” “Can you treat me only with
medicines?” “How experienced is the doctor you are referring
me to?” will describe the Treatment and management; and last
but not the least, “Will it happen again?” “Will I develop
cancer?” “How long am I going to live?” “What if I don’t take
any treatment?” will describe the Prognosis. National and
international experts in the field have contributed to this
book providing answers to these questions followed by an
evidence-based summary of the particular disorder. This
book will provide clinicians with state-of-the-art information
at their fingertips when caring for patients with diseases of
the pancreas and the bile ducts.

Milwaukee, WI, USA Kulwinder Dua
Milwaukee, WI, USA Reza Shaker
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Chapter 1

Elevated Amylase and Lipase:
Physiology Including Non-
pancreatitis related Elevations

Brian Rajca and Nalini M. Guda

Introduction

Acute pancreatitis is a disease of considerable morbidity and
mortality with an annual incidence that appears to be increas-
ing [1]. There is a wide variability in the clinical presentation,
and although serological testing of amylase and lipase is
readily done, at times interpretation of these results is chal-
lenging due to other clinical situations that can mimic pancre-
atitis. This chapter briefly reviews pancreas physiology, with a
particular emphasis on serum amylase and lipase, and then
addresses a few common clinical scenarios where one needs
to exercise caution in interpreting these results.

B. Rajca, M.D.
Aurora St. Luke’s Medical Center,
Milwaukee, FL, USA
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Pancreas Physiology

The pancreas is a soft, elongated gland with both exocrine
and endocrine functions. The main functional unit of the pan-
creas is the acinus with the associated ductule. The acinar
cells are specialized to synthesize, store, and secrete digestive
enzymes. Hormones and neurotransmitters bind to receptors
on the basolateral membrane, stimulating the pancreas to
secrete enzymes [2]. These receptors are cyclic adenosine
monophosphate (cAMP) linked and result in increases in
intracellular free Ca** [3]. As hormones bind to the receptors
this intracellular cascade activates the nearby endoplasmic
reticulum to increase protein synthesis. Enzymes then transit
to the apical cell membrane where they are released through
zymogen granules [4]. As the enzymes are released the secre-
tions transit through the acinar ductule, into the interlobular
ducts and ultimately into the main pancreatic duct [S]. The
exocrine products of the pancreas can be classified into
organic and inorganic constituents. The principal inorganic
components are water, sodium, potassium, chloride, and
bicarbonate [5]. These secretions are clear, alkaline, and iso-
tonic and serve to deliver the digestive enzymes to the duo-
denal lumen. The flow of pancreatic secretions can increase
from 0.2 ml/min at rest to 4 ml/min when stimulated, with a
total daily secretion volume of 2.5 L [5].

The organic constituents consist of the digestive enzymes,
including the amylase and lipase. Human amylase is primarily
secreted by the salivary gland and pancreas and is the main
enzyme to digest starch and glycogen. When food is ingested,
salivary amylase initiates the cleavage of glycogen linkages
and continues as food transits to the stomach where the
enzyme activity is buffered by gastric contents and the
mucous layer. Pancreatic lipase consists of three main types:
triglyceride lipase, phospholipase A, and carboxylesterase
[5]- Although salivary and gastric lipases exist, they are typi-
cally minor contributors of fat digestion. Lipase binds to the
triglyceride droplet but requires bile acids as well as colipase
to achieve full enzymatic activity. Bile acids serve to emulsify
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the triglycerides, leading to an increase in the surface area
while colipase assists with lipolysis by forming a complex
between the bile salts and lipase [6]. Several proteases exist
that are secreted by the pancreas to assist in protein degrada-
tion but are not discussed in this chapter.

Pancreatic exocrine secretion occurs during the fasting
and the fed states. The fasting, or interdigestive, pattern is
cyclic and follows the pattern of the migrating motor complex
(MMC) [7]. This pattern cycles every 1-2 h and assists in
clearance of residual intestinal contents. The fed, or digestive,
state mimics gastric secretion in that it displays a cephalic,
gastric, and intestinal phase [5]. The cephalic phase is medi-
ated by the vagal nerve with maximal stimulation once the
gastric contents reach the duodenum. The gastric phase
results mainly from gastric distention once food reaches the
stomach while the intestinal phase begins once food reaches
the duodenum. Duodenal stimulation results in the release of
secretin by the duodenal mucosa which results in a large
increase in pancreatic bicarbonate secretion aimed at neu-
tralizing the intestinal pH. This normalization is necessary to
achieve optimal enzyme activity. Cholecystokinin (CCK) is
the main mediator of pancreatic enzyme secretion and simi-
larly is released from the duodenal mucosa during the
intestinal phase. These enzymes remain active until the CCK
cascade is deactivated by trypsin. During meals trypsin can-
not complex with CCK due to the presence of food but once
food is cleared trypsin rapidly inactivates CCK resulting in
cessation of pancreatic enzyme secretion. The concept of
duodenal mediated stimulation of pancreatic secretion is the
basis behind jejunal tube feeds. The intent is to administer
enteral nutrition in the jejunum in an attempt to bypass duo-
denal mediated pancreatic stimulation. Although theoreti-
cally this concept seems correct, studies have shown that
gastric feeding in acute pancreatitis can be equally safe [8].

Patients with pancreatic insufficiency have slightly altered
physiology due to the decreased ability to produce and
secrete digestive enzymes. These patients have lower levels of
pancreatic lipase secretion. As a compensatory mechanism
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gastric lipase secretion from the chief cells of the stomach is
increased and becomes the main source of active lipase.
These patients also have a reduced ability to secrete pancre-
atic amylase. Although salivary amylase activity is preserved
in chronic pancreatitis, a compensatory mechanism to
increase activity does not exist as it does for gastric lipase [4].
Medium chain triglycerides have been found to have compa-
rable nutritional value to long chain triglycerides but do not
lead to the increase in CCK and pancreatic secretion that
occurs with long chain triglycerides. They are therefore useful
as an energy source for patients that cannot tolerate pancre-
atic stimulation.

Common Clinical Questions

Can Serum Amylase and Lipase Be Normal
in Acute Pancreatitis?

Yes, and perhaps more problematic is that both serum amy-
lase and lipase can be normal even in episodes of severe
acute pancreatitis complicated by pancreatic necrosis. When
using a cut off of three times the upper limits of normal both
tests show a high specificity but the sensitivity remains poor.
Unfortunately combining both tests have not shown to
improve the diagnostic accuracy. When directly compared,
the serum lipase outperforms serum amylase. This likely
results from the short half-life of serum amylase and the
much longer half-life of serum lipase. During an acute epi-
sode both the amylase and lipase will elevate within a few
hours. The amylase will typically normalize within 24 h
whereas the lipase will remain elevated for several days. As a
result if there is any delay in the patient presentation the
serum amylase may normalize and the diagnosis missed if
only serum amylase was assessed.

Two other main scenarios exist where the serum amylase
and lipase may be normal in acute pancreatitis. These are
acute alcoholic pancreatitis and hypertriglyceridemia as a
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result of technical issues with the assay. If there is a high clini-
cal suspicion for acute pancreatitis in the setting of a normal
serum amylase or lipase, particularly in the above scenarios,
abdominal cross-sectional imaging should be considered.
Hence the revised Atlanta criteria for acute pancreatitis sug-
gest two of the following three features should be present to
diagnose acute pancreatitis [9]. These include abdominal pain,
greater than threefold elevation of amylase and/or lipase, or
abdominal imaging consistent with acute pancreatitis.

Typically one would see a threefold elevation of amylase and/or
lipase in a setting of acute pancreatitis. Patients with acute on
chronic pancreatitis, alcoholic pancreatitis, and pancreatitis due to
hypertriglyceridemia may have mild or severe pancreatitis with-
out significant enzyme elevations.

What Are the Most Common Non-pancreatic
Causes of Elevated Amylase and Lipase?

Despite the high specificity several non-pancreatic causes of
enzyme elevation still exist. The most frequently encountered
is in the setting of renal insufficiency due to decreased renal
clearance of the enzymes. Critically ill patients often display
elevations of lipase and amylase but independently this does
not change the clinical course and appears to be secondary to
end-organ dysfunction. This has similarly been shown in
patients who undergo cardiac surgery with cardiopulmonary
bypass [10]. It has been shown that pancreatic enzymes are
frequently elevated postoperatively with an increased risk if
the levels are elevated preoperatively. This seems most likely
due to a result of alterations in perfusion intra-operatively
but has not been shown to have clinical significance.

Other causes, in no particular order, are biliary tract dis-
ease (choledocholithiasis, cholecystitis or cholangitis), bowel
obstruction, medications, viral infections (cytomegalovirus
and human immunodeficiency virus), over-tube assisted deep
enteroscopy, liver failure, celiac disease, malignancy, mac-
roamylasemia, parotitis, inflammatory bowel disease and
gastroenteritis.
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Patients who undergo endoscopic retrograde cholangio-
pancreatography (ERCP) are likely to have elevations in the
serum amylase and lipase post procedure but if not accompa-
nied by nausea, vomiting, or abdominal pain are likely sec-
ondary to instrumentation and not reflective of post-ERCP
pancreatitis (“biochemical pancreatitis”). Patients with
chronic asymptomatic elevation of the amylase and lipase
have been described. The clinical relevance of this is unclear
though these patients are more likely to show pancreatic
abnormalities that may warrant further evaluation. Despite
these abnormalities this usually does not influence the acute
management of the patient. Clinicians should consider an
alternative diagnosis in patients with an elevated serum amy-
lase and lipase that lack clinical or radiographic evidence of
pancreatitis.

Elevation in the pancreatic enzymes can be seen in several other
non-pancreatic disease states. One should be careful in the inter-
pretation of serum amylase and lipase in a setting of liver failure,
renal insufficiency, pregnancy, hypertriglyceridemia, biliary dis-
ease and bowel obstruction. In the appropriate clinical setting
these enzyme elevations help make a diagnosis of pancreatitis but
pursuing an isolated hyper-enzymemia is often misleading.

Can Amylase and Lipase Be Used to Follow
the Clinical Course of Pancreatitis or Predict
the Severity of the Disease?

Although it would be useful if this were true, there unfortu-
nately is no role for serial amylase and lipase levels as they do
not correlate with the clinical course. Asymptomatic patients
with elevated enzymes may experience marked fluctuations
in the daily enzyme levels despite no change in symptoms.
Similarly, patients may display clinical improvement despite
worsening of the enzymes or clinical deterioration despite
normalization of the enzymes. Often clinicians are concerned
when the amylase or lipase rises after initiation of enteral
feeds; however, this does not correlate with a worsening of
the pancreatitis. Provided the patient does not experience a
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worsening in nausea, vomiting, or abdominal pain the enteral
feedings can be continued regardless of a rise in the enzymes.

A single serum amylase and lipase is useful for the diagno-
sis but there is no role for repeated measurements once a
diagnosis of acute pancreatitis has been established. Serum
enzymes can be normal in severe acute pancreatitis and even
in the presence of pancreatic necrosis. The degree of amylase
or lipase elevation does not predict a more mild or severe
disease process and cannot be used for prognostication.
There is evidence to suggest that the lipase to amylase ratio
may help to differentiate a pancreatic versus a biliary etiol-
ogy, but this is not adequately reliable and should not be
relied on in clinical practice. Other information, such as the
clinical history and imaging studies, should be used to help
identify the likely etiology. Disease severity can only be
determined with an accepted scoring system such as the
Ranson’s criteria or the Acute Physiology and Chronic
Health Evaluation (APACHE) II score. These scoring sys-
tems are problematic due to the multiple components and
prolonged time over which data are collected but remain the
only reliable way to assess the severity of the disease.

The degree of enzyme elevation does not correspond to the
severity or help prognosticate the clinical course of pancreatitis.
Pancreatic enzymes are helpful to establish the diagnosis but
have no role in the ongoing management of the patient.

Brief Review of the Literature

The diagnosis of acute pancreatitis is suspected in the setting
of acute onset abdominal pain associated with nausea and
vomiting. The classical presentation is pain located in the
epigastrium radiating into the back and can be seen in
40-70 % of patients [11]. The diagnosis is supported by eleva-
tions in the amylase and lipase and the finding of acute pan-
creatic inflammation on cross-sectional imaging. Generally
the serum lipase should be elevated to greater than three
times the upper limit of normal to differentiate pancreatitis
from non-pancreatic abdominal pain [12]. Diagnostic difficul-



8 B. Rajca and N. Guda

ties occur in patients with normal or minimally elevated pan-
creatic enzymes or in patients without abdominal pain but
with significant elevations in the pancreatic enzymes.

In acute pancreatitis the serum amylase rises as a result of
both increased release and reduced catabolism of the enzyme
[13]. Although the serum amylase and lipase are routinely
used in the diagnosis of acute pancreatitis, they are not per-
fect and can be misleading. Historically the preferred labora-
tory test was amylase but has been gradually replaced with
serum lipase due to the increased sensitivity, particularly in
acute alcoholic pancreatitis. There are over 200 different
techniques to measure serum amylase which creates confu-
sion in identifying the ideal technique and determining what
a normal level should be [13]. The reported performance of
the serum amylase and lipase varies considerably based on
the study. The sensitivity for amylase and lipase has ranged
from 45 to 72 % and 55-100 %, and specificity from 97 to
99% and 96-99 %, respectively [11, 12]. The performance
characteristics of each test was thoroughly assessed in a pro-
spective study where amylase and lipase levels were mea-
sured on presentation and on days 1, 2, and 3 following
admission [14]. Receiver operating characteristics for each
test were assessed individually and combined at each time
point. There was no evidence to suggest that combining the
serum amylase or lipase increased the diagnostic accuracy for
acute pancreatitis. The study concluded that the serum lipase
alone, both early and late in the presentation, was the single
recommend test for diagnosis.

There are three major reasons the serum amylase may be
normal during an episode of acute pancreatitis. Those are the
time interval since the onset of the attack, in the setting of
acute alcoholic pancreatitis, and in patients with hypertriglyc-
eridemia [13]. There also exist several less frequently encoun-
tered causes of reduced amylase and lipase. Reduced levels of
enzymes can occur during first trimester of pregnancy sug-
gesting that pregnant patients may have normal or mildly
elevated enzymes during an episode of acute pancreatitis
[15]. In addition, conditions which increase pancreatic inflam-
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mation will result in a reduction in the levels of amylase and
lipase. This is most commonly seen in chronic pancreatitis
where patients can present with an exacerbation despite hav-
ing normal levels of the pancreatic enzymes [14]. Similarly,
lower levels of amylase and lipase can be seen in patients
with recurrent acute pancreatitis without chronic pancreatitis
as the more frequent episodes result in subclinical residual
pancreatic inflammation [16].

The duration of time the serum amylase and lipase remain
elevated in acute pancreatitis varies and results in the differ-
ent sensitivity for each assay. The serum amylase typically
rises within the first few hours of the attack and normalizes
within 24 h. The serum lipase similarly rises rapidly within the
first 4-8 h after the onset of symptoms but can potentially
remain elevated for several days to a week after the episode
[13]. After the onset of symptoms if there is any delay in the
patient seeking medical attention or in evaluation of the
serum amylase by the provider the amylase may have
normalized and the diagnosis missed. The serum lipase, how-
ever, would remain clevated and thus is the more reliable
laboratory test in diagnosing acute pancreatitis.

Patients with acute alcoholic pancreatitis, including severe
pancreatitis, can present with only mild elevations in the
serum amylase and lipase. In one study of 68 patients admit-
ted with acute alcoholic pancreatitis confirmed by imaging
the serum amylase was normal in 32 % of patients [17]. This
was also shown in a retrospective review of 284 consecutive
patients where patients with acute alcoholic pancreatitis were
more likely to present with minimal (less than three times the
upper limit of normal) elevations in the pancreatic enzymes
[18]. Although acute alcoholic pancreatitis may present with
a normal amylase, the serum lipase has been shown to be
more reliably elevated in this setting, making it the preferred
test in patients with alcohol induced pancreatitis [13]. This
feature, combined with the longer half-life, contributes to the
improved sensitivity of the serum lipase.

Hypertriglyceridemia has been shown to result in lower
serum amylase levels; however, this is more the result of a
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limitation of the assay [19]. A circulatory inhibitor of serum
amylase exists in the setting of hypertriglyceridemia which
interferes with the assay though it can be corrected if recog-
nized by the laboratory and serial dilution techniques are
performed [13]. Although hypertriglyceridemia is a known
cause of acute pancreatitis the diagnosis can be difficult to
detect as the triglyceride levels can rapidly normalize once
the patient has ceased eating and intravenous resuscitation
has begun. If hypertriglyceridemia is not considered then
diluting the serum to correct the amylase assay would likely
not be performed. As a result of these issues the diagnosis of
acute pancreatitis can be missed when hypertriglyceridemia
is present if not recognized by the astute clinician.

Patients frequently present to the healthcare system with
complaints of acute abdominal pain. There has been an inter-
est in the triage of these patients with routine serum amylase
and lipase but this approach has not been shown to be cost
effective [20]. In this study amylase and lipase assays were
performed in patients presenting with acute abdominal pain
regardless of whether the presentation was consistent with
acute pancreatitis or not. Of the 1598 patients included only
1% of patients were identified with acute pancreatitis result-
ing in a number needed to treat that was not cost effective.
The study concluded that the serum amylase and lipase levels
should only be assessed in patients with a clinical presenta-
tion consistent with acute pancreatitis and not used as a
screening tool for all patients with abdominal pain.

Serum Amylase and lipase should not be used as routine tests in
evaluation of abdominal pain.

More common than a normal amylase or lipase in acute
pancreatitis is finding elevated enzymes in a patient without
clinical evidence of acute pancreatitis. This entity and the
various causes are well documented in several studies and
case reports. The most commonly encountered and docu-
mented cause of an elevated serum amylase and lipase is
renal insufficiency as a result of reduced urinary excretion
[11,21,22]. There appears to be a direct correlation between the
degree of renal insufficiency and the likelihood of elevation of
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the amylase and lipase. A study of 128 patients with varying
degrees of renal insufficiency noted that the serum amylase
and lipase remained normal provided the creatinine clear-
ance remained above 50 ml/min but at lower levels the
enzymes were more likely to be elevated [21]. A second study
of 24 controls and 47 patients with renal insufficiency studied
six pancreatic enzymes including amylase and lipase [22].
They found that the lipase was less frequently elevated than
the amylase at a creatinine clearance between 13 and 39 ml/
min suggesting there may be a diagnostic advantage to the
serum lipase in patients with moderate renal insufficiency.
The upper limit of normal for the serum amylase and lipase
in patients with renal insufficiency has not been determined
and clinical judgment is needed to determine the likelihood
of a pancreatic process. If there is any concern about the diag-
nosis cross-sectional imaging should be obtained.

Several other non-pancreatic etiologies for elevated amy-
lase and lipase have been reported. Due to the presence of
amylase and lipase in the gastrointestinal tract elevated
enzymes can be seen in the setting of bowel obstruction, coli-
tis, celiac disease, inflammatory bowel disease, and gastroen-
teritis [23-27]. In addition, several viral etiologies such as
cytomegalovirus and human immunodeficiency virus infec-
tion may lead to an enzyme elevation [28, 29]. Endoscopic
instrumentation of the gastrointestinal tract, particularly with
deep balloon assisted enteroscopy, have also been implicated
presumably from stimulation of the gastrointestinal wall
though rarely are these enzyme elevations accompanied by
acute pancreatitis [30, 31]. Hyperamylasemia has also been
reported in patients with acute liver failure as shown in a
study by the Acute Liver Failure Study Group registry [32].
Elevated amylase was associated with increased mortality;
however, when assessed by itself it was not found to be an
independent predictor. The hyperamylasemia of acute liver
failure is likely secondary to its association with renal impair-
ment and multiorgan dysfunction and by itself does not have
clinical significance. This same conclusion was reached by a
prospective study of 160 critically ill patients with elevated
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lipase where the clinical relevance and imaging findings were
assessed [33]. Hyperlipasemia was frequently encountered
but the majority of these patients displayed no pancreatic
abnormalities on imaging and those that did showed only
mild morphologic changes. There did not appear to be any
change to the hospital course regardless of the findings again
concluding that the enzyme elevation itself was not of clinical
significance.
One should be careful in the interpretation of serum amylase and

lipase in a setting of liver failure, renal insufficiency, pregnancy,
hypertriglyceridemia, biliary disease, and bowel obstruction.

Endoscopic retrograde cholangiopancreatography is
now readily available and the potential for post-ERCP
pancreatitis is a well-known complication. Although identi-
fying patients with post-ERCP pancreatitis early is critical,
the serum amylase and lipase levels post-ERCP are not
reliable in predicting which patients will develop pancre-
atitis. Post-procedural hyperamylasemia can occur in nearly
50 % of patients post-ERCP with pancreatitis occurring in
only 5% [34, 35]. The majority of patients with elevated
amylase and lipase post-ERCP are secondary to instrumen-
tation. There is evidence that an elevated serum amylase
greater than five times the upper limit of normal 4 h post
procedure may be predictive of patients who will develop
post-ERCP pancreatitis but this has not been universally
adopted [35]. Overall, there is no role for routinely follow-
ing the amylase or lipase after an ERCP unless there is a
strong clinical suspicion for post-ERCP pancreatitis though
it must be remembered that even patients with post-proce-
dural abdominal pain and elevated lipase and amylase may
not progress to acute pancreatitis.

It is well accepted that the serum amylase and lipase may
be normal during an exacerbation of chronic pancreatitis.
There are patients, however, with chronic pancreatitis with
elevated serum amylase or lipase despite remaining asymp-
tomatic. In a prospective study in patients with chronic pancre-
atitis and elevated enzymes 11 % were shown to have
macroamylasemia of no clinical consequence again suggesting
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that asymptomatic patients with elevated amylase and lipase
may not have an underlying pancreatic process [36].

Chronic asymptomatic pancreatic hyperenzymemia
(CAPH) is an entity that has been reported and results in an
abnormal increase in the serum amylase and lipase without
pancreatic symptoms or radiologic evidence of pancreatic
disease. These patients typically undergo an extensive evalu-
ation of laboratory, radiologic, and even invasive procedures
as part of the evaluation. To better assess this, a prospective
study of 163 patients was performed where all patients under-
went a thorough evaluation including abdominal magnetic
resonance imaging [37]. Interestingly the study found that
50% of the patients had pathologic findings on secretin-
enhanced magnetic resonance imaging. The most common
findings were dilation of the main pancreatic duct (19.4 %) or
diffuse pancreatic side branch dilation (25.6 %). In 23 of the
patients (14.4 %) the diagnosis resulted in a change in clinical
management requiring either a surgical intervention or close
surveillance imaging. Although asymptomatic elevation of
the amylase and lipase may not be reflective of acute pancre-
atitis, it may be suggestive of other underlying pathology
which may require further evaluation; however, discretion
should be used to determine when an adequate evaluation
has been completed.

For those with persistent elevation of enzymes without clinical
features of acute pancreatitis one should consider noninvasive
testing especially secretin enhanced MRCP.

Once a patient is admitted with acute pancreatitis they are
followed clinically for improvement. There is no utility in fol-
lowing the serum amylase and lipase as the enzyme levels do
not correlate with the clinical course [38]. A patient may
develop resolution of symptoms despite worsening of the
amylase or lipase or may clinically deteriorate despite
improvements or even normalization of the enzymes. The
serum amylase and lipase are useful for diagnosis on admis-
sion but should not be serially followed throughout the hos-
pitalization. Clinicians are often concerned when the serum
amylase or lipase rises after initiation of enteral feeding but
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this elevation does not correlate with worsening of the pan-
creatitis. When enteral feeds are restarted the patient should
be clinically followed and provided there is not an exacerba-
tion of nausea, vomiting, or abdominal pain enteral feeding
may be continued.

Previous studies have attempted to assess if the amylase
and lipase levels have a role in determining the etiology of
the pancreatitis. Patients with acute alcoholic pancreatitis
have been shown to have a significantly lower amylase than
patients with a biliary etiology [39]. Despite this a low serum
amylase does not reliably predict a pancreatic process as low
serum amylase can be seen in all etiologies of pancreatitis.
The lipase to amylase ratio has also been studied as a poten-
tial indicator of the etiology and severity of the pancreatitis
and has been shown that patients with acute alcoholic pan-
creatitis have lower levels of amylase and lipase [40]. However,
when the combined pancreatic and biliary group was com-
pared to the non-pancreatic, non-biliary pancreatitis group
there was no difference. It appears that although a lower
amylase and lipase level may be seen in acute alcoholic pan-
creatitis, it does not reliably predict whether the pancreatitis
is of a pancreaticobiliary etiology. That determination can
only be made after a thorough review of the clinical history,
laboratory data, and available imaging studies.

Acute pancreatitis can have a complicated course which is
best identified early in the hospitalization. Unfortunately the
serum amylase and lipase are also unable to accurately pre-
dict the severity of the pancreatitis. Patients with severe acute
pancreatitis with multiorgan failure requiring an admission to
the intensive care unit may present with only a minimal ele-
vation in the amylase and lipase [18]. On the contrary,
patients with significant elevations in the amylase and lipase
may have mild pancreatitis that can resolve within 24 h. Not
only is the degree of lipase and amylase elevation unreliable
in predicting the severity of the pancreatitis but it is also
unreliable in predicting day to day changes in the clinical
course. To help with prognosis and to better determine the
severity of the pancreatitis several scoring systems have been
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developed and are widely available. They are generally labo-
rious and require multiple laboratory values and calculations.
They are beyond the scope of this chapter and are discussed
elsewhere in this book.

An elevation of pancreatic enzymes helps confirm the diagnosis
of acute pancreatitis but does not predict the severity of the dis-
ease. The daily trend of the pancreatic enzymes does not correlate
with clinical improvement or deterioration and once the diagno-
sis is confirmed measurements of amylase and lipase should not
be repeated.

Future Directions

Our understanding of acute pancreatitis and pancreatic physi-
ology has improved drastically over the past two decades.
Despite this our ability to identify and treat patients with pan-
creatic disease remains suboptimal. This is partly due to the
high variability in patient presentations and also due to the
quality of literature. There is a lack of well designed, random-
ized controlled trials evaluating acute pancreatitis. As a result
the majority of the management is based on expert opinion.
In addition, the fact that a large percentage of patients with
severe pancreatitis can present with normal or minimal eleva-
tions in amylase and lipase also complicates the field as these
patients are often excluded from research studies as a result of
the normal levels [18]. Future studies need to include not only
patients with elevated pancreatic enzymes but also patients
with radiologic evidence of acute pancreatitis.

Serum amylase and lipase have improved our abilities to
diagnose patients with acute pancreatitis; however, better
markers are still needed. Other markers have been evaluated,
including pancreatic isoamylase, immunoreactive trypsino-
gen, and elastase 1; however, the results have not proven
superior than the serum amylase and lipase [13]. We lack a
cost-effective and safe test to track the clinical course of a
patient through the hospitalization. At the present time the
patient’s symptoms and radiographic studies are the only
means to assess improvement. If a reliable serum test were
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available to track the clinical course, we would be better able
to predict clinical changes and potentially improve patient
outcomes. Additional bench and translational research is
needed toidentify new diagnostic markers that yield improved
sensitivity and hence improved accuracy compared to the
currently available amylase and lipase assays.

Conclusion

Serum amylase and lipase are helpful markers in the diag-
nosis of acute pancreatitis. In the proper clinical setting
with appropriate symptoms or radiologic evidence of acute
pancreatic inflammation, elevated pancreatic enzymes are
consistent with a diagnosis of acute pancreatitis. Elevated
pancreatic enzymes by themselves are not diagnostic of
the disease. Patients with a clinical or radiologic presenta-
tion consistent with acute pancreatitis with normal pancre-
atic enzymes should not be discounted and a diagnosis of
acute pancreatitis should be considered. The three major
explanations for this scenario are in patients with a delayed
presentation, in acute alcoholic pancreatitis, and in hypertri-
glyceridemia. To help avoid the diagnostic dilemmas created
by these the recommended diagnostic test for acute pancre-
atitis is the serum lipase due to the longer half-life and higher
levels seen in patients with acute alcoholic pancreatitis.

An elevated amylase or lipase in a patient without abdom-
inal pain and with normal imaging is unlikely to reflect a
diagnosis of acute pancreatitis. These patients may have
another underlying diagnosis that would explain the enzyme
elevation though this may not be discovered until a thorough
evaluation is performed. For patients with a persistent eleva-
tion of the amylase and lipase but without a clear explanation
the diagnosis of chronic asymptomatic pancreatic hyperenzy-
memia should be considered. In this subset of patients pan-
creatic imaging with secretin enhanced magnetic resonance
imaging is reasonable due to the frequent finding of pancre-
atic abnormalities. If normal, then continued evaluation is not
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indicated and the hyperenzymemia is most likely a benign
finding. Once a diagnosis of acute pancreatitis is established
further measurements of the amylase and lipase are not help-
ful as they do not correlate with clinical improvement and are
not predictive of the severity of the disease.

Although the management of acute pancreatitis has
improved considerably, there is still a need for well-designed
translational and clinical trials to improve our diagnostic
abilities and therapeutic understanding. Until then clinicians
will have to rely on their clinical judgment augmented by
laboratory and radiologic studies to properly care for the
patient with acute pancreatitis.
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Part 1

Clinical Scenario:

Abdominal Pain With or Without
Elevated Amylase and Lipase



Chapter 2

Acute Pancreatitis

Raghuwansh P. Sah and Santhi Swaroop Vege

What Causes Acute Pancreatitis?

Suggested response to patient: About 4 in 10 cases are caused
by gall stones. In these cases, small (<5 mm) stones escape from
the gall bladder and pass into the ducts that drain pancreatic
juices causing blockade. This results in damage to the pancreas
resulting in inflammation and pancreatitis. Another 3 in 10
cases are caused by heavy alcohol drinking. Exactly how alco-
hol causes pancreatitis in not well known. There are many other
known causes that account for the rest although in many
patients no cause can be found by current methods. It is thought
that damage to the pancreas results from auto-digestion by
action of powerful pancreatic enzymes that get activated within
the pancreas. Inflammatory cells from the blood are recruited
to the area of damage. These cells along with the cells of the
pancreas lead to systemic inflammatory response. This can lead
to fluid leakage into various spaces in the body including into
the lungs causing problems in breathing, low blood pressure,
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and damage to multiple organs. With current aggressive treat-
ment, this inflammatory response can be managed in as many
as 70-80 % of the patients resulting in quick recovery. However,
15-30 % of patients will go on to develop moderately severe or
severe disease.

Brief Review of the Literature

Introduction

Acute pancreatitis (AP) is an inflammatory disorder of the
pancreas which often affects many organ systems. Historically,
AP was associated with a high mortality. While the overall
mortality rate has dropped to 2-4 %, patients with severe
disease continue to have a high mortality with estimates rang-
ing from 20 % to 40 % for specific subgroups [1]. In the US, it
affects about 40 individuals per 100,000 each year and its
incidence is estimated to be increasing [2]. Based on US data
from 2009 [3], AP was the most common gastroenterology
discharge diagnosis with more than 275,000 hospitalizations,
an estimated 2.6 billon US dollars in direct and indirect costs
and 2600 deaths, making it the fifth leading cause of in-
hospital deaths.

Diagnosis

AP is diagnosed clinically when any two of the following are
present: (1) abdominal pain consistent with the disease, (2)
serum amylase and/or lipase greater than three times the
upper limit of normal, (3) consistent radiologic imaging (CT
or MRI) findings [4].

The pain is typically described in the epigastric region or
left upper quadrant and usually severe in intensity. Patients
may describe pain radiating to the back, flank or chest
although this is nonspecific. Serum lipase has better specific-
ity than amylase and remains elevated longer making it pref-
erable over amylase measurements. It is to be emphasized
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that neither the severity of the pain or the degree of enzyme
elevations correlates with severity of the disease [4]. Imaging
is not required for establishing diagnosis and should be
reserved for patients in whom diagnosis is not clear or who
fail to show improvement within 48-72 h or to evaluate for
development of complications in the later stages of the dis-
ease [4]. Diffuse or localized swelling of the pancreas is con-
sistent for AP on imaging with or without varying degree of
peripancreatic fat stranding.

Etiology

Gall stones account for ~40% and heavy alcohol abuse
accounts for another ~30 % of cases of AP in the US [2,5]. An
abdominal ultrasound should be performed in all patients with
AP to identify gall stones and biliary dilatation due to possible
choledocholithiasis [4]. Heavy alcohol use for greater than 5
years is typically considered necessary for development of
pancreatitis. Further, only 5 % of patients with gall stones or
heavy alcohol use develop pancreatitis in their lifetime.
Pancreatic tumors should be considered as a possible etiology
in patients older than 40 or 50 years of age, without gall stone
disease or history of alcohol abuse. Intra-ductal papillary
mucinous neoplasms (IPMN), usually main duct type but
sometimes even side-branch type may cause AP. The other
infrequent causes include drugs, following procedures like
ERCP (rarely after EUS and fine needle aspiration), hypercal-
cemia, hypertriglyceridemia (>1000 mg/dl), trauma, ischemia,
autoimmune pancreatitis, and certain infections. These are
quite uncommon, and caution should be exercised in ascribing
one of these uncommon causes as the etiology. Often, these
causes, especially drugs, are falsely implicated as the causative
agent of AP. Post-ERCP AP is usually obvious and can occur
in 5 % of diagnostic ERCPs, 7 % of therapeutic ERCPs and up
to 25 % in patients with sphincter of Oddi dysfunction [6].
Idiopathic AP is defined as cases of AP where the etiology
is not evident after imaging (trans-abdominal ultrasound and
CT/MRI in the appropriate setting) and standard laboratory
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investigations including calcium and triglyceride levels [4].
Idiopathic AP may account for up to 30% of all cases.
Hereditary pancreatitis accounts for a small proportion of
idiopathic AP. There is no clear data on risks and benefits of
further endoscopic examination for evaluation of etiology of
idiopathic AP. Further, no causative etiology may ever be
identified in many of these patients. Current guidelines rec-
ommend referral of idiopathic AP to centers of expertise for
further work-up of etiology [4].

Natural Course and Complications

Regardless of the etiology, AP involves an early phase usually
lasting a week or two which can progress in some patients
into a late phase lasting weeks to months [4]. The early phase
correlates to the time-course and effects of intense systemic
inflammatory response elicited due to pancreatic injury. The
late phase correlates to development of local complications
from pancreatic injury. Persistent dysfunction of one or more
organ systems can occur in both phases. Among the patients
who succumb to AP, approximately half of them die during
the first week or two (early phase) and another half in the
late phase [7-10]. Deaths in the early phase occur due to
organ failure and complications related to the severe inflam-
matory response. In the late phase, deaths occur due to local
complications including infection of pancreatic necrosis or
interventions for these complications [11].

Development of local complications and persistent organ
failure are both associated with increased mortality, pro-
longed course of illness and increased rate of complications
[1,12]. This understanding has been the basis of the evolution
of strategies for classifying patients with AP. The concepts of
local complications and of organ failure are explained in
detail below. The long-standing 1992 Atlanta Classification
has been recently revised in 2013, resulting in a widely
accepted classification system that has three groups—mild,
moderately severe, and severe AP [12]. Another parallel clas-
sification system with an additional group of critical AP was
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developed around the same time, known as Determinant
Based Classification (DBC) of AP [13]. Initial validation
studies have shown both strategies to be effective in classify-
ing patients appropriately with the aim of identifying patients
at the highest risk of mortality and morbidity [14, 15]. In this
chapter we discuss this Revised Atlanta Classification of AP
in detail.

Organ failure conceptually refers to failure of cardiovascu-
lar, pulmonary, or renal systems commonly associated with
conditions resulting in profound systemic inflammatory
response. For objective assessment of organ failure, a modified
Marshall scoring system (the following Web based resource
may be used: http://www.pmidcalc.org/?sid=23100216&newtes
t=Y) is recommended in the Revised Atlanta Classification
[12]. A score of 04 is assigned for each organ system depend-
ing on the severity of dysfunction assessed by worst observa-
tions over a 24 h period for PaO2/FiO2 for pulmonary,
creatinine rise for renal, and hypotension for cardiovascular
system. A score of 2 or more in any system (corresponds to
PaO2/Fi02<300, creatinine >1.9 mg/dl, and systolic blood
pressure < 90 not fluid responsive) defines organ failure.
While organ failure may be transient, its persistence for
greater than 48 h is defined as persistent organ failure.

Local complications refer to acute necrotic collections and
acute peripancreatic fluid collections and their morphologic
counterparts: walled-off necrosis (WON) and pseudocyst,
respectively, which evolve over 4-6 weeks [12]. These are
defined in Table 2.1. In the early phase of AP, acute necrotic
or peripancreatic fluid collections can be diagnosed by CT
scan or MRI. However, it is unreliable to determine the
extent of necrosis within the first few days, and the extent of
morphological changes does not necessarily correlate with
the severity of organ failure. Further, an acute fluid collection
may occur in 30-50 % of the patients but are not predictive of
organ failure as most of them resolve spontaneously. Because
of the above reasons, assessment of local complications by
multi-detector contrast enhanced CT is most reliable when
performed at least after 5-7 days after admission [4]. In
patients with renal failure, MRI without contrast can be used
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to evaluate pancreatic necrosis on T2 weighted imaging.
Local complications should be suspected when there is lack
of expected clinical improvement.

The presence of pancreatic and/or peripancreatic necrosis
defines acute necrotizing pancreatitis [12]. Its absence defines
acute interstitial pancreatitis [12]. Brief hospital stay and early
recovery are typical in acute interstitial pancreatitis although
some patients may have acute peripancreatic fluid collections
and a small proportion may develop pseudocysts late in the
disease. Although useful in understanding the natural course of
AP, this morphologic classification is not evident in the early
stage of AP and therefore not effective in predicting outcomes.

(Peri-)pancreatic necrosis can be sterile or infected.
Infection of (peri-)pancreatic necrosis typically occurs 7-10
days after admission in the late phase of AP. Infected necrosis
should be suspected in patients with persistent organ failure
or signs of sepsis exceeding beyond 7 days [4]. Both sterile
and infected necrosis can result in persistent organ failure.
Infected necrosis is usually associated with higher mortality
rates [1]. However, many patients with infected necrosis may
lack persistent organ failure and infected necrosis without
persistent organ failure has significantly lesser mortality than
those with persistent organ failure.

Other local complications of AP include gastric outlet
obstruction which can delay enteral nutrition, biliary obstruc-
tion, splenic and portal vein thrombosis, celiac and splenic
artery pseudo-aneurysms that can lead to brisk bleeding, dis-
ruption of main pancreatic duct leading to refractory fluid col-
lections, and rarely colon necrosis. Recurrent AP can be seen
in about 15-20 % of patients with AP related to heavy alcohol
abuse and also in a few patients with idiopathic AP [16].

Prognosis, Risk Stratification, and the Revised
Atlanta Classification

Historically, AP has been associated with a high mortality and
adverse outcomes. Advances in management including aggres-
sive supportive care for patients with AP has led to significant
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improvement in the outcomes of AP overall. With institution
of current management recommendations, about 70-80 %
patients with AP have a mild course requiring only a brief
hospitalization and showing good recovery without progress-
ing to the late phase of the disease. However, a subset of
patients (estimates ranging from 15 to 30 %) will go on to
develop moderately severe or severe disease with high mor-
bidity (prolonged hospital stay and/or need for interventions),
and mortality rates of 25-40 % [1, 12,17, 18]. Predicting which
patient will show mild disease with good outcomes and who
will develop moderately severe or severe disease has histori-
cally been a challenge and continues to be very challenging
today despite decades of efforts aimed at developing predic-
tion tools and strategies. There have been no studies about
predicting the moderately severe disease and those that
addressed severe disease lacked high positive predictive value.

Many prediction tools including Ranson’s criteria, BISAP
score, APACHE-II score, Harmless AP score, and other lab
values in various combinations including BUN, hematocrit,
CRP have been tested extensively for their utility of predict-
ing severity [4, 6]. Most of these require 48 h for predicting
severe disease by which time the clinical condition of the
patient makes the severity obvious. None of the presenting
symptoms or signs on physical exam or initial CT/MRI is
helpful in predicting severity of AP.

Local complications and persistent organ failure are the
most important determinants of mortality and outcomes in
AP and therefore form the backbone of strategy to classify
AP patients into high risk and low risk groups [12]. It is to be
emphasized that none of these features can be defined at
admission, full characterization of local complications may
not be possible in the early stages of AP and persistent organ
failure can only be defined at 48 h or later. In the Revised
Atlanta Classification [12] (Table 2.2), persistent organ failure
(or death) defines severe AP while lack of any local complica-
tions or organ failure defines mild AP. Transient organ failure
and/or local complications define moderately severe AP.
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TaBLE 2.2 Revised Atlanta classification of acute pancreatitis (AP)

Group Defining features

Mild No local complication or organ failure

Moderately severe Local complications and/or transient organ failure
(<48 h)

Severe Persistent organ failure (>48 h)

Local complications refer to pancreatic necrosis or necrotic collection and
peripancreatic fluid collection in the early stages (<4 weeks from onset of
illness) and their respective counterparts: Walled-off necrosis or pseudocyst,
respectively. Organ failure defined by modified Marshall score (>2 score in
any one of respiratory, renal, or cardiovascular systems assessed by worst
observation over 24 h, corresponding to PaO2/Fi02<300, creatinine >1.9 mg/
dl, and systolic blood pressure <90 not fluid responsive, respectively)

The mortality for mild AP is <1 % while that for severe AP is
estimated to be between 20 and 40 % [4, 12, 17]. The mortality
rate of moderately severe AP is similar to mild AP but is asso-
ciated with much higher morbidity with local complications
needing interventions and prolonged hospital stays [18].

Management

(a) Initial assessment

As discussed above, none of the clinical or imaging or
scoring systems are predictive of severity of AP. For all
practical purposes, for the initial 48 h, all patients with AP
should be considered as severe AP. Frequently patients
without local complications evident on initial imaging are
mislabeled as mild AP leading to adverse outcomes. For
initial assessment, a careful attention should be paid to
general high risk features in the patient characteristics
(age >55, obesity), presence of SIRS, signs of hypovolemia,
features of focal infections, altered mental status, and pres-
ence of other comorbid conditions. While most patients
can be aggressively managed in medical wards, patients
with hemodynamic instability or respiratory decompensa-
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tion or altered mental status needing intubation should be
admitted to ICU. In general, providers should maintain a
low threshold for ICU transfer, and patients with persis-
tent SIRS or organ failure in the first 24 h in particular
should be considered for ICU care when possible or for
intermediary care setting at the minimum [4].
Hydration

Aggressive hydration is most beneficial within the first
12-24 h [4]. The importance of early aggressive hydration
cannot be overemphasized. A rate of 250-500 ml/h or
5-10 ml/h/kg of isotonic crystalloid (lactated Ringer’s
solution preferred) should be provided unless cardiac,
renal, or other comorbidities are prohibitive in which
case the rate should be tailored to the patient’s comorbid
conditions [4]. In patients with severe volume depletion,
rapid boluses may be needed initially. An objective
measure of early fluid resuscitation should be to decrease
hematocrit, BUN and maintain good hourly urine output
[4]. Fluid requirement should be reassessed frequently
within initial 6 h and for the next 2448 h.
Need for ERCP

In patients presenting with AP who concurrently have
acute cholangitis (fever, jaundice, elevated alkaline phos-
phatase), ERCP should be performed within 24 h [4]. In
most AP patients with gall stones without evidence of
ongoing biliary obstruction, ERCP is not beneficial.
When choledocholithiasis is suspected but there is no
cholangitis or jaundice, MRCP or EUS can be performed
for evaluation rather than a diagnostic ERCP. In patients
who require ERCP, rectal indomethacin or prophylactic
pancreatic duct stents should be used to reduce the risk
of post-ERCP pancreatitis [4].
Supportive care

Oxygen by nasal cannula (or additional respiratory
support as needed) is recommended in all patients with
AP. In patients with organ failure, supportive care targeted
to each affected organ system should be administered.
Antibiotics should only be given when an extra-pancreatic
infection is suspected or established. Prophylactic use of
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antibiotics in severe AP or in patients with sterile necrosis
is not recommended [4].
Nutrition

Traditionally, the concept of resting the pancreas in
AP by avoiding enteral route has been floated. On the
other hand, increased intestinal and colonic permeability
due to disruption of gut mucosal barrier because of
absence of food in the gut is thought to increase infec-
tious complications in AP. In most patients with mild AP,
oral feeding with soft low fat diet can be started as soon
as nausea, vomiting, and pain have lessened and advanced
as tolerated [4]. A recent trial showed that oral feeding
initiated at 72 h with provision for nasoenteric feeding if
oral route not tolerated was as effective as early nasoen-
teric feeding enteral feeding initiated within 24 h in
preventing infectious complications in AP with high risk
of complications [19]. Parenteral feeding should be
avoided unless enteral route is not feasible or effective.
Nasogastric and nasojejunal feeding appear to be compa-
rable in tolerability and efficacy.
Steps for prevention of recurrent episodes

In AP patients with gall stones, cholecystectomy is rec-
ommended within the index admission for mild AP and
should be performed after active inflammation subsides
and fluid collections resolve or stabilize in moderate or
severe AP [4]. In patients with AP related to alcohol
abuse, counseling and support for alcohol cessation should
be offered.
Management of local complications

Local complications can lead to lack of expected clini-
cal improvement or even relapse of symptoms, especially
pain, nausea, and failure of oral intake. No intervention is
necessary for asymptomatic local complications includ-
ing fluid collections, pseudocysts, or pancreatic necrosis
regardless of size,location, or extension [4]. These patients
can be safely followed.

Infected necrosis should be suspected after 7-10 days
in patients with persistent organ failure or obvious sepsis
or in patients who deteriorate after initial improvement.
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A contrast enhanced CT should be obtained if not already
performed to evaluate for presence of gas in the necrotic
collection which can establish the diagnosis of infected
necrosis. In the absence of CT features, either empiric
approach with necrosis penetrating antibiotics (Cipro-
floxacin, metronidazole, imipenem or piperacillin/tazo-
bactam) or occasionally CT guided FNA sampling for
gram stain and culture are appropriate [4]. Role of FNA
is diminishing in recent years and either empiric antibiot-
ics for suspected infection or intervention if there is no
improvement seems to be more commonly used. Tradi-
tionally, infected necrosis was managed with surgical
necrosectomy. However, recent studies demonstrated
higher mortality in stable patients with infected necrosis
treated surgically (~50 %) compared to minimally inva-
sive methods of intervention (15-20%) [11, 20, 21].
Prompt surgical debridement should only be performed
in unstable patients with infected necrosis. In otherwise
stable patients with infected necrosis, conservative
approach is to administer antibiotics as noted above and
closely monitor clinical status with a plan to perform min-
imally invasive necrosectomy (endoscopic, percutaneous,
or surgical) after 4 weeks once the collection is walled off
(WON) and the necrotic contents have liquefied (which
otherwise is cement like and not amenable to minimally
invasive debridement) [4, 20]. A subgroup of patients
may be managed by antibiotics alone without needed
minimally invasive debridement if on close follow-up, the
patients continue to be asymptomatic. However, it is to
be emphasized that patients with infected necrosis have a
high mortality and therefore should be clinically moni-
tored very closely [4,11,21].

If further improvements in morbidity and mortality were

be seen, a drug that can be used safely at presentation to

prevent organ failure and necrosis is highly necessary.
Pentoxifylline has been recently reported to have some effect

in

a small pilot study [22] and a large NIH funded study is

currently in progress.
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Conclusion

Acute Pancreatitis is an inflammatory disorder of the pancreas
which can cause a severe disease with high mortality and mor-
bidity. With advances in management, the outcomes of acute
pancreatitis have improved considerably. Local complications
and organ failure are important determinants of mortality.
Patients can be classified into mild acute pancreatitis in the
absence of local complications or organ failure and severe
acute pancreatitis in the presence of persistent organ failure.
The remainder with local complications and/or transient organ
failure is classified into moderately severe acute pancreatitis.
Aggressive management including hydration, feeding, and
treatment of complications are crucial in acute pancreatitis.
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Chapter 3

Chronic Pancreatitis

Rupjyoti Talukdar and D. Nageshwar Reddy

Patient Questions

1. Will I get complete relief from pain?

Chronic pancreatitis is a disease characterized by pro-
gressive inflammation that results in fibrosis of the pancre-
atic tissue culminating in exocrine and endocrine
dysfunction. Pain results from pancreatic ductal obstruc-
tion by stones or stricture, and pancreatic neuropathy.
Oxidative stress could also drive the intrapancreatic
inflammation and thereby contribute to pain.

Pain can be ameliorated by relieving the pancreatic duct
of obstruction by endoscopic therapy. However, since the
inflammation in CP is progressive, pain might recur.
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2. How can I prevent painful episodes?

Abstinence from alcohol and smoking can prevent
recurrence of episodes of pain. Intake of antioxidant rich
food and avoidance of fatty diet might help.

3. How long do I have to take medications?

There is no specific duration for therapy; and the treat-
ment regimen needs to be individualized. Single modality
therapy is unlikely to provide long term treatment.
Antioxidants needs to be initiated early and should be
taken at least for 6 months following which it may be
titrated or stopped according to the clinical response. If
pain relapses after endotherapy or surgery, the pain could
be neuropathic predominant and should be treated with
pregabalin (B-isobutyl-y-aminobutyric acid).

Introduction

Chronic pancreatitis (CP) is characterized by recurrent
abdominal pain, exocrine insufficiency, and endocrine dys-
function that results from progressive inflammation and
fibrosis of the pancreas. CP does not have a definitive treat-
ment and currently available treatments are directed toward
management of complications.

Epidemiology and Etiology

The epidemiology and etiology of CP differ across the globe
[1]. Its estimated incidence and prevalence in the USA are
4.05/100,000 and 41.76/100,000 population, respectively.
Finland has the highest incidence among the European coun-
tries (13.4/100,000). While Japan has reported the prevalence
of CP of 45/100,000 population, the prevalence of CP has
increased from 3.08/100,000 to 13.52/100,000 between 1996
and 2003. CP is endemic in South India with a prevalence of
126/100,000 population as shown in population based studies
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in Kerala [2]. The distinctive characteristics of CP in these
patients were collectively described as an entity called tropi-
cal chronic pancreatitis (TCP). CP is also prevalent in other
parts of India and the phenotype currently seen all over the
country (including South India) does not always match the
one described as TCP, with only 3.8-5.8 % patients satisfying
the criteria.

In the west CP is associated primarily with alcohol, though
its role as a distinct etiological factor is currently questioned.
Even though smoking was earlier considered as a cofactor
with alcohol in the pathogenesis of CP, recent population
based studies have demonstrated smoking as an independent
risk factor [3]. Among the Asia-Pacific countries, alcohol is
the etiology in 95 % of CP in Australia, 70 % in the Republic
of Korea and 54 % in Japan. In India and China, on the other
hand, over 70 % of patients with CP have idiopathic chronic
pancreatitis [4]. Oxidative stress and genetic mutations are
the predominant factors that have emerged as the risk factors
in patients with idiopathic CP in India.

Median survival for alcohol related CP was 20-24 years in
an earlier European study but more recently it was found to
be 15.5 years from all cause CP. A study form India reported
an 83 % probability of surviving for 35 years after the onset
of CP [5].

Natural History and Clinical Manifestations

CP is believed to develop after a series acute pancreatic
injury at the acinar (trypsinogen activation) or ductal
(improper bicarbonate secretion) level. This is the Sentinel
Acute Pancreatitis Event (SAPE) hypothesis; and the first or
subsequent acute episode may not necessarily be clinically
detectable. The clinical course of CP is very variable and can
be arbitrarily divided into early (first 5 years), intermediate
(5-10 years), and late stages (beyond 10 years), though there
can be significant overlap between the three. Recurrent acute
pain (with acute pancreatitis) marks the early phase while
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development of morphological changes such as pancreatic
calculi, ductal strictures, and pseudocysts are predominantly
seen in the intermediate phase. Pancreatic exocrine insuffi-
ciency (PEI) and diabetes manifest by the late stage, although
these begins to develop earlier [6].

Abdominal pain is the dominant clinical manifestation. A
small proportion of patients with CP may run a painless
course. Even though it appears that with gross parenchymal
destruction the pain would decrease or even disappear, this
appears unlikely and pain could progress even after pancre-
atic atrophy. Analgesic requirement in up to 40 % of patients
even after total pancreatectomy is a testimony to this [7].
Patients who have early onset CP (onset <35 years of age)
appear to have a longer duration of pain. With recent under-
standing of the mechanisms of pain in CP, it would be impor-
tant to identify neuropathic pain since this could have
therapeutic implications. Even though there are currently no
specific clinical tools to confirm neuropathy, the pain DETECT
questionnaire (available in the internet) is a semiquantitative
tool that could suggest the development of neuropathic pain.

Clinical manifestations of PEI appear after the post-
prandial output of pancreatic exocrine secretion into the
duodenum falls to below 10% of normal. This can occur
either after development of gross pancreatic atrophy or
obstructing ductal calculi in the head region. However, since
CP is a progressive condition, subclinical PEI sets in much
earlier. Steatorrhea is the most conspicuous manifestation of
PEI. Other manifestations could be progressive weight loss
and deficiency of fat soluble vitamins and micronutrients.

Diabetes secondary to CP is now termed as Type 3c diabe-
tes. Western data show that diabetes in CP usually occurs 10
years after the onset of disease. However, clinical observa-
tions and experimental studies suggest that beta-cell
dysfunction and diabetes develop much earlier in India, occa-
sionally with diabetes preceding the diagnosis of CP [8].

Diarrhea in patients with CP could result from fat malab-
sorption, diabetic autonomic neuropathy, small intestinal bac-
terial overgrowth, and CP associated intestinal dysmotility.
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Pathogenesis

Genetics of Chronic Pancreatitis

Foremost among the genetic mutations and polymorphisms
recognized in CP are the cationic trypsinogen gene (PRSS1),
pancreatic secretory trypsin inhibitor gene (SPINK1) and
cystic fibrosis transmembrane conductance regulator gene
(CFTR). Studies have demonstrated chymotrypsinogen C
(CTRC), cathepsin B (CTSB), calcium-sensing receptor
(CaSR), and carboxypeptidase 1 (CPA1) also to be associ-
ated with the disease [9]. Recently, genome wide association
studies (GWAS) have demonstrated a strong association of
the polymorphisms in the claudin 2 and PRSS1-PRSS2 genes
with alcoholic recurrent acute and chronic pancreatitis [9-
11]. The mechanisms by which genetic polymorphisms could
result in CP are varied and involve intraacinar and intra-
ductal mechanisms based on the genetic polymorphism that
is operating.

Fibrosis

Progressive fibrosis, which is the pathological hallmark of CP
is primarily mediated by the pancreatic stellate cell (PSC)
[12]. PSCs are cells that reside in the pancreas surrounding
the basolateral surfaces of the pancreatic acini and constitute
about 10 % of all resident cells in the pancreas. In the healthy
state, PSCs remain in a quiescent state, maintain the pancreatic
extracellular matrix, and contribute to physiological exocrine
secretion from the pancreas via a cholecystokinin mediated
mechanism. After exposure to oxidative stresses (cigarette
smoking and alcohol metabolites), and after recurrent acinar
injuries, the PSCs transform into an activated phenotype that
secrete a wide array of cytokines which are capable of trig-
gering an inflammatory cascade. The cytokine that primarily
drives fibrosis is TGF-beta. As a result of the paracrine and
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autocrine activation, activated PSCs lay down excess amounts
of collagen I in the extracellular matrix thereby resulting in
the imbalance between the matrix deposition and degrada-
tion towards a pro-fibrogenic state.

Pain

Pain is the most debilitating clinical manifestation of CP. An
important pain mechanism that has emerged from recent
clinical and experimental studies is oxidative stress and
inflammation induced pancreatic nociception and neuro-
immune alterations [13]. Experimental evidence supports
that PSCs can generate oxidative stress in response to pres-
sure. This observation makes it plausible that pancreatic duc-
tal/interstitial hypertension from obstructing stones and/or
strictures could activate PSCs and resultin a pro-inflammatory
milieu within the pancreas.

Studies have shown that nociceptors (pain receptors) such
as the proteinase-activated receptor 2 (PAR-2), the transient
receptor potential vanilloid 1 (TRPV-1) receptors and the
ligand-gated cation channel transient receptor potential
ankyrin 1 (TRPA-1) are expressed in the pancreas specific
sensory nerves and dorsal root ganglia. Trypsin and mast cell
tryptase (that is known to be secreted in the pancreas in CP)
can bind to and activate these receptors. Other receptors that
are also shown to be expressed on different neural compo-
nents include trkA, P75, and GFRa3. These receptors are
activated by their ligands, namely nerve growth factor (NGF),
brain derived neurotropic factor (BDNF), and artimin,
respectively. In addition, several neuroimmune alterations
have been described in CP. Predominant among these
includes: infiltration of inflammatory cells (especially mast
cells and eosinophils); neural edema and perineural disrup-
tion; Schwann cell (glial cell in peripheral nerves) prolifera-
tion; neural hypertrophy and sprouting and expression of
nestin and growth-associated protein (GAP43), which are
indicators of neuroplasticity. Several factors namely, glutamine,
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calcitonin gene related polypeptide (CGRP), substance P,
and fractalkine (a neural cytokine) have been implicated in
the causation of the neural infiltration. The persistent inflam-
mation and neuroplastic changes in the pancreatic nerves
leading to continuous depolarization of these nerves result in
a state of spinal hypersensitivity, a phenomenon known as
global sensitization. These result in mechanical allodynia, i.e.,
generation of pain after a physiological or non-noxious
stimulus, and inflammatory hyperalgesia, meaning amplified
pain response to normal or minimal pain stimuli. Eventually,
these events bring about a change in the entire cortical pain
modulating neural network in the brain [14]. These events
could explain why patients with long standing CP could
develop pain even after total pancreatectomy.

Diabetes

Even though diabetes secondary to CP (Type 3C DM) has
long been ascribed to pancreatic parenchymal fibrosis and
islet destruction, recent experimental studies have demon-
strated that beta cell dysfunction is noticed in patients with
CP even in the absence of significant beta cell death (apopto-
sis). The beta cells do not secrete insulin in response to glu-
cose challenge. This lack of response appears to be mediated
by the inflammatory milieu contributed by PSCs and T-helper
subsets that infiltrate into the islets [15]. Observations from
these studies have important implications in that if the
inflammatory milieu can be altered, the functional capacity of
the islets could possibly be revived.

Diagnosis

Diagnosis of CP includes evaluation of the morphologic and
functional (exocrine and endocrine) alterations.
Transabdominal ultrasonography (USG) can show pancre-
atic atrophy and a dilated pancreatic duct. Contrast enhanced
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computed tomography (CECT) scan of the abdomen pro-
vides reliable evidence of the pancreatic parenchymal vol-
ume, localization of pancreatic stones and calcifications,
complications such as pseudocyst, and presence of a cancer.
MRI/MRCEP is helpful in identifying altered ductal anatomy
such as dilatation, strictures, leaks, and communication
between the pancreatic duct and pseudocysts. In addition, it
has the advantage of avoidance of radiation exposure. The
above tests are however, not sensitive enough to detect very
early changes of CP, in which case endoscopic ultrasonogra-
phy (EUS) plays an important role. EUS is an operator
dependent procedure which requires expertise and experi-
ence. With increasing experience it is becoming apparent
though that EUS has the tendency to over diagnose early CP.
Endoscopic retrograde cholangiopancreatography (ERCP) is
seldom used as a diagnostic tool.

Pancreatic function tests (direct and indirect) can be used
to assess secretory function of the pancreas. The direct func-
tion tests are used to access pancreatic bicarbonate or exo-
crine enzyme secretion in response to secretin and
cholecystokinin stimulation respectively. Pancreatic secre-
tions are collected through specialized tubes (e.g., Dreiling
tube), through a conventional upper GI endoscope or directly
from the pancreatic duct after cannulation. Even though the
sensitivity and specificity of these tests reach over 80 %, they
are invasive, technically challenging, time consuming, expen-
sive, and not available widely. Furthermore, the capability of
these tests to diagnose early CP is not clear. The secretin-
MRCP test is another direct function test that has the advan-
tage of evaluating the function and structure of the pancreas
simultaneously. Indirect pancreatic function tests include 72 h
fecal fat estimation, fecal elastase test and the *C mixed tri-
glyceride test. Of these, the *C mixed triglyceride test has the
best diagnostic capability, but requires a mass spectroscopy
technique that may not be universally available. Elastase is a
pancreatic exocrine enzyme that is biologically stable through-
out the intestinal transit and its level in stool accurately reflects
the amount secreted by the pancreas. The sensitivity of this
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test to detect mild and severe disease ranges from 0 to 47 %
and 73 to 100 %, respectively [16]. The advantage of this test
is that the currently available exogenous pancreatic enzyme
supplementation does not affect the results since human
monoclonal antibody is used for detection, while the supple-
mented enzymes are from procine source. Presence of diar-
rhea might however, result in a falsely low fecal elastase
concentration.

Evaluation of Type 3c diabetes should begin with testing
for fasting blood glucose and HbAlc. Presence of glutamic
acid decarboxylase (GAD) antibodies and hyperinsulinemia
can distinguish Type 3c diabetes from Type 1 and Type 2 dia-
betes respectively. In the presence of ambiguity, an absent
polypeptide secretory response after insulin induced hypo-
glycemia or secretin infusion provides a diagnosis of Type 3c
diabetes [17]. Plasma C-peptide levels during an oral glucose
tolerance or mixed-nutrient meal testing can ascertain func-
tional beta cell reserve.

Treatment

Goals of treatment for CP include pain relief, pancreatic
enzyme replacement, nutritional support, and glycemic con-
trol. Abstinence from alcohol and smoking is essential and
these patients require constant counselling.

Treatment of Pain

Causes of pain in CP includes: the disease process itself; and
complications such as pancreatic pseudocyst, duodenal/bili-
ary obstruction, and pancreatic cancer. It is therefore impor-
tant to assess the disease morphology prior to initiation of
treatment. Several options including medical, endoscopic,
and surgical are currently available for pain management.
Medical management: In the setting of acute pain, the WHO
pain ladder may be followed beginning with a nonsteroidal
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anti-inflammatory drug (NSAID). Low potency selective
p-opiate receptor agonist such as tramadol hydrochloride
has been shown to be as effective as higher potency narcot-
ics but with a significantly better safety profile. High
potency narcotics such as morphine and analogues should
be avoided [13].

Currently, there is ample evidence to show a significant
reduction of antioxidant defense mechanisms in patients with
CP. Therefore, supplementation of antioxidants can be tried
for pain management [18]. The primary aim of antioxidant
therapy in CP is to supply methyl and thiol moieties for the
intra-acinar transulfuration pathway which is essential for
protection against oxidative stress. Even though the efficacy
of antioxidants in CP has been debatable, two recently pub-
lished meta-analyses have shown that an antioxidant combi-
nation containing organic selenium, ascorbic acid, f-carotene,
a-tocopherol, and methionine is effective in improving pain.
All the components are required at a higher dose and the
most important among them appears to be methionine at a
dose of 2—4 g daily [19, 20].

Since there is a neuropathic component to the pain in
longstanding CP, neural modulators could have an important
role in pain management. Of the several neuromodulators
that have been used in clinical practice, only pregabalin has
been tested in a randomized controlled setting. An increasing
dose from 150 mg to 600 mg per day of pregabalin demon-
strated significant reduction in pain in patients with CP when
treated for 3 weeks [21]. However, a significantly higher pro-
portion of patients receiving pregabalin experienced adverse
events compared with placebo.

A recently completed double blinded placebo controlled
RCT demonstrated that a combination of methionine con-
taining antioxidants and pregabalin resulted in a significant
reduction of pain in patients with CP who had recurrence of
pain after ductal clearance with endotherapy or drainage
surgery [22]. Pain recurrence after clearance of ductal
obstruction is difficult to treat, and this combination appears
to be a viable treatment option for this group of patients.
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Pancreatic enzyme supplementation is often used for pain
in CP in clinical practice. This is based on the premise that
proteins in the food chyme bind to duodenal CCK receptors
that results in pancreatic enzyme secretion, which could
eventually result in ductal hypertension and pain; and that
the protease in the supplemented enzyme cause a negative
feedback loop by binding to the CCK receptors. However, a
recent systematic review of RCTs showed that pancreatic
enzymes did not confer any analgesic benefit. Interestingly,
significant pain relief was observed in the individual studies
that used non-enteric coated enzyme preparation, thus imply-
ing that the binding of non-enteric preparations with CCK
receptors is better [23]. However, all the currently available
pancreatic enzyme preparations, except Viokase, are enteric
coated and are unlikely to be beneficial for pain.

Endoscopic management: Endoscopic management in CP
is indicated for obstructing ductal stones, pancreatic and bili-
ary strictures, pseudocyst drainage, and celiac block [24].
Extracorporeal shock wave lithotripsy (ESWL) with or with-
out endoscopic retrograde cholangiopancreatograpgy
(ERCP) and stenting is currently the recommended standard
of care for the treatment of large obstructive pancreatic duc-
tal stones, especially those located in the head and body
region. The primary goal of ESWL is to reduce the stones to
fragments below 3 mm size. Best results with ESWL are
obtained with the third generation lithotriptors with dual
focusing system (fluoroscopy with ultrasonography).
Fragmented stones can be removed at ERCP by flushing or
using accessories such as baskets and balloons. In a study by
Tandan et al. [25] on a cohort of 636 patients, complete pain
relief was observed in 68.7 % of patients on intermediate
follow-up (2-5 years) and in 60.3 % on long-term follow-up
(>5 years) after ESWL. Patients were followed for as long as
96 months. Stone clearance was complete in 77.5 % and 76 %
in the intermediate and long-term follow-up groups respec-
tively. Interestingly, 50 % of patients who had recurrence of
pain did not have recurrence of stones, implying that a
majority of pain recurrences is related to mechanism such
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as pancreatic neuropathy. In another retrospective study of
120 patients by Seven et al. [26] complete pain relief was
observed in 50 % patients, along with a significant improve-
ment in quality of life scores (VAS) [7.3 (2.7) vs. 3.7 (2.4);
p<0.001). The longest follow-up duration in this study was
7 years, and 85 % patients had pain relief pain after the mean
follow-up of 4.3 years. In another study, injection of I'V secre-
tin (16 mcg) before the procedure resulted in a better stone
clearance (63 % vs. 46 %; p=0.021), possibly by release of
pancreatic ductal secretion that results in a fluid-stone inter-
face [27]. On multiple logistic regression analysis, secretin use
and pre-ESWL pancreatic stenting emerged as independent
predictors of complete or near complete stone clearance.
Symptomatic pancreatic ductal strictures, especially the
ones located in the head of the pancreas are best treated with
a single 10Fr polyethylene stent with planned stent exchanges
within 1 year even in the absence of symptoms [28]. Many of
the dominant strictures require prior dilatation with bougies,
balloons, or a Soehendra stent retriever. Pancreatic stenting
was technically successful in 85-98 % cases [29-32] and was
associated with immediate pain relief in 65-95 % patients
that was sustained in 32-68 % of patients on follow-up of up
to 14-58 months [29-34]. Even though there is no consensus
on the definition of long-term clinical success, absence of pain
at 1 year after stent retrieval may be considered as clinical
success [29]. Cessation of further stenting during ERCP can
be assessed by demonstrating adequate pancreatico-duodenal
flow of contrast medium within 1-2 min after filling the pan-
creatic duct upstream to the stricture and/or easy passage of
a 6 Fr catheter through the stricture. Since pancreatic stents
run the risk of clogging and migration, several modifications
in the shapes and types of stents (multiple plastic and covered
expandable metallic stents) are being studied; unfortunately
none has been established as a standard of care. Pancreatic
duct strictures that persist despite 12 months of single plastic
stenting can be treated with multiple plastic stents placed
side-by-side simultaneously [35]. Even though excellent tech-
nical (100 %) and functional (97.4 %) success could be
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achieved, stent migration may be seen in 10.5% patients
while 15.8 % patient may require reinterventions. Technical
success in placing covered self-expanding metal stents
(SEMS) can be as high as 100 % with 80 % functional success
in relieving pain on short-term follow-up [36]. Stent migra-
tion and reintervention may be required in 8.2 % and 9.8 %
patients respectively. Currently, use of SEMS is recom-
mended only under clinical trial settings. Multiple strictures
and those located upstream towards the tail are difficult to
manage endoscopically. These strictures are best treated with
surgery in the presence of symptoms. It is important to be
vigilant on the possibility of a cancer in the presence of
stricture/s in the background of CP. Pancreatic ductal stenting
is also indicated in the treatment of pancreatic duct leaks.
However, complete ductal disruption might require pancre-
atic resection.

Symptomatic pancreatic pseudocyst can be treated endo-
scopically by transpapillary or transmural (cystogastrostomy
and cystojejunostomy) drainage. With linear echoendoscope,
drainage is now possible even for pseudocysts that do not
produce a bulge in the stomach or the duodenum, and also
for those located away from the gastrointestinal lumen.
Biliary stricture in CP results from pancreatic fibrosis, pan-
creatic edema and compression by a pseudocyst. It is impor-
tant to rule out malignancy as a cause. Biliary strictures
require treatment if the patients have evidence of cholestatic
symptoms and/or cholangitis or if there is elevation of serum
alkaline phosphatase by twofold for more for more than a
month. These strictures are usually treated with single or
multiple plastic biliary stents that are exchanged every 3
months for a total of 1 year. The long-term results of using a
single 10 Fr plastic stent are poor (25 % sustained benefit
after 46 months follow-up) [37]. Presence of pancreatic calci-
fication is one of the major factors responsible for long-term
failure of single plastic stents [38]. In order to circumvent the
poor long-term outcome of placement of single plastic stent,
multiple plastic stents can be placed side-by-side for 1-year
with scheduled exchanges every three months [29]. Scheduled



52 R. Talukdar and D.N. Reddy

exchanges are important in order to prevent cholangitis from
stent clogging [39]. Successful long-term treatment with
placement of multiple simultaneous stents has been shown to
be 92 % compared to 24 % with single stent for similar fol-
low-up durations [40]. FCSEMS has also been attempted for
biliary strictures, but the current data is not robust enough to
incorporate this modality into the routine treatment.

Blocking the celiac plexus is considered as one of the
treatment modalities of intractable pain in CP. Celiac plexus
block can be achieved with a local anesthetic agent (bupiva-
caine) with or without steroid (triamcinolone). EUS-guided
or percutaneous approaches can be used. However, the over-
all benefits of celiac plexus block in CP are about 55 % after
4-8 weeks that falls to 10 % by 24 weeks.

Surgical management: Surgical options for pain manage-
ment in CP include drainage procedures (lateral pancreatico-
jejunostomy and Frey’s procedure), classical (Kausch
Whipple) or pylorus preserving (Traverso-Longmire) pan-
creaticoduodenectomy, distal pancreatectomy, and total pan-
createctomy [13]. Pancreaticoduodenectomy is particularly
useful in pain with an associated inflammatory mass in the
head of the pancreas, especially if a pancreas cancer cannot
be excluded in the background of CP. A significant propor-
tion of patients who undergo resection procedures develop
exocrine and endocrine insufficiencies. Total pancreatectomy
with auto islet-cell transplantation (TPIAT) is being prac-
tised in select centers for patients with intractable pain [7, 41].
However, even after removing the entire pancreas, 30-40 %
of patients may still experience pain [7]. A lateral pancreati-
cojejunostomy could be beneficial for painful pancreatic
ductal stone located throughout the pancreatic duct.

Treatment of Pancreatic Exocrine
Insufficiency (PEI)

The mainstay of treatment for PEI in CP is pancreatic enzyme
replacement therapy (PERT) which entails supplementation
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of lipase, protease, and amylase. Of these three, lipase supple-
mentation is the most important component. To avoid proteo-
lytic digestion, lipase should be administered in enteric coated
form. It is important that the pancreatic enzyme supple-
ments are delivered into the duodenum along with the
chyme from the antrum. This can be achieved if the enzyme
preparations are loaded into pellets of 2 mm or less in size
(microsphere and mini microsphere). Pancreas secretes
around 600,000 units of lipase daily and 10% of this is
required for fat digestion [42]. Therefore, the minimum daily
requirement of lipase in CP is at least 60,000 units. The
approximate dose requirement can be calculated on the
basis of fat content of the meal; and an ideal beginning daily
dose of 40,000 units of lipase or higher should be sufficient.
Starting with a higher dose is important because of bile acid
denaturation and high proteolytic activity of proteases on
the supplemented lipase. The enzyme doses can be titrated
thereafter based on the response and fat content in the diet.
Since it is important for the supplemented enzymes to mix
well with the food chyme for optimal action, pancreatic
enzymes should be taken along with meal. Furthermore, it is
advisable to co-prescribe a proton pump inhibitor (PPI) so
that the supplemented enzymes get an additional protection
from acid degradation besides the enteric coating [43]. The
benefit of PERT in patients without clear evidence of exo-
crine insufficiency is not known. Even though substantial
emphasis is given on pain management and PERT in clinical
practice, nutritional advice and counselling are frequently
overlooked. It is important to realize that any enzyme
requires a substrate to exert optimal action. Hence, it is not
essential to restrict the patient to an unpalatable fat free
diet. Therefore, patients on PERT should take normal
amount of dietary fat. In the absence of expected improve-
ment of the nutritional status after PERT, it is important to
evaluate for other factors such as noncompliance, high fat
content in diet, high duodenal acidity, and small intestinal
bacterial overgrowth.
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Nutritional Support

A thorough nutritional assessment is essential. Dietary sup-
plements should include antioxidants containing food, mul-
tivitamins and diets with high complex carbohydrates. Deep
frying of food depletes the naturally occurring antioxidants,
and therefore, these kinds of food should be avoided [44].
Medium chain triglycerides (MCT) containing diets have
an unpalatable taste and might be a cause for noncompli-
ance to dietary advice and are not routinely recommended.
Furthermore, a recent randomized controlled trial has shown
that good dietary counselling on homemade food could be
as good as commercially available MCT containing diet in
improving nutritional status in documented malnourished
patients with CP [45]. Food with high dietary fibers could
interfere with the action of pancreatic enzymes and should
be avoided in patients on pancreatic enzyme replacement
therapy [46].

Conclusion and Future Directions

CP is a complex illness and does not have definitive cure
so far. Pain is the most common clinical symptom that
mandates aggressive treatment. It is essential to assess the
disease morphology adequately and rule out an underlying
cancer especially in the elderly patient with long standing
disease. Presence of obstructive ductal calculi or a major
stricture should be managed with endotherapy as the first
line. The right preparation of antioxidant formulation at the
optimal dose and neuromodulators (e.g., pregabalin) can
offer significant pain relief. PERT should include at least
20,000 units or higher of lipase and should be taken along
with each meals and the dose titrated according to response.
Nutritional assessment and supplementation is mandatory.
Finally, continuous counselling, reassurance, and advice to
abstain from smoking and consuming alcohol are of para-
mount importance.
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Further research needs to be conducted on the genotype—

phenotype associations of the disease and pain mechanisms
at the molecular level so that effective personalized prognos-
tication and pain management tools can be developed.
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Chapter 4

Recurrent Acute Pancreatitis

Venkata N. Muddana and Nalini M. Guda

Patient Questions

What should I do? Should I go for surgery or Endoscopic
treatments or should I wait and watch? Are there any specific
treatments?

The diagnosis of recurrent acute pancreatitis should be
made carefully. One should have significant abdominal pain
and should have either pancreatic enzymes that are at least
three times above the normal limit or should have at least a
CT scan showing changes of pancreatitis. Most (80 %) of the
times a diagnosis can be established and is usually related to
either gall stones (large) or very minute sand like stones, alco-
hol use, elevated triglycerides, certain congenital abnormalities
and/or medications. All offending agents should be eliminated.
For obvious stone disease, gall bladder surgery is warranted.
Surgery for presumed small stones is not unreasonable and
may prevent future attacks. Though genetic abnormalities and
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environmental influences play a significant role there are no
specific interventions available and testing is limited.
Endoscopic therapies have a role in certain conditions and
should be done only after careful evaluation at an expert facil-
ity. Certain congenital abnormalities such as pancreas divisum
could cause recurrent attacks of pancreatitis. Endoscopic
treatment may or may not prevent future attacks and again
this should be done at an “expert” center. One must avoid
smoking as this can lead to progressive gland injury and scar-
ring leading to chronic pancreatitis. Every acute episode
should be evaluated and supportive care provided.

Introduction

Acute pancreatitis (AP) can be associated with significant
morbidity and mortality. The annual incidence is on the rise
[1]. AP is an acute inflammatory process of pancreas that
frequently involves peripancreatic tissue and remote organ
systems. AP has many causes of which alcohol abuse and
Gallstones account for 70 %. The exact mechanisms by which
these factors initiate AP are unclear. Genetic and environ-
mental factors seem to play a role in the onset, severity, and
outcome of the pancreatic disease [2]. If not corrected, any
factor responsible for pancreatitis is capable of producing
recurrent attacks of AP, and hence it is important to carefully
evaluate the patient and address the underlying issue [3].
Because of the significant interplay between the known risk
factors, patient’s genetic factors, and the environmental fac-
tors, elimination or modification of one of these risk factors
does not necessarily result in elimination of future risk. Due
to the complex interplay between these factors, establishment
of the etiology of AP often requires expensive and sometimes
invasive evaluation, some of which entails risk for significant
complications, including further pancreatitis [4].

Exact incidence of recurrent acute pancreatitis (RAP) is
difficult to estimate due to variation in geographic location,
etiologies, and evaluation approach used. Prevalence in various
retrospective studies varies from 10 to 30 % [5-7]. In one study
evaluating the natural history after the first attack of acute
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pancreatitis, recurrent attacks were seen in up to 16.5 % of the
patients at a mean follow up of 7.8 years [8].

Recent evidence suggests that a continuum exists between
RAP and chronic pancreatitis (CP) [9-11]. Ten percent of
patients with first episode of AP and 36 % with RAP develop
CP [12]. When thoroughly investigating with newer sensitive
techniques—such as endoscopic ultrasound (EUS), secretin-
enhanced magnetic resonance (S-MRCP), and pancreatic
function tests (PFTs)—many patients presenting with iso-
lated RAP and a minority of those presenting with their
sentinel attack are found to have morphological evidence of
CP, ranging from subtle “minimal change” disease to obvious
disease with calcifications. It is not clear if a sentinel event
starts an inflammatory process that cannot be turned off
(Sentinel acute pancreatitis event SAPE hypothesis) [11], or
if the pathology simply represents accumulated damage from
prior attacks that has not fully healed [13]. Few of the patients
with RAP and normal morphological gland may suffer with
intractable chronic pain.

Definition

RAP is defined as two or more well-documented separate
attacks of AP with complete resolution for more than three
months between the attacks [14-16]. It usually occurs in the
setting of normal appearing and functional pancreas. Evidence
of underlying CP can be identified either at the time of the
first attack or during follow up attacks. At the current time
the exact cause of recurrent acute pancreatitis is unclear in up
to 30 % and this group of patients is termed as idiopathic
recurrent acute pancreatitis (IRAP).

Etiology

Major causes for RAP are gallstones and alcohol abuse.
Other causes include hypercalcemia, hypertriglyceridemia,
pancreas divisum, post-endoscopic retrograde cholangiopan-
creatography (ERCP), sphincter of Oddi dysfunction (SOD),
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viral infections, congenital abnormalities, microlithiaisis,
tumors, genetic disorders, and autoimmune pancreatitis. Any
condition causing a single episode of AP has the potential to
cause a recurrent episode, unless the inciting factor has been
corrected. Recurrence in patients with AP due to etiologies
mentioned above depends on how effectively the etiology
has been treated. Either by eliminating or treating the under-
lying cause recurrent attacks can be reduced. Patients with
idiopathic cause and those with genetic abnormality are at
risk for developing subsequent attacks of pancreatitis [17].
Thus, it is reasonable to consider relapsing pancreatitis as a
complex syndrome associated with numerous etiologies,
clinical variables, and complications.

Gallstones: Gallstone disease is the most common cause for
AP around the world accounting for 3540 % [18]. In addi-
tion to obtaining liver function tests, all patients presenting
with sentinel attack of AP should undergo right upper quad-
rant ultrasound to search for biliary cause of AP. If gallstone
etiology is suspected, patients should undergo cholecystec-
tomy or ERCP with biliary sphincterotomy to prevent recur-
rent attacks [19].

When stones in the bile duct or gall bladder are detected, one
should undergo cholecystectomy and/or ERCP, sphincterotomy
alone is not adequate unless one is deemed a poor surgical risk

Biliary Sludge or Microlithiasis: Sludge is a viscous suspension
of crystals, mucin, glycoproteins, and proteinaceous material
in gallbladder that may contain small stones, or microlithiasis
(<3 mm in diameter) [20]. On ultrasound it is seen as mobile,
low amplitude echoes that do not produce a shadow and lay-
ers in most dependent part of the gallbladder. It occurs in
functional or mechanical bile stasis. Common associations are
a prolonged fast, TPN, and distal bile duct obstruction.

Microlithiasis: A cut off of 3 mm has been taken because
abdominal ultrasound can diagnose stones > 3 mm in size.
They are predominantly composed of cholesterol.
Microlithiasis and sludge are often used interchangeably.
Sludge may regress spontaneously but microlithiasis does
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not. These are best detected on EUS with sensitivity of 96 %
which is found to be superior to bile crystal analysis [21].
Studies have shown that in patients with suspected microli-
thiasis, there were detectable gallstones on follow-up ultra-
sound [22,23]. The prevalence of these as the cause for RAP
has varied across the studies. Some studies showed high
prevalence 60-73 % using bile microscopy in gall bladder in
situ patients and RAP has been eliminated by removal of
gallbladder [22-25]. A study from India has reported low
prevalence (13 %) of microlithiasis. In this particular study
EUS was used for diagnosis instead of bile microscopy [26].
Ideal situation to label microlithiasis as cause of RAP would
be detection of these by EUS in patients with suspected bili-
ary etiology. Recurrence rates of AP are approximately
33-60 % if biliary etiology is not treated properly [26, 27].
There is definite risk of AP during waiting period for chole-
cystectomy [28]. Early cholecystectomy (<72 h) from the time
of hospitalization is preferred in the setting of mild AP and
not to wait for normalization of enzymes [29, 30].

When biliary etiology is suspected early cholecystectomy is pre-
ferred and not all patients need an ERCP. ERCP should be done
only in those with concern for presence of stones in the bile ducts
as shown by liver function tests or imaging studies. In the setting
of acute biliary pancreatitis ERCP is indicated only for ongoing
biliary obstruction and or ascending cholangitis.

Alcohol and Smoking: Excess alcohol consumption is respon-
sible for 30 % of all cases of AP in the USA [31]. Recurrent
episodes of acute pancreatitis typically occur in those patients
who continue to drink and in those with underlying chronic
calcific pancreatitis [32]. Prevalence estimates for RAP in
alcoholics are about 16.9 % in men and 5.5 % in women [33].
Recent data has shown that smoking is an independent and
dose dependent risk factor for AP, RAP, and CP [34-36]. The
effects of smoking are enhanced in the presence of alcohol
consumption. Risk for progression to CP in patients with AP
and RAP are higher among smokers and alcoholics [12].
Therefore, it is important to elicit a proper social history and
provide necessary counseling.
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Drug induced Pancreatitis: Several drugs have been impli-
cated as a cause of AP, but ascertaining a true case and effect
relationship can be difficult. In addition, some may cause
pancreatitis through an intermediary, like hypertriglyceride-
mia. Evidence of pancreatitis on rechallenge is not seen in all
the implicated drugs, and the weight of evidence is variable
for different drugs. Latency periods for development of pan-
creatitis can be unpredictable. A review of medications and
cessation of drugs that have a temporal relationship with the
attack, or have more evidence of being casual, with or with-
out a trial of that medicine, is beneficial in some patients [37].

Genetic Factors: Genetic factors have long been suspected to
play a role in the cause, clinical course and outcomes of RAP
and development of CP overtime. In a Danish study, the cat-
ionic trypsinogen gene (PRSSI), serine protease inhibitor
Kazal type 1 (SPINKI), and the cystic fibrosis transmem-
brane conductance regulator gene (CFTR) were present in
up to 50 % of patients with idiopathic CP [38].

CFTR-gene mutations: CFTR-gene induces a defect in chlo-
ride ion transport at the level of the apical membrane-
chloride channels of epithelial cells, resulting in an abnormally
viscous exocrine secretion that leads to persistently high
intraductal pancreatic pressure. There are many clinical fea-
tures associated with CFTR-gene mutation phenotype: exo-
crine pancreatic insufficiency with no inflammatory changes,
RAP, asymptomatic patient with elevated pancreatic enzymes,
and normal morpho-functional gland. Even when etiology is
obvious (e.g., in pancreas divisum), an interplay with genetic
factors apparently occurs (increased incidence of CFTR),
thus accounting for RAP only in a subset of patients [39].

SPINKI gene mutations: SPINKI have been associated with
RAP, but are not common findings in those with initial/senti-
nel attacks of pancreatitis in the North American population
[40]. SPINKI may be responsible for much of “tropical pan-
creatitis,” and both CFTR and SPINKI appear to increase
the risk of alcohol-related pancreatitis.
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PRSSI1-gene mutations: Hereditary pancreatitis is an autoso-
mal dominant disorder with penetrance rates up to 80 %.
Mutations of the PRSSI are most often responsible, with
impaired activation of trypsin and continuous activation of
the digestive enzymes predisposes individuals to recurrent
bouts of pancreatitis in childhood and frequent progression
to CP. Lifetime risk of pancreatic cancer in this population is
about 40 %. Management of threes patients are similar to
that for AP or CP of other etiologies, although interest is
increasing in total pancreatectomy with auto islet cell trans-
plantation, partly because of cancer risk [41]. Genetic coun-
seling may be important for family members and patients.

Current evidence does not suggest routine genetic testing.
Facilities are not available at all centers and may be done in an
appropriate research/clinical settings

Metabolic causes: Up to 4 % of episodes of AP are thought
to be related to hypertriglyceridemia. In general, to cause
AP, it is felt that fasting serum triglycerides must be present
in excess of 1000 mg/dl. It is less clear how acute transient
rises in serum triglycerides after meals can affect the pan-
creas, because patients with moderately elevated fasting
levels may still have toxic levels after meals. Recurrent rates
of AP in patients with hypertriglyceridemia can be pre-
vented if triglyceride levels are controlled within normal
limits with diet and medications [42]. Mutations in LPL pro-
teins and higher frequency of CFTR gene polymorphisms
have been identified in hypertriglyceridemia related pancre-
atitis [43, 44]. Control of diabetes mellitus, weight loss and
lipid lowering drugs will reduce the triglyceride levels, but
noncompliance is frequent and many of these patients prog-
ress towards CP.

Hyperparathyroidism can cause AP, RAP, and CP.
Felderbauer et al. have shown that genetic mutations involv-
ing SPINKI, CFTR, and CTRC genes are seen in patients
with hyperparathyroidism associated pancreatitis [45].

Celiac disease: Celiac disease is thought to be a possible cause
of RAP by causing papillary inflammation and obstruction.
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However, data are scant. Treatment is usually endoscopic
sphincterotomy for relief of obstruction, along with necessary
dietary counseling for celiac disease [46].

Autoimmune Pancreatitis: Autoimmune pancreatitis (AIP) is
a systemic fibroinflammatory disease that can affect the pan-
creas. AIP is divided into type 1 (lymphoplasmacytic scleros-
ing pancreatitis), which is related to IgG4, and type 2
(idiopathic duct centric pancreatitis), which is associated with
granulocyte epithelial lesions [47]. AIP may present in a vari-
ety of ways, including biliary and pancreatic obstructive dis-
ease with or without a pancreatic mass, sometimes mimicking
pancreatic cancer; it may also present as RAP, especially in
young women with inflammatory bowel disease. The clinical
profile and relapse differ for type 1 versus type 2 AIP. The
proportion of patients who present with IRAP and have AIP
is relatively very low [48]. Data are limited, but suggest that
clinical or biochemical autoimmune stigmata can be present
in up to 40 % of patients labeled as having idiopathic CP. In
the presence of abnormal imaging suggestive of AIP it is rea-
sonable to assess further for presence of AIP. Sensitivity of
serum IgG4 levels in US patients is very low, generally under
20 %, and is probably lower for those with RAP. Because the
diagnosis can be elusive, several criteria have been proposed
to diagnose AIP. The most widely used in the USA is the
HISORt criteria (histology, imaging, serology, other organ
involvement, and response to therapy) [49] . Histologic
confirmation is desirable, but can be difficult and potentially
risky to obtain. Histologic confirmation can be obtained by
EUS-guided Tru-Cut biopsy of the pancreas; however this
method is generally reserved for IgG4-negative patients with
a strong clinical suspicion. Ampullary biopsy with IgG4 stain-
ing may be a safer option, and specificity approaches 100 %,
although sensitivity is about 50 % [50]. Treatment is usually
with corticosteroids, although spontaneous resolution with-
out therapy has been reported; relapses are relatively com-
mon with type 1. Long-term consequences of steroids and
other immunosuppressive agents are of concern [51].



4. Recurrent Acute Pancreatitis 67

Congenital Abnormalities of Pancreatic
and Biliary Anatomy

Pancreas divisum: Common congenital anomaly of pancreas
present in 2.7-22 % of the western populations; it is less com-
mon in Asians [52, 53]. Pancreas divisum is certainly associ-
ated with RAP and CP but why a few patients are affected
while the majority are spared is unknown [54, 55]. Studies
have shown that minor papillotomy decreases the risk of
recurrence of AP if CP is not already established [56, 57].
Once CP is present, minor papillotomy may benefit only
40-50 %. Although one retrospective series found no correla-
tion between pancreas divisum and RAP [58]. It is well rec-
ognized now that pancreas divisum with RAP is associated
with increased prevalence of genetic abnormalities. Several
studies have suggested that a heterozygous defect in the
CFTR gene may predispose patients with pancreas divisum
to RAP [39, 59, 60]. At this time, pancreas divisum should be
considered as a possible causative factor for RAP. ERCP
solely for the purpose of ductography should be avoided, and
alternate imaging techniques should be used instead to estab-
lish the anatomy. Although the sensitivities of MRCP and
EUS are modest, the specificities are generally very high. The
addition of secretin to MRCP very likely improves accuracy
such that it approaches that of ERCP. As with all pancreatic
sphincterotomies, restenosis occurs in 20-30 % of patients
and repeat interventions may be needed to correct it [61].

ERCP with minor papillotomy might be of benefit for those with
definite recurrent acute pancreatitis. Endoscopic therapy should
be done after careful assessment and discussion of the limited
efficacy of therapies. Preferably this should be done at an institu-
tion with significant expertise and in a research setting.

Choledochocele: Cystic dilation of the biliary system can
involve either the extrahepatic or intrahepatic biliary system.
There are five types of choledochal cysts; type 3 is by defini-
tion choledochocele. In type 3, there is dilation of the intra-
mural segment of the pancreatobiliary junction. Association
of choledochocele with RAP is likely from sludge or stones
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obstructing the pancreatic duct outflow. Diagnosis is often
made by MRCP, EUS, or ERCP. Therapy involves endoscopic
unroofing of the papilla, with biliary plus or minus additional
pancreatic sphincterotomy [62].

Anomalous pancreatobiliary junction involves an unusu-
ally long (>1.5 cm) common channel between the bile and
pancreatic ducts, caused by failure of descent in embryologic
development. This anomaly facilitates fee reflux of bile and
pancreatic juice into the alternative ducts, possibly resulting in
pancreatitis. The risks of cholangiocarcinoma and gallbladder
carcinoma possibly are increased, especially if a choledochal
cyst is also present. Diagnosis can be made by EUS or MRCP.
The role of ERCP and sphincterotomy in reducing risk is
uncertain, as are biliary resection or diversion procedures, and
there are very limited data to support this approach [62].

Annular pancreas is defined as a pancreatic tissue partially
or completely encircling the duodenum usually at the level of
or just proximal to the major papilla [63]. It is often associ-
ated with duodenal or biliary obstructive symptoms and/or
pancreatitis that may affect the annulus or the remaining
pancreas. Treatment consists of gastrojejunostomy in case of
duodenal occlusion.

Sphincter of Oddi Dysfunction (SOD): The current “gold stan-
dard” to measure biliary and pancreatic sphincter pressure is
to perform ERCP using a manometry catheter [64].
Manometrically, SOD is defined as basal biliary or pancreatic
sphincter pressures > 40 mmHg which is greater than 3 stan-
dard deviations above normal [65]. In patients with well-
documented RAP, where a thorough history, routine laboratory
testing, and conventional imaging have not found a cause,
abnormal manometry is found in 15-72%. SOD has been
classified under three sub types on the basis of clinical and
morphological parameters, and manometric findings [66]. This
may involve biliary and/or pancreatic segment of the sphinc-
ter [67]. Type 1 dysfunction patients have AP (pancreatitis-
like pain with high serum pancreatic enzymes) together
with a dilated common bile and/or main pancreatic duct
and prolonged drainage, suggesting a structural abnormality.
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Type 11 dysfunction patients have pancreatic-like pain, associ-
ated with one or two type 1 items, in this group, with either
pancreatitis or only pancreatic-like pain patients with func-
tional or structural sphincter disorder are probably evenly
distributed. Manometry shows elevated basal pressures but no
stenosis in majority of patients. Type III SOD patients have
pancreatic-like pain with no rise in serum pancreatic enzymes
and bilio-pancreatic morphological abnormalities. However,
based upon recent EPISOD study [68] SOD type 111 does not
exist as true pancreatobiliary disease and these patients
should be categorized as functional abdominal pain [69],
rather than true pancreatobiliary disease. Unfortunately,
abnormal findings on Sphincter of Oddi manometry of biliary
and/pancreatic sphincters does not necessarily predict consis-
tent relief of symptoms from biliary and/or pancreatic sphinc-
terotomy. As a result, SOD is controversial as an etiology for
IRAP, especially in patients who still have intact normal gall-
bladder. The relative importance of the biliary and pancreatic
sphincters to the syndrome, and the added benefit of dual
versus single sphincterotomy are also unclear.

Whether sphincter of Oddi dysfunction causes recurrent acute
pancreatitis is very controversial.

Tumors: Pancreatic and Ampullary tumors are an unusual
but important cause of RAP. Conventional imaging can easily
miss benign and malignant tumors. Pancreatic neuroendo-
crine, mucinous cystic neoplasms and ductal adenocarcinoma
may all present as unexplained pancreatitis, albeit in a small
(~2 %) proportion of patients. EUS with high sensitivity is
generally indicated for idiopathic pancreatitis, especially in
older patients to evaluate for small tumors. Ampullary lesion
can be identified on standard endoscopy, EUS or by
ERCP. One should pay attention to the minor papilla as well
preferably with secretin stimulated MRCP to rule out santo-
rinicele, tumors of the minor papilla. The rate of AP in
patients with mucinous cystic neoplasms in the largest pub-
lished surgical series has varied from 12 % to 67 % [70]. The
risk of AP seems to be similar with both main duct and side
branch intra ductal papillary mucinous neoplasms (IPMN),
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although data are controversial. AP seems to happen more
often in patients with IPMN then induced with ductal adeno-
carcinoma possible because of obstruction of main pancreatic
duct by thick mucin.

Diagnostic Approach

It is extremely important to establish the cause of AP because
by removing the cause we eliminate the risk of further recur-
rences unless there is chronic underlying disease involved. A
proper history (including alcohol smoking history, and medi-
cation review) and physical examination are central to the
evaluation of unexplained RAP, including IRAP. Standard
diagnostic tests such as blood chemistry, trans-abdominal
ultrasound, and pancreatic protocol CT scan generally detect
the causes of recurrent episodes in about 70-80 % of cases.
Transabdominal ultrasound is done to assess presence of gall-
stones and may need to be repeated after the attack if the
ultrasound during the attack was technically limited by pain
or ileus. Pancreatic protocol CT of the abdomen is useful
selectively to assess the pancreas for abnormalities, including
extent and severity of pancreatitis, duct dilation, evidence of
chronic or autoimmune pancreatitis and presence of tumor,
especially in older patients. With the coronal imaging, routine
pancreatic and biliary ductal dilation and anatomy are often
apparent.

When no cause is found at the initial diagnostic workup,
these patients should have more advanced diagnostic workup
that includes specific pancreatic tests, genetic testing, MRCP-
Secretin, sphincter of Oddi manometry, EUS, and in selected
cases ERCP. In younger patients (<40 years of age) with
RAP, it is reasonable to check for genetic markers in the
absence of other etiology. The enthusiasm for genetic testing
is hampered by the cost, availability and lack of effective
genetically tailored treatments. However, it is important to
recognize hereditary pancreatitis because it has important
clinical implications, including that these individuals would
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also need screening for pancreatic cancer because of their
increased risk. An algorithm of appropriate workup based on
current evidence and practice is proposed [71].

Genetic testing is not routinely done due to lack of availability,
costs and lack of specific therapies

Endoscopic Ultrasound

EUS is accurate, low risk diagnostic tool for evaluation of
unexplained pancreatitis and should be considered the first-
line examination in such patients [72]. EUS has shown to
identify microlithiasis or gallstones when standard imaging
has failed [73]. EUS has been documented to have a sensitiv-
ity of 96 % for diagnosing microlithiasis and has a negative
predictive value of 95.4 % for diagnosing CBD stones [74].
Yield of EUS in finding the etiology of pancreatitis is similar
for patients with a first attack and those with repeated attacks
[75]. Apart from EUS being most sensitive test for gallbladder
stones, it is highly accurate for the identification of CP, pan-
creas divisum, pancreatic IPMNs, and small pancreatic and
ampullary masses by experienced operators. The frequency of
the diagnosis of CP in patients with RAP on the basis of EUS
criteria ranges from 10 to 30 % [75, 76].

It is reasonable to perform EUS after an unexplained episode of
sentinel attack/recurrent acute pancreatitis.

Bile Crystal Analysis

When EUS is unrevealing, duodenal bile aspiration should be
considered after administration of intravenous cholecystoki-
nin at the same time session in patients with intact gallblad-
der [77]. Microscopic analysis reveals crystals in up to 48 % of
patients with IRAP and cholesterol crystals or bilirubinate
granules in bile are not totally excluded by EUS.

Very few centers perform bile crystal analysis and EUS is more
commonly used to detect microlithiasis
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MRCP

MRCP is a noninvasive test that permits evaluation of the
parenchyma with T1- and T2-weighted images, and allows
three-dimensional reconstruction of the modality to evaluate
the biliary and pancreatic ductal anatomy. With EUS, MRCP
is usually a second-step procedure in the evaluation of RAP
[78]. MRCP with secretin test permits indirect evaluation of
sphincter of Oddi motility, as an alternative to more invasive
tests such as sphincter of Oddi manometry. However, the
secretin test is less sensitive than manometry for intermittent
sphincter motility disorders like Type II SOD. In cases of
pancreas divisum with non-dilated dorsal duct, the MRCP
with secretin test may help detect some minor papilla
malfunction.
MRCP can give similar data as ERCP in most instances except

for pressure measurements. It is a noninvasive test and has mini-
mal risks as compared to ERCP

ERCP

With the advances in pancreaticobiliary imaging and avail-
ability of EUS and MRCP, ERCP is rarely used for diagnostic
purpose only except for Sphincter of Oddi manometry and
intraductal EUS. ERCP has the advantage to perform thera-
peutic measures when mechanical cause of RAP is suspected.
Endoscopic ampullectomy may be appropriate for patients
with benign localized ampullary neoplasia. Endoscopic bili-
ary and/or pancreatic sphincterotomy may have a role in
other obstructive conditions, including congenital anatomic
variants (e.g., choledochocele, pancreas divisum, and SOD).
Obstructive processes (e.g., parasitic infections, as in ascaria-
sis and clonorchiasis) seem to respond to endoscopic therapy
[79]. Relieving obstruction in chronic pancreatitis (strictures/
stones) can reduce acute-on-chronic pancreatitis. Well-
designed prospective studies are needed to evaluate the effi-
cacy of endoscopic therapies for RAP.
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ERCP does have a definite therapeutic role in some situations
and all alternatives should be considered prior to performing
ERCP

Management

Acute episodes of pancreatitis, irrespective of the etiology,
are treated with supportive care, including aggressive hydra-
tion and analgesics. If specific cause pertinent to RAP is
ascertained than therapy is directed to that etiology. Attempts
should be made to correct underlying metabolic disturbances.
Contrast enhanced CT scan if permit is generally performed
within the first 3 days for patients with more severe attacks.
EUS and MRCP are reasonable choices of testing prior to
performing ERCP; EUS may be preferred in old patients and
in those with gallbladder in place. Appropriate definitive
treatment would depend on the results of evaluation and
discussion of the risks and benefits with the patient.
Abstinence of alcohol significantly reduces the recurrence of
alcohol-related pancreatitis, and cholecystectomy is effective
at preventing recurrent biliary pancreatitis, thereby address-
ing the two most common causes of RAP.

If the gallbladder appears normal on EUS and liver chem-
istries are within normal limits empiric cholecystectomy can
be avoided. Those patients who have undergone cholecystec-
tomy and have signs suggesting biliary etiology or SOD,
endoscopic sphincterotomy could be considered. A prospec-
tive randomized trial comparing biliary to dual sphincterot-
omy in treatment of SOD in patients with IRAP showed no
difference in reducing episodes of RAP [80]. Clinical improve-
ment after endoscopic sphincterotomy has been reported in
55-95 % of patients, depending on the SOD type [76, 81, 82].
In patients with type III SOD based on recent EPISOD trial
ERCP should be avoided [83]. Endoscopic and surgical
therapies for PD are comparably effective in 70-90 % so
endoscopic therapy is preferred in most cases. Endoscopic
therapy includes minor papillotomy or stenting, or catheter
dilation. Diseases such as SOD and pancreas divisum which
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are thought to cause an obstruction and hence pancreatitis,
have variable outcomes when the obstruction is relieved,
bringing etiology into question.
Sphincterotomy in patients with SOD should be done only in high
volume centers preferably in a research setting. A thorough dis-
cussion regarding the potential non-relief of symptoms and risk
of post procedural complications including higher rate of pancre-
atitis is required. Sphincterotomy for type III SOD should be
avoided. Biliary sphincterotomy alone might be just as beneficial
as both biliary and pancreatic sphincterotomies.

Effects of interventions are poorly understood, especially
if RAP is thought to have multiple etiologies, such as those
with pancreas divisum or microlithiasis, which could have a
gene mutation or other environmental influence. For those
with frequent RAP without signs of SOD, pancreas divisum,
with or without metabolic or genetic abnormality, there are
few options. Empiric sphincterotomy is not recommended,
nor is long-term stenting. Nonetheless, in patients without
other options, with poor quality of life due to these recurrent
attacks, total pancreatectomy with auto islet cell transplanta-
tion may be a consideration.

Summary

RAP is a common clinical condition. After confirming the
attacks truly is pancreatitis, etiology is apparent in at least
70-80 % of cases with standard investigations. In another
10-15% of cases, a cause can be found with additional
advanced investigations. Up to 10 % of cases will remain idio-
pathic. Empiric cholecystectomy is no longer performed.
Genetic predisposition is a common cofactor, but the role of
routine testing is still unclear, except in those with a family
history of suspected PRSSI mutation (which identifies a
higher cancer risk). EUS and MRCP are recommended after
complete history and physical with the laboratory tests and
imaging studies. Endoscopic ultrasound is preferred in unex-
plained RAP because of its ability to detect small tumors
and microlithiasis. ERCP solely for diagnostic purposes
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(without manometry or divisum-targeted therapy) should be
avoided. Strict alcohol abstinence and smoking cessation is
encouraged. Establishing subtle evidence of chronic pancre-
atitis may be worthwhile in patients with intractable pain
between attacks. Data on the role of pancreatectomy with
auto islet cell transplantation in RAP without CP is are lim-
ited but seem to be encouraging.

Future Trends

Well-designed clinical trials looking at the treatment options
and outcomes are necessary. Future trials should take into
account the complex interplay between genetics and environ-
mental factors and treatments should be individualized. There
is a need for comparative effectiveness trials evaluating vari-
ous treatment options. In the meantime one should exercise
cautious enthusiasm and optimism for invasive therapies.
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Chapter 5

Steroid-Responsive Chronic
Pancreatitides: Autoimmune
Pancreatitis and Idiopathic Duct-
Centric Chronic Pancreatitis

Nicolo’ de Pretis, Yan Bi, Saurabh Mukewar,
and Suresh Chari

What Is Autoimmune Pancreatitis?

Autoimmune pancreatitis (AIP) is a peculiar form of chronic
pancreatitis characterized by dramatic response to steroids.
Currently, there are two isoforms that are called type 1 and
type 2 AIP. However, these two isoforms have distinct patho-
logical, epidemiological, serological and clinical features,
although both show a dramatic response to steroid therapy.
While type 1 AIP is commonly seen in elderly patients, and is
characterized by other organ involvement and elevated
serum IgG4 levels, type 2 AIP is more common in young
patients, is pancreas-specific and lacks of serum IgG4 eleva-
tion. Over the last few years, AIP type 1 has been considered
as the pancreatic manifestation of a multiorgan disease called
immunoglobulin G4 (IgG4)-related disease (IgG4-RD) that
may virtually involve any organ.

Due to the distinct difference between these two sub-
types and the confusion in general practitioners regarding
IgG4 and Type 2 AIP, it has recently been suggested that
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the term AIP to be used solely for type 1 AIP and the term
idiopathic duct-centric chronic pancreatitis (IDCP), the
characteristic histopathological changes of Type 2 AIP be
used for type 2 AIP. Thus, based on this new terminology,
which we follow in this review, steroid-responsive chronic
pancreatitis includes two diseases: AIP and IDCP. The main
clinical and epidemiological features in AIP and IDCP are
summarized in Table 5.1.

How Is AIP Treated?

As mentioned earlier, both AIP and IDCP are characterized
by a dramatic response to steroids and the rate of response is
close to 100 %. Many different steroid protocols have been
proposed. The most frequently reported approach is 40 mg
prednisone by mouth daily for 4 weeks, followed by tapering
the dose by 5 mg per week. After 4 weeks, and at the end of
the treatment, a reassessment of lab work and/or imaging
should be performed to confirm response to treatment.

The rate of recurrence of different subtypes of AIP is
different. In IDCP, recurrences of the disease after steroid
treatment are very uncommon, while the recurrence rate in
AIP is between 30 and 50 %.

Multiple strategies to treat recurrent disease have been
proposed: (1) Repeat similar protocol of prednisone
regimen, followed by a slower taper; (2) Start with the com-

TABLE 5.1 Main clinical and epidemiological features in AIP and
IDCP

Serum Relapse
Mean Gender IgG4 Steroids (%) after
age (male) elevation 001 IBD response  steroids
Type (decade) (%) (%) (%) (%) (%)
AIP Sixth 75 70 20-45 5 100 30-50
Fourth 50 15 0 20 100 0-5

IDCP

OOI other organs involvement, /IBD inflammatory bowel disease
(Crohn’s disease and ulcerative colitis)
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bination of Prednisone and immunosuppressive drugs (IS)
such as azathioprine, mycophenolate mofetil, cyclosporine
or methotrexate and then taper down steroid. The IS should
be continued after the steroid tapering. (3) The biological
agent CD20 inhibitor Rituximab has been reported to be
effective in both inducing and maintaining remission, but
the experience is currently limited.

Is AIP Associated with Malignancy?

Although AIP patients may suffer from complications of
chronic pancreatitis including diabetes and mal-digestion,
it has not been associated with shortened life span com-
pared to age-matched controls. Chronic pancreatitis is a
well-established risk factor for pancreatic cancer. Although
some case reports have been published about the occurrence
of cancers, especially pancreatic cancer in AIP, however,
due to the rarity of this disease, the true association remains
unclear.

Other complications are typically related to AIP in the set-
ting of a diffuse IgG4-related disease that may involve many
other organs. The most relevant complications are related to
the involvement of the bile ducts and of the urinary tract and
are normally well responsive to steroids.

Brief Review of the Literature
AIP

AIP is a rare type of steroid-responsive chronic pancreatitis.
It is presumed to be of autoimmune etiology because of its
frequent association with elevated gamma globulins and
autoantibodies and the dramatic response to steroid therapy.
The term of AIP was first coined by Yoshida in 1995 [1] and
its association with elevated IgG4 levels was first reported in
2001 by Hamano [2].
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Introduction

AIP is the pancreatic manifestation of the multiorgan IgG4-
Related Disease (IgG4-RD) which may virtually involve any
organ in the body. IgG4-RD is defined as a fibroinflamma-
tory condition characterized by tumefactive lesions in multi-
ple organs, a dense lymphoplasmacytic infiltrate rich in
IgG4-positive plasma cells, storiform fibrosis and often, but
not always, elevated serum IgG4 concentrations [3].

AIP, despite being the most frequent manifestation of
IgG4-RD, is considered a rare disease. The estimated preva-
lence of AIP in Japan is 2.2/1,00,000 [4, 5]. This disease still
remains highly underdiagnosed and the real prevalence may
be significantly higher. In Europe [6] and America [7], AIP is
3—4 times more common than IDCP while IDCP is rarely
reported in Japan and other eastern countries.

As part of 1gG4-RD, AIP is frequently characterized by
the involvement of extra-pancreatic organs (Other Organ
Involvement (OOI)). The presence of synchronous or meta-
chronous OOl is reported in around two thirds of the cases.
The most frequent organs involved are the biliary tree
(intra- and extra-hepatic bile ducts), the kidneys, the retro-
peritoneum, and the salivary glands [3, 6, 7]. Different from
AIP, IDCP is not part of IgG4-RD and OOI is rarely
reported. However, IBD has been shown in 20-30 % IDCP
patients.

Pathogenesis

The pathogens of AIP are incompletely understood. The
pathogenesis and pathophysiology of AIP have been studied
mainly from immunological approaches and focused for the
most part on the role of IgG4.

Elevation of serum IgG4 and a massive infiltration of
IgG4-expressing plasma cells in the pancreatic tissue are
characteristic of AIP (and of IgG4-RD) [3, 8]. However, it is
unclear if IgG4 plays a role in the pathogenesis of AIP or is
simply an epiphenomenon of the disease.
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Apart from elevated serum IgG4, many antibodies have
been reported elevated in AIP suggesting possible autoim-
mune etiology. About 40 % of patients with AIP have elevated
titers of anti-nuclear antibodies (ANA). Other studies have
reported elevated serum autoantibodies, such as, those against
lactoferrin (75 % of patients), carbonic anhydrase (55% of
patients), ubiquitin ligase, trypsin, and pancreatic secretory
trypsin inhibitor [8].

Furthermore, circulating antibodies against antigens of
Helicobacter pylori have been isolated in AIP patients, sug-
gesting a role for infections in triggering the immunologic
response [9].

Currently, none of these antibodies are used in clinical
practice and IgG#4 still remains the only serological marker
clinically useful for diagnosis [10].

Some studies suggest that a genetic predisposition may
play a role in the pathogenetic mechanism of AIP. HLA sero-
types, such as DRB1*0405, DQB1*0401, are associated with
a higher risk of developing AIP, while DQB1*0302 seems
associated with a higher risk of relapses after steroid treat-
ment [8]. The rarity of the disease, the limited data, and the
costs of genetic analysis limit the validation of these studies
and their use in clinical practice.

Clinical Presentation

AIP patients are predominantly male (62-83 %) with a
mean age at diagnosis in the sixth and seventh decade of
life [8]. AIP has protean clinical presentations. The most
frequent symptom reported at the time of diagnosis is pain-
less obstructive jaundice (~60 %), which may be difficult to
distinguish from a malignant entity. The majority of AIP
patient do not complain of any pain; in those who do the
intensity of the pain is usually mild to moderate and not
disabling. Other symptoms, less frequently reported, are
fatigue, weight loss, hyperglycemia, steatorrhea, acute pan-
creatitis and symptoms related to the involvement of other
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organs such as salivary gland, kidneys, retroperitoneum,
and lungs. Abnormal imaging findings, such as pancreatic
mass or focal/diffuse enlargement of the pancreas, are a
more rare first presentation of the disease. Pancreatic atro-
phy, calcifications, ductal dilation and other features of
advanced painless chronic pancreatitis are reported in
patients with long-standing AIP.

Marked cachexia, inability to eat, and narcotic-requiring
pain are more suggestive of malignant processes and are
rarely seen in AIP [8, 11].

Diagnosis

The diagnosis of AIP is frequently challenging and the dif-
ferential diagnosis with pancreatic cancer or other malignances
is crucial. Multiple diagnostic strategies have been proposed
with the most commonly used ones are HISORt, Asian
Criteria, and the International Consensus Diagnostic Criteria
(ICDC) developed in 2011 by the International Association
of Pancreatology [10]. These criteria are focused on the diag-
nosis of AIP and IDCP in an early phase, while the diagnosis
in very advanced stages is practically impossible. According
to the ICDC, the diagnosis of AIP requires a combination of
cardinal features that include:

H Histopathology of the pancreas

I Imaging features of pancreatic parenchyma and pancre-

atic duct

S Serology

O Other organ involvement

Rt Response to steroid therapy

Every feature is classified into level 1 and level 2,

depending on the specificity of the findings. A definitive

diagnosis may be reached only in presence of histopath-

ological confirmation of AIP, whereas in the absence of

a clear histopathological confirmation, various diagnos-

tic combinations of the criteria should be used for the

diagnosis [10].
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Histopathology

Lymphoplasmacytic sclerosing pancreatitis (LPSP) is
pathognomonic of AIP. LPSP is diagnosed when at least three
of the following four histologic criteria are present on a pan-
creatic core biopsy or resection specimen: (a) peri-ductal
lymphoplasmacytic infiltrate without granulocytic infiltration;
(b) obliterative phlebitis; (c) storiform fibrosis; (d) abundant
(>10 cells/HPF) IgG4-positive cells.

Asreported by many authors, a diffuse IgG4 infiltration may
be seen in the pancreatic tissue of these patients. However, both
an elevation of serum IgG4 and a positive tissue immunostain-
ing for IgG4 are by themselves insufficient for the diagnosis.
Many other benign and malignant diseases, such as primary
sclerosing cholangitis, cholangiocarcinoma and pancreatic
cancer, may have an elevated serum IgG4 and positive [gG4
immunostaining. Furthermore, a European multicenter study
on resected AIP showed that only 79.4 % of the patients with
AIP have high tissue levels of IgG4+ plasma cells [12]. The
IgG4 infiltration is highly suggestive of AIP only if the ratio
1gG4/IgG is>40 % or if their frequency is >10 cells/HPF [10].

Because of the complexity of the histological finding and
the frequent small size of the tissue biopsies obtained by
endoscopic ultrasound-guided core biopsy, an expert pathol-
ogist is required for the interpretation of the pathological
specimens. The final diagnosis of AIP is frequently difficult
on preoperative biopsies and the differential diagnosis with
malignant diseases may remain.

Imaging

Computed tomography (CT) and Magnetic resonance (MRI)
are the most commonly used imaging techniques when pan-
creatic and biliary diseases are suspected. The ICDC divided
the finding into parenchymal and ductal changes [10]. The
pancreatic parenchyma is more easily assessed by CT and
MRI, while the ductal changes are more precisely evaluated
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by magnetic resonance cholangiopancreatography (MRCP)
or by the more invasive endoscopic retrograde cholangiopan-
creatography (ERCP).

The most typical appearance of AIP is a diffuse enlarge-
ment of the pancreas, which is described in about 40 % of the
patients. This particular finding is frequently highly suggestive
of AIP. The diagnosis is more challenging if there is a focal
enlargement with a mass-forming appearance of the pancreas,
which is reported in 36 % of cases. Ruling out a malignancy
may be extremely difficult in these cases. Around 30 % of
patient with AIP have no enlargement of the pancreas [13].

Contrast CT scan is usually helpful in differentiating AIP
from pancreatic malignancies. Most AIP patients show
hypoattenuation during the arterial/pancreatic phase with a
hyperattenuation during the venous/delayed phase. Pancreatic
cancer usually shows hypoattenuation in the arterial phase but
remains hypo-enhancing even in the venous phase. The pres-
ence of a capsule-like rim around the pancreas or around the
affected area is described only in 35 % of the patients, but is
reported to have a high specificity for AIP (see Fig. 5.1). The
presence of a low density mass, main pancreatic duct dilation,
or distal atrophy are more typical for pancreatic cancer.

On MRI, AIP appears as diffuse or focally enlarged pan-
creas which is hypointense on T1-weighted images, slightly
hyperintense on T2-weighted images, and has heterogenously
diminished enhancement in the late phase of contrast
enhancement. Even on MRI a capsule-like rim may be identi-
fied; it usually appears as hypointense rim on both T1 and
T2-weighted images [14].

The presence of ductal changes is frequently reported in
AIP. The main techniques for investigating the ductal struc-
tures of the pancreas are MRCP and ERCP. ERCP has been
reported as the technique with the highest sensitivity for visu-
alizing the main pancreatic duct narrowing. The typical
appearance of AIP on ERCP is the presence of single or mul-
tiple segmental strictures of the main pancreatic duct, without
upstream dilation as seen in pancreatic cancers. The strictures
are typically long unlike short strictures in pancreatic cancer.
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Fi. 5.1 Typical features of AIP type 1 at CT scan: diffuse enlarge-
ment of the pancreas with a peripheral capsule-like rim and dilation
of the intra-hepatic bile duct

The use of secretin stimulation may be helpful in differentiat-
ing a stricture secondary to AIP because it frequently resolves
after the secretin injection in AIP. While MRI is helpful in
visualizing the pancreatic parenchyma and duct, MRCP
should be interpreted with caution as ~25 % of normal sub-
jects have non-visualization of portions of the pancreatic duct
that could be mistaken for stricture without upstream dilation.
MRCP is also useful for evaluating biliary involvement in the
disease, especially the intrahepatic bile ducts [8, 14].

The role of endoscopic ultrasound (EUS) is particularly
important for the diagnosis of AIP, especially in those cases
in which serological and radiological criteria are not conclu-
sive. It may be difficult to differentiate AIP from pancreatic
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cancer using conventional EUS imaging alone. Some authors
described particular features frequently detected in AIP
and not in cancer, such as diffuse hypoechoic areas, diffuse
enlargement of the gland, bile duct wall thickening, and
peri-hypoechoic margins. Some studies showed that the
accuracy of the technique may increase using
contrast-enhanced harmonic EUS (CEH-EUS) and EUS-
elastography. These additional techniques may provide
additional information on the vascular patterns and the
stiffness of the tissue, with a better differentiation among
benign and malignant solid pancreatic masses [15]. The
advantage of EUS is the ability to obtain histological sam-
ples by core biopsies for tissue diagnosis.

Serology

IgG4 is considered a serological marker of AIP and checking
the levels of IgG4 in the serum is increasingly becoming a
common practice. Like any other serologic markers, it is far
from being optimal, and an unrestricted use may lead to
diagnostic mistakes. Serum IgG4 elevation is not pathogno-
monic of AIP and many benign and malignant conditions
(e.g., allergies, primary sclerosing cholangitis, pancreatic
cancer, cholangiocarcinoma) may also have an elevation of
serum IgG4. IgG4 is typically the least abundant of the IgG
subclasses, making up <5 % of total serum IgG in healthy
adults. It is a unique immunoglobulin with peculiar charac-
teristics. The production of IgG4 is increased by repeated or
prolonged exposure to allergens. IgG4 interacts poorly with
the complement and is a weak activator of the complement
pathways due to its half-antibody exchange reaction, also
referred to as fragment antigen-binding (Fab)-arm exchange.
Therefore, patients with AIP generally do not have decreased
complement levels. In addition, IgG4 has rheumatoid-factor
activity and can bind the Fc portion of other IgG antibodies,
particularly other IgG4 molecules. Similar to the IgG rheu-
matoid factors, [gG4 can mediate a direct damage to cellular
structures [3].



5. Steroid-Responsive Chronic Pancreatitides 93
Clinical Use

AIP is strongly associated with an elevation of serum IgG4 and
tissue infiltration with IgG4+ plasma cells, neither of which is
specific to AIP. Hence, the measurement of serum 1gG4 should
be limited to patients with suspicion of AIP. The mean age of
patients with AIP is around 60 years, and the presentation with
pancreatitis is rare (see AIP clinical presentation). Therefore, in
young patients with acute or recurrent pancreatitis, a routine
check of IgG4 should be avoided. There is high variability in
IgG4 levels between different subjects. Therefore, an acute or
recurrent pancreatitis with isolated elevation in serum IgG4
levels may be inappropriately diagnosed as AIP. A pancreatitis
with elevation of IgG4 should not be considered as AIP in the
absence of other criteria confirming the diagnosis (see AIP clini-
cal presentation). Furthermore, there are many other conditions
and diseases, which may present with elevated serum IgG4 lev-
els. The differential diagnosis between AIP and cancer is crucial,
especially in those patients, in which the clinical presentation is
jaundice, with a mass/enlargement of the pancreas head on
imaging. Unfortunately, up to 10 % of the pancreatic cancers
present with high IgG4 levels. Therefore, detecting an elevation
in serum IgG4 levels, does not exclude a neoplastic disease.

Primary sclerosing cholangitis may also present with jaun-
dice and elevated IgG4 levels and the differential diagnosis
with AIP with biliary involvement may be very difficult. In
fact, according to the ICDC serum IgG4 should be consid-
ered only as one of the criteria for the diagnosis.

The specificity of the IgG4 in differentiating AIP from
other diseases, especially from cancer, is higher when serum
IgG4 levels are >2x upper limit of normal. But even high
IgG4 level is diagnostic as a sole criterion; a combination with
the other criteria is needed for the diagnosis [10].

Treatment

As described above, both AIP and IDCP show a dramatic
response to steroids. The remission of the disease under ste-
roids is reported in close to 100 % of cases in AIP. There is no
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complete consensus on the definition of remission, but at a
minimum it should include resolution of inflammatory
changes on imaging with normalization of the biochemical
parameters (especially transaminase and cholestatic mark-
ers) and resolution of symptoms. The absence of response to
steroids virtually excludes the diagnosis of AIP and requires
more investigations to exclude other possible diseases, espe-
cially cancer. However, in advanced stages, the pancreas may
be involved by severe fibrosis and atrophy, which are not
reversible with the steroid treatment.

In a Japanese study [16], about 70 % of AIP patients
improved spontaneously without any treatment. However,
steroid therapy is strongly recommended for inducing the
remission of the disease in symptomatic patients and in
patients with extra-pancreatic lesions [17]. Furthermore, the
response to steroids is useful for the confirmation of the diag-
nosis. However, the use of steroid trials for obtaining the
diagnosis in patients with no collateral evidence of AIP
should be limited to very select cases and should be consid-
ered only after a negative radiological and histological
workup for malignancy. In patients with jaundice, some
authors and the Japanese guidelines suggest endoscopic bili-
ary drainage before starting steroid treatment. However, in
AIP, a clinical and serological improvement of the jaundice is
rapidly expected. Therefore, steroids alone without biliary
drainage have been proposed in selected patients that not
only avoid additional endoscopic procedures, but also facili-
tate the diagnosis using the fast improvement of the AIP-
associated jaundice with steroid treatment.

Different strategies have been proposed for dosing
steroids. The most accepted approach is a high-dosage of
prednisone, 0.5-0.6 mg/kg/day or 40 mg/day for 2-4 weeks
followed by tapering by 5 mg every 1-2 weeks over 3-4
months. The dose may be adjusted in old patients and in dia-
betics to reduce the steroid-related complications. After the
first 4-6 weeks and at the end of the treatment, a clinical,
radiological and biochemical reassessment should be per-
formed to confirm response and complete remission of the
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disease, respectively [8]. If biliary stent has been placed prior
to onset of treatment, it should be removed at the 4-6 week
assessment. Lack of response and/or persistence of biliary
stricture needing replacement of biliary stent strongly sug-
gest an alternate diagnosis.

Relapse

AIP is characterized by a high relapse rate, reported in the lit-
erature between 20 and 60 %. A slow and prolonged tapering of
the steroids and continuing a low dose therapy for 1-3 years or
more may decrease the relapse rate [17]. Considering the high
rate of steroid-induced complications, there is no international
consensus on the indiscriminate administration of a long-term
steroid therapy to all patients suffering from AIP.

Some risk factors have been identified to be associated
with a higher rate of relapse. The involvement of extra-
pancreatic organs, particularly the proximal common bile
duct (intrahepatic bile duct and /or the supra-pancreatic por-
tion of the extrahepatic bile duct), is probably related to the
highest relapse rate. Other risk factors include the presence
of a diffuse enlargement of the pancreas at the initial presen-
tation and high serum IgG4 levels, especially after steroids
treatment. Certain genetic predisposition, such as the substi-
tution of aspartic acid at position 57 of the DQBI gene may
be a predicting factor for relapse.

AIP relapses have been classified into clinical relapse
(recurrence of symptoms), radiologic relapse (recurrence of
radiologic abnormalities in the pancreas or in extra-pancreatic
organs), serologic relapse (elevation of serum IgG4), and
biochemical relapse (elevation of liver enzymes). The pres-
ence of a clinical relapse should be confirmed by imaging
evidence of radiological relapse, which is a clear indication
for treatment. Presence of nonspecific symptoms without
radiological or biochemical relapse is not an indication for
treatment. Similarly, an isolated elevation of the serum IgG4
levels is not an indication for treatment, even if it may be
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associated with a higher risk of future relapse. Marked (>2
fold) elevation of liver tests (transaminases, alkaline phos-
phatase), even without radiologic findings suggesting a
relapse, is an indication for treatment, because it may repre-
sent an early relapse in the biliary three.

A relapse may occur during steroid taper or after with-
drawal of steroids. If a relapse occurs while the patient is still
on high dose (>20 mg/day) steroids, the diagnosis of AIP
should be questioned. In relapses occur on low doses of ste-
roid taper, increasing the dose of steroids and prolonging the
taper is a reasonable approach; however, indefinitely expos-
ing the patients to high-dose steroids should be avoided.

Many different strategies have been proposed for managing
patients with disease relapse after a period of remission. The aim
is to reinduce a complete remission and start a maintenance
therapy to reduce the risk of relapses. These strategies include a
second steroid treatment followed with slower steroids tapering,
the combination use of steroids and immunosuppressive medi-
cations (ISs), or the use of biologic drugs (B-cell depletion
therapy using monoclonal antibody) [8].

Typically, AIP relapse can be treated with the same regi-
men of high dose prednisone for 4 weeks followed by a pro-
longed taper. Some authors even keep the patient on a 2-3
years of low dose prednisone to reduce the relapse rate. A
second strategy includes the combination use of steroids and
ISs such as azathioprine, mycophenolate mofetil, and metho-
trexate as maintenance strategy. The patient should undergo
a new cycle of steroids for reinducing remission. At the same
time, the administration of ISs should be started and contin-
ued after steroid taper, since ISs have shown the ability to
reduce the relapse rate. The third strategy is to use Rituximab
(RTX), a monoclonal antibody that targeted against CD20
positive plasma cells which are mainly involved in the IgG4
production. It has been reported that RTX is able to induce
and maintain remission in AIP and in other IgG4 related
diseases [18]. Currently the use of RTX is limited only to
patients in whom steroids therapy is contraindicated, who are
intolerant to steroids or have side effects, or in those who
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failed immunosuppressive therapy. As RTX is the only alter-
native to steroids in inducing the remission, in the near future
it may become the first strategy in select patients.

Idiopathic Duct-Centric Chronic Pancreatitis (IDCP)

Introduction

AIP and IDCP are two different diseases despite many simi-
larities in their clinical course. Both share the same presentation
symptoms, including jaundice, abdominal pain, weight loss,
imaging features (enlargement of the pancreas), and rapid
response to steroids. However, significant differences exist
between them. While, AIP is a male predominant disease with
the mean age of presentation in the seventh decade of life (60
and 65), IDCP patients lack significant gender differences and
the age on presentation is generally one to two decades
younger than that of AIP (45 years). The prevalence of these
two subtypes is quite different. IDCP appears to be relatively
common in the USA and Europe but rare in East Asia; never-
theless, patients with AIP outnumber those with IDCP even in
Western countries.

Pathogenesis

As a consequence of the rarity of the disease, very little is
known about the pathogenesis of IDCP. It is likely an
immune-related entity due to the frequent association with
inflammatory bowel disease and the response to steroid
treatment [8].

Clinical Presentation

IDCP may present with obstructive jaundice with diffuse pan-
creatic enlargement on imaging studies. While the majority of
patients with AIP present with obstructive jaundice (75 %),
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patients with IDCP more frequently present with abdominal
pain (68 %) and pancreatitis (34 %) as well as obstructive jaun-
dice (47 %). On imaging studies, 40 % of AIP have diffuse pan-
creas swelling compared to only 25% of IDCP; majority of
IDCP present with focal enlargement. The elevation of serum
IgG4 is seen only in 20 % of these patients in contrast to 70 %
of AIP; there is also an absence of extra-pancreatic involvement
in IDCP and lack of IgG4 positive plasma cells in affected tis-
sues. Inflammatory bowel disease (predominantly ulcerative
colitis) is seen up to 20-30 % in IDCP, while it is a rare associa-
tion with AIP. No clear differences are reported in the literature
in the radiological presentation between AIP and IDCP.

Histological Characteristics

Periductal lymphoplasmacytic infiltrate and inflammatory
stroma are present in both AIP and IDCP. Granulocytic epi-
thelial lesions (GEL) are pathognomonic of IDCP and are
often found in medium and small ducts. It is characterized by
neutrophilic infiltration of pancreatic ductal epithelial, which
in severe cases can resemble microabscess and lead to oblitera-
tion of ductal lumen. Pancreatic involvement may be patchy
and multiple areas may show a high concentration of neutro-
phils. IgG4 positive plasma cells are, if present, small in number
and never exceed 40 % of IgG plasma cells. Obliterative phle-
bitis and storiform fibrosis are less prominent than in AIP.

Diagnosis

The diagnosis of IDCP is challenging. International consen-
sus guideline has been developed to facilitate diagnosis of
IDCP [10]. Because the elevations of serum IgG4 levels and
other organ involvement are typically absent in IDCP, defini-
tive diagnosis can only be made through demonstration of
GEL on histology. A diagnosis of probable IDCP can be
made when idiopathic pancreatitis is associated with IBD.
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Treatment

Similar to AIP patients, all patients with IDCP respond rap-
idly to corticosteroid therapy using a similar prednisone
regimen. Unlike in AIP, disease relapses are rare in
IDCP. Despite that, a clinical, biochemical and radiological
reassessment is mandatory after 1 month and at the end of
the steroid therapy, confirming a complete regression of the
radiologic abnormalities. The absence of a radiological
response or the recurrence of symptoms, especially pancre-
atitis, should strongly support a reevaluation of the patient
and different diagnosis should be considered.

Future Directions

AIP and IDCP are rare but more frequently recognized
causes of pancreatitis that require high levels of suspicion to
make a diagnosis. As the field expands, we will learn more
about the true incidence of the disease; understand further
the disease pathogenesis using AIP animal models and
explore more easily administered medical treatment that
may lower the relapse rate of this disease. For IDCP, cur-
rently the diagnosis is based on pathology. With a better
understanding of this disease, hopefully, noninvasive tech-
niques can be used for this purpose.
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Clinical Scenario:

Painless Jaundice/
Unintentional Weight Loss



Chapter 6

Pancreas Adenocarcinoma
and Ampullary Cancer

Chad Barnes, Kathleen K. Christians,
Douglas B. Evans, and Susan Tsai

Introduction

Patients who present with painless jaundice represent a chal-
lenging diagnostic dilemma. The development of painless
jaundice, particularly if associated with older age, weight loss,
or worsening diabetes, may be due to a periampullary tumor,
such as pancreatic ductal adenocarcinoma (PDAC), ampulla
of Vater adenocarcinoma (AVAC), duodenal cancer, or distal
cholangiocarcinoma. This chapter focuses on both PDAC and
AVAC, as they are the most common malignancies arising in
the periampullary region. PDAC is the most common peri-
ampullary tumor and is the tenth most common cancer in the
USA [1]. In 2015, it was estimated that 46,420 people would
be diagnosed with PDAC, and of those diagnosed, 39,590
were expected to die of this disease [2]. Importantly, it has
been recognized that the majority of patients with PDAC
may have distant metastases at the time of diagnosis, even in the
absence of radiographic evidence of disease [3]. As such, the
oncologic management of PDAC has evolved to emphasize

C. Barnes, M.D. ¢ K K. Christians, M.D. ¢ D.B. Evans, M.D. e S, Tsai,
M.D., M.H.S. ()

Department of Surgery, Medical College of Wisconsin,

9200 W Wisconsin Ave, Milwaukee, W1 53226, USA

e-mail: stsai@mcw.edu

© Springer International Publishing Switzerland 2016 105
K. Dua, R. Shaker (eds.), Pancreas and Biliary Disease,
DOI 10.1007/978-3-319-28089-9_6


mailto:stsai@mcw.edu

106  C. Barnes et al.

the early administration of systemic therapy for virtually
every stage of disease. In addition, multiple randomized clini-
cal trials have demonstrated that even in earlier stage disease,
patient survival is improved with multimodality therapy and
that surgery by itself is rarely curative. In comparison to
PDAC, AVACs are more common in men, present with small
tumors, and in general are less biologically aggressive [4]. As
a result, multimodality therapy is often administered selec-
tively in AVAC based on the pathologic stage. Given the
combined prevalence of these two malignancies, most health
care providers will encounter patients with one of these dis-
eases at some time throughout their practice in medicine. The
goal of this chapter is to describe the clinical staging system
and treatment options for patients with PDAC and highlight
how the management of AVAC may differ from PDAC. This
chapter also provides a background for primary care provid-
ers which may help to address concerns raised by patients
and families impacted by these diseases.

Question 1: I Was Told that I Have Pancreatic
Cancer. How Advanced is My Cancer?

Answer: Oncologists rely on staging systems to help commu-
nicate information regarding prognosis and to assist with
appropriate treatment planning. Staging is particularly criti-
cal for PDAC, since operative interventions can be particu-
larly complicated and require a significant postoperative
recovery. As such, surgery should be reserved only for
patients who will derive a significant benefit from the
removal of the primary tumor. The clinical stage is deter-
mined by physical exam and radiographic imaging. The four
clinical stages of PDAC from least to most advanced are:
resectable, borderline resectable, locally advanced, and meta-
static disease (Table 6.1). The former two stages are consid-
ered to represent operable disease, and therefore, may be
amenable to multimodality therapy and surgical resection.
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TaBLE 6.1 Comparison of National Comprehensive Cancer Network clinical
staging definitions and the Medical College of Wisconsin staging definition

Stage MCW NCCN
Resectable
SMA, Celiac No abutment No abutment

Hepatic artery
(HA)

SMV/PV

Borderline
resectable

SMA, Celiac

Hepatic artery
(HA)

SMV/PV

Other

Locally
advanced

SMA, Celiac
SMV/PV

Metastatic

Extrapancreatic
disease

No abutment

<50 % narrowing of
SMV, PV, SMV/PV

<180°

Short segment
encasement®

>50 % narrowing of
SMV, PV, SMV/PV*

CT scan findings
suspicious but
not diagnostic of
metastatic disease

>180°

Occlusion w/o
option for
reconstruction

Peritoneal or distant
metastases

No abutment

No abutment, distortion, tumor
thrombus or encasement

<180°

1 GDA encasement up to the
HA or

2 direct abutment of HA w/o
extension to celiac axis

1 Impingement and
narrowing of the lumen

2 Encasement or short
segment venous occlusion*

Unresectable

>180°
Unreconstructable SMV/PV

1 Aortic invasion or
encasement

2 LN metastases beyond the
field of resection

* Amenable to vascular reconstruction
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The latter two stages are considered to be inoperable disease,
and are best treated with chemotherapy with or without
radiation therapy. If a patient undergoes surgery, pathologic
stage can be further refined based on characteristics of the
resected specimen. However, unlike other less aggressive
solid tumors, in which pathologic staging is used to direct
additional therapy after surgery (adjuvant therapy), patho-
logic staging for PDAC (Table 6.2) does not change the rec-
ommendation in favor of adjuvant therapy and therefore is of
more limited utility.

Clinical stage is determined by the relationship between
the tumor and adjacent vascular structures. The gold-standard
diagnostic study used to define this relationship is a com-
puted tomography (CT) scan with both late arterial and por-
tal venous phases (dual phase). Dual phase CT imaging
defines the relationship of the tumor to major venous (supe-
rior mesenteric vein [SMV]/portal vein [PV]) and arterial
(superior mesenteric artery [SMA], celiac artery [CA]) struc-
tures and may identify the presence of metastatic disease. As
a rule, patients with a new diagnosis of PDAC should be
presented in a multidisciplinary conference to gain the input
of dedicated abdominal radiologists, surgeons, medical oncol-
ogists, and radiation oncologists, in order to accurately deter-
mine clinical stage, consider available clinical trials, and
develop the best overall treatment plan.

Initial Evaluation of a Patient with PDAC

The diagnostic evaluation of a patient with suspected PDAC
begins with a detailed history and physical examination.
Symptoms associated with PDAC may vary depending on
tumor location, with tumors located in the head of the pan-
creas causing painless jaundice, as compared to tumors
located in the body and tail of the pancreas, which may cause
back pain. Other common signs and symptoms include
weight loss (51 %), abdominal pain (39 %), nausea/vomiting
(13%), and pruritus (11%) [6]. Risk factors for PDAC
include advanced age, smoking, chronic pancreatitis, diabetes
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TaBLE 6.2 AJCC PDAC Staging [5]

Primary tumor (T)

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor limited to pancreas, 2 cm or less in greatest
dimension

T2 Tumor limited to the pancreas, more than 2 cm in

greatest dimension

T3 Tumor extends beyond the pancreas, but without
involvement of the celiac axis or superior mesenteric
artery

T4 Tumor involves the celiac axis or the superior

mesenteric artery (unresectable primary tumor)

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
Mo No distant metastasis
M1 Distant metastasis

Anatomic stage/prognostic groups

Stage 0  Tis NO MO
Stage T1 NO MO
IA
Stage T2 NO MO
IB

(continued)
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Table 6.2 (continued)

Stage T3 NO MO
ITA
Stage T1 N1 MO
IIB
T2 N1 MO
T3 N1 MO
Stage T4 Any N MO
I
Stage Any AnyN M1
v T

mellitus, and obesity. In particular, a patient who presents
with weight loss and worsening diabetes is at high risk for
having an undiagnosed PDAC; such patients should undergo
abdominal imaging and have a referral to a pancreatic cancer
specialist. In addition, a careful family history should be
obtained, as approximately 10% of patients may have a
genetic predisposition for PDAC. Patients who are consid-
ered to be at high risk for PDAC (lifetime risk >10 %) are
those with two first-degree family members with PDAC or
three any-degree family members with PDAC [7].

A comprehensive physical examination should be performed
on all patients being evaluated for PDAC. However, with the
exception of jaundice, the physical exam is often unremark-
able. Patients with advanced disease may have a palpable
abdominal mass at the umbilicus (Sister Mary Joseph node) or
supraclavicular lymphadenopathy (Virchow’s node) on exam,
suggestive of metastatic disease. One third of patients with
periampullary tumors will have a palpable gallbladder
(Courvoisier’s sign) due to biliary obstruction resulting in gall-
bladder ectasia. Other relevant findings may include ascites,
signs of cachexia, and venous thrombophlebitis.

The initial laboratory evaluation should include a baseline
complete blood count, basic metabolic panel, and hepatic
function tests. Tumor markers such as carbohydrate antigen
19-9 (CA19-9) should also be obtained. CA19-9 is a sialylated
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Lewis antigen, which is an epitope found on mucins secreted
by PDAC cells. Several studies have demonstrated that CA
19-9 is associated with tumor stage, resectability, and risk of
recurrence [8, 9]. Very high CA 19-9 (>2000 U/mL) levels
have been associated with an increased risk of having meta-
static disease [10]. One of its limitations as a biomarker is that
CA19-9 is not produced in approximately 10-15% of the
general population [11]. Additionally, in the setting of biliary
obstruction, CA19-9 levels are commonly falsely elevated,
limiting its prognostic relevance when the total serum biliru-
bin is greater than 2 mg/dL [12].

Imaging is essential for the clinical staging of PDAC and in
the absence of palpable metastatic disease, clinical staging is
impossible without high quality abdominal imaging. For this
reason, it is imperative that the correct imaging modality
is utilized and reviewed by an experienced radiologist,
with particular emphasis on the relationship of the tumor to
adjacent vascular structures. Currently, the preferred imaging
modality is the multi-detector CT with IV contrast obtained
in both the late arterial and portal venous phases with thin
(3 mm or less) slices and with three dimensional (3D) recon-
structions. The separate arterial and venous phase images are
essential to defining the relationship of the pancreatic tumor
to the surrounding arterial (CA and SMA) and venous (SMV
and PV) structures [13].

Defining the Clinical Stage

The utilization of abdominal imaging is essential, as the pan-
creas is a retroperitoneal organ which is located near several
critical vascular structures. Importantly, the relationship of
the tumor to these vascular structures greatly impacts onco-
logic prognosis and the ability to be able to achieve a nega-
tive resection margin [14, 15]. Therefore, the clinical stage of
disease is defined by the relationship between the primary
tumor and the arterial structures (common hepatic artery,
celiac artery, and SMA) and the venous structures (SMV/PV)
(Table 6.1). In general, staging separates patients into two
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Fic. 6.1 Resectable Pancreatic Cancer, (a) well defined fat plane
between tumor and SMA, (b) SMV/PV narrowing less than 50 %

categories, those with potentially localized disease (resectable
or borderline resectable PDAC) or those with advanced dis-
ease (locally advanced or metastatic PDAC).

Resectable PDAC (Fig. 6.1) is defined by an absence of
tumor extension to major vascular structures, including the
SMA, CA, hepatic artery, or SMV/PV. Contact of a vessel with
the tumor, which is characterized by the absence of normal soft
tissue planes between the tumor and vessel, is defined as abut-
ment if the contact involves <180° of the vessel circumference,
and encasement if the contact involves>180°. At some institu-
tions, the definition of resectable PDAC has been expanded to
include those patients who may have SMV/PV abutment or
encasement that results in less than 50 % narrowing of the ves-
sel lumen. Historically, encasement of the SMV/PV was con-
sidered a contraindication for surgery and surgical resection
was limited to patients without encasement of the SMV/PV
and no abutment of the SMA. However, with evolving surgical
experience, high volume pancreatic programs have reported
that patients with PDAC who receive preoperative (neoadju-
vant) therapy and undergo pancreatectomy with vascular
resection and reconstruction experience equivalent surgical
morbidity and mortality, as well as long term survival, as com-
pared to patients who underwent standard pancreatectomy
[16]. As such, at select centers, tumors which involve the SMV/
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Fic. 6.2 Borderline Resectable Pancreatic Cancer. (a) abutment
of <180° SMA

PV without significant narrowing are considered resectable.
The primary anatomic criterion which distinguished border-
line resectable PDAC from resectable PDAC is the presence
of tumor abutment of <180° of the SMA or CA. The border-
line resectable category also includes tumor abutment/encase-
ment of a short segment of the hepatic artery—usually at the
origin of the GDA, or an occluded SMV/PV —amenable to
reconstruction.

The degree of tumor-artery relationship also defines bor-
derline resectable (Fig. 6.2) and locally advanced PDAC
(Fig. 6.3). The degree of arterial abutment/encasement is
critical because of the clinical observation that induction
therapy may sterilize at least the periphery of the tumor
thereby facilitating a complete resection, especially in patients
whose tumor-artery relationship is limited to abutment. In
contrast, with arterial encasement the likelihood of a margin
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Fic. 6.3 Locally Advanced Pancreatic Cancer. (a) >180° involve-
ment of the SMA

negative resection is very low, and attempted arterial resec-
tion and reconstruction in patients with large, locally advanced
tumors have been associated with increased perioperative
morbidity and mortality [17]. Therefore, locally advanced
tumors are usually considered inoperable. In addition, the
locally advanced category also includes patients with SMV/
PV occlusion with no technical option for reconstruction.
Since the tumor-vessel relationships are critical to staging
and treatment planning, all PDAC patients, especially those
without obvious metastatic disease, should have their cases
presented in a multidisciplinary tumor board with dedicated
abdominal imaging radiologists, surgical oncologists, medical
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oncologists, and radiation oncologists all present. Finally,
metastatic disease is defined by the presence of extrapancre-
atic metastases on radiographic imaging [18]. Importantly, a
select proportion of patients may have radiographic lesions
which are indeterminate for metastases (usually too small to
accurately characterize or biopsy), even in the absence of
SMA abutment or venous narrowing. These patients are con-
sidered by some institutions to have BLR PC, and are offered
neoadjuvant therapy with the reasoning that true unequivocal
metastatic disease (if present) may be detected at subsequent
restaging evaluations [19].

Question 2: What Is the Difference
Between Neoadjuvant Therapy and Adjuvant
Therapy for PDAC?

Answer: Oncologic therapy delivered before an anticipated
operation to remove the primary tumor is called “neoadju-
vant” therapy, as compared to therapy which is delivered
after the primary tumor is surgically excised, which is referred
to as “adjuvant” therapy. Historically, patients with resectable
PDAC have been treated with surgery followed by adjuvant
therapy. Patients with borderline resectable PDAC are rec-
ommended to receive neoadjuvant therapy prior to surgery.
However, as the understanding of PDAC tumor biology
improves, neoadjuvant therapy is increasingly being adopted
in the management of patients with resectable PDAC as well.
It is important to emphasize that surgery alone will not be
curative in the vast majority of operated patients.

Treatment of PDAC

As with other solid tumors, the treatment for PDAC is deter-
mined by the clinical stage. Simply stated, patients with meta-
static disease should receive systemic therapy, while patients
with localized disease may benefit from surgery if the tumor
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can be completely removed. One unique aspect of PDAC
biology is that the majority of patients who are diagnosed
with PDAC will have metastatic disease (subclinical) regard-
less of radiographic findings [3]. Even among patients who
appear to have resectable disease, the median survival rate
with surgery followed by adjuvant therapy is only 24 months,
suggesting a high prevalence of occult metastases [20, 21].
Multiple randomized controlled trials have demonstrated a
survival benefit of adjuvant therapy after surgical resection
for all patients regardless of pathologic stage, suggesting that
there is no stage of disease that will not benefit from systemic
therapy [22, 23]. While the need for systemic therapy in the
management of PDAC is universally accepted, current con-
troversies have centered on the sequencing of systemic ther-
apy in the context of multimodality therapy. Recognizing the
high risk for the development of metastatic disease, the man-
agement of every stage of PDAC has evolved to emphasize
the early administration of systemic therapy prior to any
locoregional therapy and is currently supported by consensus
guidelines for the management of patients with borderline
resectable and locally advanced PDAC [24, 25]. Arguably this
rationale may be extended to patients with resectable PDAC
as well.

Limitations of Adjuvant Therapy

The treatment sequencing for patients with resectable PDAC
remains controversial, in particular, whether patients should
receive surgery followed by adjuvant therapy (surgery-first
approach) or neoadjuvant therapy followed by surgery (neo-
adjuvant approach). The impact of the magnitude and the
complexity of a pancreatic operation on a patient’s physiol-
ogy should not be underestimated. Perioperative mortality
associated with surgical resections of the pancreatic head
(pancreaticoduodenectomy or Whipple procedure) were
once reported to be as high as 30 % but with improvements
in surgical technique and perioperative management, they
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are currently reported to be associated with a 90-day mortal-
ity of approximately 4 %, when performed at high volume
centers [26]. Significant postoperative complications occur in
approximately 30 % of patients, including pancreatic fistulas,
delayed gastric emptying, and infections [21]. The prolonged
recovery from surgical resection is not uncommon and can be
an impediment to the successful administration of planned
adjuvant therapy. Analysis of the Surveillance, Epidemiologic,
and End Results (SEER) database suggests that 50 % of
patients who are treated with a surgery-first approach fail to
receive adjuvant therapy [27]. Given the high risk of develop-
ing metastatic disease even among patients with localized
PDAC, a reliance on adjuvant therapy to treat micrometa-
static disease is unrealistic as it can only be successfully
administered to half of the patients.

Rationale for Neoadjuvant Therapy

To address the limitations of adjuvant therapy, a growing
interest has emerged in alternative treatment sequencing.
Neoadjuvant therapy for PDAC has several theoretical
advantages over adjuvant therapy (summarized in Table 6.2).
In contrast to an adjuvant approach, neoadjuvant therapy
ensures the delivery of all components of multimodality
treatment to all patients who undergo a potentially curative
pancreatectomy. Importantly, since neoadjuvant therapy
offers an “induction” phase lasting approximately 2-3 months,
individuals with unfavorable tumor biology who develop
early metastatic disease are identified prior to surgery.
Importantly, in the subset of patients (up to 20-30 %) who are
found to have disease progression after neoadjuvant therapy
(before surgery), the morbidity of an operation is avoided.
For those patients who are found to have disease progression
after neoadjuvant therapy, at the time of preoperative restag-
ing, a major operation is avoided; an operation which, in ret-
rospect, would have resulted in early disease recurrence if a
surgery first treatment approach had been used. Such patients
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benefit greatly from their accurate identification as a subset
having accelerated tumor growth not responsive to a local
therapy such as surgery. When chemoradiation is utilized as
part of neoadjuvant therapy, the delivery of chemoradiation
in a well-oxygenated environment improves the efficacy of
radiation and decreases the toxicity to adjacent normal tissue
[28, 29]. The addition of radiation has important pathologic
implications with several series reporting decreased rates of
positive margins and node positive disease [30-32].

Experience with neoadjuvant chemoradiation for patients
with resectable PDAC suggests a survival benefit for those
who complete neoadjuvant therapy and undergo successful
resection of the primary tumor as compared to patients
treated with a surgery first strategy who receive postopera-
tive adjuvant therapy [33, 34]. Two clinical trials involving
patients with resectable PDAC who received neoadjuvant
chemoradiation and pancreaticoduodenectomy reported
median survivals approaching 3 years as compared to approx-
imately 2 years for those who complete adjuvant therapy
after a surgery first approach, and less than 2 years for those
who fail to receive adjuvant therapy after pancreaticoduode-
nectomy [20, 21, 33, 34]. In part, the survival advantage
observed in the patients who were treated with a neoadju-
vant approach is due to the identification of those patients
with disease progression (aggressive tumor biology) after
induction therapy and before surgery which removes them
from consideration of pancreaticoduodenectomy. In addition,
theoretical advantages of neoadjuvant treatment sequencing
include the treatment of micrometastases when they are
radiographically occult and perhaps more sensitive to sys-
temic therapy, and at a time when host defenses and innate
immune surveillance have not been impaired by the stress of
a major operation (as systemic therapy/chemoradiation is
delivered prior to surgery).

At the author’s institution, outside of a clinical trial,
patients with resectable PDAC are recommended to receive
neoadjuvant chemoradiation based on the report of Evans
and colleagues [33]. Radiosensitizing chemotherapy is given
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concurrently with external beam radiation over a course of 28
fractions (lasting approximately 5.5 weeks). Restaging imaging
and labs are obtained approximately 4 weeks after the last
radiation dose, and in the absence of disease progression,
patients are offered surgical resection. Since patients with
borderline resectable PDAC are at higher risk for harboring
radiographically occult distant metastases, a longer period of
induction therapy is recommended for these patients. At the
author’s institution, patients with borderline resectable
PDAC receive 2 months of chemotherapy followed by
chemoradiation. Restaging imaging and labs are obtained
after 2 months of induction chemotherapy and again follow-
ing the completion of chemoradiation.

Importantly, multidisciplinary care is crucial in the
coordinated management of PDAC. The scope of the
multidisciplinary team is vast and includes medical, surgi-
cal, and radiation oncologists, diagnostic radiologists,
advanced endoscopists, genetic counselors, dietitians, and
endocrine specialists, all of whom play an important role
in minimizing the toxicities associated with the treatment
and with care coordination. All patients with PDAC
undergoing neoadjuvant therapy should be reviewed at
each restaging in a multidisciplinary conference to assure
timely coordination of care, accurate staging, and optimal
treatment planning.

Question 3: What Is Ampullary Cancer and How Is
It Different from PDAC?

Answer: Ampullary cancers, or ampulla of Vater adenocarci-
nomas (AVAC) are neoplasms arising from within the epi-
thelium of the ampulla of Vater. It is the second most
common cancer in the periampullary region, after
PDAC. Though the surgical management of ampullary and
PDAC is the same (pancreaticoduodenectomy), patients
with ampullary cancer who undergo a curative surgical
resection have a much better prognosis.
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Ampulla of Vater Adenocarcinoma

AVAC s are relatively uncommon, accounting for less than
1% of gastrointestinal cancers. Although most AVAC are
sporadic, patients with familial adenomatous polyposis
(FAP) have an incidence of AVAC which has been reported
to range from 3 to 12 %, and the genotype of the adenoma-
tous polyposis gene mutation can predict the clinical risk of
AVAC [35]. AVACs have a higher incidence among men and
due to the anatomic location, patients will often develop
symptoms with small tumors, allowing for earlier detection
than in the case of PDAC [4]. In addition, patients with
AVAC may have a more favorable disease prognosis than
patients with PDAC due both to earlier diagnosis and more
favorable tumor biology. For patients with ampullary cancer
who undergo a curative surgical resection, single institu-
tional data would suggest a 5-year survival rate as high as
68 %, compared to a 20 % S5-year survival rate in patients
with PDAC who undergo multimodality therapy to include a
curative surgical resection [20, 36].

Initial Evaluation of a Patient with PDAC

The clinical presentation of AVAC is quite similar to that
seen in PDAC [37]. Symptoms that are highly predictive of
malignancy include dark urine, pruritus, and jaundice [37].
Other symptoms include nausea and vomiting, abdominal
pain, pruritus, and occult gastrointestinal bleeding. The diag-
nostic work up should include the following laboratory stud-
ies: CBC, BMP, hepatic function panel, CA19-9, and
carcinoembryonic antigen (CEA). As with PDAC, a dual
phase CT scan is essential in the diagnosis and staging of
AVAC. Unlike PDAC, AVAC are generally small, may not
involve the adjacent pancreatic head, and can frequently be
missed by CT imaging alone [38]. Additionally, endoscopic
retrograde cholangiopancreatography (ERCP) is very helpful
in the diagnosis of AVAC. ERCP allows for direct visualization
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of the tumor site, which helps to distinguish AVAC from
PDAC, and enables tissue biopsy of the papilla and ampullary
segments of the pancreatic duct and common bile duct [39].
In addition, endoscopic ultrasound (EUS) has significantly
improved diagnostic accuracy as compared to a dual phase
CT scan, with reported 100 % positive predictive value and
61 % negative predictive value [40].

The staging system for ampullary cancer is based on the
criteria developed by American Joint Cancer Committee
(AJCC), and is summarized in Table 6.3. As compared to
PDAC, in which the tumor stage is defined by tumor size and
tumor extension to vascular structures, the tumor stage for
AVAC is defined by the extent of tumor growth into the duo-
denum, pancreas, or peripancreatic soft tissues (Table 6.3). As
expected, pathologic stage is correlated with survival; nega-
tive prognostic factors include greater tumor stage (T3-T4)
and node positive disease (N1) [41]. In a recent analysis of
the SEER database, which included 421 patients with T1
AVAC, only 163 patients had nodes removed for staging, and
of these patients, 33 (22 %) had lymph node metastases, sug-
gesting that even small AVACs have a high risk of nodal
metastases [42].

Treatment of AVAC

Due to the rarity of the tumor, the management of AVACs
has been most frequently reported as retrospective single-
institution case reports. Consensus guidelines do not exist to
guide the management of AVAC, which has largely been
extrapolated from the management of duodenal and pancre-
aticobiliary cancers. While endoscopic techniques have been
described for the management of small benign ampullary
adenomas, for AVAC, surgical resection remains the locore-
gional therapy of choice for patients with localized disease.
Surgical resection with a pancreaticoduodenectomy ensures
negative margins and adequate lymph node sampling for
optimal adequate staging [37, 42].



122 C. Barnes et al.

TaBLE 6.3 AJCC AVAC Staging [5]

Primary tumor (T)

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor confined in the ampulla of Vater or
sphincter of Oddi

T2 Tumor involves the duodenal wall

T3 Tumor invades pancreas

T4 Tumor invades peripancreatic soft tissue or other
organs

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
Mo No distant metastasis
M1 Distant metastasis

Anatomic stage/prognostic groups

Stage 0 Tis NO MO
Stage IA T1 NO MO
Stage IB T2 NO MO
Stage T3 NO MO
DA
Stage T1 N1 MO
1B
T2 N1 MO
T3 N1 MO
Stage Il T4 Any N MO
Stage IV Any Any N M1

T
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Recurrence rates following surgical resection have been
reported to range from 15 to 38 % for locoregional recur-
rences and 15-40 % for metastatic progression [36,43,44]. No
prospective study has been performed which has evaluated
the benefit of adjuvant therapy for AVAC, although some
studies have included AVAC in evaluating the role of adju-
vant therapy in periampullary tumors. The largest study,
European Study Group for Pancreatic Cancer (ESPAC 3),
contained the largest proportion of patients with AVAC of
any prospective randomized study (with ~70 % of patients
enrolled having AVAC); 192 patients with AVAC received
adjuvant chemotherapy and 105 patients were observed [45].
Of all patients on the trial, approximately 50 % had T3 or T4
tumors and 60 % had lymph node metastases. The overall
median survival of all patients who received no adjuvant
therapy was 35.2 months, as compared to 43.1 months for
patients in the chemotherapy arms, but this did not reach
statistical significance (p=0.25). However, after adjusting for
other prognostic factors, the authors concluded that there
was a modest benefit of adjuvant therapy for periampullary
cancers. Importantly, the median survival for patients with
AVAC in this trial was 53.1 months. Other large single-
institution studies have demonstrated S-year survival rates
for patients with AVAC of approximately 40 % following
pancreaticoduodenectomy [46, 47]. The role of adjuvant che-
motherapy and radiation therapy in the management of
patients with AVAC remains controversial and to date there
are no published guidelines regarding the use of adjuvant
therapy. However, based on collective single-institution expe-
riences, adjuvant therapy should be considered in patients
with node positive disease or T3/T4 tumors [48, 49].

One important observation from the ESPAC-3 trial was
the demonstration of the challenges in administering adju-
vant therapy after major pancreatic resection. Of the 289
patients randomized to receive adjuvant chemotherapy, 44
(15 %) never received any adjuvant therapy and only 140
(48 %) received all of the six planned cycles of chemotherapy.
As with PDAC, the benefits of neoadjuvant treatment
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sequencing may be beneficial for patients with AVAC,
particularly if at diagnosis, the patients have large (T3/T4)
tumors (for example, evidence of pancreatic invasion on CT
or EUS) or evidence of lymph node metastases.

Conclusions

Management of patients with PDAC and AVAC starts with
careful staging evaluation and the coordinated treatment plan-
ning of a multidisciplinary team. Given the magnitude of surgi-
cal interventions, adjuvant therapy may not be feasible in
many patients. Therefore, consideration of neoadjuvant ther-
apy has practical appeal and oncologic advantages, and allows
patients to most effectively receive stage appropriate therapies
while minimizing the toxicities of unnecessary surgery.
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Chapter 7

Neuroendocrine Tumors
of the Pancreas

George Younan, Susan Tsai, Douglas B. Evans,
and Kathleen K. Christians

What Are Pancreatic Neuroendocrine Tumors
(PNETs) and Are They Cancer?

Suggested Response to the Patient

Pancreatic tumors are classified by the pancreatic cell of ori-
gin from which the tumor arose [1]. The pancreas contains
multiple nests of endocrine cells known as the islet cells of
Langerhans. These islets are found scattered throughout the
pancreas. Individual cell types secrete specific hormones; for
example, beta cells produce insulin whereas alpha cells pro-
duce glucagon. Tumors originating from those endocrine
cells, once termed “islet cell tumors”, are now referred to as
neuroendocrine tumors of the pancreas (or pancreatic neuro-
endocrine tumors [PNET]).

While all adenocarcinomas of the pancreas are considered
malignant (cancer is a synonym for malignant), in order to
consider a PNET malignant, it must demonstrate metastatic
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spread to regional lymph nodes or distant sites. Except for
sporadic insulinomas which are isolated to the pancreas at
the time of diagnosis (and are uniformly benign with no ability
to metastasize), all other PNETSs, if given enough time, will
likely demonstrate malignant behavior. However, non-
metastatic PNETs can be graded in terms of their biological
aggressiveness (potential for metastatic behavior) [2]. PNETs
have a wide range of clinical behaviors and the prognosis can
be multifactorial, relating to the site of origin, functional sta-
tus and specific tumor characteristics [3]. Due to this variabil-
ity, a uniform pathologic classification was published by the
World Health Organization in 2010 (Table 7.1). It was based
on tumor characteristics including grade and Ki-67 value of
the primary tumor; the latter being a measure of tumor pro-
liferation [3-5]. Tumors were classified into three broad cat-
egories based on their malignant potential/prognosis: benign/
uncertain, low, and high malignant potential. Such a classifi-
cation is commonly referred to as well-differentiated endo-
crine tumors, well-differentiated endocrine carcinomas, and
poorly differentiated endocrine carcinomas [4]. Risk factors
of aggressiveness include size, degree of cell proliferation,
whether or not the tumor has invaded surrounding structures
or blood vessels and the presence of tumor spread to distant
organs [5, 6].

Brief Review of the Literature

Approximately 49,000 people were diagnosed with pancreas
cancer in the USA in 2014. However, only 2—4 % of those had

TABLE 7.1 THE WORLD HEALTH ORGANIZATION CLASSIFICATION OF PNET's

Ki-67
Differentiation Grade Mitotic count index (%)
Well differentiated Low grade (G1) <2per I0HPF <3

Well differentiated Intermediate grade (G2) 2-20 per 10 HPF 3-20

Poorly High grade (G3) >20 per 10 HPF  >20
differentiated
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a PNET, for an incidence of 1-2/100,000 people [7, 8]. PNETSs
may be sporadic in inheritance or less commonly, run in
families. Multiple Endocrine Neoplasia type 1 (MEN1) is a
genetic syndrome that results in tumors of the pituitary gland,
parathyroids, and the pancreas. PNETSs can also occur in (1)
Von Hippel-Lindau (VHL) syndrome which also includes
tumors of the central nervous system, the kidneys and the
adrenals, (2) Tuberous Sclerosis Complex (TSC), a disease
which also includes tumors in the brain, kidneys, skin, and
eyes, and (3) Neurofibromatosis type 1 (NF-1), a condition
where tumors grow along the nerves in the skin, brain, and
internal organs.

PNETS are classified according to their ability to secrete
hormones and, if they do, the type of hormone that is pro-
duced. Tumors that do not produce hormones (nonfunc-
tional) are the most common type and constitute 70-80 % of
PNETs. Most of the symptoms that nonfunctional PNETSs
cause are due to the local effects of the tumor itself [9]. In
contrast, functional tumors, which make up 20-30% of
PNETSs, overproduce specific hormones [1]. For example,
endocrine cells of the pancreas produce insulin and glucagon,
two hormones involved in regulating blood sugar, in addition
to many other digestive and metabolic properties. Gastrin,
somatostatin, and vasoactive intestinal peptide (VIP) are
three other hormones also produced by endocrine cells of the
pancreas. Tumors originating from these cells are called
insulinoma, glucagonoma, gastrinoma, somatostatinoma, and
VIPoma, respectively (Table 7.2) [7].

How Are PNETSs Diagnosed?

Diagnosis of PNETs includes two general objectives: a
biochemical evaluation and localization of the tumor.
Neuroendocrine tumors of the pancreas have a broad range
of clinical presentations. Functional tumors usually present
with signs and symptoms of overproduction of a specific
hormone. Nonfunctional tumors are either found incidentally
on imaging studies done for other reasons or cause local
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symptoms due to compression/obstruction of other organs or
blood vessels. Patient history and physical examination are
the first and one of the most important parts of the initial
patient encounter. Nonspecific symptoms of abdominal pain,
fatigue and weakness may be present but usually the patient
is asymptomatic or has just recently become symptomatic.
A high index of suspicion for familial syndromes is impera-
tive in all patients diagnosed with a PNET and in patients
with a positive family history, evaluation for the associated
tumor constellation should be undertaken.

Brief Review of the Literature

Functional Tumors

The most common functional PNET is an insulinom a which
is usually sporadic in inheritance and benign (90 %). Rarely,
insulinomas are part of the MEN-1 syndrome (pancreas, pitu-
itary, parathyroid) in which case they are usually multifocal
within the pancreas. Patients usually present with signs and
symptoms of hypoglycemia caused by high insulin levels.
These “neuroglycopenic” symptoms may include weakness,
excessive perspiration, palpitations, altered mental status,
seizures, and in severe cases, coma [10]. A 72-h controlled fast
measuring blood glucose and insulin levels drawn at regular
intervals is often diagnostic for insulinomas. One has to
always exclude the rare circumstance where a patient has
factitiously low blood glucose levels due to administration of
exogenous insulin or diabetes medications of the sulfonyl-
urea class [11]. Insulin is synthesized as a larger molecule
called proinsulin. The latter is cleaved and processed inside
beta cells into insulin and C-peptide. A high level of insulin
and absence of C-peptide on blood tests is consistent with
factitious hypoglycemia, usually found in health care workers
who have access to insulin. Insulinomas are usually hypervas-
cular, well-circumscribed, solitary masses on axial imaging
and can be found in any part of the pancreas. They are usually
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small in size and are less than 2 cm in the majority of the
cases [12, 13]. They can be multifocal in MEN-1 syndrome,
thus the importance of examining the pancreas for other
smaller lesions at the time of initial diagnostic imaging (and the
importance of knowing whether the patient does or does not
have MEN1 before operation).

Gastrinoma is the second most common PNET and the
most common PNET found in MEN-1 patients; one third of
gastrinoma patients have a hereditary endocrinopathy. High
blood levels of gastrin are seen in Zollinger—Ellison Syndrome,
in which patients present with intractable ulcers. Excessive
stimulation of parietal cells in the body of the stomach by
gastrin leads to high levels of acid secretion. These ulcers tend
to be hard to treat, occur in young patients and arise in
unusual locations (jejunal) [14]. Associated symptoms include
abdominal pain, nausea and diarrhea, and weight loss.
Gastrinomas can be diagnosed by measuring serum levels of
gastrin with and without stimulation by the hormone secretin.
Secretin, under normal circumstances, suppresses gastrin
secretion; however, in gastrinoma patients, it stimulates gas-
trin production to very high levels. Gastrinomas are histori-
cally known to be found in an area referred to as the
“gastrinoma triangle,” especially when unifocal and sporadic
in nature. The gastrinoma triangle is anatomically defined by
the junction of the cystic and common hepatic ducts superiorly,
the junction of the neck and body of the pancreas medially,
and the area between the second and third portion of the
duodenum inferiorly [15].

Glucagonomas secrete high levels of glucagon. Typical
clinical manifestations include new onset diabetes, diarrhea,
deep vein or arterial thrombosis, weight loss, abdominal pain,
depression, and dermatitis. Approximately 70 % of gluca-
gonoma patients have a characteristic rash referred to as
“necrolytic migratory erythema,” an eruption that occurs in
areas of friction on the body such as buttocks, groin and feet
[16]. Patients with glucagonoma present with elevated blood
glucose and glucagon levels, anemia, and low protein levels as
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these proteins are used to make glucose. Most glucagonomas
are found in the body and tail of the pancreas and tend to be
large in size.

Somatostatinomas are rare PNETs and are usually malig-
nant. Somatostatin is known to be the universal inhibitor
hormone. It inhibits actions of insulin and gastrin, and pan-
creatic exocrine enzymes, leading to high blood sugar levels,
gallstones, and malabsorption of ingested food leading to
diarrhea [17]. Somatostatinomas tend to be large and are
located mainly in the pancreatic head [12].

VIP tumors are also rare PNETs which are mostly
benign and solitary. Excess VIP hormone secretion is asso-
ciated with a cluster of symptoms that have been named
Verner—Morrison syndrome. This syndrome includes diar-
rhea, low serum potassium and low gastric acid secretion
[18]. The majority of VIPomas are found in the tail of the
pancreas [12].

Nonfunctional Tumors

Nonfunctional PNETs do not produce clinically active hor-
mones; however, they are known to secrete peptides such as
pancreatic polypeptide, neurotensin, chromogranin A, and
neuron-specific enolase. Chromogranin A, in particular, can
be clinically helpful as a tumor marker to guide treatment
and signal recurrence and disease progression; it is present in
60-100 % of nonfunctioning PNETSs [19-21]. Any PNET can
cause signs and symptoms of local tumor compression of
adjacent organs depending on the size and the location of the
primary tumor. Tumors of the head of the pancreas can cause
obstruction of the common bile duct which can lead to jaun-
dice, pruritus, acholic stools, and dark urine. Tumors of the
body and tail of the pancreas often grow to reach large sizes
before causing local symptoms.

Tumor localization and extent of disease are key to the
diagnosis and treatment of patients with PNETs. Localized,
unifocal disease is treated differently than multifocal and



138  G. Younan et al.

metastatic disease. Traditional imaging techniques using
ultrasound (US), computed tomography (CT), magnetic res-
onance imaging (MRI), positron emission tomography
(PET), or radiolabeled octreotide scans have been the main-
stay for localizing PNETs. New endoscopic and nuclear imag-
ing technologies are also now part of the available
armamentarium. Upper endoscopy is augmented by the use
of an ultrasound probe on the tip of the endoscope, otherwise
termed an “endoscopic ultrasound” (EUS). This can provide
improved visualization of the tumor and surrounding lymph
nodes compared to transabdominal ultrasound. EUS is espe-
cially useful for detection of small tumors and/or multiple
tumors in patients with MEN1. Additionally, when indicated,
EUS can be utilized to perform a fine needle aspiration
(FNA). The aspirate (EUS-FNA biopsy) is considered a
biopsy of the tumor and has a high sensitivity for diagnosing
a PNET [22, 23]. Transabdominal ultrasound (U/S) detects
PNETs only 40 % of the time as it is not very sensitive for
detecting small tumors or regional lymph node metastases,
but it is highly specific for PNETs if found [12]. PNETs
appear as a well-defined circular mass that is darker than the
surrounding pancreas and is well vascularized when Doppler
mode is used [24].

Computed tomography (CT) and magnetic resonance
imaging (MRI) are comparable and identify at least 70-75 %
of pancreatic neuroendocrine tumors; a number which is
increasing with improved technology. They have the advan-
tage of detecting extrapancreatic lesions (liver metastases)
with an 85-90 % detection rate. Neuroendocrine tumors are
hypervascular and therefore best detected during the early
arterial phase of a dual phase CT scan, when the tumor-to-
pancreas contrast is greatest [12, 23, 25]. Nuclear medicine
imaging, such as octreotide scans, play a key role in detection
of neuroendocrine tumors due to a distinct feature that up to
80 % of these tumors express somatostatin receptors [12, 26].
Figures 7.1 and 7.2 contain classic images of a PNET by CT,
MRI, and Octreotide scan of a patient treated at our institu-
tion for a pancreas body neuroendocrine tumor.
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Fi6.7.1 Axial sections of CT scan of a pancreas body neuroendocrine
tumor (white arrow) seen enhancing in early arterial phase in (a),
with faded enhancement in the venous phase in (b). The same tumor
is seen in a coronal section of the arterial phase in (c¢), angiographic
3D reconstruction of the well vascularized tumor seen in (d)

How Long Will I Survive? Will I Need Chemotherapy?

Prognosis and Treatment Options for Pancreatic
Neuroendocrine Tumors

Suggested Response to the Patient

There has been a tremendous expansion in the available
therapies for PNETs over the past decade, in parallel with an
increase in the incidental radiological detection of these
tumors in younger patients [27, 28]. Relative to pancreatic
adenocarcinoma, patients with PNETs are usually long-lived
(5-year overall survival of 80 %) [29]. The goal, after initial
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FiG. 7.2 Axial MRI sections of the same tumor seen in Fig. 7.1, show-
ing increased signal intensity in T2-weighted images in (a), and
T1-weighted images in (b). Octreotide scan images are seen alone (c¢)
or fused (d), with CT scan that clearly show tumor radiolabel uptake

diagnosis, is to classify and stage each patient’s tumor in
order to assign the optimal treatment strategy. These cases
are usually discussed at multidisciplinary conferences where
physicians from multiple disciplines establish the appropriate
personalized treatment. Disciplines include surgery, gastro-
enterology, radiology, medical and radiation oncology, and
transplantation.

Brief Review of the Literature

Symptom Control

In patients with functional PNETs, treatment usually begins
by alleviating symptoms due to excess hormone production.
Insulinoma treatment includes avoiding episodes of serious
hypoglycemia; this can be done with serial glucose monitoring
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during the day, consumption of multiple small meals, and the
use of anti-insulin medications such as Diazoxide, Verapamil,
or Dilantin [13]. Medical treatment of gastrinomas is geared
toward suppression of gastric acid secretion, and this is suc-
cessfully done with high dose proton-pump inhibitors. For
patients with VIPoma or glucagonomas, diarrhea, elevated
glucose levels, and electrolyte abnormalities are treated with
supportive care that typically includes insulin, repletion of
fluid and electrolyte abnormalities, and close monitoring of
nutritional status. Somatostatin analogues (SSA) such as
Octreotide have been the mainstay of symptom control for
patients with PNETs. Octreotide not only inhibits hormone
secretion from these tumors, but also has a tumoristatic effect
[30, 31]. Recent trials proved the effectiveness of SSAs for
treatment of locally advanced and metastatic PNETs and this
has been incorporated into national and international guide-
lines [32-34]. Local mass effect caused by PNETSs in the
pancreatic head may cause biliary obstruction, resulting in
jaundice and pruritus. Symptomatic relief of these symptoms
can be achieved by stenting the obstruction open using
endoscopic or percutaneously placed stents [35-37].

Treatment

There has been a rapid expansion in the armamentarium of
treatment modalities that can be offered to PNET patients in
the last decade. Medical, interventional, and surgical options
are available; however, consensus is still lacking on proper
treatment sequencing [28]. The key step is to determine the
clinical and biological information of the primary tumor and
personalize treatment accordingly [38]. Workup is usually
started by ruling out metastatic disease. EUS with fine needle
aspiration biopsy of the tumor is done to assess for tumor
grade and Ki-67 status. The Ki-67 status of the tumor is criti-
cally important for the determination of proper treatment.
Since surgery is the only known curative treatment, the
next step in management is determining surgical resectability of
the tumor. In solitary, low grade tumors, confined to the pancreas,
minimally invasive surgery is the current state-of-the-art
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approach. Laparoscopic and robotic-assisted approaches are
now commonly used supported by multiple studies which
have proved safety and efficacy [39]. The goal of treatment is
to remove the tumor while preserving as much of the pancreas
as possible; otherwise known as a “parenchymal preservation”
strategy. This allows preservation of endocrine and exocrine
function of the pancreas when possible [40—42]. Depending on
the location of the tumor and the status of the rest of the pan-
creas, surgical options may include enucleation, central pan-
createctomy,distal pancreatectomy,pancreaticoduodenectomy
(Whipple procedure), or total pancreatectomy. Complete
surgical resection is also associated with prolonged survival
even in the setting of metastatic disease (when the primary
and distant sites can all be surgically excised) [29, 43-46].
Unfortunately, a high percentage of patients present with
extensive, unresectable tumors and the role of surgery is often
limited to symptom control; in such patients, systemic therapy
and sandostatin analogue therapy are often the initial choice
of treatment [47-51]. Liver transplantation for PNETs is used
infrequently, and is controversial [52].

Up to 85 % of patients with PNETSs present with synchro-
nous liver metastases or develop metachronous disease to the
liver years after the primary tumor was removed [53]. In
patients with unresectable, liver dominant disease, several
other treatment modalities confer positive outcomes with
modest side effects [54]. Liver metastases can be treated with
trans-arterial embolization or chemo-embolization (TAE,
TACE), radio-embolization, ablation, or in limited cases,
external beam radiation [53-59]. TAE or TACE are based on
the knowledge that these tumors are supplied by branches of
the hepatic artery (rather than the portal venous system).
Selective embolization of branches of the hepatic artery with
small spheres, with or without chemotherapy is the basis of
such procedures. Ablation techniques involve heat (radiofre-
quency or microwaves) or cold (cryotherapy) [48, 60-63].
Radiation can either be delivered transarterial (yttrium 90)
or by external beam. The latter is usually reserved for
isolated, unresectable tumors, in anatomically difficult locations
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that are not amenable to other techniques [64]. One interesting
treatment option that is not yet available in the USA includes
the use of radiolabeled somatostatin analogues. Radioactive
molecules are attached to a somatostatin analogue which
binds tumor cells and cytotoxicity is by means of radiation
selectively delivered to those cells. This method avoids radia-
tion to normal cells. This technique is referred to as peptide
receptor radionuclide therapy (PRRT) [65, 66].

In patients with advanced PNETSs, whether metastatic,
unresectable, or high grade and poorly differentiated, several
systemic therapies have been used. Conventional chemo-
therapy that included streptozocin (STZ), 5-fluorouracil
(5-FU), and doxorubicin used to be the mainstay of treat-
ment in this category of patients. These agents promote
tumor cell death through interference with DNA synthesis.
Although initially shown to be quite effective, response rates
have not been as favorable in more recent reports [33, 34, 67].
New chemotherapeutic agents such as capecitabine and
temozolomide have shown more promise with a radiological
response rate of up to 70 %, and such agents have even been
used to downstage metastatic dsisease for surgical resection
[28, 68]. Capecitabine is processed in the liver to produce
fluorouracil, a compound that inhibits DNA synthesis in
tumor cells. Temozolomide is another cytotoxic agent that
gets cleaved into an active metabolite causing tumor cell
death through a process of DNA alkylation. In general, che-
motherapy is reserved for inoperable disease or to downstage
borderline resectable disease thereby facilitating a less diffi-
cult operation [67, 69].

Recently, several trials investigated and proved the effi-
cacy of targeted therapies in patients with advanced PNETs.
New agents target specific proteins made by PNETs. Of
those, everolimus, which belongs to a class of drugs called
inhibitors of the mammalian target of Rapamycin (mTOR),
has been shown to slow disease progression [70-73]. Sunitinib
has been shown to prolong survival by inhibiting vascular
endothelial growth factor (VEGF) receptors [74, 75].
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Conclusion

The incidence of neuroendocrine tumors of the pancreas is on
the rise. PNETs have a wide variety of clinical presentations
and biological behaviors. Whereas significant progress has
been made in the understanding and classification of these
tumors, consensus protocols for treatment sequencing are still
somewhat poorly defined. Surgery is the only potentially cura-
tive therapy, however, most of these patients present with
metastatic disease, and may require a combination of multiple
modalities that include cytotoxic chemotherapeutic agents,
targeted biological agents, and radio/chemo-embolization.
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IPMN Intraductal papillary mucinous neoplasm

MCN Mucinous cystic neoplasm

MDCT Multidetector CT

MD-IPMN Main-duct intraductal papillary mucinous
neoplasm

MR Magnetic resonance

MRCP Magnetic resonance cholangiopancreatography

PCL Pancreatic cystic lesions

PCN Pancreatic cystic neoplasms

RFA Radiofrequency ablation

SCN Serous cystic neoplasm

SPN Solid pseudopapillary neoplasm

US Ultrasonography

VHL von Hippel-Lindau disease

Question 1: I Was Told that I Have a Cyst in My
Pancreas. Is It Cancer? How Did I Get It?

With increasing use of high resolution imaging techniques,
pancreatic cysts are now being discovered with increasing
frequency. It is important to determine whether a pancreatic
cyst is benign (usually no treatment is needed) or pre-
neoplastic (benign cyst having a potential to become cancer-
ous) or neoplastic (must be resected). Non-neoplastic cysts of
the pancreas account for 80 % of all pancreatic cysts and the
most common is the pancreatic pseudocyst, which is mostly a
local complication of acute pancreatitis. The prevalence of
neoplastic cysts increases with age and can be associated with
genetic abnormalities. Neoplastic cysts usually include a
serous or mucinous epithelium, which shows its neoplastic
potential: serous cysts are typically benign and mucinous
have at least some malignant potential.

Question 2: Can My Cyst Be Treated Without Surgery?

The most common non-neoplastic cyst, pseudocysts, mostly
resolves over time without any treatment. In cases that cysts
cause symptoms or become infected drainage, is required.
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Today, endoscopic drainage is the preferred technique for
treatment and surgery is reserved for those who failed
endoscopic approach.

The most common mucinous neoplastic cyst is IPMN and
all IPMNs have a potential for malignancy progression over
time. For the subtype main duct-IPMN, international consen-
sus guidelines recommend resection for all patients, since the
incidence of invasive carcinoma is high and its 5-year survival
rates are low. For the subtype branch duct IPMN, given the
low risk of low malignant progression, most of the BD-IPMN
patients without symptoms or risk factors should be followed
up. An alternative treatment is EUS-guided cyst ablation and
ethanol and/or paclitaxel injection. Radio-frequency ablation
is still under investigation.

MCNs are the other group of mucinous cyst and current
consensus guidelines recommend surgical resection. For
patients refusing surgery, EUS-guided cyst ablation therapies
may be considered.

Serous cystic neoplasm has an excellent prognosis; surgery
is recommended only for patients with symptoms.

Question 3: What If I Don’t Do Anything; Will
the Cyst Become a Cancer?

Pseudocyts will not become a cancer.

The mean frequency of developing malignancy in
MD-IPMN is 61.6 %. The prognosis of SCN is excellent and
these patients are commonly managed conservatively.

Introduction

Pancreatic cystic lesions (PCL) are relatively rare and in
recent years they are being increasingly recognized with the
improvement and widespread use of cross-sectional imaging
tools [1,2]. The vast majority of PCL are recognized incidentally
in asymptomatic patients and the others are discovered in
patients with symptoms such as abdominal pain and jaundice.
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Fic. 8.1 Tllustrations of the common pancreatic cysts. (*) The sche-
matization of the morphology of cysts

In the past, most of the pancreatic cysts were believed to be
pseudocysts, and the others were believed to be extremely
rare. However, PCL are now recognized to be an extensive
group of pancreatic tumors showing different histological,
demographical, morphological, and clinical characteristics.
The prevalence of pancreatic cystic lesions is reported to be
ranging from 1.2 to 19 % in image-based studies (Fig. 8.1),
[1-4]. A study evaluated 24,039 CT or MRI scans and
reported that 290 patients (1.2 %) had pancreatic cysts, and a
majority of the patients had no history of pancreatitis [5]. In
an autopsy series on 300 patients, cystic lesions were found in
73 cases (24.3 %) [6]. The prevalence of cysts increases with
age [3].

A number of systems have been used to classify pancreatic
cysts. PCL may be broadly categorized as either non-
neoplastic or neoplastic cysts (Table 8.1). Today, neoplastic
cysts of pancreas are defined more commonly as pancreatic
cystic neoplasms (PCN). PCN are frequently found to have a
mucinous or serous epithelial lining. Serous cystic neoplasms
are considered typically benign and cause symptoms
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TaBLE 8.1 Pancreatic cystic lesions

Non-neoplastic cysts
e FEpithelial

Lymphoepithelial cyst

Mucinous non-neoplastic cysts
Squamoid cysts

Enterogenous cysts

Endometrial cyst

Para-ampullary duodenal wall cyst

® Non-epithelial

Pseudocyst
Infection-related cyst
Simple cyst
Retention cyst

Neoplastic cysts (pancreatic cystic neoplasms)

®  Mucinous cystic lesions
Intraductal papillary mucinous neoplasm
Mucinous cystic neoplasm

® Non-mucinous cystic lesions
Serous cystic neoplasm
Solid pseudopapillary neoplasm
Cystic pancreatic endocrine neoplasm
Acinar-cell cystic neoplasm

e Other neoplastic cystic lesions

Ductal adenocarcinoma with cystic degeneration

secondary to space occupying mass effect. Mucinous cysts,
including mucinous cystic neoplasm and intraductal papillary
mucinous neoplasm, have a malignant potential. Thus, it is
important to distinguish a non-neoplastic cyst from neoplas-
tic or non-mucinous from mucinous cyst because the latter
are considered being premalignant lesions. Non-neoplastic
cysts of pancreas account up to 80 % of all PCL, however, the
prevalence of PCN increase with age [1, 2, 5]. Because many
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of these lesions are indistinguishable from each other preop-
eratively, many of them were resected unknowingly. In recent
years, diagnostic methods, management algorithms and treat-
ment options of PCL have been gradually changed. Accurate
diagnosis is mandatory for PCL to choose the optimal man-
agement, which includes either follow-up conservatively or
resect surgically. In this chapter, the major types of PCL are
reviewed based on the recent advances in the diagnosis and
management of these lesions.

Non-neoplastic Cysts

Non-neoplastic cysts of pancreas are benign lesions, which
can be further classified as epithelial and non-epithelial cysts.
Epithelial, non-neoplastic cysts of pancreas are categorized
as lymphoepithelial cyst, mucinous non-neoplastic cysts,
squamoid cysts, enterogenous cysts, endometrial cysts and
para-ampullary duodenal wall cyst [7-9]. These lesions can be
either congenital or acquired. Imaging studies are not usually
sufficient enough to distinguish epithelial cysts from their
mucinous complements. Although these entities are benign,
because they often mimic mucinous neoplastic cysts, definite
diagnosis is usually challenging until they are resected. Non-
epithelial,non-neoplastic pancreatic cysts include pancreatitis-
associated pseudocysts, the most common cyst of the pancreas,
retention cysts, and infection related cysts including parasitic
cysts [10]. On the other hand, cystic transformation of pan-
creas is observed in autosomal dominant polycystic renal
disease [11], medullary cystic kidneys [12], congenital syn-
dromes and cystic fibrosis [13].

Lymphoepithelial cysts are often thought to arise from the
pancreas but they are characteristically round and well-
bordered peri-pancreatic cysts. On cross-sectional imaging,
they appear classically cystic and endoscopic ultrasonogra-
phy (EUS) reveals a solid appearing cystic lesion filled with
uniform, homogenous, hypo-echoic material. Pathological
examination of a resected cyst shows an outer border of
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benign lymphoid tissue with an inner lining of squamous epi-
thelium (“lympho”+“epithelial”). Aspirated fluid with EUS
guided fine needle aspiration (EUS-FNA) is a viscous, thick,
pasty material. Cytology of the aspirated fluid reveals anucle-
ated squamous cells, keratinaceous debris, lymphocytes, and
histiocytes. Since lymphoepithelial cysts are benign, surgical
resection is only advised for patients with symptoms due to
mass affect.

Although there is an uncertainty whether congenital, sim-
ple, benign cysts occur in pancreas, these cysts are generally
classified as a subgroup of non-neoplastic cysts. Non-solid
simple cysts are seen in patients with cystic fibrosis within a
diffusely atrophic fatty parenchyma. Simple cysts, which are
of no clinical significance, are also demonstrated in patients
with polycystic renal disease.

Pancreatic Pseudocysts

Pancreatic pseudocysts are the most common cystic lesions of
pancreas and are inflammatory fluid collections associated
with pancreatitis. These lesions mainly effect adult men and
are local complications of acute pancreatitis due to different
etiologies such as chronic alcoholism, biliary or traumatic
pancreatitis [14]. The most common local complication of acute
and chronic pancreatitis is peri-pancreatic and sometimes

TasLE 8.2 Fluid collections of acute pancreatitis

Type of pancreatitis Fluid collection Time

Interstitial edematous Acute pancreatic fluid <4 weeks after onset
pancreatitis collection

Interstitial edematous Pancreatic Pseudocyst >4 weeks after onset
pancreatitis

Necrotizing Acute necrotic <4 weeks after onset
pancreatitis collection

Necrotizing Walled-off necrosis >4 weeks after onset

pancreatitis
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intra-pancreatic fluid collections. According to the revised
Atlanta classification, local complications of acute pancreati-
tis are acute peri-pancreatic fluid collections, pancreatic pseu-
docyst, acute necrotic collections and walled-off necrosis [15].
Considering the absence or presence of pancreatic necrosis,
acute fluid collections within 4 weeks from onset of acute
pancreatitis, are named acute pancreatic fluid collection and
acute necrotic collection. After the development of an
enhancing capsule, a persistent acute pancreatic fluid collec-
tion is further termed a pancreatic pseudocyst and an acute
necrotic collection is referred to as a walled-off necrosis. All
of these entities can be either infected or sterile (Table 8.2).
Pseudocyst occurs in 10-20 % of acute pancreatitis [16]. The
definition “pseudocyst” applies to a peri-pancreatic cystic
lesion, which has no epithelial lining and therefore is not a
true cyst [17]. The development of a well-defined wall com-
posed of granulation or fibrous tissue distinguishes a pseudo-
cyst from an acute fluid collection. Pancreatic pseudocysts are
thought to arise from disruption of main pancreatic duct or
its branches in the absence of identifiable pancreatic necrosis
[15]. Without an antecedent episode of acute pancreatitis,
pseudocyst may also arise insidiously in patients with chronic
pancreatitis [18]. Rarely, pseudocysts may also arise in acute
necrotizing pancreatitis patients, which is called “discon-
nected duct syndrome”. In this syndrome, a still viable distal
pancreatic remnant is separated by parenchymal necrosis of
the neck and body of pancreas [19]. Additionally, after surgi-
cal necrosectomy, a pseudocyst may develop due to necrosis
and subsequent leakage of pancreatic secretions from discon-
nected ducts into necrosectomy cavity [19]. Pseudocysts are
round or oval, well circumscribed homogenous fluid collec-
tions, with a well-defined enhancing wall, which essentially
contain no solid material inside. Rarely, pseudocysts may be
multilocular and irregular in shape. Pseudocysts are usually
single but may be multiple in 10 % of cases. Pseudocysts con-
tain fluid, which is usually rich in amylase and lipase due to
the constant communication with pancreatic ducts, and pseu-
docysts are usually sterile [17].
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In contrast, small pancreatic pseudocysts are usually sur-
rounded by a thin wall and are usually closely associated
with the pancreas. Pseudocysts may sometimes be large,
which occupy spaces adjacent to the stomach and pancreas
or remote areas, including the chest. Pseudocysts can be
localized in the liver, usually in the left lobe [20, 21], in the
spleen [22, 23], and rarely in the kidney [24]. Histologically,
the walls of pseudocysts consist of fibrosis and inflammatory
tissue without epithelial lining, and are similar in all types of
pseudocysts. The size of pseudocysts varies from 2 to 20 cm
[14,17,18].

Clinical manifestations of pseudocysts are related with a
local mass effect. The common symptoms associated with
chronic pancreatic pseudocysts are usually mild recurrent
abdominal pain, nausea and vomiting, early satiety, and
weight loss. Generally, the size and the duration of cysts are
the most important predictors for symptoms related to a
pseudocyst [25]. Physical examination is rarely diagnostic for
pseudocysts; a palpable, smooth, firm, non-tender mass in
epigastric region, usually moving with breathing, may be a
physical finding of large pseudocysts. Weight loss, which is
observed in 20 % of patients due to gastric compression,
results in poor intake as well as maldigestion. Jaundice is
noted in 10 % of patients, who usually progresses slowly, and
arises as a result of bile duct compression by the pseudocyst
or the inflamed pancreas itself. Fever and chills are unusual
in chronic, uncomplicated pseudocysts and presence of fever
in these patients should raise the suspicion of pseudocyst
infection [26].

Diagnosis

A pancreatic pseudocyst is clinically suspected when the epi-
sode of acute pancreatitis does not resolve, in the presence of
continuous abdominal pain after clinical resolution of acute
pancreatitis, persistent high levels of amylase and an onset of
a palpable epigastric mass after an episode of acute pancre-
atitis. In some cases the episode of acute pancreatitis may not
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be clinically overt or patients might have had mild pancreati-
tis. Transabdominal ultrasonography (US) is usually the ini-
tial diagnostic procedure for a pseudocyst. An echoic structure
associated with distal acoustic enhancement is the usual
appearance on US. Abdominal computed tomography (CT)
is superior to US with a sensitivity of 90-100 % to detect a
pseudocyst. A patient with a history of pancreatitis and
abdominal CT revealing a round or oval well circumscribed
fluid filled lesion surrounded by a thick, dense wall adjacent
to pancreas is almost diagnostic for a pancreatic pseudocyst
[14] (Fig. 8.2). CT may also show clues of acute or chronic
pancreatitis, when evaluating the adjacent pancreatic tissue.
Big pseudocysts may be seen in the mediastinum, pelvis or
may involve the mesentery, as well. Although pseudocysts are

Fic. 8.2 CT showing a 3 cm pseudocyst in the body of pancreas
indenting the stomach



8. Cpystic Lesions of the Pancreas 165

most commonly unilocular, fibrotic strands within the cavity
may cause multiple septations, which is frequently encoun-
tered in patients with post-pancreatitis complex fluid collec-
tions. Since pancreatic mucinous cysts can also be septated, it
may be difficult to distinguish pseudocysts from pancreatic
mucinous cysts without analyzing the cystic fluid. A pseudo-
cyst may also contain debris, blood, or it may sometimes be
infected, which is observed as high-attenuation areas within
the fluid-filled cavity. When a pseudocyst is infected, the lig-
uid becomes purulent, but does not contain solid material.
CT scans can also provide more detailed information regard-
ing the surrounding anatomy and can demonstrate additional
pathologies. Persistent communication of a pseudocyst with
pancreatic duct can be shown by contrast enhanced CT,
which may help determine the management of the disease.
On the other hand, magnetic resonance cholangiography
(CP) is superior to CT in demonstrating this communication
[27, 28], but usually magnetic resonance imaging (MRI) and
MRCP do not add any extra information over CT [29].
Although CT is more popular, MRI may be more helpful
before therapeutic interventions of complex fluid collection
[30]. ERCP is not essential for diagnosis of pseudocysts but it
can be helpful for treatment in some cases.

To further evaluate a pancreatic cysts EUS can be used,
which is superior to distinguishing pseudocysts from other
PCL [31]. In the EUS examination pseudocysts are seen as
anechoic, fluid-filled lesions adjacent to the upper GI tract
and pancreas (Fig. 8.3). A thick, hyperechoic rim often sur-
rounds pseudocysts. Calcifications in a cyst wall are highly
suggestive of a mucinous cystadenoma, rather than a pseudo-
cyst. Debris may be observed in the cystic cavity and may
represent blood, infection, or necrotic material. Color
Doppler of the wall will often reveal multiple, prominent ves-
sels, including para-gastric varices.

In cases where CT demonstrates gas within the pseudo-
cyst, an infected pseudocyst should be suspected. In the
absence of gas, fine-needle aspiration (FNA) with Gram
staining and culture for bacteria may help diagnose the infection.
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EUS guided FNA, including cystic fluid analysis, discrimi-
nates pseudocysts from neoplastic cysts in more than 90 % of
the patients [26]. A high amylase activity in the aspirated cyst
is a strong predictor of a communication with the pancreatic
duct, which helps confirm the diagnosis of a pseudocyst. On
the other hand, relatively low levels of CEA in the cystic fluid
may distinguish a pseudocyst from Intraductal papillary
mucinous neoplasm (IPMN) and mucinous cystic neoplasm
(MCN) [32]. Cytological analysis of a pseudocyst for histio-
cytes, inflammatory cells and degenerative debris and more
importantly, to rule out a mucinous lesion is also needed.
Epithelial cells should raise the suspicion of a cystic neoplasm
rather than a pseudocyst [32]; presence of granulocytes sug-
gests an acute infection.

Treatment
Spontaneous resolution is observed in the majority of acute

peri-pancreatic fluid collections. A small percentage of fluid

3.4 X3.1CM

——

FiG. 8.3 EUS revealing a pseudocyst 3.4x3.1 cm in diameter in the
body of pancreas
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collections mature into pseudocysts. Most of these pseudo-
cysts also resolve over time without any treatment. Small
pseudocysts, which are less than 4 cm in diameter, often dis-
appear without any complications; however, bigger pseudo-
cysts are more likely to cause symptoms or complications.
Approximately 25% of pseudocysts cause symptoms, or
become infected and require drainage, less than 10 % of cases
experience a complication [30, 33]. Spontaneous resolution of
pseudocysts takes place through fistulation into the GI tract
or the pancreatic duct. The indications for interventions to
drain are symptomatic persistent pseudocyst or cysts with
complications such as bleeding, infection, biliary obstruction
or gastric outlet syndrome. Forty percent of pseudocysts that
are smaller than 6 cm in diameter requires drainage [34]. For
large or symptomatic cysts, after excluding infection or
necrotic material, drainage is usually satisfactory. In cases
when CT demonstrates gas inside the fluid collection, infec-
tion is clinically suspected, but FNA is usually required to
rule out the infection. Surgical drainage is not the first pre-
ferred method for infected pseudocyst today.

Several types of procedures may be used for draining a
pseudocyst [35]. Under the guidance of US/CT, percutaneous
drainage with percutaneous catheter placement is a simple
way. This simple percutaneous drainage procedure has a high
short term success, but high risk of complications with signifi-
cant discomfort to the patient exits [14]. Percutaneous drain-
age with retroperitoneal approach through the lateral flank,
which avoids perforation of bowel and solid organs, is gener-
ally more preferable than anterior approach through the
peritoneal cavity [36]. The overall success rate of surgical
drainage performed by providing a large anastomosis
between the pseudocyst cavity and the stomach or small
bowel is very high; however, this invasive technique has high
complication rates. Surgery should be reserved for those who
cannot tolerate or failed endoscopic drainage [37].

Presently, endoscopic drainage is the preferred technique
for the treatment of pancreatic pseudocysts [38]. Endoscopic
retrograde cholangiopancreatography (ERCP) guided
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a b

FiG. 8.4 (a) MRI showing a large pseudocyst in a patient with alco-
holic pancreatitis. EUS guided cystogastrostomy was performed and
two metallic stents were placed. (b) CT showing almost complete
resolution of the pseudocyst

drainage through ampulla of Vater should be preferred when
a communication between pancreatic duct and pseudocyst is
suspected. The trans-papillary approach of drainage has also
been found to be useful when pseudocysts are associated with
strictures or are as a result of leakage from the main pancre-
atic duct [39].

Trans-gastric or trans-duodenal approaches are preferred
for pseudocysts that are in proximity to gastroduodenal wall
(Fig. 8.4). EUS is helpful to determine the size, location, and
thickness of the pseudocyst wall. Endoscopic drainage is rela-
tively contraindicated in cysts having a wall thickness greater
than 1 cm or when large intervening vessels or varices are
evident with EUS. In the absence of a visible bulge in the
stomach, EUS guidance is required for drainage. Furthermore,
necrotic pancreatic tissue can be removed through an endo-
scopic cystogastrostomy or duodenostomy via balloon dila-
tion of the fistula tract. Overall, endoscopic drainage is
successful in more than 90 % of the cases, with a complication
rate of 13 %, and recurrence rates of less than 10 % [26].
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Pancreatic Cystic Neoplasms

IPMN, MCN,; serous cystic neoplasm (SCN), solid pseudopap-
illary neoplasm (SPN), and Cystic pancreatic endocrine neo-
plasms (CPEN) are the main types of PCN (Table 8.1).
Population based studies showed that SCN account for
32-39 %, MCN for 10-45 %, IPMN for 21-33 %, and SPN for
less than 10 % of all PCN in Western Hemisphere. A nation-
wide survey from Korea reported that IPMN account for
41 %, MCN for 25.2 %, SPN for 18.3 %, SCN for 15.2 %, and
others for 0.3% of PCN [1, 40]. Since the diagnosis and
management varies in each type of PCN, differentiating one
from another is important.

Intraductal Papillary Mucinous Neoplasms

IPMNs were first described in 1982 and they were initially
thought as rare neoplasms. Prior to The World Health
Organization classification of IPMN in 1996, they were
named as papillary carcinoma, mucinous ductal ectasia or vil-
lous adenoma and many of these mucinous lesions were
misclassified. IPMNs have become a major clinical focus in
recent years because of the increased use of cross-sectional
imaging in clinical practice and increased identification of
asymptomatic PCLs.

IPMNs originate from pancreatic ductal cells and may
involve pancreatic ducts diffusely or in a multifocal manner.
IPMNs are mucinous cystic lesions of the pancreas character-
ized by mucin-secreting, papillary projections from the pan-
creatic ductal surface [41]. Hence IPMN is an intraductal
proliferation of neoplastic mucin-producing columnar epi-
thelium rising from the main pancreatic duct or its side
branches. Intraluminal growth causes dilatation of the
involved duct and its proximal segment. The most common
site of involvement is the head of the pancreas as a solitary
cystic lesion, but may be multifocal in 20-30 % of the cases.
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Although the exact incidence of IPMNs is unknown, it is
believed that 20-50 % of all PCNs are IPMNs [1,41,42].In a
recent surgical series IPMNs accounted up to 36 % of all
resected cysts of pancreas [43]. Radiographically and histo-
pathologically, based on the involvement of pancreatic ductal
system, IPMN are classified into either main-duct IPMN
(MD-IPMN) or branch-duct (BD-IPMN) or mixed-IPMN
(both dilation of the main and side branch ducts). The main
pancreatic duct is segmentally or diffusely involved in
MD-IPMN and is usually >10 mm in diameter. In 5-10 % of
cases, the main pancreatic duct is diffusely involved [41, 42].
Carcinoma-in-situ is observed in up to 60 % and invasive
adenocarcinoma in up to 45 % of cases. Hence patients with
MD-IPMN in general should undergo resection [44-47]. A
non-dilated main duct communicates with one or more side
branch ducts in BD-IPMN and multifocal involvement is
seen in up to 40 % of cases [48,49]. In patients with BD-IPMN
who had undergone resection, 40 % malignancy is reported
[45, 46, 48, 49]. When side branch dilation is associated with
main duct dilation, it is called mixed-IPMN and malignancy
rate is reported to be in between those of MD-IPMN and
BD-IPMN, who had undergone resection.

Currently, most of the investigators and clinicians believe
that IPMNs represents a field defect [SO]. IPMN covers a spec-
trum of precursor lesions from adenoma to intraductal carci-
noma to invasive cancer. Recent reports state that IPMN, as a
dysplastic premalignant lesion, has a potential to progress
from low-grade dysplasia to invasive carcinoma [51, 52].
According to degree of dysplasia WHO classified IPMNs into
subgroups; (1) IPMNs with low- or intermediate-grade dys-
plasia, (2) IPMNs with high-grade dysplasia (carcinoma in
situ), and (3) IPMNs with an associated invasive carcinoma.
Currently, dysplasia is classified as low, moderate or high by
most histopathological assessments. Detailed histological
studies further classified IPMN into subtypes including gastric
foveolar type, intestinal, pancreatobiliary, and intraductal
oncocytic papillary subtype. Gastric foveolar type epithelium
is predominantly seen in BD-IPMN, which are usually
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low-grade lesions [53]. On the other hand, intestinal type is
mostly present in MD-IPMN and has an intermediate to high-
grade dysplasia. Colloid type adenocarcinoma usually devel-
ops in association with intestinal type IPMN and it indicates
better prognosis [54]. Invasive cancers developing from pan-
creatobiliary IPMN are usually tubular-type adenocarcinoma,
which tend to have worse prognosis than colloid adenocarci-
noma. Intraductal oncocytic papillary cancers are very rare
and cancers developing from them show different oncocytic
cytology and they are suggested to be identical with ductal
adenocarcinoma [55, 56]. Patients with gastric-type IPMN
have the best prognosis, whereas those with intestinal and
pancreatobiliary type have worse prognosis. The types of
mucin expressed by subtypes of IPMN are summarized in
Table 8.3.

Diagnosis

IPMNs are usually detected in asymptomatic patients inci-
dentally discovered on cross-sectional imaging performed for
another reasons. Some patients may present with recurrent
non-specific symptoms including abdominal pain and dis-
comfort, malaise, nausea and vomiting [41]. Patients with an
associated invasive carcinoma may present with jaundice,
weight loss and diabetes mellitus. IPMNs presents predomi-
nantly in men with a mean age of 65. Laboratory tests includ-
ing complete blood count, liver enzymes, pancreatic enzymes,
are usually within normal limits. Serum carcinoembryonic
antigen (CEA) and CA 19-9 are generally not of diagnostic

TaBLE 8.3 Types of mucin expressed by different subtypes of IPMN

Subtype Mucin

Gastric foveolar type Overexpression of MUC5AC, MUC6

Intestinal type Overexpression of MUC5AC, MUC2 and weak
expression of MUC6

Pancreatobiliary type MUCI1, MUCS5AC
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TaBLE 8.4 Genetics of IPMN

Genetic abnormality Frequency

KRAS mutation 38-100 % [57, 58]

Loss of p16 78 % [59]

P53 mutation 50 % [60]

SMAD4/DPC4 expression In almost all of noninvasive IPMN [59]
Loss of SMAD4/DPC4 10 % of colloid cancer [59]

expression

PIK3CA mutation 11 % [61]

GNAS mutation 66 % [62]

STK11/LKB1 gene inactivation 25 % [63]

value [1]. Genetic abnormalities in IPMNs are summarized in
Table 8.4.

The diagnosis of IPMN is classically established by imag-
ing [64]. The aim of imaging studies in patients with IPMN
includes detecting and differentiating them from the other
types of PCL, differentiating the type of IPMN (MD-IPMN
or BD-IPMN) and evaluating it for resectability.

Although it was a standard procedure in the past, endos-
copy and ERCP have a limited role for the evaluation of
IPMN today [64]. The finding of a dilated main pancreatic
duct (usually >10 mm) with filling defects, in the absence of
imaging features of acute pancreatitis and obstructing lesions
is highly suggestive of MD-IPMN. In some cases, during
endoscopy or ERCP, the pancreatic orifice is patulous, and
mucin that is emanating from the ampulla can be visualized
(“fish-mouth” papilla). However, absence of this endoscopic
feature in no way excludes the diagnosis. In the absence of
pancreatitis features, cystic dilations of side branch ducts
(multiple parenchymal cysts on imaging), especially if these
are communicating with the main pancreatic duct, are gener-
ally considered indicative of BD-IPMN. The other types of
PCN are very rarely multifocal and it should be kept in mind
that multiple benign cysts may be seen in cystic fibrosis and
polycystic renal disease. Moreover, in some occasions, due to
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mucus plugging, the cystic side branch ducts cannot be filled
with contrast. Since ERCP is an invasive procedure with
complications, one of the limited usages of ERCP is that
ERCP identifies the intraductal papillary outgrowths of
IPMN and may also identify a communication with a cyst and
the main pancreatic duct. In addition, visualization of the
entire pancreatic ductal system is not always possible due to
copious amount of mucin during ERCP.

In clinical practice, most of the PCL are usually discovered
by conventional imaging modalities (US, CT and MRI) which
are usually performed for other reasons [65, 66]. Conventional
imaging differentiates the types of PCL by evaluating the
location, number, size, calcification, septations and pancreatic
duct dilation. High quality cross sectional imaging is crucial
for assessing PCL. Currently, multidetector CT (MDCT),
which allows pancreatic thin sections, has become the most
common method for evaluating PCL. Besides providing excel-
lent visualization of mural nodules, calcifications and septa-
tions, MDCT also evaluates the pancreatic parenchyma.
MDCT predicts the malignant features of pancreatic cyst with
an accuracy of 56-85 % [67] and, the presence of thick septa-
tions, mural nodules and cyst wall thickness are signs of high-
grade dysplasia and invasive carcinoma. When discriminating
an aggressive type IPMN from non-aggressive IPMN, MRI
with MRCP can be similar to MDCT in their diagnostic yield
[68, 69] (Fig. 8.5). The sensitivity of MRCP may be better in
showing a communication between the main duct and the
cystic lesion [69]. On the other hand, it is reported that a com-
bination of MDCT with MRI may be more helpful to obtain
a specific diagnosis rather than either tool alone. In addition,
both CT and MRI are accurate enough to detect metastasis in
cases with IPMN associated invasive carcinoma.

EUS has become the more valuable procedure for the
diagnosis of IPMNs as it has high resolution capacity and bet-
ter imaging characteristics compared with cross-sectional
imaging [70]. Moderate to marked dilation of the main pan-
creatic duct (either segmentally or diffusely) is the main EUS
finding of IPMN. Pancreatic duct dilation is often associated
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FiG. 8.5 MRCP revealing a diffusely dilated main pancreatic duct
with its side branches consisted with a MD-IPMN

with intraductal mural nodules in patients with MD-IPMN. On
the other hand, main pancreatic duct obstruction with mucus
may result in parenchymal changes, which are similar with
changes in pancreatitis. These parenchymal changes are
enlargement of the pancreas or parenchymal atrophy, which
makes it difficult to distinguish IPMN from chronic pancre-
atitis. The main duct is normal sized or mildly dilated in
patients with BD-IPMN and the presence of multiple cysts,
ranging from 5 to 20 mm in diameter reveals an appearance
of a “cluster of grapes” (Fig. 8.6). Excellent visualization of
internal septations, cyst wall thickening, debris in the cyst,
mural nodule and papillary projections can be provided by
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Fic. 8.6 Complex septated cystic lesion in the tail of pancreas con-
sisted with cluster of grapes appearance of BD-IPMN on MRCP

EUS. EUS also allows visualization of lymph node metasta-
ses and vascular invasion [1, 31, 41, 70].

EUS criteria for malignancy in patients with MD-IPMN
include marked dilatation of the main pancreatic duct (>10
mm), and large tumors (>40 mm) with irregular septa in
patients with BD-IPMN. A mural nodule greater than 10 mm
in size is a feature of malignancy in both MD-IPMN and
BD-IPMN [71]. The accuracy of EUS to differentiate a
benign cyst from malignant IPMN varies from 40 to 90 % in
several studies which is superior to US, ERCP and cross-
sectional imaging tools [72]. In contrast, EUS has a low accu-
racy in differentiating malignancy from areas of focal
parenchymal inflammation, which mimic malignancy.

EUS guided FNA can be performed and the aspirated
fluid sent for biochemical, cytological and DNA analysis [73,
74] (Fig. 8.7). Macroscopically observed highly viscous, gelati-
nous fluid is suggestive of either IPMN or MCN. High levels
of CEA in cystic fluid, which is detected both in patients with
IPMN and MCN, reflects the presence of a mucinous epithelium.



176 O.Basar and W.R. Brugge

FiG. 8.7 EUS-FNA of a BD-IPMN with a mural nodule

Rather than predicting IPMN associated invasive cancer or
differentiating IPMN from MCN, cystic fluid CEA levels bet-
ter distinguishes non-mucinous cyst from mucinous ones. In a
prospective study of patients with PCL, a cut-off CEA level
of 192 ng/mL was found to be the best predictor of a muci-
nous cyst with a sensitivity of 73 %, specificity of 84 %, and
accuracy of 79 % [75]. When compared with CA19.9, CA125,
CAT72-4 and CA15-3, CEA provided the best accuracy for the
diagnosis of cystic mucinous neoplasms. IPMN may also have
elevated cyst fluid amylase levels since it usually communi-
cates with main pancreatic duct as against MCN and SCN [32,
76].

In a recent study, the amounts for glucose and kynurenine
were significantly lower in mucinous cysts compared with
non-mucinous cysts, however, neither of them could dis-
criminate a malignant cyst from a premalignant one [77]. The
clinical utility of these biomarkers needs to be further stud-
ied. Aspirated pancreatic cyst fluid involves exfoliated
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epithelial cells to be analyzed for cytology, whether the cyst
is mucinous or non-mucinous. Unfortunately, cytology of the
aspirated material is usually non-diagnostic because of the
low cellularity and limited volume. A positive cytology is
typically 100 % specific for detecting malignancy in patients
with mucinous cysts [78]. Additionally, the accuracy of cyst
fluid analysis for detecting high-grade dysplasia is 80 % to
predict malignancy [79].

Finally, markers of dysplasia including KRAS mutation,
pS53 mutation and loss of p16 and SMAD4 were investigated.
In the initial studies, KRAS mutation alone was found to be
highly specific for mucinous neoplasms. Further studies dem-
onstrated KRAS mutation followed by allelic loss could be a
predictor for malignant cysts. However, the sensitivity of
KRAS mutation for detecting mucinous cysts was very low
[80]. Although, KRAS being an early oncogenic mutation in
adenoma-carcinoma sequence, it does not differentiate
benign cysts from malignant ones. Additional studies reported
that the assessment for GNAS mutations might help differen-
tiate IPMN from mucinous cyst, but it cannot predict malig-
nancy [81]. The detection of GNAS mutations seems to be
specific for IPMN.

Confocal laser endomicroscopy (CLE), which uses low
power laser, is a novel imaging technology. It shows in vivo
histology of the gastrointestinal mucosa and a recent CLE
miniprobe has been developed to to visualize the cyst wall
and epithelium directly by passing it through a 19-gauge FNA
needle during EUS-FNA., which is able. Preliminary studies
reported that CLE has 59 % sensitivity and 100 % specificity
to show the epithelial villous structures associated with
IPMN [82].

Management

The mean frequency of malignancy in MD-IPMN is 61.6 %
and that of invasive caner, 43.1 %. Studies revealed that
patients with non-invasive IPMN tend to be 5 years older
than those with invasive IPMN [69, 76]. The finding of



178  O.Basar and W.R. Brugge

low-grade dysplasia and invasive carcinoma coexisting in
the same cyst suggests that all IPMNs have a potential for
progression to malignancy over time. Since the incidence of
invasive carcinoma is high and its 5-year survival rates are
low (31-54 %), international consensus guidelines recom-
mend resection for all patients with MD-IPMN. In cases
when surgical margin is positive for high-grade dysplasia,
additional resection should be tried to obtain at least
moderate-grade dysplastic margin. In the same guideline,
5-9 mm dilation of main pancreatic duct is considered as a
“worrisome feature”, and the patients are recommended for
follow-up but not immediate resection. Worrisome features
for IPMN include a cyst size greater than 3 cm, thickened/
enhancing cyst walls, presence of lymphadenopathies, non-
enhancing mural nodule, main pancreatic duct size of
5-9 mm and sudden change in caliber of pancreatic duct
with distal pancreatic atrophy. Besides, high-risk stigmata
include obstructive jaundice in a patient with cystic lesion at
the head of pancreas, enhancing solid component within the
cyst and main pancreatic duct size greater than 10 mm in
diameter [71].

The mean frequency of malignancy in resected BD-IPMN
is 25.5 % and the mean frequency of invasive cancer is 17.7 %.
BD-IPMN mostly occurs in the elderly patients. Patients with
non-invasive BD-IPMN have similar ages with invasive
BD-IPMN [83]. The annual malignancy rate is only 2-3 %. At
the time of initial diagnosis, given the low risk to malignant
progression, most of the BD-IPMN patients without symp-
toms should be followed up [69]. Risk factors suggesting
progression to malignancy are rapidly increasing cyst size,
mural nodule and cytology showing high-grade dysplasia.
Size, however by itself, does not appear to correlate with risk
of malignancy and data is not enough for immediate resec-
tion in patients with BD-IPMN >3 cm in the absence of
“high-risk stigmata” and “worrisome features” [71].

The need for long-term follow-up of patients with
BD-IPMN who are younger (<65 years) increases the cumu-
lative risk of malignancy and cost of management is the
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main challenge. Some patients may refuse surgery or sur-
gery may be contraindicated in some high-risk patients. As
an alternative treatment, EUS-guided cyst ablation has
been tried [84]. During this procedure, ablation of the cyst
epithelium is achieved with injecting cytotoxic agents such
as ethanol and saline. For complete ablation, ethanol lavage
was found superior to saline. Better results were obtained
with the combination of paclitaxel injection and ethanol
lavage. Combining ethanol with paclitaxel eliminated cysts
in 62 % of patients with a median follow-up period of 21.7
months [84, 85]. In a pilot study, six patients with PCN
underwent radiofrequency ablation (RFA) and the patients
were followed up for 3—-6 months. Complete resolution was
observed in two of them [86].

The recurrence after surgical resection vary from 7 to
30 %. Annual monitoring with either CT or MRI for noninva-
sive IPMN and monitoring every 6 months for invasive IPMN
is recommended [71]. For patients with BD-IPMN who did
not undergo surgery and have cysts>2 cm without “worri-
some features”, performing EUS for every 3-6 months is
recommended. MRI is also recommended as an alternative of
EUS. Annual monitoring with cross-sectional modalities are
suggested for BD-IPMN that are 2-3 cm in diameter, and 2-3
years intervals are suggested for BD-IPMN that are below
1 cm. Detecting malignant transformation of a benign cyst
are the goal of follow-up in these patients [87].

Mucinous Cystic Neoplasms

MCN are reported to account for 23 % of all resected PCN
[88]. They are more common in females, the mean age at
diagnosis is younger, most commonly located in the pancre-
atic body or tail and are almost always solitary. The typical
presentation is a female in her 50s with a solitary cyst in the
tail of pancreas. In contrast, patients with IPMN usually pres-
ent in an elderly male with a multifocal cysts identified in the
head of pancreas.
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MCN is defined as cyst-forming epithelial neoplasm that
compromises a mucin-producing columnar ductal epithe-
lium with an underlying ovarian-type stroma, not communi-
cating with the main pancreatic duct [1, 89]. A thick layer of
spindle cells containing receptors for progesterone and
estrogen surrounds the MCN. This pathognomonic densely
cellular “ovarian like tissue” simulates an ovarian hamar-
toma; even a sarcoma. The histological characteristics of the
stroma and its tendency for luteinization suggest that the
ovarian tissue possibly derivate the stromal component of
MCN. It has been hypothesized that, during embryogenesis,
the ectopic ovarian stroma in pancreas may release hor-
mones and growth factors which results in proliferation of
the nearby epithelium to proliferate and to form cystic
tumors. The ovarian type mucosa of MCN stain variably for
progesterone and estrogen receptors and human chorionic
gonadotropin may help differentiate MCN from
BD-IPMN. Interestingly, this stroma is also observed in post-
menopausal females and even in male patients and it is cru-
cial for diagnosis. Furthermore, mucinous transitional
epithelium is the source of almost all MCN associated malig-
nancies. MCN are classified as (1) mucinous cystadenoma
(benign), (2) mucinous cystic tumor (borderline), and (3)
mucinous cystadenocarcinoma (malignant) [90, 91].

The frequencies of KRAS mutations are reported to
increase as the stage of dysplasia increase. In contrast, p53
mutations are frequently found only in cases with severe dys-
plasia or cancer [92, 93].

MCN is a single spherical cyst containing a thick mucin or
a compound of mucin, blood and necrotic material; and it
may be unilocular or multilocular. Except for a fistula forma-
tion, MCN do not communicate with pancreatic duct. On the
other hand, a multicenter study from Japan reported a com-
munication rate of 18 % in patients with MCN [94].

Up to one-third of MCN are reported to harbor an inva-
sive carcinoma and risk factors for malignancy include large
cyst size, advanced age, mural nodules and an associated
mass. Lesions may be asymptomatic in 30 % of patients or
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may present with abdominal pain, discomfort, dyspepsia,
anorexia, weight loss, fatigue, jaundice or palpable mass [95].
Routine laboratory tests are usually nonspecific, however in
cases when the bile duct is obstructed, serum levels of chole-
static liver enzymes and bilirubin are elevated [45].

CT findings of MCN include a macrocyst with thin septae,
which is best shown after intravenous contrast administra-
tion. Peripheral calcifications may be seen, which are named,
“eggshell calcifications”. They are lamellated and they con-
trast the central stellate calcifications of SCN. The cysts are
seen bright (high signal intensity) on T2-weighted images on
MRI. The wall of the cyst and septa are better shown on
T1-weighted images after intravenous gadolinium adminis-
tration. The presence of wall thickening, peripheral calcifica-
tion, and thick septations can be suggestive of a malignant
mucinous cystic neoplasm. In a study of 52 patients with
MCN, the presence of these three findings predicted a 95 %
risk of malignancy [96] (Fig. 8.8).

EUS findings of MCN include large, septated, thin-walled,
fluid-filled cyst [4]. Usually, a communication with ductal
system cannot be demonstrated. Thickening and irregularity
of cyst wall, large size and visualization of intracystic solid
components or adjacent solid mass are suggestive of malig-
nancy. CEA levels in the aspirated fluid are elevated and
generally amylase level is low. Cyst fluid cytology does not
help distinguish MCN from IPMN. ERCP is not indicated,
since MCN rarely communicate with pancreatic duct.

Because MCN can progress to cancer, current consensus
guideline recommend surgical resection of all MCN [71].
Because of their location, MCN <4 cm without mural nodules
are recommended for laparoscopic resection (distal pancre-
atectomy) with splenic preservation. Patients with noninva-
sive MCN have excellent outcomes [97] and do not require
follow-up after surgery since they are not at risk of recur-
rence and there is no cancer risk in the pancreatic remnant.
In contrast, patients with invasive MCN are at risk of distant
recurrences, and after resection the 2-year survival is 67 %
and 5-year survival 50 % [1]. For patients who are not a good
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Fic. 8.8 Malignant MCN rising from the body of pancreas on CT

candidate for surgery or who refuse surgery, EUS-guided cyst
ablation therapies may be considered. Patients having small
lesions without a solid component may be followed up.

Serous Cystic Neoplasms

SCN are cystic neoplasms that arise from centroacinar cells
and are thin walled cystic collections lined by a cuboidal epi-
thelium. This cuboidal epithelium is typically PAS positive
on staining (stain with glycogen) and the cyst typically con-
sists of serous fluid. They are classified according to the
degree of dysplasia as either serous cystadenoma or serous
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cystadenocarcinoma. More than 80% of SCN occur in
women at mean age of late 50s or early 60s. The most com-
mon site of involvement is pancreatic body or tail, SCN are
mostly considered as benign lesions and tend to grow slowly
and may achieve large diameters [98].

SCN is reported to develop in 90 % of patients with von
Hippel-Lindau (VHL) syndrome, and a mutation in the VHL
gene is seen in 70 % of serous cystadenoma patients [99].
KRAS mutations are rare in patients with SCN. SCN are
characteristically benign lesions; to date only 25 malignant
cases have been reported in the literature [1]. SCN are usu-
ally single, round lesions, which are sometimes >20 cm in
diameter. The usual appearance of SCN is a cluster of numer-
ous tiny microcysts, surrounding a more solid spongiform
central core, which is termed a scar. The scar is usually stellate
shaped and is usually located in the center of the lesion. A
single layer of cuboidal epithelial cells lines SCN and they do
not communicate with the pancreatic duct. The lesions are
rich in vascular epithelial growth factor receptors, and a com-
plex vascular structure supports the lesion. Four variants of
serous cystadenoma are described: (1) macrocystic serous
cystadenoma, which compromise previous serous oligocystic
and ill-demarcated serous adenoma, (2) solid serous ade-
noma, which are well-circumscribed solid lesions that share
the similar immune-histological and cytological features of
classic SCN, (3) VHL-associated SCN that occur in patients
with VHL syndrome having multiple serous cystadenomas
and macrocystic variants, and (4) mixed serous neuroendo-
crine neoplasm. SCN typically involve the pancreas diffusely
or in a patchy fashion in patients with VHL [100]. The rare
entity, mixed serous neuroendocrine neoplasm is associated
with pancreatic neuroendocrine neoplasms and is highly sug-
gestive of VHL syndrome.

Most of these cysts are discovered incidentally during
imaging studies. Patients are usually free of symptoms.
Symptomatic patients with SCN present with abdominal
pain, anorexia, palpable mass, fatigue, malaise, and weight
loss. SCN may lead to biliary or pancreatic duct obstruction
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and may cause GI bleeding in cases when they erode into the
adjacent bowel [91].

The classical appearance of SCN on CT and MRI is micro-
cystic or less commonly oligocystic appearance. Multiple
small cysts with a central fibrous scar are pathognomonic for
microcystic-type lesions. A solid component, which is because
of dense fibrous feature of this lesion, often appears on CT
(Fig. 8.9).

The oligocystic (unilocular) SCN is often difficult to dif-
ferentiate from BD-IPMN and MCN on CT/MRI, which
have similar morphology [101]. SCN should be suspected in
patients when a lobulated, unilocular cystic lesion without
wall enhancement located in the pancreatic head [91]. The
cystic fluid reveals lower signal intensity on T1-weighted fat-
suppressed MRI when compared with fibrous matrix. In
contrast, the fluid becomes bright on T2-weighted images.
The classical findings of SCN on EUS are multiple small,
anechoic cysts with thin septa. EUS with Doppler or contrast
enhanced imaging tools may demonstrate the central region,
which are typically hypervascular. The hypervascular nature
can result in a bloody aspirate during EUS-FNA and show
hemosiderin-laden macrophages. Low amylase levels, low
CEA concentrations (usually <0.5 ng/mL) and rarely, the
finding of PAS-positive stained cuboidal cells are the typical
characteristics of the aspirated fluid [102]. Eighteen cases
with SCN were included in a recent study and a superficial
vascular network sign, which corresponds to the dense sub-
epithelial capillary vascularization, was demonstrated by
nCLE with 63 % sensitivity and 100 % specificity.

The prognosis of SCN is excellent. They are most com-
monly managed conservatively, reserving surgery for the rare
symptomatic patients. Instead, some institutions prefer surgi-
cal resection. Studies suggest long-term survival after resec-
tion, even in rare cases with cystadenocarcinoma. Currently;
the universally recommended indications for surgery are
presence of symptoms, cyst size >4 cm and when the diagnosis
is uncertain. Although increase in size is not a predictor of
malignant transformation, large SCN are reported to grow
faster and they are more likely to cause symptoms [98, 100].
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FiG. 8.9 Macrocystic lesion in the neck of pancreas consisted with
SCN on MRCP

Solid Pseudopapillary Neoplasms

SPN were previously referred to solid and cystic pseudopapil-
lary tumors or solid and cystic tumors. SPN are low-grade
malignant neoplasms that consist of epithelial cells forming
solid and pseudopapillary structures. Microscopically, they
have solid (solid pseudopapillary) and cystic (hemorrhagic-
necrotic pseudocystic) components. Poorly cohesive mono-
morphic cells and myxoid stromal bands having thin-walled
blood vessels form the solid part. Eventually, the poorly
cohesive neoplastic cells migrate and form a pseudopapilla
with the residual neoplastic cells. Mucin is lacking, and glyco-
gen is not conspicuous. SPN are single, large, well demar-
cated, round and often fluctuant masses. SPN commonly
undergo hemorrhagic cystic degeneration [103].

SPN are classified as low-grade malignant neoplasms
because they do not represent the histologic criteria of malig-
nant behavior including vessel and perineural invasion, or
parenchymal infiltration and metastasis [104]. SPN probably
accounts for 5 % of PCN and predominantly found in young
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women at her 20s or 30s at diagnosis. Symptoms are usually
related with mass effect such as pain, anorexia, nausea,
vomiting, jaundice, and weight loss. SPN might also be an
incidental finding.

CT reveals SPN as a well-circumscribed, encapsulated
mass with varying areas of soft tissue and necrotic foci with-
out septa. The capsule of SPN is frequently thick and enhanc-
ing and in one third of the patients, peripheral calcifications
is visualized. SPN are well-defined lesions on MRI (Fig. 8.10).
On T1-weighted images, high signal intensity reflects areas
filled with blood and on T2-weighted images, these areas
show low or inhomogeneous signal intensity [105].

On EUS, SPN demonstrates well-defined, hypoechoic
mass, which include solid and cystic areas. In some patients,
internal calcifications can be seen. Based on cytology and
immunohistochemistry, the reported diagnostic accuracy of
EUS-FNA for SPN is 65 %. Aspirated cyst fluid is typically
highly cellular, sometimes may display necrotic debris. CEA

Fi6. 8.10 MRI showing a large complex cystic SPN
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levels of the cyst fluid are low, reflecting a nonmucinous epi-
thelium [106].

Surgical resection is the main therapy. It is curative and
recurrence after surgery is rare [1]. Long-term survival have
been documented even in cases with local invasion, recur-
rences, or metastases [107]. To date, no definite biological or
morphologic predictors of outcome have been documented.
Older age of onset and SPN with an aneuploidy DNA con-
tent, are the suggested indicators of poor outcome.

Table 8.5 summarizes the general features of common
pancreatic cysts.

Cystic Pancreatic Endocrine Neoplasms

CPEN are very rare and macroscopically they have an irregu-
larly thickened wall. In the presence of a significant solid
compartment, CT shows a mural enhancement, diagnostic
feature of CPEN. FNA of the fluid is usually hemorrhagic
and after aspiration, the residual lesion resembles a typical
solid pancreatic endocrine neoplasm, which is a well-bordered
hypoechoic mass (Fig. 8.11). Fine needle aspiration of the
remnant cystic fluid shows cells with round, uniform nuclei
that are stained with chromogranin and synaptophysin.
CPEN:s are usually asymptomatic, incidentally diagnosed and
hormonal related symptoms are very rare. Although current
literature does not definitely describe the malignant behavior
of CPEN, surgical resection is often suggested. Patients with
comorbidities and elderly patients should be followed up
with cross-sectional imaging.

General Approach to Diagnosis and Management

Various associations and multidisciplinary physician groups
have recommended algorithms for the management of PCL
(Fig. 8.12) [34, 108]. The aims of these guidelines are to esti-
mate the behavior of PCL and the risk of missing a chance to
treat an early malignancy, and to evaluate the risks of surgical
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Fic. 8.11 EUS showing an anechoic 19 x20 mm cystic lesion in the
body of pancreas. The outer wall was irregular and thick with calci-
fications. After distal pancreatectomy, pathology revealed well-
differentiated CPEN
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FiG. 8.12 A suggestive algorithm in patients with IPMN
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resection or alternative therapies. Most of these guidelines
highlight the size and morphology of the cyst as the most
important issues. In general, the first step is to differentiate a
pseudocyst from a PCN. The diagnosis of pseudocysts is
mainly based on a pancreatitis history, biochemical and imag-
ing findings. However, some patients with a pseudocyst may
have mild pancreatitis or may not have a clinically recognized
pancreatitis. On the other hand, some patients with PCN may
present with pancreatitis. After excluding the diagnosis of a
pseudocyst, the main goal is to differentiate a mucinous cyst
from a serous cyst. If the diagnosis is a mucinous cyst, patients
with MD-IPMN, combined-type IPMN, and MCN should be
considered for surgical resection. Patients with BD-IPMN
should be managed according to the guidelines. SCN should
be followed, except for symptomatic ones or when they are
larger than 4 cm.

EUS-FNA indications of PCL are not well defined in the
guidelines. EUS-FNA is not generally recommended for all
cystic lesions of pancreas when cross sectional imaging
clearly diagnose it. In cases with an IPMN measuring more
than 2 cm, and when the imaging shows benign features, the
lesion should be aspirated. To make more certain, aspirated
cystic fluid should be sent for CEA, KRAS, and GNAS evalu-
ation. Evaluating the aspirated fluid for DNA mutations,
especially when the aspirated cystic fluid is in a small amount,
may enhance the results of cytology.
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Chapter 9

Bile Duct and Pancreas: Brief
Anatomy, Investigations Used

Abdul H. Khan

Patient Information

Both the pancreas and liver are located in the upper abdomen
and have many important functions, including the synthesis of
digestive enzymes that are secreted through ducts into the
duodenum, in a process largely controlled by hormones.

Pancreas

Anatomy

The pancreas is a yellowish, spongy-appearing gland situated
across the upper abdomen in the retroperitoneal space.
By convention, the pancreas is divided in thirds: the head/
uncinate process towards the liver, the body in the middle, and
the tail towards the spleen; however, there is no functional
distinction between these regions, nor are there any visible
landmarks to distinguish these regions. The main pancreatic
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duct (duct of Wirsung) runs longitudinally in the center of the
gland collecting digestive fluid from the peripheral ductules,
and drains from the tail towards the head of the pancreas
where it empties mainly through the major papilla (ampulla
of Vater) into the 2nd portion of the duodenum. An accessory
duct (duct of Santorini) branches off the main duct in the
head of the pancreas and empties through the minor papilla a
bit more proximally in the duodenum from the major papilla.

Anatomical variations can arise during the process of
embryonic development. The most common is pancreas divi-
sum where the ventral duct in the head of the pancreas fails to
fuse with the dorsal duct in the body/tail resulting in the main
pancreatic (dorsal) duct draining through the accessory duct
via the minor papilla. A separate, small wispy ventral duct
drains through the major papilla. The prevalence of pancreas
divisum is approximately 5-10 % and it mostly has no clinical
significance; however, these patients are at higher risk of
developing acute pancreatitis [1]. Another anatomical variant
is annular pancreas where the head of the pancreas com-
pletely encircles the 2nd portion of the duodenum resulting in
gastric outlet obstruction often in early childhood but may
also present in adulthood. These patients are best treated by
surgical bypass of the obstructed duodenum [2, 3]. Ansa pan-
creas is an anatomic variant where the pancreatic duct forms
an odd loop in the head of the pancreas as it drains towards
the major papilla. This usually has no clinical significance but
can make ERCP involving the pancreatic duct technically dif-
ficult in terms of passing a wire through the tortuous duct [4].

The arterial blood supply is through several separate arte-
rial branches of the celiac artery and the superior mesenteric
artery along with the splenic artery which takes an undulat-
ing course along the body/tail of the pancreas towards the
spleen. The venous drainage mainly occurs through the
splenic vein which runs along the inferior border of the pan-
creas along its entire length and drains into the portal vein at
the portosplenic confluence located adjacent to the head of
the pancreas. The pancreas is innervated by the splanchnic
nerves and vagus nerve via the celiac and superior mesenteric
plexi posterior to the pancreas.



9. Bile Duct and Pancreas: Brief Anatomy... 203

Histologically, there are collections of neuroendocrine
cells within the parenchyma that are not evident grossly,
known as islets of Langerhans, which account for about 2 %
of the pancreatic mass. These extremely important cells pri-
marily regulate the body’s glucose levels, and are composed
of alpha, beta, and delta cells that secrete glucagon, insulin,
and somatostatin, respectively. Large amounts of hormone
can be produced from a small number of cells so pancreatic
endocrine insufficiency requires loss of over 90 % of the pan-
creas gland’s normal function, which can result from a num-
ber of scenarios including chronic pancreatitis, pancreatic
atrophy, acute necrotizing pancreatitis, and surgical resection.
The majority of the pancreas, roughly 85 % of its mass, is
dedicated to its exocrine function and is composed of acinar
and ductal cells. Acinar cells aggregate to form lobules which
produce mostly zymogens, which are precursor digestive
enzymes needed to breakdown fats, proteins, and carbohy-
drates. Acinar cells secrete their contents into a ductal system
lined by a bicarbonate-secreting ductal epithelium which
ultimately drains into the main pancreatic duct. The pancre-
atic exocrine function of providing digestive enzymes to the
small bowel is much more susceptible to insufficiency than its
endocrine function. Of all the pancreatic enzymes, lipase is
the most sensitive to loss of function, and thus, steatorrhea, or
fat malabsorption, is the first manifestation of pancreatic
exocrine insufficiency.

Physiology

The two main hormones that regulate pancreatic exocrine
function are secretin and cholecystokinin (CCK). Secretin is
secreted by S cells of the gastric antrum and is released due
to a drop in pH of the duodenum as acidic gastric contents
are passed through the pylorus, and its main effect is to coun-
ter the acidity of the food bolus entering the small intestine
from the stomach. Secretin stimulates pancreatic ductal cells
to secrete bicarbonate which is released into the small
bowel to raise duodenal pH. It also inhibits gastric G cells
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from secreting gastrin to reduce gastric secretion of acid.
CCK is secreted from neuroendocrine I cells in the duodenal
epithelium and acts mainly to provide digestive enzymes to
the small bowel in response to a meal. CCK stimulates pan-
creatic acinar cells to secrete their zymogens into the ductal
system which drains to the small bowel where enzymes along
the duodenal brush border activate the zymogens to allow
digestion to take place.

Biliary Tree
Anatomy

The biliary tree is a complex network of ducts in a tree like
configuration with the common bile duct and common
hepatic duct forming the extrahepatic trunk of the tree and
the intrahepatic ductal system forming the branches. Bile
from the liver parenchyma is delivered to the duodenum
through the biliary tree for the purpose of digesting fats. The
biliary system is lined by a cuboidal epithelium of cholangio-
cytes, which secrete bicarbonate in response to secretin,
similar to pancreatic ductal cells. The intrahepatic ducts are
part of the portal triad along with the portal venules and
hepatic arterioles. The ductules drain the hepatocytes and join
other ductules into larger ducts until uniting at a single duct
inferior to the liver known as the common hepatic duct. The
gallbladder is a distensible pouch that stores bile and is stimu-
lated by CCK in response to a meal to contract and expel bile.
The cystic duct is a spiral shaped duct due to the arrangement
of its crescentic mucosal folds known as valves of Heister, and
this can make it difficult to pass a wire through it during
ERCP. The cystic duct drains the gallbladder and inserts into
the common hepatic duct to form the common bile duct. Bile
that crystallizes out of solution in the gallbladder can form
sludge and stones which is generally has no clinical signifi-
cance within the gallbladder, but can intermittently obstruct
the cystic duct resulting in biliary colic or become impacted in
the cystic duct leading to acute cholecystitis. If a stone passes
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into the bile duct causing obstruction, the patient will develop
jaundice and possibly cholangitis. The common bile duct
drains into the duodenum through the ampulla of Vater,
which is a nipple like protrusion in the second portion of the
duodenum. Surrounding the bile duct epithelium at the level
of the ampulla is a round muscle known as the sphincter of
Oddi. Normally it remains closed preventing passage of bile
when there is no food present for digestion. CCK causes the
sphincter of Oddi to relax allowing passage of bile from the
gallbladder through the bile duct and into the duodenal
lumen for digestion. In sphincter of Oddi dysfunction, this
muscle inappropriately remains in a state of spasm prevent-
ing passage of bile resulting in elevated pressure within the
biliary tree resulting in the sensation of biliary colic.

A small percentage of people have anatomic variants of
the biliary tree that have no clinical significance but may
result in complications during interventional procedures if
not identified. The cystic duct may insert directly into the
right hepatic duct rather than the common hepatic duct.
There may be small ductules known as ducts of Luschka that
connect the body of the gallbladder to the branches of the
right hepatic duct at the inferior surface of the right lobe of
the liver. Aberrant right hepatic ducts are ducts that drain a
portion of the right lobe directly into the common bile duct
rather than to the right main hepatic duct. These variants may
result in bile leak and ductal injury after cholecystectomy.

Investigations Used

There are many diagnostic tools available to clinicians to
investigate pancreaticobiliary disease.

Blood Tests

Amylase, Lipase

Two of the enzymes secreted by the pancreas, namely amy-
lase and lipase, are also useful serum markers for acute pan-
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creatitis and still widely used clinically. Amylase is a small
enzyme that digests starch and is primarily produced by the
pancreas and salivary glands. Serum amylase levels tend to
rapidly rise with acute pancreatitis but normalize within 3-5
days due to rapid clearance through the kidneys and reticulo-
endothelial system [S]. False positivity can occur when the
amylase level is elevated from other causes such as mac-
roamylasemia where an abnormal large protein binds amy-
lase reducing its renal clearance [6]. Inflammation or trauma
to the gastrointestinal tract can cause elevated amylase levels
as well. In acute pancreatitis, gallstone pancreatitis tends to
cause highly elevated amylase levels whereas pancreatitis
due to hypertriglyceridemia or acute on chronic pancreatitis
may result in normal amylase levels. Lipase is comparable in
sensitivity but a more specific marker of pancreatitis than
amylase at over 90 % [7]. Lipase levels rise with pancreatic
inflammation but tend to remain elevated for many days due
less rapid renal clearance than amylase. The degree of
amylase and lipase elevation has not been shown to reliably
predict severity of pancreatitis because necrosis of the pan-
creas can result in a drop in enzyme levels. Therefore, the
diagnosis of pancreatitis generally relies on meeting two of
three criteria: pain typical of pancreatitis, elevation of amy-
lase and/or lipase to 3 times the upper limit of normal, and
imaging consistent with acute pancreatitis [8]. These markers
are not useful in the diagnosis of chronic pancreatitis, how-
ever, since the process involves the gradual replacement of
normal parenchyma with scar tissue so there is no sudden
release of amylase and lipase, but rather a diminishing of the
total enzymatic content of the pancreas.

Hepatic Function Tests

A set of blood tests with high diagnostic utility are hepatic
function tests: alkaline phosphatase, AST, ALT, and total/
direct bilirubin. Any disease of the liver or biliary tree can
cause a rise in all hepatic function tests but the proportion of
elevation can suggest etiology. Biliary disease results in
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obstruction to flow through the biliary tree due to any num-
ber of conditions such as biliary stones, benign or malignant
strictures, primary sclerosing cholangitis, sphincter of Oddi
dysfunction, occluded biliary stents, or biliary atresia in early
life. This tends to cause a rise in alkaline phosphatase and bili-
rubin more so than transaminases. Conversely, hepatocellular
diseases cause a proportionally greater rise in transaminases.
Bilirubin, a by-product of erythrocyte breakdown, is taken up
by hepatocytes and conjugated enzymatically to make it sol-
uble so that it can be excreted as a component of bile through
the bile duct and into the GI tract where it can pass with stool.
Failure in any step of bilirubin metabolism results in accumu-
lation of bilirubin in the blood and failure to excrete bilirubin
in the stool. In a patient with hyperbilirubinemia, if the con-
jugated (direct) fraction accounts for 50 % or more of the
total bilirubin, the hyperbilirubinemia is most often due to
downstream blockage of bile flow. It should be kept in mind
that there are non-obstructive causes of elevated alkaline
phosphatase such as intrahepatic cholestasis, which has
numerous causes. Additional blood tests such as elevations in
gamma glutamyl transpeptidase (GGT), 5-nucleotidase
(5-NT), and fractionation of alkaline phosphatase can help
confirm that the alkaline phosphatase elevation is hepatic in
origin rather than from bone or elsewhere [9]. Also, there are
non-obstructive causes of hyperbilirubinemia such as genetic
conditions causing hepatocellular enzymatic insufficiency in
processing bilirubin resulting in unconjugated hyperbilirubi-
nemia (Gilbert’s disease, Crigler—Najjar syndrome) or conju-
gated hyperbilirubinemia (Dubin-Johnson syndrome and
Rotor syndrome) [10]. As with any test, hepatic function tests
need to be correlated clinically in conjunction with imaging
data to reach the correct diagnosis.

CA19-9 (Also Covered in the Chapter
on Pancreas Cancer)

The tumor marker CA19-9 is often elevated in patients with
adenocarcinoma of the pancreas or biliary tree including the
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gallbladder. It can be elevated in obstructive jaundice how-
ever, so it is important to recheck the level after a biliary stent
is placed and the bilirubin has normalized. It has a sensitivity
of 70 % and specificity of 80 % for pancreatic cancer which
insufficiently accurate to replace the need for tissue diagno-
sis, but it can raise or lower suspicion in certain inconclusive
cases [11]. Roughly 7-10 % of people lack the Lewis antigen
glycosyltransferase enzyme and thus have no detectable
serum CA19-9 at all [12]. In patients with elevated CA19-9
and proven pancreaticobiliary malignancy, the CA19-9 level
can be useful as a marker of disease burden or recurrence,
especially if it normalizes after treatment. An elevated
CA19-9 may also trigger further evaluation in patients with
PSC since it is difficult to distinguish benign from malignant
biliary strictures [11].

Imaging Tests

Abdominal Ultrasound

Imaging tests have become increasingly more useful as the
quality has improved through the years. Plain x-rays of the GI
tract have little role in pancreaticobiliary disease. A “double
bubble” sign reflecting air in the stomach and duodenal bulb
consistent with duodenal obstruction is a nonspecific sign of
annular pancreas. Calcified gallstones can be seen in the right
upper quadrant. Dense opacities across the mid abdomen can
be seen in severe calcific chronic pancreatitis, but X-ray is of
low sensitivity for all of these conditions.

Abdominal ultrasound is still a useful test for the gallblad-
der and proximal biliary tree. It is relatively quick and does not
expose the patient to radiation. It generally has a sensitivity as
high as 98 % for evaluating the gallbladder in terms of stones,
sludge, and polyps. In the diagnosis of acute cholecystitis, the
finding of gallstones on ultrasound with a positive Murphy’s
sign in which pressing the ultrasound probe in the right upper
quadrant causes tenderness, is associated with a positive pre-
dictive value of 92 %, whereas the absence of these two find-
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ings has a negative predictive value of 95 % [13]. It can show
intrahepatic and proximal extrahepatic biliary ductal dilation
suggesting obstruction with a sensitivity of 85-95 % in patients
with jaundice [14]. However, it is poor in evaluating the distal
bile duct and pancreas due to the frequent presence of small
bowel anteriorly causing air artifact. Thus, its sensitivity for
choledocholithiasis or pancreatic lesions in the setting of jaun-
dice may only be 33 % [14]. Furthermore, the finding of bile
duct dilation may not necessarily represent obstruction, espe-
cially in the setting of prior cholecystectomy after which the
bile duct often develops mild dilatation.

Hepatobiliary Scintigraphy

Hepatobiliary scintigraphy, or hepatobiliary iminodiacetic
acid (HIDA) scan, is a nuclear medicine test primarily used
for the diagnosis of gallbladder disease. In patients with acute
cholecystitis, the underlying pathology is usually an obstructed
cystic duct from a gallstone. This test utilizes an intravenous
injection of a technetium-labeled analogue of iminodiacetic
acid, which is concentrated in the liver and expelled into the
biliary tree. It is taken up by the gallbladder before being
ejected through the common bile duct into the duodenum.
The scan is performed in regular intervals allowing the radi-
ologist to visualize the progress of the tracer through the bili-
ary tree. If the cystic duct is obstructed, the gallbladder will not
be visualized suggesting acute cholecystitis, and failure to see
the gallbladder within 1 h has a sensitivity of 80-90% for
acute cholecystitis [15]. HIDA scan has been shown to be
more accurate than abdominal ultrasound for acute cholecys-
titis but is usually reserved for cases in which there is clinical
suspicion with an inconclusive ultrasound [15]. If the duode-
num is not seen on a HIDA scan, it suggests obstruction of the
bile duct. If the bile duct is never seen at all, either there is a
very proximal biliary obstruction, such as a hilar cholangiocar-
cinoma, or there is hepatocellular dysfunction preventing
uptake and secretion of the tracer at the hepatocyte level, such
as in cirrhosis or acute hepatitis. In patients who have persis-
tent abdominal pain after cholecystectomy, a HIDA scan may
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be used to detect a bile leak which would show as a blush of
tracer at the cystic duct stump or elsewhere in the region.
A CCK-HIDA scan is a modified version of the test in which
an intravenous injection of CCK is given when the tracer has
been taken up by the gallbladder, causing the gallbladder to
contract and release the tracer into the bile duct. This allows
calculation of the gallbladder ejection fraction which is nor-
mally 35 % or greater. The diagnosis of gallbladder dyskinesia
can be considered in patients with biliary colic and abnormally
low gallbladder ejection fractions, and the treatment is chole-
cystectomy, although due to variable outcomes in terms of
symptom relief after cholecystectomy, this diagnosis is some-
what controversial.

CT Scan

CT is similar to abdominal ultrasound in being able to detect
bile duct dilation and perhaps somewhat better than ultra-
sound for the distal bile duct, but it is similarly poor in visual-
izing stones within the bile duct and also less accurate in
assessing the gallbladder. However, overall CT has greatly
improved in resolution and is excellent in evaluating the pan-
creas and surrounding vessels for lesions, and is the best test
for staging of pancreatic tumors. It can identify location and
vascular involvement along with lymphadenopathy and dis-
tant metastases. To some degree it can differentiate pancre-
atic cysts from solid lesions but is still limited in characterizing
cysts in terms of fluidity, septations, presence of mural nod-
ules, and connection to the pancreatic duct. CT does cause
radiation exposure and IV contrast is critical for evaluation
of pancreaticobiliary disease so the patient must have suit-
able renal function and not be allergic to IV contrast.

MRCP (Magnetic Resonance
Cholangiopancreatography)

Magnetic resonance cholangiopancreatography (MRCP)
has gained usage through the years as well. It is a very slow
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test to perform and can be quite difficult on any patient that
has trouble laying very still for a long period of time, and in
such cases will likely result in a poor quality study. As with
any MRI, any metal in the body or claustrophobia are con-
traindications. If done properly however, it gives an excel-
lent detailed view of the biliary tree and the pancreatic
ductal system in a non-invasive manner. For example, it is
useful in determining if there are small biliary stones when
there is conflicting clinical data such as improving hepatic
function tests but persistent symptoms. It can show ductal
changes of chronic pancreatitis better than abdominal ultra-
sound or CT scan. A secretin enhanced MRCP utilizes the
increased volume of fluid within the pancreatic ductal sys-
tem in response to secretin to further increase the sensitiv-
ity of MRCP in evaluating the pancreatic duct and its
branches for subtle changes or to reveal a subtle ductal
stricture. This test can be useful in evaluating recurrent
acute pancreatitis or when suspecting early chronic pancre-
atitis [16, 17].

Secretin Stimulation Test

Secretin was also used in the pancreatic function test
which was considered the best test for diagnosing early
chronic pancreatitis because imaging may not be ade-
quately sensitive. The test involved passing a collection
tube to the second portion of the duodenum under fluoros-
copy. After intravenous secretin injection, pancreatic fluid
excreted from the major papilla is collected from the tube
every 15 min for 1 h. Normally one would expect a predict-
able rise in the concentration of bicarbonate due to the
effect of secretin on the pancreatic ductal cells. Patients
with chronic pancreatitis, however, lose the ability to
increase bicarbonate secretion in response to secretin
rather early on in the disease and this difference can be
detected by this test [18]. This test is rarely performed
because it is rather invasive and time consuming, and there
are alternative tests available.
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Endoscopic Tests

Endoscopic Ultrasound

Endoscopic ultrasound has emerged as one of the most pow-
erful diagnostic tools for pancreaticobiliary disease. Its com-
plication risk is only slightly more than standard endoscopy
which is quite low for most patients. It has the advantage over
abdominal ultrasound in that the ultrasound probe is a very
short distance from the pancreas and distal bile duct, without
intervening small bowel, allowing a much more detailed view.
Like MRCEP, it is highly sensitive in evaluating the bile duct
for stones/sludge in patients where other imaging tests are
inconclusive, and has the advantage that an ERCP can be
performed in the same setting [19]. It is the best test for
evaluating pancreatic cysts, as it is more sensitive than CT in
detecting septations and differentiating cystic from solid
lesions. Furthermore, it allows sampling by FNA for tissue
diagnosis and fluid analysis which is important in distinguish-
ing benign cysts from pre-malignant pancreatic cystic neo-
plasms. EUS is the most sensitive test for detecting pancreatic
lesions less than 2 cm in size [20]. FNA is highly effective in
determining cell type for solid pancreatic lesions and can dif-
ferentiate adenocarcinoma, neuroendocrine tumor, autoim-
mune pancreatitis, lymphoma, metastatic lesions, and other
more rare tumors. More recently, cytology from FNA is being
used in molecular profiling of tumors to optimize chemo-
therapy [21]. EUS-FNA has replaced CT-guided sampling of
the pancreas due to being at least as accurate as CT and its
lower risk of tumor seeding along the needle tract as a result
of the proximity of the echoendoscope to the lesion [22, 23].
EUS can closely evaluate the pancreas parenchyma and duct
for changes of early chronic pancreatitis such as cysts, calcifi-
cations, ductal stones/strictures, and dilated side branches,
although this is operator dependent and there can be consid-
erable interobserver disagreement [24]. EUS is very effective
in draining large pseudocysts that are in physical proximity
with the GI tract, even with necrotic debris since a cystgas-
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trostomy can be created endoscopically allowing passage of
an endoscope directly into the cyst cavity for necrosectomy
and then placement of stents and, if necessary, a nasocystic
drain for continued flushing of the cyst. In cases of biliary
ductal obstruction where ERCP fails or is not possible, EUS
can be used to access the dilated left intrahepatic ductal
branches transgastrically or the dilated common bile duct
transduodenally to place a stent between the duct and GI
tract or to pass a wire down across the papilla to facilitate
ERCP The advantage of this technique to percutaneous tran-
shepatic cholangiostomy (PTC) is that it allows internal
drainage without the presence of an external drain. It is espe-
cially advantageous in cases with complete biliary obstruc-
tion in which PTC would require external drainage of bile
which may lead to dehydration.

ERCP (Endoscopic Retrograde
Cholangiopancreatography)

ERCP is a test combining endoscopy and radiology to evalu-
ate the biliary tree and pancreatic duct where the duodeno-
scope is advanced into the duodenum and contrast is
injected, usually through the major papilla, into the bile duct
and/or pancreatic duct to obtain a cholangiogram and/or
pancreatogram, along with ductal access using a guidewire.
Due to a relatively high complication rate of pancreatitis and
the emergence of other effective diagnostic tests such as
MRCP and EUS, ERCP should no longer be performed
solely as a diagnostic test, but instead be performed with the
intention of providing a specific therapeutic benefit [25].
Virtually all ERCP requires a sphincterotomy in which cau-
tery is applied through a metal wire to the papilla to cut
through the sphincter muscle to allow passage of instruments
over the guide wire and allow better drainage. ERCP is
highly effective with over 90 % success rate in the removal of
biliary stones [26] but considerably less effective for pancre-
atic duct stones [27]. Biliary and pancreatic duct strictures
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can be sampled by biopsy and cytology brushing, stretched
with dilation balloons, and drained with temporary plastic or
permanent metal stents. Bile leaks and pancreatic ductal
leaks can be identified and treated with temporary stenting.
Cholangiograms can define hilar strictures by Bismuth clas-
sification and pancreatograms can define the pancreatic duct
for changes of chronic pancreatitis based on the Cambridge
classification, but EUS and MRCP have generally replaced
the purely diagnostic ERCP.

In select patients with symptoms of biliary colic without
obvious cause, sphincter of Oddi manometry can be per-
formed. A manometry probe is passed through the ERCP
duodenoscope into the bile duct and/or pancreatic duct to
obtain pressure readings across the ductal openings with a
baseline reading in the duodenal lumen. Pressures that are
elevated compared with an accepted standard pressure are
suggestive of sphincter of Oddi dysfunction, for which the
treatment is biliary sphincterotomy. This diagnosis is contro-
versial due to the difficulty in diagnosis and inconsistent
response to endoscopic sphincterotomy. Furthermore, ERCP
in such patients is associated with a very elevated risk of post-
ERCP pancreatitis. As a result, it is being recommended not
to offer ERCP to patients with unexplained biliary colic
without any objective finding of elevated LFTs or biliary
dilation [28].

Cholangioscopy and pancreatoscopy, in which a small
endoscope is passed through the duodenoscope and into the
ducts, allow direct visualization of the ducts for better analy-
sis and more directed tissue sampling. In addition, electrohy-
draulic lithotripsy, in which a thin fiber that passes through
the cholangioscope, can be used to apply high current to large
bile duct stones under direct visualization to break stones
that are too large for standard removal techniques. Recent
technological advancement is greatly improving the image
quality of cholangioscopy. ERCP does have considerably
more risk than standard endoscopy, specifically pancreatitis,
bleeding, and perforation, and it has been shown that both
technical success and complication rates correlate with oper-
ator experience and case volume [29].
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Part 5
Clinical Scenario:
Pain/Fever/Jaundice



Chapter 10

Gallstone Disease
Travis P. Webb

How Did I Get Gallstones?

Gallstones form in the gallbladder due to many factors and
are very common in the USA. Women are most commonly
affected, and by 50 years of age, nearly 20 % of women and
5 % of men have gallstones. Most of the stones are made of
cholesterol and are formed due to cholesterol settling out of
the bile as bile is being stored in the gallbladder between
meals. The biggest risk factors for developing gallstones
include family history of gallstones, ethnicity, being female,
pregnancy, taking oral contraceptives, obesity, diabetes, and
age over 40. Other diseases such as Crohn’s disease, sickle cell
disease, and thalassemia are commonly associated with gall-
stones as well. Correlation between specific dietary intake
and gallstone formation is not as clear but there may be an
increased risk of gallstones for those eating diets high in
simple sugars and saturated fat and low in fiber.
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Do I Have to Have My Gallbladder Removed
or Are There Other Options?

Most people remain asymptomatic from their gallstones, but
once you have developed symptoms, it is likely that you will
have recurrent episodes of symptoms and these episodes may
progress to complications. So in general if you have inciden-
tally found asymptomatic gallstones, you do not need to have
surgery. When symptoms develop, surgery is recommended to
remove the gallbladder. There are no good alternatives to
surgery such as medications or lithotripsy to break up stones
such as is done for kidney stones. While awaiting surgery,
refraining from large meals and fatty foods may be helpful to
decrease the risk of developing worsening symptoms or com-
plications. The good news is that about 90 % of patients with
typical biliary symptoms and gallstones are rendered symp-
tom free after cholecystectomy.

How Will the Surgery Affect Me?

Surgical removal of the gallbladder can be performed using a
laparoscopic or open technique. Laparoscopic cholecystec-
tomy is the preferred approach and is a safe and highly effec-
tive treatment for the majority of patients. Most people can
have the surgery and go home the same day with some pain
medication and stool softeners as the only needed post
operative medications. There are typically four small inci-
sions made on the abdomen, but this may vary depending
upon the difficulty of the case. Patients are generally advised
to eat like they are getting over the flu (plenty of liquids and
small meals consisting of bland food) for a couple days after
the operation. Once feeling a bit better, a normal diet may be
resumed. Some people experience looser than normal stools
when eating diets high in fatty foods. This is usually self-
limited and can be fairly easily managed with simple dietary
modification. Most surgeons recommend taking a week or
two off work to recover and discourage lifting heavy objects
over 10 pounds for 2-6 weeks after the operation to allow the
abdominal wall to fully heal.
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Brief Review of Gallstone Disease

Gallstone disease is a common problem affecting the diges-
tive tract of more than 30 million people in the USA. The
incidence rises with age, leading to 20 % of women and 5 %
of men being affected by 65 years of age. However, less than
20% of people with gallstones actually develop symptoms
such as biliary colic or chronic cholecystitis during their life-
time. Even fewer people develop acute cholecystitis, gallstone
pancreatitis, or other complications related to their gall-
stones. Therefore, most people with gallstones never know
that they have them and do not require any particular inter-
vention or counseling.

Population-based risk factors for gallstone formation and
gallstone disease have been widely studied and are well
established. Ethnicity including the Native American popula-
tions in both North and South Americas has been linked to a
high prevalence of cholelithiasis. Caucasians are the next
most commonly affected, while the incidence of gallstone
disease is lowest in the African American population. Other
well-described risk factors for development of cholesterol
stones include: family history of gallstones, female gender,
pregnancy, oral contraceptive use, obesity, diabetes, and met-
abolic syndrome. In addition, rapid weight loss, particularly
after operations for morbid obesity, is strongly related to
cholesterol gallstone formation.

Seventy-five percent of gallstones are composed primarily
of cholesterol and the remaining 25 % are pigmented stones.
Cholesterol gallstones result from secretion by the liver of
bile supersaturated with cholesterol that then precipitates
from solution. Cholesterol is insoluble and must be trans-
ported in the bile within salt micelles and phospholipid vesi-
cles. When the amount of cholesterol exceeds the holding
capacity of the bile, cholesterol crystals precipitate. These
cholesterol crystals then form into macroscopic stones within
the gallbladder. Most stones remain in the gallbladder but
some pass into the common bile duct leading to choledocho-
lithiasis and possibly cholangitis or gallstone pancreatitis.
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Pigment stones account for 25 % of gallstones in the USA
and 60 % of those in Japan. Pigment stones are black or dark
brown, 2-5 mm in diameter, and amorphous. They are com-
posed primarily of a mixture of calcium bilirubinate, complex
bilirubin polymers, and bile acids. Predisposing factors include
cirrhosis, bile stasis (due to bile duct strictures or markedly
dilated common duct), and chronic hemolysis. Some patients
have high concentrations of unconjugated bilirubin in their
bile and bacteria within the stones. This high bacterial pres-
ence suggests that bacteria may have a primary role in stone
development and may explain why patients with pigment
stone have a higher rate of sepsis than those with cholesterol
stones. Unlike cholesterol stones, the incidence of pigment
stones is low in Native Americans, and similar in blacks and
whites, men and women.

Several studies have attempted to evaluate the impact of
dietary intake on the formation of cholesterol stones. Some
studies have demonstrated a correlation of gallstone forma-
tion and the intake of diets high in simple sugars and satu-
rated fats as well as low in fiber. Though a western diet
appears to correlate with gallstone incidence, the impact of
diet remains controversial and has not been definitively tied
to the incidence of gallstone formation.

Regardless of the composition, the natural history and
clinical sequelae of gallstones are the same. The majority of
patients found to have incidental asymptomatic cholelithiasis
can be managed nonoperatively without complication.
Patients with symptoms generally should have their gallblad-
der removed to manage symptoms and prevent worsening
complications.

The majority of patients who become symptomatic will
first note symptoms of biliary colic prior to the onset of acute
cholecystitis, choledocholithiasis, cholangitis, or gallstone pan-
creatitis. Once patients develop symptomatic cholelithiasis,
they are most likely to develop recurrent bouts of biliary colic
or less frequently progress to more severe complications.
Thus, patients with symptomatic cholelithiasis should be con-
sidered for laparoscopic cholecystectomy in a timely manner.
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In studies of patients presenting to the emergency room with
biliary colic or acute cholecystitis, nearly 40 % will return to
the hospital within 2 years with recurrent symptoms if chole-
cystectomy is not performed at the time of the index event.

Prophylactic cholecystectomy in the setting of asymptom-
atic cholelithiasis is generally not warranted except in special
situations such as in patients who are candidates for organ
transplantation or in the presence of hemolytic anemias such
as sickle cell or thalassemia. Asymptomatic patients with large
stones (>2 cm diameter) or a calcified gallbladder may have
an increased risk for gallbladder cancer. Studies supporting
expectant management of large gallstones recommend ultra-
sound surveillance and ultimately cholecystectomy if symp-
toms develop or imaging demonstrates changes in gallbladder
characteristics. Studies have been inconclusive in demonstrat-
ing an increased risk of cancer thus definitive recommenda-
tions are not available. Of particular note and contrary to
previous beliefs, diabetic patients with asymptomatic stones
do not benefit from cholecystectomy over watchful waiting.

The diagnosis of gallstone disease is typically based on
clinical signs and symptoms, laboratory studies, and imaging
of the gallbladder with ultrasound. The typical presentation
of biliary colic includes episodes of right upper quadrant or
epigastric pain that lasts for several minutes to a few hours
after meals. The pain may radiate to the right flank or across
the abdomen to the left substernal area thus prompting a
cardiac evaluation to rule out myocardial infarction. The epi-
sodes tend to follow large fatty meals and thus frequently
occur in the evening when people eat their largest meal of the
day. Other symptoms such as fatty food intolerance, nausea,
vomiting, flatulence, and dyspepsia are common as well and
should prompt the clinician to consider the diagnosis.

The constellation of symptoms associated with gallstones
in the gallbladder is due to the blockage of the cystic duct as
the gallbladder contracts to expel bile into the common bile
duct as an aid to digestion. When gallstones fail to move and
the cystic duct remains obstructed, acute cholecystitis may
develop. Acute cholecystitis can be distinguished from biliary
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colic by the persistent nature of the pain or less frequently
signs of systemic inflammation or infection. Patients with
pain that fails to subside several hours after onset are much
more likely to have acute cholecystitis and benefit from
urgent cholecystectomy. Laboratory tests should include
white blood cell count, liver function tests, and serum lipase.
These laboratory tests may alert the provider to the compli-
cations of gallstones such as acute cholecystitis, choledocholi-
thiasis, cholangitis, or gallstone pancreatitis and the need for
further interventions or treatment.

Ultrasound is the preferred imaging modality for the diag-
nosis of gallstones and gallstone related complications
(Fig. 10.1). It is both highly sensitive and specific (>95 %) for
cholelithiasis but has a lower sensitivity (60 %) for acute cho-
lecystitis. Based on this lower sensitivity for acute cholecysti-
tis, patients with symptoms consistent with acute cholecystitis
but evidence only of cholelithiasis on ultrasound should be
presumed to have acute cholecystitis based on the clinical
diagnosis rather than imaging alone. The presence of a
“large” gallbladder seen on imaging is not an indication for
cholecystectomy and does not independently correlate with
clinical symptoms. CT scanning is more sensitive for acute
cholecystitis but less sensitive for cholelithiasis and should
not be used as a first line imaging modality.

Medical management of gallstones has been marginally
effective and is not recommended as a first line therapy. Most
patients are counseled to avoid offending foods, but this
strategy is not a consistent or durable solution for most
patients. Dissolution of gallstones has been attempted with
variable and poor overall results. Chronic treatment with
ursodiol reduces the cholesterol saturation of bile by inhibit-
ing cholesterol secretion and may result in slow dissolution
of solid cholesterol stones over time. However, few patients
are candidates for this type of treatment. The gallstones must
be small (<5 mm) and devoid of calcium, and the cystic duct
must not be obstructed in order for the bile in the gallblad-
der to be exposed to the medication. Only about 15 % of
patients with gallstones are candidates for this treatment.
Dissolution occurs in only 50 % of these highly selected
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Fic. 10.1 Gallbladder ultrasound. Gallbladder with gallstones and
posterior shadowing

patients and takes 2 years of constant therapy. Finally, stones
recur in 50 % of cases within 5 years. Given these poor out-
comes, dissolution therapy, alone or in conjunction with lith-
otripsy, is used very rarely for gallstones.

Cholecystectomy is one of the most common procedures
performed by the general surgeon with over 700,000 opera-
tions performed annually in the USA. Currently approximately
90 % of all cholecystectomies are performed laparoscopically.
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Benefits of laparoscopic cholecystectomy over open cholecys-
tectomy include the shorter length of hospital stay, shorter
recovery time, fewer surgical site complications (infections,
seromas, hematomas, dehiscence), fewer hernias, and better
cosmesis. The rate of common bile duct injury remains higher
for laparoscopic cholecystectomy but is overall quite low with
a rate of 0.4 %.The need to convert to an open procedure var-
ies based on surgeon expertise and the presence of complicated
gallbladder disease. Other complications can certainly occur
and include bile leaks (cystic duct leaks or liver bed leak),
hematomas, infections, and intestinal injury.

Recovery after cholecystectomy is similar to many other
abdominal surgeries and is dependent upon many factors
including surgeon and patient expectations. Patients can fre-
quently undergo laparoscopic cholecystectomy and go home
the same day without complication. Even patients undergo-
ing laparoscopic cholecystectomy for acute cholecystitis are
now being sent home the same day at some institutions. When
patients require open cholecystectomy due to technical rea-
sons or contraindications, their recovery is slower and they
frequently stay in the hospital for 3—4 days post operatively.

After cholecystectomy, patients are allowed to eat a gen-
eral diet and are not restricted from fatty foods. However,
some patients experience a change in their bowel habits for a
limited period of time that may concern them. Due to the
increased presence of bile salts within the small bowel and
colon, looser stools are frequently noted. This change is self-
limited as the bowel is able to compensate over time by
increasing the absorption of bile salts into the enterohepatic
circulation. There does not appear to be any negative long-
term sequelae of this increased volume of bile within the
digestive system.

In conclusion, gallstone disease is one of the most common
problems associated with the digestive system and knowl-
edge of the basics for diagnosis and treatment are important
for the healthcare provider. Future studies will continue to
elucidate risk factors and optimal treatment strategies includ-
ing medical and surgical techniques to manage the disease.
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Chapter 11

Choledocholithiasis Including Acute
Cholangitis

Srinivas Gaddam and Simon Lo

Abbreviations

CT Computed tomography

ERCP  Endoscopic retrograde cholangiopancreatography
EUS Endoscopic ultrasound

MRCP Magnetic resonance cholangiopancreatography

Patient Questions and Answers

What Are Gallstones and What Is the Difference
Between Gallbladder Stones and Common Bile
Duct Stones?

The liver produces bile which then flows into the small intes-
tine through drainage channels called bile ducts. The gall-
bladder acts as a temporary storage sac for bile which is
released into the small intestine after a meal. Stones can
precipitate from bile fluid within the gallbladder and they are
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known as gallbladder stones or simply gallstones. Gallstones
generally do not cause any symptoms, as they usually stay
within the gallbladder without causing irritation. They may
rarely cause gallbladder inflammation or chronic cholecysti-
tis, block the gallbladder outlet to cause acute cholecystitis, or
migrate into the common bile duct. The presence of gall-
stones in the bile duct is called choledocholithiasis. These
stones can cause symptoms like episodic pain in the right
upper abdomen with abnormal liver function tests. The exact
reasons that increase the risk for migration of gallstones into
the common bile duct are not well-understood, although it is
generally believed that a large number and small size of
stones are contributing factors. Unfortunately, there is no
effective way to prevent migration of stones or dissolve
stones once they have migrated into the common bile duct.
When choledocholithiasis occurs, patients are at risk for seri-
ous abdominal pain or other complications. Therefore, these
common bile duct stones must be removed to prevent com-
plications from occurring.

What Are the Complications of Common Bile
Duct Stones?

A gallstone that has entered the large bile duct may flow
downstream and quietly escape from a bile duct valve, known
as sphincter of Oddi, into the duodenum without causing any
problem. During this downward passage, it may lodge tempo-
rarily at the sphincter and bring about abdominal symptoms,
abnormal blood tests and possibly blockage of the pancreatic
duct (pancreatic duct joins the bile duct at the sphincter of
Oddi). Whether it is stone wedging at the sphincter or within
the common bile duct, the blockage leads to a sudden
increase in bile duct pressure that in turn brings about intense
pain and nausea that lasts for hours. The pressure buildup
may be transmitted back up to affect the liver, leading to
abnormal liver blood tests. When the bile duct impaction is
let up, these stones then become free floating again and the



11. Choledocholithiasis Including Acute Cholangitis 233

symptoms and abnormal blood test may temporarily resolve
without any medical interventions. However, it may be a
matter of time when symptoms recur or serious complica-
tions take place.

In the event that stone impaction persists and causes
complete blockage of bile flow, jaundice and itching can
occur because of failure of the body to clear the yellow bile
pigment from the liver. Eventually, the obstructed biliary
fluid can be infected and lead to the condition known as
ascending cholangitis. The reason for the propensity of cho-
ledocholithiasis to cholangitis is not fully established. It is
probable that a bile duct stone, in the process of passage into
the duodenum, stretches and partially open up the biliary
sphincter. This provides the opportunity of duodenal bacteria
to enter the normally clean bile duct. If the stone is not able
to get through, it would invariably retreat into the bile duct
and recreate a closed system wherein the bacteria can multi-
ply and ultimately lead to infection.

As mentioned, a passing gallstone can obstruct the pancre-
atic duct, impede the flow of pancreatic juice and cause
inflammation of the pancreas. Pancreatic inflammation,
referred to as acute pancreatitis, occurs because the sphincter
of Oddi is shared by both the bile duct and pancreatic duct.
In a vast majority of the time, this pancreatic duct blockage is
a transient process and the stone would eventually pass
through and enter the duodenum. However, the damage on
the pancreas set forth by the sphincter obstruction can be
severe and lasting. Acute pancreatitis manifests as severe
upper abdominal pain and vomiting, and is associated with
elevation of blood levels of enzymes released from the pan-
creas called amylase and lipase.

There are other less common complications of bile duct
stones. Long-standing presence of untreated stones can
induce irritation and inflammation of the bile duct lining,
leading to its narrowing. An indolent progression of untreated
bile duct strictures can cause long-term liver damage.
Although strictures may be caused by gallstone induced
chronic inflammation, the opposite may also be true. In some
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situations, the existence of a stricture may cause disturbance
to bile flow and result in formation of stones within the
partially blocked bile duct. These so-called de novo bile
duct stones may occur in patients with a slow growing bile duct
cancer, bile duct parasites, or a surgically induced bile duct
injury. Once formed within the bile duct, these stones can
result in cholangitis, jaundice, and pain just like those stones
that have migrated from the gallbladder.

How Is the Diagnosis Made?

Common bile duct stones may present in an unpredictable or
subtle manner. The diagnosis of stones in the common bile
duct can be difficult and easily missed. Therefore, a clinician
should exercise a high level of suspicion in the setting of
abnormal liver function tests and right upper abdominal pain
so as to accurately make an early diagnosis. Bedside, exami-
nation typically produces tenderness on palpation of the right
upper abdomen, which may indicate liver, gallbladder, or bile
duct problem. Tenderness of the liver is usually mild and it
may involve a wide area of the right upper abdomen.
Gallbladder tenderness is commonly sharply focused, very
intense and may lead to extreme pain when the patient is
asked to take a deep breath. Finally, pushing on the deep
seated bile duct produces localized but not very pronounced
tenderness. Another important distinction between a gall-
bladder and a bile duct issue is minimally abnormal for the
former vs. significantly elevated liver blood tests in the latter
condition. Unfortunately, these bedside clinical findings are
insufficient to make a definitively diagnosis of bile duct
stones and imaging tests are needed for confirmation. There
are several radiographic imaging studies available to evaluate
the common bile duct and each has its strengths and
weaknesses.

Transabdominal ultrasound is the cheapest, most easily
available and least invasive test to evaluate for choledocholi-
thiasis. While the liver and gallbladder are located close to
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the body surface and easily examined with ultrasound, the
common bile duct tends to run deeper towards the duode-
num and can be difficult to study from across the abdominal
wall. This is especially true of the distal bile duct. The ability
of the ultrasound to evaluate for stones also depends on the
medium surrounding the site of interest. For example, in the
case of the distal bile duct which is closer to the duodenum,
bowel gas can interfere with the transmission of sound waves
and thus obscure visualization of a potential stone in the
region. While a CT scan is more expensive and subjects
patients to ionization radiation, the visualization of common
bile duct is better as X-rays have higher penetration than
ultrasound waves through the various nearby structures.
However, most gallstones contain cholesterol and tend to be
radiolucent on CT images. When stones have high calcium
content, CT scan can readily make a diagnosis of choledocho-
lithiasis. Neither a normal transabdominal ultrasound nor a
normal CT scan provide conclusive evidence to exclude com-
mon bile duct stones in patients with suspicion for common
bile duct stones. Therefore, when CBD stones are still sus-
pected, further testing with either an endoscopic ultrasound
(EUS) or magnetic resonance cholangiopancreatography
(MRCP) is recommended. In rare occasions, bile duct stones
can be detected only by directly injecting radiologic contrast
solution into the bile duct at endoscopic retrograde cholan-
giopancreatography (ERCP).

What Is an ERCP? Why Is It Necessary to Perform

This Procedure When Patients Have Common Bile
Duct Stones?

Historically, common bile duct stones were removed at the
time of surgery. Over the last few decades, endoscopic
removal of stones has become the standard of care sparing
patients an extensive operation. This involves the use of a
special kind of a flexible endoscope that is passed through the
mouth to the duodenum, where the opening of the bile duct
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is identified. The bile duct opening, or sphincter of Oddi, may
be accessed with a narrow plastic tube or a slippery wire.
Once the bile duct is entered, contrast material is injected
to identify the bile duct abnormalities. If a gallstone is
confirmed on X-ray, miniature tools can be passed through
the endoscope into the common bile duct to extract the stone.
A plastic drainage tube may be placed during the ERCP to
facilitate bile flow.

ERCP may be performed either electively within a few
days or urgently to remove the stones from the common bile
duct. A nonemergent procedure is done for patients with
confirmed or high likelihood of bile duct stones without
ongoing signs of infection, pancreatitis or severe abdominal
pain. Cholangitis typically manifests with right upper quad-
rant pain, fever, and jaundice and is treated with ERCP
urgently or emergently. If it is not treated promptly with
antibiotics and stone removal, it can result in dissemination
of infection into the blood stream, leading to unstable blood
pressure, poor mentation, and even death. Since infection can
only occur within a clogged bile duct, placement of a hollow
tube or a stent without stone removal would reestablish bile
flow and temporarily resolve the cholangitis. Placement of a
stent is usually done during a serious bile duct infection,
when thoroughly cleaning out the bile duct may not be tech-
nically feasible or safe to carry out.

The other feared complication of retained common bile duct
stones is acute pancreatitis, which is an inflammation of pan-
creas that is believed to be caused by gallstone blockage of the
pancreatic duct. While majority of gallstone pancreatitis are
mild and complete recovery is expected within a few days,
severe pancreatitis may lead to irreparable damage to the pan-
creas and other organs and even death. ERCP may be per-
formed to remove common bile duct stones to prevent
pancreatitis. It may also be done if a stone is believed to remain
within the bile duct after a bout of pancreatitis has occurred.

The many risks of choledocholithiasis, including the
development of cholangitis and acute pancreatitis, are too
great to ignore. Therefore, it is imperative that all common
bile duct stones be treated immediately without undue delay.
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The current standard of care is to perform an ERCP for
removal of these stones. Another important reason to perform
an ERCP is to evaluate the common bile duct for other con-
ditions that may mimic choledocholithiasis and predisposing
diseases such as benign or malignant strictures.

My Elderly Mother Has No More Pain or Fever
Since the Bile Duct Infection 2 Days Ago. Also, She
Is Very Tired and Needs to Get More Sleep. Should
We Hold Off on the ERCP for Now?

In the elderly, fever and pain may be less pronounced and such
patients may have nonspecific symptoms including fatigue and
somnolence. In fact, an elderly person suffering from worsen-
ing cholangitis may appear sleepy and seemingly be improving
without further fever or pain. This change in mental alertness
is a bad prognostic sign and should be treated immediately
with unclogging of the bile duct through ERCP. The window of
time to performing a safe and effective ERCP may be as short
as a few minutes, beyond which point the body shuts down and
death may ensue. Holding off on performing ERCP may not
be a good idea in this setting. Likewise, elderly patients who
suffer from acute gallstone pancreatitis may rarely have only
mild abdominal pain and even no symptoms at all. The diagno-
sis may only be established by imaging studies alone. Therefore,
a high degree of suspicion is needed to make a diagnosis of
cholangitis and acute pancreatitis due to common bile duct
stones in the elderly.

Brief Review of Literature
Epidemiology
Cholelithiasis is a very common condition. Six percent of men

and 9% of women have gallbladder stones in the USA [1].
Based on a gallbladder ultrasonography on a sample survey
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of subjects enrolled in the National Health and Nutrition
Examination Survey III, it is estimated that 20 million
Americans have cholelithiasis [1]. Majority of these patients
do not develop symptoms in their lifetime and therefore are
said to have incidental gallbladder stones. In patients under-
going cholecystectomy for symptomatic cholelithiasis, about
5-10% of patients are found to have common bile duct
stones [2-5]. This may be significantly higher (18-33 %) in
patients with acute biliary pancreatitis [6-9].

Risk Factors

Most stones that are detected in the common bile duct origi-
nate from the gallbladder. This is known as secondary choledo-
cholithiasis. However, rarely, stones can form de novo in the bile
duct and are known as primary choledocholithiasis. Bile stasis
secondary to benign or malignant stricture, large bile ducts,
recurrent pyogenic cholangitis, and periampullary diverticula is
the key factor for primary choledocholithiasis [10].

Risk factors for formation of gallbladder stones have been
widely reported. Older age [11], female sex [12], pregnancy
[13], use of oral contraceptive therapy [14], family history
[15], obesity [16], rapid weight loss [17], and diabetes mellitus
[18] are some of the known causes. The risk factors for migra-
tion of gallstones from the gallbladder to the common bile
duct have not been well-studied. Prior studies have suggested
that the size and number of stones within the gallbladder may
predict the possibility of concurrent choledocholithiasis [19,
20]. In a study of 511 patients undergoing intraoperative chol-
angiography, small size of gall bladder stones (<1 cm) was an
independent risk factor for migration into the common bile
duct [19]. In a study involving 300 consecutive patients under-
going laparoscopic cholecystectomy, the presence of multiple
small (<5 mm) or multiple variable stones sizes (small and
large) was a significant independent risk factor for choledo-
cholithiasis [20]. These studies suggest that the presence of
numerous small stones in the gall bladder may be suggestive
of higher risk of choledocholithiasis.
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Clinical Presentation

Patients with uncomplicated choledocholithiasis may complain
of episodes of biliary colic, indistinguishable from symptoms of
acute cholecystitis. Often, this is accompanied by nausea and
vomiting. The term colic is a misnomer, as it implies phasic,
minute to minute pain. Rather, biliary pain is a rapid rise of pain
to a severe plateau that lasts for hours. Besides the common
right upper quadrant location, biliary pain may present as a belt
like pain that spread across the entire upper abdomen and even
around the back. On physical examination, the patients typi-
cally have localized right upper quadrant or epigastric tender-
ness, though the intensity is not dramatic and the Murphy sign
is usually lacking. These classic signs and symptoms are not
pathognomonic of cholelithiasis or choledocholithiasis. A pro-
spective evaluation of 37 signs and symptoms for gall stones in
192 patients showed that these symptoms are poor in establish-
ing the diagnosis but their absence was a good indicator in
excluding the diagnosis of gall stone disease [21].

In patients with complicated choledocholithiasis, the clinical
presentation may be more pronounced and manifest with symp-
toms and signs of either acute cholangitis or acute pancreatitis.
Acute cholangitis should be suspected when patients have
fevers or shaking chills, jaundice, and abdominal pain (Charcot’s
triad) [22]. Rarely, patients can present with suppurative cholan-
gitis that is associated with confusion and hypotension (Reynolds
pentad) [23]. When a patient with choledocholithiasis presents
with acute pancreatitis, severe abdominal pain that radiates to
the back, elevated lipase levels, and imaging evidence of pancre-
atic inflammation should dominate the clinical picture.

Diagnosis

Laboratory

Choledocholithiasis should always be suspected in patients
presenting with right upper quadrant pain and abnormal liver
function tests (LFT). LFT abnormalities are almost an
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obligatory finding; their absence has an excellent utility in
excluding common bile duct stones [24]. In a study of 1002
patients who underwent laparoscopic cholecystectomy, com-
pletely normal LFTs had a negative predictive value for com-
mon bile duct stones of 97 % [25]. Conversely, the positive
predictive value of abnormal LFTs in findings choledocholi-
thiasis was only 15 % [25]. Other case series evaluating a
combination of abnormal bilirubin, alkaline phosphatase or
gamma glutamyl transpeptidase (GGT) have only reported
modest improvement in positive predictive value to 25-50 %
[26-28]. Elevation of aminotransferases is seen during the
initial phases when the patient is acutely symptomatic. The
condition is commonly misdiagnosed as acute hepatitis,
although it typically has much less pronounced pain than in
choledocholithiasis. Cholestatic enzyme pattern is usually
evident in the latter phase of choledocholithiasis. Higher lev-
els of LFT abnormalities are generally indicative of increased
likelihood of choledocholithiasis [27, 28]. Studies evaluating
patients with established common bile ducts stones have
shown mean bilirubin levels to be around 1.5-1.9 mg/dL [26,
27] and rarely above 4 mg/dL [27, 28]. The data suggests that
liver function tests may vary widely, from normal results to
extreme abnormalities, and that a high degree of suspicion is
needed to detect choledocholithiasis.

Imaging

Transabdominal ultrasound is an inexpensive, noninvasive,
and readily available first line diagnostic test in the manage-
ment of patients with suspected choledocholithiasis. Although
transabdominal or external ultrasound has poor sensitivity
(22-55 %) in the detection of bile duct stones, it is quite sensi-
tive (sensitivity range 77-87 %) in detecting dilation of the
common bile duct [24] (Fig. 11.1). Ultrasound is also highly
valuable in evaluating for acute cholecystitis, which can pres-
ent with similar symptoms. Although ultrasound is the first
imaging study of choice, the technical difficulties in its ability
to detect stones within the distal bile duct limit its role in
completely ruling out choledocholithiasis.
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FiG. 11.1 A cholangiogram obtained at ERCP illustrating different
parts of the biliary tree and the pancreatic duct. They include (a)
intrahepatic bile ducts, (b) common hepatic duct, (¢) cystic duct, (d)
gall bladder, (e) common bile duct, (f) pancreatic duct, and (g) com-
mon pancreatobiliary channel

While conventional CT scan of the abdomen has low sen-
sitivity and specificity for the detection of CBD stones, newer
multidetector CT scans have much improved sensitivity and
specificity [29, 30]. Studies evaluating conventional CT scans
in detection of direct and indirect evidence of choledocholi-
thiasis have shown widely varying sensitivities (25-90 %)
[31]. Direct visualization of choledocholithiasis on CT occurs
in less than 75 % [32]. Although helical CT cholangiography
has comparable diagnostic characteristic to MRCP
[33] (Fig. 11.3), concerns regarding toxicity of the chole-
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Trarsabdominal ultrasound ERCP

F1G. 11.2 Patient with suspected choledocholithiasis on ultrasound
which showed dilation of the common bile duct to 1 cm. Patient was
deemed to be high risk for choledocholithiasis and underwent
ERCP Findings of common bile duct stone (arrow) and cholelithia-
sis (two arrows) as shown on this cholangiogram taken at ERCP

graphic agents and significant dosage of radiation have lim-
ited its widespread use [24]. Of all imaging modalities used in
the detection of biliary stones, EUS and MRCP have the
highest sensitivity and specificity for the detection of cho-
ledocholithiasis. Based on a Cochrane meta-analysis of 18
studies evaluating both modalities of diagnosis, the overall
sensitivities of EUS and MRCP were equal and more than
95 % [34] (Fig. 11.2). However, MRCP has a lower sensitivity
in the setting of small stones (<6 mm) in the range of 33-71 %
[35, 36]. EUS continues to be highly sensitive in detecting
small stones less than 5 mm [37, 38]. Despite EUS being
somewhat invasive, the risks from a diagnostic EUS are rare
(0.1-0.3 %) [39, 40]. Given its high accuracy in the detection
of small common bile duct stones, EUS may be preferred
over MRCP in some circumstances such as in patients with
claustrophobia or morbid obesity. Finally, ERCP is consid-
ered the gold standard when it comes to diagnosis of choledo-
cholithiasis. Rarely, some stones can only be detected on
ERCP [37].
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MRCP ERCP

FiG. 11.3 Patient with choledocholithiasis established on MRCP. On
the right are cholangiographic images from ERCP which demon-
strate the common bile duct stone (arrow)

Management

In patients with suspected choledocholithiasis, the 2010
ASGE guidelines recommend a risk stratification process to
evaluate the probability of choledocholithiasis [24]. This pro-
cess involves the use of predictors to help assess for risk.
Patients are classified into low, intermediate and high risk for
common bile duct stone. High risk patients have more than
50 % risk of choledocholithiasis and hence are recommended
for ERCP. Patients who are considered low risk have less
than 10 % risk of choledocholithiasis and are recommended
to pursue laparoscopic cholecystectomy. Patients who are
deemed to be intermediate risk can either be evaluated pre-
operatively with EUS or MRCP or undergo laparoscopic
cholecystectomy with an intraoperative cholangiogram. The
confirmation of stones with either of these two methods
would require an ERCP for endoscopic therapy (Fig. 11.4).
ERCP has become the main stay of common bile duct
stone extraction in the last 20 years. If a definitive diagnosis
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FiG. 11.4 Cholangiogram showing multiple gallstones within the
gallbladder, cystic duct, hepatic duct, and common bile duct

of choledocholithiasis has been obtained by imaging studies,
ERCEP is the first line of therapy [41]. In the setting of acute
cholangitis, an urgent ERCP is indicated. In cholangitis
patients who do not respond to empiric antibiotics or who
present with unstable blood pressure or altered mentation,
immediate ERCP is mandatory. The timing of ERCP in the
setting of acute pancreatitis is not entirely clear. A meta-
analysis of randomized trials comparing early ERCP vs. con-
servative management without ERCP in patients with acute
biliary pancreatitis showed no morbidity or mortality benefit
in patients with early ERCP [42]. The American Society of
Gastrointestinal Endoscopy (ASGE) currently recommends
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against emergent ERCP in patients with mild acute pancreatitis
without definitive evidence of persistent acute pancreatitis
[24]. When patients have concomitant cholangitis, an emer-
gent ERCP is recommended. Future studies are needed to
help determine the timing of ERCP in patients with severe
acute pancreatitis [41].

Diagnosis and Management of Choledocholithiasis
in the Elderly

While about 5% of all patients with acute cholecystitis have
choledocholithiasis; this number is dramatically higher in the
elderly [43]. About 10-20 % of the elderly with acute cholecys-
titis present with choledocholithiasis [44]. In the older patients
who undergo emergent cholecystectomy, the rate of choledo-
cholithiasis can be as high as 50% [43]. In a study on 191
patients, Sugiyama et al. show that when elderly patients
develop cholangitis, they have a much higher incidence of
septic shock or altered mentation (43 % vs. 25 %) when com-
pared to the young [45]. In addition, they have significantly
higher morbidity (38 % vs. 17 %) and mortality (11 % vs.3 %).

In elderly patients with acute pancreatitis, gallstones were
responsible for nearly 55 % of the cases [46]. This incidence is
much higher than those reported in younger individuals with
acute pancreatitis. Acute pancreatitis in this cohort of patients
does not manifest with typical symptoms of abdominal pain
but rather with nonspecific symptoms [47]. A high degree of
clinical suspicion is needed to make a correct diagnosis. In
one study the primary manifestation of acute pancreatitis was
shock, organ failure, hyperglycemia and hypothermia [48].
Older studies even showed acute pancreatitis being discov-
ered during postmortem studies in 30—42 % of older patients
[48, 49]. Failing to diagnose acute pancreatitis is not likely
today because of a high utilization of computed tomography
and lab investigations. Nonetheless, reliance on bedside
investigations alone may be insufficient to make a diagnosis
of acute pancreatitis in the sick elderly.
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Given the high morbidity and mortality associated with
complications from choledocholithiasis in the elderly, it is
important to promptly diagnose and treat prior to development
of complications. The preferred modality of treatment is
ERCP. Several studies have demonstrated the safety and
efficacy of ERCP in the elderly. In a large study of approxi-
mately 2600 patients, the efficacy rate of ERCP in clearing
out common bile duct stones was 97 %, with the overall com-
plication rate actually significantly lower than that in the younger
age group (1.6% vs. 3.5%) [50]. Another large study of
approximately 750 patients showed that the feared post-ERCP
pancreatitis is lower in the elderly (0.9 % vs. 5 %) [51].

Future Trends

While there have been tremendous developments and
advancements in detection and management of choledocho-
lithiasis over the last few decades, there remain several
unknowns in the natural history, diagnosis, and prevention of
choledocholithiasis. Future large studies should address
prevention and predictors of gallbladder stones and stone
migration into the common bile duct. Newer, noninvasive,
safe imaging modalities are needed to detect small bile duct
stones with high sensitivity and specificity.
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Chapter 12

Benign Biliary Strictures

Sheeva K. Parbhu and Douglas G. Adler

What Is a Biliary Stricture and Why Do I Have One?

Suggested Response to the Patient

Bile is a substance made by the liver and gallbladder that aids
in digestion, primarily of fats. The function of the biliary tree
is to facilitate the drainage of bile from the liver and the gall-
bladder into the small intestine via multiple ducts. Benign
(noncancerous) disease of the biliary tree includes strictures,
leaks, or stones, which occur alone or in combination. Benign
biliary strictures (BBS) account for about 15 % of strictures
seen in the Western world.
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Etiology and Classification

The most common cause of BBS is a postoperative stricture,
occurring most commonly after laparoscopic cholecystec-
tomy. BBS can develop after other surgeries that affect the
bile duct, such as liver transplantation or liver resection.
Another common etiology is chronic pancreatitis.

BBS are classified based on location in the bile ducts
themselves. This system is known as the Bismuth classifica-
tion, and ranges from distal (Bismuth I) to proximal
(Bismuth V). A majority of the BBS seen after surgery or in
chronic pancreatitis are distal (Bismuth I or II) strictures.

Signs and Symptoms

The presentation and diagnosis of BBS can vary from mild
subclinical disease to severe disease resulting in a high degree
of morbidity and mortality. Common findings include an
elevation in transaminases (“liver function tests”) and high
levels of bilirubin buildup leading to jaundice (yellow eyes
and yellow skin). Chronic low-grade biliary obstruction by
stricture formation can lead to the development of chronic
bile duct injury, which is often referred to as secondary scle-
rosing cholangitis (SSC), or less frequently, as biliary cirrho-
sis. This can lead to jaundice, recurrent or persistent infection
within the bile ducts (cholangitis), and even end-stage liver
disease if left untreated.

Postoperative Biliary Strictures

Cholecystectomy

The most common cause of benign biliary strictures is associ-
ated with laparoscopic cholecystectomy. This has become the
most commonly performed operation in the digestive tract,
and it is first-line surgical treatment for symptomatic
gallbladder disease. Although, when compared to the open
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approach, the use of laparoscopy results in less pain, shorter
hospital stay, and expedited return to normal activity, there is
a two to four times increase in the incidence of bile duct strictures,
likely due to limited visualization of the biliary anatomy.

Today, there remains an incidence of biliary tract injury
(including BBS) of about 0.2-1.4 %. This is caused by direct
surgical injury of the ducts with scalpels, clips, trocars, cautery,
or misidentification of biliary structures. There is good evi-
dence to show that using an intraoperative cholangiogram
improves detection rate of biliary tract injuries and is predic-
tive of decreased future complications.

Liver Transplant

Surgeries that require end-to-end connection (anastomosis)
of the biliary tree include liver transplantation and liver
resection, and have a much higher incidence of biliary stric-
tures. Biliary injury is the most frequently noted complication
after transplantation and this includes BBS. The most com-
mon type of BBS after transplant is called an anastomotic
stricture (AS) and accounts for 87 % of lesions. It is com-
monly due to lack of blood flow (ischemia) or surgical injury.
Nonanastomotic strictures (NAS) can also be seen, most
commonly as a result of organ rejection or ischemic injury. A
majority of patients who develop BBS will have symptoms
within 1 year of transplantation. Risk factors include hepatic
artery thrombosis, chronic ductopenic rejection, ABO incom-
patibility, and the characteristics of the liver donor. BBS can
lead to infection, graft failure requiring repeat transplant, and
carry an associated mortality rate of 5 %.

Biliary Strictures Secondary to Pancreatitis

Chronic pancreatitis (CP) is most commonly caused by alco-
hol abuse and is a progressive disease characterized by
pancreatic functional decline and ultimately failure.
Approximately one-third of patients with CP will develop
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BBS, accounting for about 10 % of all benign strictures.
The common bile duct runs through the pancreas, and in the
setting of inflammation and fibrosis in CP, strictures can form
due to repeated compression and damage of the duct.
Imaging studies such as Computed Tomography (CT),
Magnetic Resonance Imaging (MRI), and Endoscopic
Ultrasound (EUS) are commonly used to diagnose CP.

Infectious, Inflammatory, and Rare Causes of Biliary
Strictures

Other causes of BBS include conditions that are seen in the
setting of inflammation, infection, or direct mechanical injury.
Blunt or penetrating abdominal trauma can sometimes lead
to the development of biliary strictures, typically with a
delayed presentation.

Sequelae of cancer treatment such as abdominal radiation
and chemotherapeutic agents such as bevacizumab, adriamy-
cin, 5-fluorodeoxyuridine, and mitomycin C are associated
with the formation of BBS. A rare condition known as Mirizzi
syndrome may present as a BBS, but is actually an acute
obstruction in which the hepatic duct is compressed due to
impacted gallstones.

HIV cholangiopathy was once common, but now is a rela-
tively rare cause of biliary strictures in the era of highly active
antiretroviral therapy. It is seen in patients with CD4 T-cell
counts less than 100/mm? and is associated with
Cryptosporidium or Cytomegalovirus in more than 90 % of
cases. Tuberculosis and histoplasmosis are other rare infec-
tious causes of BBS seen independently of HIV infection.

An immune-mediated condition called immunoglobulin G
subclass 4-related disease (IgG4-RD) is a relatively recently
described etiology of BBS. This disease is twice as likely to
occur in males as in females and primarily affects middle-
aged to elderly (50-70 year-old) patients. Other autoimmune
conditions such as polyarteritis nodosa and systemic lupus
erythematosus may result in development of BBS.
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Brief Review of the Literature

The function of the biliary tree is to facilitate the drainage of
bile from the liver and the gallbladder to the small intestine
via multiple ducts. Benign disease of the biliary tree includes
biliary strictures, leaks, and stones [1]. These can occur alone
or in combination. Benign biliary strictures themselves
account for about 15 % of strictures in the Western world,
and the etiologies are diverse, ranging from postoperative
injury, anastomotic strictures, acute and chronic pancreatitis,
gallstone disease, and other less common inflammatory and
infectious conditions [2, 3]. Primary sclerosing cholangitis
(PSC) is another well-described cause of benign biliary stric-
tures and will be covered in a separate chapter.

The most common cause of a benign biliary stricture is a
postoperative stricture, occurring most commonly after lapa-
roscopic cholecystectomy as well as after other surgeries that
involve the bile duct, such as orthotopic liver transplantation
or liver resection. Benign strictures can also develop in the
setting of chronic pancreatitis [4].

When evaluating and treating biliary strictures, it is helpful
to classify them based on their location in the bile ducts them-
selves. A classification system, known as the Bismuth classifica-
tion system, exists for just this purpose. Bismuth I strictures are
located >2 cm distal to the hepatic bifurcation, while Bismuth
II strictures are < 2 cm distal to the hepatic bifurcation.
Bismuth IIT strictures occur at the level of the hepatic bifurca-
tion, Bismuth IV strictures involve the right or left hepatic
ducts, and Bismuth V strictures extend into the right or left
hepatic branch ducts [5]. Once the benign nature of the stric-
ture has been confirmed, endoscopy has surpassed surgery as
the first-line approach for therapy of Bismuth I and II (distal)
postoperative strictures as well as many proximal strictures [4].

The presentation and diagnosis of benign biliary strictures
can vary from mild subclinical disease to severe disease
resulting in a high degree of morbidity and mortality. Chronic
low-grade biliary obstruction by stricture formation can lead
to the development of chronic bile duct injury, often referred
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to as secondary sclerosing cholangitis (SSC) or, less frequently,
as biliary cirrhosis. SSC can lead to jaundice, recurrent chol-
angitis, and even end-stage liver disease if left untreated.
Other conditions associated with biliary strictures include
recurrent cholangitis, as well as biliary stone formation and
persistent or recurrent biliary infections [6]. Other common
findings include mild transaminitis and hepatic obstruction
with hyperbilirubinemia. One case series of 300 patients
evaluated over 15 years described the most common presen-
tation of clinically significant strictures to be jaundice, seen in
approximately 77 % of patients. Other common presenting
features were cholangitis, seen in 70 % of patients, pruritis in
49.6 %, and portal hypertension with evidence of esophageal
varices in 3.7 % [7].

Postoperative Biliary Strictures

Cholecystectomy

The most common cause of benign bile duct strictures, lapa-
roscopic cholecystectomy, has become the most commonly
performed operation in the digestive tract and the first-line
surgical treatment for symptomatic gallbladder disease over
the past 30 years [8]. While the laparoscopic approach has
been shown to result in less postoperative pain, a shorter
hospital stay, and expedited return to normal activity when
compared to the open approach, it is also associated with a
two to four times increase in the incidence of bile duct stric-
tures [9]. This is likely due to limited visualization as com-
pared to the open approach.

In the early 1990s, there was a peak of iatrogenic biliary
tract injuries that was thought to be a result of the surgeon
learning curve with a novel surgical procedure [7]. Even
today, there still exists an incidence of biliary tract injury
associated with laparoscopic cholecystectomy that ranges
from 0.2 to 1.4 % and can result in increased number of
hospitalizations, decreased quality of life, and high rates
of malpractice litigation [10] (Fig. 12.1).
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The cause of these strictures is thought to be most likely
due to direct surgical injury with scalpels, clips, trocars, cau-
tery, or misidentification of biliary structures. While majority
of 114 surgeons in one published survey indicated that these
injuries were unavoidable [11], there is significant evidence
that bile duct injury should be regarded as preventable.
Approximately 70-80 % of injuries are due to misidentifica-
tion of biliary anatomy, and multiple techniques have been
described to facilitate anatomical orientation before dissec-
tion with the goal of reducing risk of injury [12].

Although often these strictures are discovered after
patients develop clinical sequela as previously described
(infection, hyperbilirubinemia, cirrhosis, and portal hyperten-
sion), there is evidence that intraoperative cholangiograms
do help to increase the likelihood of earlier detection of bile
duct injury. In a study involving 565 surgeons, the likelihood
of identifying a bile duct injury when using intraoperative
cholangiography was greatly improved (80.9 %) when com-
pared to no intraoperative evaluation (45.1 %) [8]. A smaller
series of 65 patients also described a significantly improved
operative detection rate of injury (68 % vs. 32 %) with the use
of intraoperative cholangiogram that was importantly found
to be a predictive factor for decreased future complications
[13]. A large population-based retrospective study of over
4000 laparoscopic cholecystectomies similarly reported an
eightfold reduction in biliary tract injury with the use of con-
current cholangiograms. While bile duct injury cannot be
prevented by cholangiography, it is a cost-effective means of
early detection that allows for more thorough assessment as
well as a decreased risk of future morbidity [14].

Liver Transplant

Surgeries that require biliary anastomosis such as orthotopic
liver transplantation or liver resection have a much higher
incidence of biliary strictures. Biliary complications are the
most frequently noted complication after liver transplantation,
and include a wide variety of injuries, including strictures,



258 S.K.Parbhu and D.G. Adler

FiG. 12.1 Biliary stricture following laparoscopic cholecystectomy.
(a) ERCP cholangiogram showing contrast injection without opaci-
fication of the right hepatic duct. Note a percutaneous drain has
been placed in the abdomen. (b) A guidewire is advanced across the
stricture, and contrast injection reveals the completely obstructed,
dilated right hepatic ductal system. (¢) A plastic biliary stent is
placed across the stricture to provide dilation and drainage

biliary leaks, biliary casts, stones, or debris [15]. Of those,
biliary strictures are the most common, occurring in 5.8-39 %
of cases. The causes of these biliary strictures are multifacto-
rial and are usually produced by the combination of local
ischemia, fibrosis, immunosuppression and infectious issues,
and primary surgical injury [16].

There are two separate classifications of post-transplant
biliary strictures: anastomotic strictures (AS) and nonanasto-
motic strictures (NAS) (Fig. 12.2). AS are commonly due to
ischemia or surgical injury, while NAS are seen as a result of
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rejection or ischemic injury [17]. AS account for the majority
of lesions (87 %), and involve the choledochojejunostomy or
choledochocholedochostomy, while NAS involve the donor
hepatic ducts [18]. Most liver transplants involve the creation
of a choledochocholedochostomy, and this is overwhelmingly
the most common site of injury.

Although strictures can present at any time, the mean time
to presentation is 5-8 months, and a majority present within
one year of transplantation. Early postoperative bile stric-
tures usually occur at the anastomotic site and are caused by
problems related to surgical technique in combination with
fibrotic healing. Strictures that present late are often due to
ischemia or rejection, and can often be associated with mul-
tiple strictures involving the intrahepatic ducts [19]. Risk fac-
tors include hepatic artery thrombosis, chronic ductopenic
rejection, ABO incompatibility, and characteristics of the
liver donor including use of vasopressors, older age, and pres-
ence of cardiac death [20].

The complication rate has been noted to be higher in
living-related liver transplantation versus orthotopic liver
transplantation, a complication that is attributed to increased
difficulty in defining the dissection plane around the right
hepatic duct [15, 19]. Although classified as a “benign” com-
plication, post-transplantation strictures have been shown to
be responsible for mortality in 5 % of patients, usually as they
can lead to infection and graft failure, which can sometimes
require repeat transplant [17].

Biliary Strictures Secondary to Pancreatitis

While acute pancreatitis (often in the setting of pancreatic
necrosis) can present with common bile duct obstruction as a
result of direct compression due to periductal swelling,
chronic pancreatitis is a more common etiology of benign
biliary strictures [21]. Chronic pancreatitis (CP), most com-
monly due to alcohol abuse, is a progressive disease charac-
terized by pancreatic exocrine and endocrine decline and
ultimately failure, associated with a mortality rate of 50 %
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FiG. 12.2 Cholangiogram showing an anastomotic stricture follow-
ing liver transplantation. Note the proximal ductal dilation above
the stricture

over 20-25 years. Patients with CP tend to present with sig-
nificant pain and have many complications including malab-
sorption, pseudocyst formation, pleural fistulas, and duodenal
or biliary obstruction [22].

Approximately one-third of patients with chronic pancre-
atitis will develop biliary strictures, accounting for about 10 %
of benign strictures of the biliary system. These strictures
arise in the setting of inflammation and fibrosis in the pancre-
atic head. As the distal common bile duct (CBD) runs
“through” the pancreatic head, the duct at this location is
subject to extrinsic compression by the surrounding diseased
pancreas. Fibrosis of the pancreatic head from chronic
inflammation and fibrosis often results in biliary strictures
that can be very difficult to treat [23]. One study saw an inci-
dence of biliary strictures of 46 % in patients with moderate
to severe CP [24].
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The diagnosis of pancreatitis is typically made with a
detailed history, physical examination, laboratory data, and
findings on imaging. Imaging modalities such as CT, MRI, and
EUS are most commonly used in the diagnosis and evaluation
of chronic pancreatitis, while ERCP remains useful for further
ductal characterization and therapeutics [23, 24].

Infectious, Inflammatory, and Rare Causes of Biliary
Strictures

Other causes of benign biliary strictures (excluding PSC)
include conditions that are seen in the setting of inflamma-
tion, infection, as well as direct mechanical injury to the bili-
ary system [2].

Mirizzi syndrome may present similarly to a biliary stric-
ture, but is actually a condition in which the common hepatic
duct is compressed. In this syndrome, gallstones are impacted
in the cystic duct or an out-pouching of the gallbladder at the
junction of the gallbladder and cystic duct (referred to as
Hartmann’s pouch) and can cause repeated episodes of
injury leading to obstruction and occasionally fistulas [25].
Blunt or penetrating abdominal trauma can sometimes lead
to the development of biliary strictures, typically with a
delayed presentation [26].

Sequelae of cancer treatment can cause long-term effects
including biliary injuries. Strictures have been seen to arise in
the setting of abdominal radiation for treatment of lym-
phoma and other intra-abdominal malignancies and may
present many years after the original exposure [27].
Chemotherapy, including hepatic artery infusion of
5-fluorodeoxyuridine, as well as other systemic agents such as
bevacizumab, adriamycin, and mitomycin C have also been
associated with a form of secondary sclerosing cholangitis
and the formation of biliary strictures [28].

HIV cholangiopathy, once common, is now a relatively
rare cause of biliary strictures in the era of highly active anti-
retroviral therapy (HAART). HIV cholangiopathy is typi-
cally seen in advanced disease, in patients with CD4 T-cell



262  S.K.Parbhu and D.G. Adler

countsless than 100/mm?.Itis associated with Cryptosporidium
and Cytomegalovirus in more than 90 % of cases, but other
implicated pathogens include Mycobacterium Avium-
Intracellulare, Cyclospora, Isospora, Cryptococcus, and
Giardia [29, 30]. Tuberculosis and Histoplasmosis are other
rare infectious causes of biliary strictures seen independently
of HIV infection [31].

An immune-mediated condition called immunoglobulin G
subclass 4-related disease (IgG4-RD) is a relatively recently
described etiology of biliary strictures [28]. IgG4-RD was
first described in younger Asian males, although it is thought
that this disease has probably been underdiagnosed in the
past due to poor awareness among physicians [32]. Further
studies suggest that men are twice as likely to develop
IgG4-RD, and it mainly affects middle-aged to elderly
(50-70 year-old) patients with mass-forming or nodular
lesions in various organs. A subset of IgG4-RD is IgG4-
related sclerosing cholangitis (IgG4-SC) and presents with
circular thickening and extensive fibrosis of the bile duct wall,
progressing to stenotic lesions and strictures [33]. This can
mimic PSC, but in contrast to PSC often responds to immu-
nosuppressive therapy [32].

Other immune-mediated conditions such as polyarteritis
nodosa and systemic lupus erythematosus result in multisys-
tem disease states involving inflammation of small to medium-
sized arteries, occasionally presenting with biliary obstruction
due to biliary strictures. Unfortunately, a small percentage of
biliary strictures are idiopathic, and no clear etiology is ever
elucidated [2, 26].

Can You Fix My Benign Biliary Stricture?

Suggested Response to the Patient

BBS represent a significant clinical problem of diverse etiol-
ogy, with three general management options available: sur-
gery, interventional radiology approaches, or endoscopy.



12. Benign Biliary Strictures 263
Surgery

Standard surgical technique offers a good chance at cure for
the majority of BBS. Surgical management of BBS involves
drainage via the creation of an anastomosis between unin-
jured bile duct and the proximal intestine, with an end-to-side
(“roux-en Y”) reconstruction. For many years, this was the
only option and was considered first-line treatment for this
condition. While this approach is still considered the most
definitive treatment, operative repair is very invasive and has
been shown to have a high stricture recurrence rate.

Interventional Radiology

The main indication for interventional radiology (IR) interven-
tion in BBS is the presence of anatomy that does not permit easy
endoscopic access or critical illness requiring immediate biliary
decompression in patients not suitable for sedation and/or
endoscopy. In IR procedures, the biliary system is accessed per-
cutaneously, or through the skin. Once a catheter has been placed
into the biliary tree, the bile duct may be drained by an “external”
biliary catheter, which drains the obstructed bile into a drainage
bag attached to the patient. Another type of drain is the “inter-
nal-external” biliary catheter, which drains both externally into a
drainage bag as well as internally into the small bowel. These
drain catheters are left in place and replaced with increasingly
larger drains to dilate the stricture. A recurrence rate of up to
58 % is seen in these patients, and downsides include an increased
rate of infection with an external catheter as well as discomfort
due to the necessity of an external drainage bag.

Endoscopy

Endoscopic retrograde cholangiopancreatography (ERCP) is
now first-line therapy in the therapeutic treatment of benign
strictures. It provides the advantage of successfully establish-
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ing internal drainage without the need for an external cath-
eter, and has been shown to have long-term success rates
equal to that of surgical treatment while being markedly less
invasive. Benefits of endoscopy include its minimally invasive
nature, safety, repeatability, and utility in chronically and
critically ill patients. Drawbacks include a less than 100 %
success rate, technically demanding procedures, and the need
for multiple (average number of 5) ERCPs, which can be
burdensome for the patient.

When endoscopic treatment was first introduced, balloon
dilation alone was the primary treatment modality. This
offered good short-term resolution, but it was often followed
by both symptom and stricture recurrence. Standard endo-
scopic therapy now involves initial balloon dilation followed
by placement of an internal biliary stent. A stent is a plastic
or metal tube which is inserted into a bile duct to mechani-
cally relieve a stenosis or obstruction. The use of stents
almost tripled the success rate of the procedure and offered
long-term stricture resolution.

A standard protocol of placing multiple plastic stents at
one time was developed and showed an even greater success
rate than placement of a single stent. Plastic stents will “clog”
and require replacement on average every 3—4 months, and
so protocol includes scheduled stent removal every 3 months,
or earlier when clinically necessary. The placement of multi-
ple, simultaneous plastic stents over multiple endoscopic
procedures until stricture resolution has been shown in mul-
tiple studies to be successful in post-laparoscopic cholecys-
tectomy strictures, post-transplant strictures, and in strictures
related to chronic pancreatitis (Fig. 12.3).

Although placement of multiple plastic stents has been
shown to be effective, due to their short duration of patency
and technical difficulty of placement of multiple stents at one
time, they are not able to effectively treat all strictures. Many,
newer studies have emerged to evaluate alternative types of
stents to manage BBS. Fully covered self-expandable metal
stents (FCSEMS) specifically have been studied in random-
ized controlled fashion compared to multiple plastic stents.
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FiG. 12.3 Endoscopic image of side-by-side plastic biliary stents
being used to treat a benign biliary stricture

These FCSEMS have an expansile force, and because they
are covered, they have less complications with mucosal in-
growth, stent retrieval, and stricture recurrence. Because a
single FCSEMS can expand to a diameter approximately
equivalent to three plastic stents, these devices are able to
stay patent for longer than plastic stents. While FCSEMS are
more expensive than plastic stents, studies have been able to
show a reduced number of ERCPs, similar rates of stricture
resolution, fewer complications,and greater cost-effectiveness.
For these reasons, FCSEMS are now in widespread use for
the treatment of BBS and are often used as the initial treat-
ment modality (Fig. 12.4).

Brief Review of the Literature

Surgical, Interventional Radiology, or Endoscopic Approaches
to the Treatment of Biliary Strictures

Benign biliary strictures (BBS) represent a significant
clinical problem of diverse etiologies, with three general man-
agement options available: surgery, interventional radiology
approaches, or endoscopy [34]. Surgery involves drainage via
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FiG. 12.4 FCSEMS to treat a benign biliary stricture in a patient
with chronic pancreatitis. (a) Cholangiogram shows a distal common
bile duct stricture due to surrounding pancreatic inflammation and
fibrosis. (b) A FCSEMS is placed across the stricture in a transam-
pullary manner. The stent was left in place for 3 months, after which
the stricture resolved

the creation of an anastomosis between uninjured bile duct
and the proximal small bowel (usually by hepaticojejunos-
tomy). Interventional radiologists insert percutaneous cathe-
ters across duct strictures and can perform dilations.
Endoscopic management involves stricture dilation with or
without stent insertion [35, 36].

Surgery

Standard surgical technique offers a good chance at cure for
the majority of benign biliary strictures and was the only
option for these complications for many years [35]. In
patients treated with surgery, continuity between the biliary
and enteric system is achieved with a Roux-enY reconstruc-
tion via the creation of either a hepaticojejunostomy, cho-
ledochojejunostomy, or an intrahepatic cholangiojejunostomy
[37]. Surgery was formerly considered first-line treatment for
this condition, and while this approach is still considered the
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most definitive treatment, operative repair is very invasive
and has been shown to have a stricture recurrence rate of
10-30 %.

Interventional Radiology

Interventional radiology (IR) also has an established role in
the management of patients with BBS by percutaneous
access to the biliary system. The main indication for IR inter-
vention in patients with biliary strictures is the presence of
anatomy that does not permit easy endoscopic access to the
stricture or critical illness that requires an immediate decom-
pression of the biliary obstruction in patients who are not
suitable for sedation and/or endoscopy [38]. In patients with
BBS in the setting of surgically altered anatomy (most com-
monly the presence of a Roux-en Y reconstruction), a percu-
taneous approach is able to access the stricture successfully
over 90 % of the time [39]. Once the biliary tree has been
accessed percutaneously, the bile duct may be drained by a
so-called “external” biliary catheter, which is placed above
the blockage and drains externally into a drainage bag
attached to the patient. The most common type of drainage
catheter is a so-called “internal-external” biliary drain. To
place this type of drain, a guidewire is inserted and crosses
the stenotic lesion, and is advanced down through the bile
duct, through the ampulla, and into the duodenum. The drain-
age catheter that is placed over the wire also follows this path
and terminates in the duodenum; hence it is both “internal”
and “external.” The internal-external catheter facilitates
drainage externally into a drainage bag, but also anterograde
into the small intestine [40]. The drain catheter is left in place
and replaced with drains of increasingly large diameter often
in conjunction with balloon dilation of the stenosis with
gradually increasing sizes of balloons. Although highly effec-
tive, downsides of this approach include a decreased quality
of life and increased rate of infections with the presence of an
external catheter (which most patients find very unpleasant),
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as well as a prolonged follow-up period requiring multiple
procedures [38]. While IR drainage has a high success rate at
temporary decompression and drainage of the biliary system,
recurrent stenosis after dilation is seen in up to 58 % of cases,
highlighting the recalcitrant nature of many biliary strictures
[41]. A newer technique involves placement via percutaneous
catheter of a covered stent across the stricture, with subse-
quent removal and replacement of the stent. Although this
can lead to shorter indwelling catheter periods, this approach
is not commonly performed and is generally reserved for
patients who are not suitable for endoscopy [42].

Endoscopy

ERCP is now first-line therapy in the therapeutic treatment
of benign strictures, as it provides the advantage of success-
fully establishing internal drainage without the need for an
external catheter, and has been shown to have long-term suc-
cess rates equal to that of surgical treatment [24, 35, 43, 44].
In a retrospective study of 101 patients treated for BBS, sur-
gery and endoscopy were shown to have similar long-term
success rates in regard to mortality, morbidity, and recurrence
rate, with endoscopy being markedly less invasive [35]. A
larger study followed over 5000 patients undergoing surgery
over the span of 11 years, 77 of which developed postoperative
strictures. The success rate of nonsurgical treatment in this
group was over 70 %, and the study concluded that endo-
scopic management should be the initial treatment for this
disorder [9]. The benefits of endoscopy include its minimally
invasive nature, safety, repeatability, and utility in chronically
and critically ill patients when compared to surgery.
Drawbacks include a less than 100 % success rate, technically
demanding procedures, and when accounting for an average
number of 5 ERCPs to stricture resolution, can be burden-
some for the patient [45].

When endoscopic treatment was first introduced, bal-
loon dilation alone was the primary treatment modality.
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This offered good short-term resolution, but was often followed
by stricture (and symptom) recurrence, with a success rate of
less than 50 % [17, 24, 45]. Standard endoscopic therapy now
involves initial balloon dilation followed by placement of an
internal biliary stent, a plastic or metal tube inserted into a
bile duct to mechanically relieve a stenosis or obstruction.
Once endoscopists progressed to placements of stents, opera-
tors saw improved results when compared to balloon dilation
alone and almost tripled the success rate of the procedure
[17]. Plastic stents are available in a variety of lengths and
diameters, can be easily tailored for a particular stricture, and
remain patent for an average of 3 months [46].

An early study described 74 patients with postoperative
BBS who received placement of 1-2 plastic stents at least
every 3 months, more frequently if clinically indicated, with
stent removal at 1 year. Although technically successful with
immediate biliary drainage in all patients, there was a higher
than expected recurrence rate, with the majority of the 20 %
of patients who experienced recurrent stricture presenting
within 6 months of stent removal [47]. This progressed to
placement of multiple, simultaneous plastic stents over multiple
endoscopic procedures until resolution of a given stricture
was seen, often around 12 months. In this approach, the diam-
eter and number of inserted stents varies, with up to five
stents placed at once, limited only by the ability of the stric-
ture to accommodate the stents and the technical challenges
of placing so many stents at one time [16]. Placement of mul-
tiple simultaneous plastic stents was shown to have a success
rate in treatment of BBS of 92 % compared with 24 % for
single stent placement in short-term follow-up studies [23].

As discussed earlier, AS and NAS represent different eti-
ologies of strictures after liver transplantation. AS, the more
common stricture type seen, respond more readily to endo-
scopic stents and balloon dilation, while NAS are more diffi-
cult to treat [48]. Success rates of endoscopic therapy in
post-transplant anastomotic strictures can vary widely, from
27 % to 91 %, with lower success rates associated with more
conservative forms of endoscopic therapy such as balloon
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dilation alone or single plastic stent placement [49, 50]. More
aggressive endoscopic approaches have been studied in this
population, during which multiple plastic stents are placed
simultaneously after maximal balloon dilation of the stric-
ture. In a series of 25 patients treated with balloon dilation
and “maximal stent placement,” 22 (88 %) experienced
immediate success, and 20/22 (91 %) of patients who success-
fully completed endoscopic therapy were able to avoid surgi-
cal intervention [18]. One study described an “accelerated”
protocol, during which maximal stent exchange occurred
every 2 weeks over an average of 3.6 months instead of 12
months, and showed a comparable 87 % success rate of stric-
ture resolution [51].

NAS are less amenable to endoscopic stent placement,
mostly due to the complex etiology of autoimmune rejection
and ischemia. They are also found to be associated with
increased amounts of biliary sludge, debris, and casts, which
may contribute to recurrent stent occlusion and cholangitis
[52]. Stent placement is often performed, but can be less suc-
cessful overall due to multiple strictures of variable lengths
and location [48]. Typically, smaller balloons and stents are
used in these strictures [52].

As living-donor liver transplantation has become more
common in recent years, there has been a rise in the incidence
of complications, including BBS. These strictures are similar
to NAS in that they have proven to be more difficult to treat,
although NAS are less frequently seen in this population due
to short ischemia times and relatively healthy donors. While
there have been fewer studies directly comparing different
interventions in this specific population, a combination of
balloon dilation and multiple stent placement is first-line
therapy, successful in about 60-75 % of these living-donor
post-transplant patients [53, 54].

Similar results are seen in patients with post-laparoscopic
cholecystectomy BBS. In a study of 45 patients enrolled to
have the maximum number of plastic stents inserted every 3
months until disappearance of stricture on cholangiography,
89 % of strictures morphologically resolved after a mean
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treatment duration of 12.1 months [55]. A different study of
43 patients prospectively followed BBS which developed
after laparoscopic cholecystectomy and placed between 3 and
5 stents per ERCP at intervals over a period of 1 year. These
patients were followed for an average of 16 months after
conclusion of therapy, and a 100 % success rate was reported
[56]. A retrospective study of 110 patients treated for BBS
with multiple plastic stents cited a greater than 80 % success
rate with a mean follow-up time of over 7 years. The remain-
ing patients were eventually referred for surgical manage-
mentofthestricture,mostcommonlydueto“stent-dependence”
(the need for persistent stent placement and removal past 1
year). Other factors cited in the decision to refer to surgery
included restenosis, patient preference, and stricture of seg-
mental bile duct [10]. More recent data and long-term follow-
up over 10 years have identified increasing success, possibly
due to better technical proficiency with the procedure. This
study, following postcholecystectomy BBS, found a 95 % suc-
cess rate over 10 years in patients who were able to complete
the course of multiple plastic stents placed over the span of
one year [57].

Endoscopic therapy with stent placement is also the first-
line therapy for BBS due to chronic pancreatitis (CP), despite
the fact that these strictures have been found to be more dif-
ficult to treat than postoperative lesions. These patients often
have comorbidities and are at a greater risk of developing
pancreatic cancer, which must be evaluated before treatment
decisions are made [24, 62]. Similarly to postoperative BBS,
results of balloon dilation and/or single plastic stent place-
ment were disappointing, due to increased occlusion and
migration of the stents. These early studies cited success rates
ranging from 12 to 30 % [23, 45, 58]. With the utilization of
dilation and multiple stent placements as described above,
the success rate increased when compared to single stent
placement alone, with a long-term success rate of around
60-70 %, with one study reporting a success rate as high as
92 %. While the protocol of stent exchange every 3 months
or when clinically necessary is similar to that described in
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postoperative BBS, CP patients will often require 1-2 years
of treatment before stricture resolution is achieved [23, 36,
59]. The decreased responsiveness to stent placement in CP is
likely due to the fact that BBS develop in patients with
advanced disease and diffuse fibrosis, and especially occurs in
the setting of chronic calcific pancreatitis. Around 30 % of
patients will not respond to endoscopic therapy, and these
patients may need to be referred for surgical management
[59, 60].

Although placement of multiple plastic stents has been
shown to be effective therapy, due to their short duration of
patency and technical difficulty of placement of multiple
plastic stents, they are not able to effectively treat all stric-
tures. Many studies have emerged to evaluate alternative
types of stents to manage BBS. Uncovered self-expandable
metal stents (SEMS) are primarily used in malignant biliary
strictures, mainly due to their longer patency when compared
to plastic stents. However, in BBS, uncovered SEMS are asso-
ciated with long-term failure due to mucosal hyperplasia
leading to premature stent obstruction [45, 61]. Fully covered
self-expandable metal stents (FCSEMS) are being increas-
ingly used and have been studied in randomized controlled
fashion compared to multiple plastic stents. These fully cov-
ered stents have the same expansile force as uncovered
SEMS, but because they are covered, have less complications
with mucosal in-growth, stent retrieval, and stricture
recurrence. A downside of FCSEMS is a higher risk of migra-
tion [16, 62, 63]. FCSEMS are now in widespread use for the
treatment of benign biliary strictures.

One prospective study of 79 patients with BBS involved
monitoring of LFTs every 3 months until stent dysfunction or
death, with the primary endpoint being stricture resolution
after the FCSEMS was removed. The majority of patients in
this study had BBS due to chronic pancreatitis or postsurgical
injury. The median time before stent removal in this protocol
was 4 months, and successful treatment was confirmed by
symptom resolution, LFT normalization, and repeat imaging.
While the intention-to-treat group achieved a success rate of
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75 %, of the patients who tolerated the treatment, a 90 % suc-
cess rate was seen at 1 year [62]. Another study with 23
patients studied patients prospectively after placement of
FCSEMS. While one patient had short-term failure due to
persistent stricture, 96 % (22/23) of patients had stricture
resolution after the stenting period. These patients continued
to be followed over a median of 19 months, with an 82 %
long-term success rate. Failures in this study were all seen in
patients with chronic pancreatitis with calcifications, suggest-
ing intractable fibrosis around the duct [63]. Similarly, several
other studies in patients with BBS of diverse etiologies have
also been able to show a clinical success rate of stricture reso-
lution to be greater than 80 % [64, 65].

Because a single FCSEMS can expand to a diameter
approximately equivalent to three 10 Fr plastic stents and
these devices are able to remain patent for longer than plastic
stents, it is thought that the use of these stents may increase
the tolerance of the multiple-procedure protocol and lead to
better long-term outcomes [65]. For this reason, there are also
a fewer number of procedures required until stricture resolu-
tion, which decreases risk, time, and cost of treatment. While
FCSEMS are more expensive than plastic stents, these stud-
ies have been able to show a reduced number of ERCPs,
similar rates of stricture resolution, fewer complications, and
more cost-effectiveness [16, 62, 63]. Although more random-
ized trials comparing efficacy are needed, especially in
subgroups of patients with different etiologies of BBS,
FCSEMS represent an important endoscopic therapy and are
often now used as the initial treatment modality.

Will My Benign Biliary Stricture Return and What
Are the Complications of Treatment?

Suggested Response to the Patient

While there are multiple different modalities used in the
treatment of BBS, none have been shown to have a 100 %
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success rate. The first-line treatment is now endoscopy, as it is
less invasive, with multiple sequential plastic stents or
FCSEMS, but the incidence of recurrence is significant.
Recurrence is important not just because it requires further
medical or surgical management, but has an important
impact on quality of life for many patients. Frequent follow-
up is necessary in almost all BBS patients, with close clinical
monitoring and treatment plan which includes stent removal
and exchanging every 3 months. While surgical management
is reserved for BBS refractory to endoscopic management,
surgical repair carries a mortality risk approaching 2 % and
morbidity as high as 35 %.

Benign Biliary Stricture Recurrence

In liver transplant patients, endoscopy with balloon dilation
alone in treatment of BBS has a recurrence rate of greater
than 60 %. Any modest benefit is seen in patients who have
an immediate, transient narrowing of a duct-to-duct anasto-
mosis. Most strictures are representative of underlying injury
that requires stent placement and frequent follow-up.
Anastomotic strictures are less likely to recur when com-
pared to nonanastomotic strictures, likely due to the different
location and cause of the strictures. In AS, the mean number
of ERCPs required for successful treatment is between 3 and
5, with a recurrence rate between 0 and 20 %. In NAS, due to
technically difficult endoscopy and difficult to treat strictures,
the recurrence rate is 25-30 %.

In patients with post-laparoscopic cholecystectomy BBS,
early identification is a good prognostic indicator for successful
treatment. Early studies reported recurrence rates as high as
30 %, but with newer endoscopic therapies, the recurrence rate
has decreased to 0-12 %. The longest study followed patients
for almost 14 years, and noted an 11.4 % recurrence rate.

The highest rates of recurrence can be seen in BBS in the
setting of CP, which are more resistant to endoscopic treat-
ment. Although some of these strictures resolve with time as
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the chronic inflammation and underlying cause are treated,
the vast majority are permanent. While the placement of mul-
tiple plastic stents was able to decrease treatment failure, it
remained as high as 40-56 %. This disappointing result is
thought to be due to tissue in-growth and more frequent stent
replacement than in BBS of other etiologies. More recent
studies with FCSEMS in CP patients have been promising,
with recurrence rate of around 23-30 % of patients. In addi-
tion to increased stricture resolution, these patients undergo
fewer procedures and associated complications. Pancreatic
head calcifications or presence of pancreatic duct strictures
requiring stenting is a poor prognostic factor for successful
BBS resolution.

Complications Related to Endoscopy

As with any procedure, there is an inherent risk of complica-
tion. Specific complications of ERCP have been well described
and include pancreatitis, bleeding, sepsis, and perforation.
These occur in around 6-7 % of patients, with a majority of
complications being mild to moderate in severity, with post-
ERCP pancreatitis being the most common complication.
Complications can either be immediate (related to the
procedure itself), early (within 30 days), or late (after 30
days). Some patients experience complications due to endo-
scopically placed biliary stents, including cholangitis, chole-
cystitis, bleeding, pancreatitis, stent occlusion, and migration.
The use of FCSEMS is associated with an increased rate of
stent migration, but also a longer patency when compared to
plastic stents, decreasing the overall risk by decreasing the
number of procedures needed for stricture resolution.

Brief Review of the Literature

While there are multiple different modalities used in the
treatment of benign biliary strictures, none have been shown
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to have a 100 % success rate. The first-line treatment is now
endoscopy with multiple sequential plastic stents or FCSEMS,
but the incidence of recurrence is significant. Recurrence is
important not just because it requires further medical or sur-
gical management, but has important impact on quality of life
for many patients. The etiology of BBS plays the biggest role
in treatment as well as complications and recurrence. Other
factors such as location of stricture and time to diagnosis also
are prognostic indicators of successful treatment and possi-
bility of stricture recurrence [9].

Benign Biliary Stricture Recurrence

Recurrence Rate in Liver Transplant Patients

As previously discussed, endoscopy with balloon dilation
alone in both AS and NAS has a recurrence rate of greater
than 60 %. Any modest benefit is likely seen in patients who
have an immediate, often transient narrowing of a duct-to-duct
anastomosis within the first 1-2 months after transplantation
[17]. Most strictures, however, are representative of underly-
ing injury that requires stent placement with longer-term
treatment and follow-up.

AS develop recurrence less commonly when compared to
NAS. This is thought to be due to the fact that stent place-
ment is easier in these strictures because biliary anastomosis
is usually located at the level of the middle common bile duct,
far from the main biliary confluence [48]. The mean number
of ERCPs required for successful treatment is between 3 and
5, with a recurrence rate between 0 and 20 % [17, 46, 51]. In
NAS, the strictures can be multiple and variably extend to the
biliary confluence and sometimes into intrahepatic branches.
This leads to technically difficult endoscopy, and stricture
recurrence in greater than 25-30% of patients in various
studies [66, 67].

When BBS are diagnosed within 3-6 months after OLT,
patients trended towards a statistically significant better
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prognosis and response to endoscopic therapy [36, 66].
Unfortunately, in patients who do not have morphologic dis-
appearance of the stricture, persistent cholestasis and recur-
rent cholangitis can be seen [67]. Regardless of the etiology,
these patients often require long-term follow-up.

Recurrence Rate in Postcholecystectomy BBS

The most common postoperative BBS occur after cholecys-
tectomy, and are due to direct surgical trauma, dissection, or
thermal injury causing ischemia. These BBS are usually diag-
nosed within 6 to 12 months, and in all patients without com-
plete transection and/or complete closure (usually from
clipping) of the duct, endoscopic treatment is first-line ther-
apy [7]. Therapy has transitioned from placing 1-2 stents at a
time to a more aggressive approach with maximal stent place-
ment at more frequent intervals or FCSEMS placement, with
a concurrent decreased recurrence rate. These earlier studies
of more conservative therapy reported a recurrence rate of
20-30 %, while more recent, aggressive approaches have
shown the recurrence rate to be 0-12 % [47, 55, 56]. The study
with the longest follow-up period evaluated patients over a
mean of almost 14 years, with an 11.4 % stricture recurrence
rate. Of those patients who experienced stricture recurrence,
all were able to be successfully retreated endoscopically [55].
Frequent follow-up is necessary in almost all BBS patients,
with close clinical monitoring and treatment plan which
includes stent removal and exchanging every 3 months. While
surgical management is reserved for BBS refractory to endo-
scopic management, surgical repair carries a mortality risk
approaching 2 % and morbidity as high as 35 % [2, 7].

BBS Recurrence in CP

In contrast to postoperative strictures, BBS in CP are more
resistant to endoscopic treatment. Although some of these
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strictures resolve with time as the chronic inflammation and
underlying cause are treated, the vast majority are permanent
[24]. The stricture recurrence rate was shown in one study to
decrease from 76 % to 8 % with the introduction of maximal
stent placement and frequent stent replacement [23]. This low
recurrence rate, however, has not been seen in similar studies
involving plastic stents, with the recurrence rate ranging from
40 to 56 % [36, 59]. Long-term results of plastic stents have
been disappointing due to tissue in-growth and more fre-
quent stent replacement than in postoperative strictures [68].
More recent studies with FCSEMS in CP patients have been
promising, with recurrence rates seen in 23-30 % of strictures.
In addition to the decreased recurrence rate, these patients
undergo fewer procedures and complications related to the
technical difficulty of placing multiple plastic stents [62, 68].

Poor outcomes and a trend to failure in stricture resolution
have been seen in patients with pancreatic head calcifications.
If calcifications are present, there is an associated 17-fold
increased risk of treatment failure. The need for concurrent
stenting of the pancreatic duct (PD) is another factor associated
with poor outcomes in these patients [60]. As evidenced by
higher recurrence rates, BBS in chronic pancreatitis are diffi-
cult to treat and are associated with a lower odds ratio of treat-
ment success compared with other biliary disease [69].

Complications Related to Endoscopy

As with any procedure, there is an inherent risk of complica-
tion. Specific complications of ERCP have been well
described and include pancreatitis, bleeding, sepsis, and per-
foration. These occur in around 6-7 % of patients, with a
majority of complications being mild to moderate in severity,
with post-ERCP pancreatitis being the most common com-
plication [70].

Complications can either be immediate (related to the
procedure itself), early (within 30 days), or late (after 30
days). Around 8-10% of patients experience complications
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due to endoscopically placed biliary stents, including cholan-
gitis, cholecystitis, bleeding, pancreatitis, stent occlusion, and
proximal or distal stent migration [45, 71]. The use of
FCSEMS is associated with an increased rate of stent migra-
tion, but also a longer patency when compared to plastic
stents, decreasing the overall risk by decreasing the number
of procedures needed for stricture resolution [69].

Conclusion

Biliary strictures remain commonly encountered clinical enti-
ties. These strictures can be postoperative, inflammatory,
infectious, or from other etiologies. Surgical, radiologic, and
endoscopic approaches are available, and currently endo-
scopic therapy is the first-line treatment for most biliary
injuries. Surgery and interventional radiology are generally
reserved for patients with endoscopically inaccessible stric-
tures or in those whom endoscopic approaches have failed.
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Chapter 13

Point-of-Care Clinical Guide:
Cholangiocarcinoma

Abdulrahman Y. Hammad, Nicholas G. Berger,
and T. Clark Gamblin

Patient’s Perspective: Questions
on Cholangiocarcinoma

Question: 1 have been recently diagnosed with cholangiocar-
cinoma, which my primary care physician told me is lethal.
What is my prognosis, and what can I expect for my
treatment?

Answer: Unfortunately, only about 5-10 % of all patients with
cholangiocarcinoma will live 5 years after their initial diagno-
sis, and cure requires that the cancer be surgically removed.
There are three types of cholangiocarcinoma: intrahepatic (in
the liver), extrahepatic (outside the liver), and hilar (next to
the liver by the bile duct). Extrahepatic cholangiocarcinoma
is most likely to be amenable to removal. Surgery consists of
removing the tumor, and depending on the location, part of
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your liver, intestine, and/or bile ducts. If your cancer cannot
be surgically removed, your oncologist will give you chemo-
therapy and possibly radiation to slow the progression of
your cancer. The amount of time patients survive depends on
all of these factors, as well as other medical conditions and
the stage of the disease. You and your cancer doctors, and
primary doctor will develop a treatment plan tailored to you.

Question: I have been recently diagnosed with cholangiocar-
cinoma, and I have heard that some cancers are inheritable,
and can run in families. Should I have my children tested for
cholangiocarcinoma?

Answer: Cholangiocarcinoma itself does not have a strong
genetic association. However, there are some heritable condi-
tions which are risk factors for developing cholangiocarci-
noma. Primary Sclerosing Cholangitis (PSC) or multiple
biliary papillomatosis can be inherited in families, and are
associated with a higher risk for the development of cholan-
giocarcinoma. Testing for these syndromes is disease-specific,
but there is no known hereditary association of cholangiocar-
cinoma, even in first-degree relatives.

Cholangiocarcinoma

Overview

Cholangiocarcinoma is a neoplasm arising from the epithelial
lining of the biliary tree; the cholangiocytes.
Cholangiocarcinoma encompasses three types based on ana-
tomical location: intrahepatic (IHCC), extrahepatic (EHCC),
and hilar (HiCC) type; with the hilar type being the most
common. Although cholangiocarcinoma is a rare tumor, its
incidence is rising worldwide. Late presentation of the dis-
ease contributes to the poor prognosis and occurs due to
subtle symptoms that often initially go unrecognized.
Although surgical resection remains the best available option
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for cholangiocarcinoma, late presentation can limit surgical resec-
tion as an option, stressing the need for alternative interventions.
Current therapeutic options beside surgical resection include
liver transplantation, systematic chemotherapy, radiotherapy,
and liver directed therapies. Palliative care is a valuable tool
for those entering a non-curative paradigm in order to poten-
tially minimize symptoms and improve the patient’s quality
of life. In this chapter, we discuss factors most commonly
associated with disease development, available treatments,
and anticipated outcomes for cholangiocarcinoma.

Epidemiology

Cholangiocarcinoma accounts for approximately 3% of all
gastrointestinal cancers worldwide [1]. The majority of patients
are Caucasian males with a peak incidence in the seventh
decade [2-4]. Incidence varies according to geographical distri-
bution. For example, intrahepatic cholangiocarcinoma (IHCC)
is the highest in Thailand (96/100,000 in males), followed by
China, Mali and Japan; whereas the lowest incidence is
reported in Australia (0.1-0.2/100,000) (Fig. 1) [2]. The inci-
dence of IHCC has been rising over the last 20 years in North
America, Europe, Asia, and Japan, with subsequent increase in
mortality rates in the USA, Japan, Australia, England, and
Wales [5]. Studies suggest that the increase in incidence and
mortality may be the result of changes in risk factors, such as
choledocholithiasis, cirrhosis, and hepatitis C infection [3].
Conversely, the incidence and mortality of extrahepatic
cholangiocarcinoma (EHCC) is decreasing worldwide [6—10].
Data from the Surveillance, Epidemiology, and End Results
(SEER) database suggest a decrease in EHCC age adjusted
mortality from 0.6/100,000 in 1979 to 0.3/100,000 in 1998 [2,
9]. The reason for the decrease in disease incidence was not
related to the decrease in risk factors of the disease [7].
Currently, hilar cholangiocarcinoma is the most common
type of cholangiocarcinoma, followed by extrahepatic and
intrahepatic cholangiocarcinoma [4, 11]. In the USA, 1-2 cases
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per 100,000 occur annually. According to the last report from
the American Cancer Society, an estimate of 35,660 new liver
cancer cases (including intrahepatic and hilar cholangiocarci-
noma) are reported annually, compared to 10,910 gallbladder
and other biliary cancers (extrahepatic cholangiocarcinoma
included) [12]. Identification of different risk factors and dis-
ease etiologies followed by careful monitoring may impact
the survival rates of this challenging disease.

Etiology

Primary Sclerosing Cholangitis (PSC) (Also Refer
to the Separate Chapter on PSC)

PSC is an autoimmune disease affecting the biliary tree, and
results in fibrosis and stricture formation of the intrahepatic
and/or extrahepatic bile ducts. Patients with this disease have
a higher incidence of developing cholangiocarcinoma, rang-
ing from 9 % to 15% lifetime risk, with a yearly incidence of
0.6 %-1.5% [13-16]. A recent study suggests that a lower
percentage of cholangiocarcinoma cases are discovered in
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the first year following the PSC diagnosis than previously
thought (15 % vs. 30 %) [15, 17]. However, it remains that
many PSC patients are often diagnosed late at the time of
liver transplant or at autopsy [14]. Due to the established risk
of cholangiocarcinoma in PSC patients, surveillance through
annual imaging and CA19-9 levels has been proposed [18].

Parasitic Liver Infection

Infection with the liver flukes Opisthorchis viverrini or
Clonorchis sinensis is a risk factor of cholangiocarcinoma.
Reports from Asia, especially from Thailand and Korea, have
shown an increased risk in patients harboring flukes [19-22].
The exact mechanism behind cancer development is not fully
understood, although the state of chronic inflammation is
thought to be responsible. Sripa et al. suggested that mechan-
ical irritation by the fluke or its metabolic products may
result in chronic inflammation and biliary epithelial desqua-
mation. The subsequent release of nitric oxide and other
reactive oxygen intermediates, combined with the nitrosa-
mine and its precursors found in some sea foods may collec-
tively result in the development of cholangiocarcinoma [22].

Hepatolithiasis

Hepatolithiasis (intrahepatic biliary stones) is more preva-
lent in eastern Asia and is considered a risk factor for cholan-
giocarcinoma [23, 24]. A case—control study including 370
hepatolithiasis patients reported a higher odds of developing
cholangiocarcinoma in this population (odds ratio: 6.7 [95 %
CI: 1.3-33.4]) [25]. Furthermore, recurrent pyogenic cholan-
gitis, a common disease in Eastern Asia characterized by
hepatolithiasis, stricture formation and recurrent attacks of
cholangitis, is also associated with a 2.8 % incidence of chol-
angiocarcinoma in a 10-year follow-up period [26]. Although
duct stricture alone is a risk factor of cancer, its association
with hepatolithiasis and infection carries a higher risk towards
cholangiocarcinoma development.
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Congenital Biliary Malformation

Choledochal cysts, a congenital bile duct abnormality present-
ing with cystic dilatation of extrahepatic ducts, intrahepatic
radicles, or both carry 10-28 % incidence of developing chol-
angiocarcinoma if untreated [27-29]. Although the excision
of the choledochal cyst is thought to decrease the risk of
cholangiocarcinoma, cancer may still develop [30]. Similarly,
Caroli disease—a rare disorder characterized by multifocal
dilatation of intrahepatic bile ducts—is linked to the develop-
ment of cholangiocarcinoma, necessitating close surveillance
[31]. The mechanism underlying the development of cancer
in patients with congenital biliary malformation is not fully
understood; however, theories suggest that biliary stasis,
chronic inflammation, and deconjugated biliary contents may
contribute to the development of cancer [32, 33].

Chemicals and Toxins Exposure

Several toxins are linked to the development of cholangio-
carcinoma. Of these agents, thorotrast, a radiological contrast
agent used prior to 1960, is reported to be strongly associated
with the development of cholangiocarcinoma. The exposed
population carries a 300-fold increased risk of developing
cholangiocarcinoma years after exposure [34-36]. Other sub-
stances linked to the development of cholangiocarcinoma
include nitrosamines asbestos, and rubber [37, 38].

Viral Hepatitis

Cirrhotic patients have an increased risk of developing
cholangiocarcinoma [3, 39]. Although hepatitis B and C
may result in cirrhosis, these viruses alone represent risk
factors of cholangiocarcinoma [19, 25, 40]. Multiple meta-
analyses have reported a 3.42-5.10 relative risk in hepatitis
B patients to develop cholangiocarcinoma (p <0.05), com-
pared to a relative risk of 3.42-4.84 in hepatitis C patients
(p<0.05) [41-43]. The mechanism through which these
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viruses lead to cancer development is not clear, although
chronic inflammation, increased cellular proliferation,
and viral infection of the progenitor cells could possibly
contribute to tumorigenesis [44, 45].

Others

Smoking, alcohol consumption, and/or the presence of
inflammatory bowel disease are possible associations between
PSC and cholangiocarcinoma [15, 46-48]. A recent meta-
analysis revealed that diabetics and alcohol consumers have
a higher risk of developing cholangiocarcinoma with a rela-
tive risk of 1.82 (95 % CI: 1.74-2.07) and 2.81 (95 %CI: 1.52—
5.21),respectively [41]. Further studies are needed to evaluate
the impact of these factors on the development of
cholangiocarcinoma.

Clinical Presentation

Cholangiocarcinoma tends to be asymptomatic until later
stages. In some patients, nonspecific symptoms of biliary
obstruction may be present; the most common being jaun-
dice, weight loss, abdominal pains, pruritus, and cholangitis
[4,49, 50]. The presence of right upper quadrant pain, fever,
and rigors are suggestive of cholangitis. Incomplete biliary
obstruction can delay the appearance of symptoms, while
unilateral or segmental obstruction can occur without
symptoms.

On physical examination, nonspecific findings may be
present. Jaundice may be evident, and signs of multiple skins
excoriations can be seen from the effect of pruritus.
Occasionally, the liver may become palpable with a firm con-
sistency. In cases with intrahepatic or hilar disease, the gall-
bladder is usually not palpated, and its palpation indicates a
more distal obstruction (Courvoisier’s sign). Long-standing
biliary obstruction and/or portal vein obstruction may result
in portal hypertension, with caput medusa, spider angiomas,
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hemorrhoids, and/or ascites. Less commonly, the disease is
suspected based on abnormal imaging or laboratory results.

Investigations

Abdominal ultrasound is usually the initial investigation for
patients presenting with biliary symptoms. Dilatation of the
intrahepatic ducts should raise the suspicion of cholangiocar-
cinoma. Cases with dilated intrahepatic bile ducts and
normal-caliber extrahepatic ducts may have a hilar cancer.
On ultrasound, hilar tumors may appear as isoechoic (65 %),
hypoechoic (21 %), or hyperechoic (15 %) masses. In patients
presenting with IHCC, a mass may be visualized, although
the lack of distinctive IHCC imaging features on ultrasound
makes it difficult to definitively diagnose cholangiocarci-
noma [51]. In EHCC cases, tumor detection may be challeng-
ing as air inside intestinal loops can conceal a discrete lesion,
though signs of ductal dilatation and/or ductal wall thicken-
ing are suggestive of EHCC. Ultrasound is also used to exam-
ine for choledocholithiasis, and color-Doppler ultrasound can
evaluate portal vein and/or hepatic artery for occlusion/
compression. Further cross-sectional imaging with CT scan is
typically required before establishing the diagnosis of cholan-
giocarcinoma, and can assist with surgical planning.

Endoscopic ultrasound (EUS) allows better visualization
of the extrahepatic biliary tree, vascular structures, surround-
ing lymph nodes, and is useful in obtaining a tissue diagnosis
in suspicious cases [52, 53]. The potential risk of seeding
following EUS-biopsy is very low, and it should not prohibit
a biopsy when necessary [54, 55]. EUS is credited with an
88 % sensitivity and 90 % specificity in diagnosing biliary
obstruction, although less accurate for cancer than for cho-
ledocholithiasis [56].

Cross sectional imaging with Computed tomography (CT)
usually follows ultrasound in cases suspicious for malignancy.
CT scans provide information regarding tumor localization,
hepatic parenchymal involvement, vascular invasion and the
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presence of distant metastasis [57, 58]. On CT, a mass forming
lesion may be seen in IHCC, with intrahepatic ductal dilata-
tion, capsular retraction, parenchymal atrophy, and/or vascu-
lar invasion [59]. In patients presenting with hilar tumors, CT
predicts resectability in 60-90 % of cases and provides 80 %
accuracy when assessing horizontal tumor spread and 100 %
accuracy in detecting vertical tumor spread [58, 60]. The utili-
zation of CT angiography and cholangiography for assess-
ment improves resectability rates to 95.7 % [61]. Similar to
HiCC, CT scans are more accurate in evaluating vertical
extension of EHCC, while it may underestimate the longitu-
dinal spread [62, 63]. CT angiography is able to detect small
metastases that may be missed with routine CT as well as
diagnose portal vein and hepatic artery invasion with an
accuracy of 92.9 % and 93.3 %, respectively [61, 64].

Magnetic resonance imaging (MRI): MRI represents an
ideal investigation in cases suspicious for cholangiocarci-
noma, delineating liver parenchyma, biliary ducts, and vascu-
lature. MRI can differentiate between benign and malignant
causes of biliary obstruction with a sensitivity of 91 % and a
specificity of 94 % [65]. Combined with magnetic resonance
cholangiopancreatography (MRCP), these modalities are
highly effective for diagnosing cholangiocarcinoma. Further
advantages include the ability to identify intrahepatic lesions,
and 3D construction of the pancreatico-biliary tree [66].
Romagnuolo et al. reported an 88 % sensitivity and 95 %
specificity of MRCP in detecting malignancy, and a 98 %
sensitivity and 98 % specificity in detecting the level of
obstruction [67].

Compared to endoscopic retrograde cholangiopancrea-
tography (ERCP), MRCP provides a detailed image of the
biliary tree above the level of obstruction, which is typically
inaccessible to endoscopic contrast. [68] ERCP and PTC,
however, allow for stent placement and brushings/biopsy.
Though, a tissue diagnosis is not mandated in surgically
resectable cases.

Positron emission tomography (PET) scans may provide
valuable input regarding nodal involvement and disease
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metastases [69, 70]. In PSC cases, FDG-PET is useful in
detecting small tumors (1 cm) and excluding malignancy; and
therefore is suggested as a potential screening method for
cholangiocarcinoma in patients undergoing evaluation for
transplantation [71, 72].

Laboratory investigations: Cholangiocarcinoma typically
presents with an elevation in bilirubin, alkaline phosphatase,
and gamma-glutamyl transferase. Tumor markers CEA and
CA19-9 can aid in the diagnosis and follow-up. CA19-9 is
elevated in 85 % of patients, although it could also be ele-
vated in pancreatic cancer, gastric malignancies, PSC, and
other causes of biliary obstruction. Following biliary decom-
pression, persistent elevation of CA19-9 points to possible
malignancy [11]. CEA is of more limited benefit as it is ele-
vated in only 30 % of the cases [73]. A 100 % sensitivity and
78 % specificity have been reported upon the combination of
a CEA cutoff >5.2 ng/ml and CA19-9 of 180U/ml [74]. As a
result, the diagnosis of cholangiocarcinoma remains a combi-
nation of clinical imaging and laboratory investigations.

Hilar Strictures: Bismuth Classification

Bismuth and Corlette provided a useful classification for
cholangiocarcinoma arising at the confluence of the right and
left hepatic duct, that is based on the location and extent of
ductal involvement (Fig. 2) [75]. This classification is utilized
to predict the resectability of cholangiocarcinoma and does
not correlate directly with survival.

e Type I tumors below the confluence of the left and right
hepatic ducts

¢ Type II tumors occlude the confluence

e Type Illa tumors occlude the common hepatic duct and
the right hepatic duct

e Type IIIb tumors occlude the common hepatic duct and
the left hepatic duct

e Type IV tumors are either multifocal or involves the con-
fluence and both the right or left hepatic duct
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Fic. 2 Bismuth-Corlette classification of biliary strictures; Type I:
tumors below the confluence of the left and right hepatic ducts. Type
II: tumors reaching the confluence but not involving left or right
hepatic ducts. Type III: tumors occluding the common hepatic duct and
either the right (IITa) or the left (I1Ib) hepatic duct. Type IV: tumors
that are multicentric or involving both right and left hepatic ducts

Bile duct tumors that involve the common hepatic duct
bifurcation are referred to as Klatskin tumors or hilar cholan-
giocarcinoma regardless of whether they arise from the intra-
hepatic or extrahepatic portion of the biliary tree [76].

Staging

Cholangiocarcinoma staging is based on the TNM staging
system (Tumor-Node-Metastasis). Previously, AJCC staging
manual 6th edition utilized a staging system for IHCC and
HiCC based on hepatocellular carcinoma (HCC). In 2010,
the AJCC 7th edition staging manual introduced a separate
staging system for IHCC. Staging for IHCC, EHCC and
HiCC is shown in Tables 1, 2, and 3.
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Treatment

Surgical Management

Patients with cholangiocarcinoma generally have a poor
prognosis with 5-year survival of 5-10 % [77]. Treatment var-
ies according to the location of the cancer, where surgical
resection with negative (R0) margins represents the only
curative option [49, 78]. Unfortunately, few patients present-
ing with the disease are eligible for surgical resection; thus,
careful selection of those approached surgically is essential.
Staging laparoscopy immediately preceding intended resec-
tion is suggested to assess the resectability of the disease and
its accuracy can be improved by the addition of laparoscopic
ultrasound [79-82].

For patients presenting with IHCC, a clear margin results
in improved survival, with a median overall survival between
28 and 46 months following RO resections [4, 83, 84]. Factors
indicating unresectable disease include: bilateral hepatic duct
involvement to secondary radicals, bilobar hepatic artery
involvement, encasement of the portal vein proximal to its
bifurcation, atrophy of one liver lobe with contralateral por-
tal vein encasement, and/or contralateral biliary radical
involvement or extrahepatic metastasis [85-87]. Negative
prognostic factors of survival include vascular invasion, nodal
involvement, tumor metastasis and/or >3 nodules [88].
Although nodal involvement represents an important prog-
nostic factor, the performance of routine lymphadenectomy
does not offer a survival benefit [84, 89, 90].

Similarly, surgical resection offers the best survival benefit
for HiCC patients as well [88, 91, 92]. The Bismuth—Corlette
classification is used to predict the resectability of hilar
tumors based on the depth of tumor invasion. Bismuth type
I, IT and IIIa lesions usually require an en bloc resection of
the gallbladder with the extrahepatic bile ducts and an
extended right hepatic lobectomy. Patients with type IIIb
typically require a left hepatectomy. Roux-en-Y hepaticojeju-
nostomy reconstruction is necessary in these cases for biliary
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TaBLE 1 AJCC 7th edition staging system for intrahepatic duct
cholangiocarcinoma

TNM Stage
Stage T-stage N-stage M-stage
Stage 0  Tis NO MO
StageI T1 NO MO
Stage T2 NO MO
I
Stage T3 NO MO
II1
Stage T4 NO MO
IVA

AnyT N1 MO
Stage Any T Any N Ml
IVB

Primary tumor (T)

TX
TO
Tis
T1
T2a
T2b
T3

T4

Primary tumor cannot be assessed

No evidence of primary tumor

Carcinoma in situ (intraductal tumor)

Solitary tumor without vascular invasion

Solitary tumor with vascular invasion

Multiple tumors, with or without vascular invasion

Tumor perforating the visceral peritoneum or involving the
local extrahepatic structures by direct invasion

Tumor with periductal invasion

Regional Lymph Nodes (N)

NX
NO
N1

Regional lymph nodes cannot be assessed
No regional lymph node metastasis

Regional lymph node metastasis present

Distant Metastasis (M)

MO
M1

No distant metastasis

Distant metastasis
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drainage. Caudate lobectomy should be routinely considered
for patients with Bismuth type II, III, and IV, as it improves
local recurrence rates and offers a survival benefit [93-95]. In
patients with advanced disease and portal vein involvement,
portal vein resection offers a survival benefit, and should not
be considered a contraindication for surgery [96-98]. Patients
with unresectable tumor may be eligible for liver transplant
and should be considered for evaluation.

EHCC is the most resectable type of cholangiocarcinoma,
with 91 % resectability rates compared to 60 % and 56 % for
IHCC and HiCC, respectively [49]. Surgical resection of the
disease often involves a pancreatoduodenectomy. T-stage and
nodal involvement are important in determining the disease
prognosis; thus careful assessment of the lymph nodes and
T-stage is essential [78, 99, 100].

Liver Transplant

Early studies examined liver transplant as a potential cure for
cholangiocarcinoma. Discouraging outcomes were frequently
seen although patients presenting with smaller tumor size,
earlier TNM stage, and lower CA19-9 values experienced
better survival. Negative prognostic variables include multi-
focal tumors of infiltrative pattern, perineural and/or vascular
invasion, history of PSC, and lack of adjuvant/neoadjuvant
therapy [101-104].

Mayo Clinic established a successful protocol for liver
transplant and demonstrated a 5-year survival of 74 % [105].
Eligibility criteria included those with lesions <3 cm, no
intrahepatic or extrahepatic metastasis, no prior receipt of
radiation therapy, previous attempt of surgical resection or
tumor biopsy. Neoadjuvant chemoradiotherapy is delivered
prior to the liver transplant and is followed by a staging
laparotomy. Negative predictors of survival in transplanted
HiCC patients include elevated CA19-9, portal vein encase-
ment and residual tumor on explant. Surprisingly, PSC, age,
and waiting times were not reported as independent predictors
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TaBLE 2 AJCC 7th edition staging system for hilar cholangiocarcinoma

TNM Stage
Stage  T-stage N-stage M-stage
Stage  Tis NO MO
0
Stage T1 NO MO
I
Stage  T2a-b NO MO
11
Stage T3 NO MO
IITA
Stage T1-3 N1 MO
I1IB
Stage T4 NO-1 MO
IVA
Stage AnyT N2 MO
VB anyT Any N M1

Primary tumor (T)

X
TO
Tis
T1

T2a

T2b
T3

T4

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ

Tumor confined to the bile duct, with extension up to the
muscle layer or fibrous tissue

Tumor invades beyond the wall of the bile duct to surrounding
adipose tissue

Tumor invades adjacent hepatic parenchyma

Tumor invades unilateral branches of the portal vein or
hepatic artery

Tumor invades main portal vein or its branches bilaterally; or
the common hepatic artery; or the second-order biliary radicals
bilaterally; or unilateral second-order biliary radicals with
contralateral portal vein or hepatic artery involvement

Regional Lymph Nodes (N)

(continued)
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Table 2 (continued)

TNM Stage
Stage  T-stage N-stage M-stage
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis (including nodes along the

cystic duct, common bile duct, hepatic artery, and portal vein)

N2 Metastasis to periaortic, pericaval, superior mesenteric artery,
and/or celiac artery lymph nodes

Distant Metastasis (M)

MO No distant metastasis

M1 Distant metastasis

of survival [106]. Transplant centers utilizing these criteria for
liver transplant experienced a 65 % rate of recurrence-free
survival after 5 years compared to other centers [107].
Similarly, patients with PSC receiving neoadjuvant chemo-
radiation followed by liver transplant experienced a higher
overall survival (82 %) with fewer recurrences, making liver
transplant a possible alternative to resection for patients
with HiCC [108].

In conclusion, promising survival rates can be seen follow-
ing a thoughtful selection of cholangiocarcinoma patients
with unresectable disease to receive neoadjuvant chemora-
diation and liver transplant.

Chemotherapy

Chemotherapy is typically delivered for unresectable disease,
as adjuvant therapy with surgery, or before liver transplant.
Systemic therapies for patients with cholangiocarcinoma were
originally fluoropyrimidine-based therapies. Earlier studies
examined the combination of 5-fluorouracil (5-FU) and other
chemotherapeutic agents, such as cisplatin, mitomycin, and
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TasLE 3 AJCC 7th edition staging system for distal cholangiocarcinoma

TNM Stage
Stage  T-stage N-stage M-stage
Stage  Tis NO MO
0
Stage Tl NO MO
IA
Stage T2 NO MO
1B
Stage T3 NO MO
IIA
Stage Tl N1 MO
11B
T2 N1 MO
T3 N1 MO
Stage T4 Any N MO
111
Stage  AnyT Any N M1
v

Primary tumor (T)

X Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor confined to the bile duct histologically

T2 Tumor invades beyond the wall of the bile duct

T3 Tumor invades the gallbladder, pancreas, duodenum, or other

adjacent organs without involvement of the celiac axis, or the
superior mesenteric artery

T4 Tumor involves the celiac axis, or the superior mesenteric
artery

Regional Lymph Nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

(continued)
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Table 3 (continued)
TNM Stage
Stage  T-stage N-stage M-stage

Distant Metastasis (M)

MO No distant metastasis

M1 Distant metastasis

etoposide for advanced biliary tract cancers (BTC). These
studies reported superior overall survival and disease free
progression compared to 5-FU alone [109-111]. Due to the
relatively low response to these combinations, gemcitabine
was investigated, showing an overall survival of 30-56 weeks
[112-114]. Subsequent trials revealed that gemcitabine com-
bined with capecitabine or oxaliplatin result in better disease
control and more favorable survival outcomes [115-118].

In 2010, the ABC-02 trial established the benefit of the
gemcitabine—cisplatin regimen for biliary tract cancers, show-
ing a median overall survival of 11.7 months and a median
progression-free survival of 8 months [119]. A similar study
from Japan reported a median overall survival of 11.2 months
and a median progression-free survival of 5.8 months [120].
In a recent meta-analysis, patients receiving gemcitabine—cis-
platin experienced a better survival outcomes, higher response
rate and a longer progression free survival [121]. Currently,
gemcitabine—cisplatin is a standard therapeutic approach for
patients presenting with biliary tract cancers including
cholangiocarcinoma.

Adjuvant chemotherapy has been shown to prolong sur-
vival following surgical intervention [122]. Dumitrascu et al.
reported improved median overall and disease-free survival
in patients receiving adjuvant gemcitabine following HiCC
resection [123]. Subsequent studies showed a survival benefit
in patients receiving adjuvant therapy, that is most noticeable
in those with positive resection margins and/or lymph nodes
positive disease [124, 125].
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Radiation Therapy

Radiotherapy is utilized in cholangiocarcinoma as a neoadju-
vant therapy, or occasionally combined with chemotherapy in
the adjuvant setting. Earlier studies showed that adjuvant
radiotherapy following RO resections did not have any effect
on patient’s survival [126, 127]; although a survival benefit
was recognized for patients with unresectable disease or
those with R1 margins [128-130].

In patients with non-metastatic disease that are not eligi-
ble for surgical intervention, radiotherapy may serve as a
palliative measure. Ben-Josef et al. reported a median sur-
vival of 15.8 months and a 17 % 3-year survival for a cohort
of 128 patients with intrahepatic malignancies [131]. Kopek
et al. reported a similar finding in a cohort of 27 patients with
unresectable cholangiocarcinoma, showing an overall sur-
vival of 10.6 months following radiotherapy [132].

Palliative Biliary Drainage

A large population of cholangiocarcinoma patients will have
biliary obstruction at presentation. The obstruction leads to
liver congestion, jaundice, nausea, pruritus, and an increased
risk of cholangitis [133, 134]. Palliative interventions include
surgical bypass, percutaneous or endoscopic biliary drainage.
Surgical drainage includes choledochojejunostomy and/or
hepaticojejunostomy. The limitations to surgical palliation
include biliary leaks following surgical bypass (6-21 %), and
substantial procedure-related mortality (6-12 %) [135, 136].
Minimally invasive bypass operations have been suggested as
a possible alternative, though satisfactory outcomes following
PTC or ERCP drainage make the necessity of surgical bypass
uncommon [137].

Endoscopic palliation represents the most widely utilized
option for patients with obstructive symptoms. Typically,
endoscopic retrograde cholangiography (ERCP) is per-
formed, followed by wire-guided plastic/metal stent insertion.
In early studies, metal stents placement was debated due to
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associated cost. However, the frequent need to change plastic
stents due to their early occlusion by sludge resulted in metal
stents being more cost-effective in patients with life expec-
tancy greater than 6 months [138, 139]. The introduction of
the self-expanding metal stents (SEMS) allowed a more suc-
cessful drainage with longer patency rates and fewer proce-
dures compared to plastic stents [140, 141]. A recent
meta-analysis confirmed better patency, lower occlusion
rates, and fewer adverse effects associated with SEMS for
distal and hilar biliary obstructions [142].

Percutaneous drainage typically follows a failed endo-
scopic approach to stent. Paik et al. reported that percuta-
neous placement of SEMS in HiCC is associated with
higher success rates and lower risk of procedure-related
cholangitis than endoscopic stent placement [143]. The
lower risk of cholangitis following percutaneous biliary
drainage makes this modality favorable in patients with
hilar disease [144].

Unilateral vs. bilateral stenting: In hilar cholangiocarci-
noma patients, unilateral stent insertion is easier and associ-
ated with fewer complications rates [145]. However,
reinterventions are frequent due to stent occlusion or stent
migration [146]. Conversely, bilateral stenting provides lon-
ger patency times allowing extended drainage [147]. In a
recent meta-analysis, Sawas et al. reported similar occlusion
rates and 30-day mortality between unilateral and bilateral
stent groups [142]. A more successful insertion rate in the
unilateral stent group (odds ratio: 3.17 [95%CI: 1.49-6.74])
coupled with the higher rate of adverse effects in the bilateral
stenting group makes the use of unilateral stenting for biliary
drainage of malignant hilar lesions advisable.

Photodynamic Therapy

Photodynamic therapy (PDT) involves the injection of a por-
phyrin photosensitizer followed by endoscopic illumination
of the tumor bed to activate the injected substance and cause
tumor death. Early reports showed a possible efficacy of the
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modality in restoring biliary drainage and improving survival
in patients with unresectable disease [148, 149]. In a recent
study, PDT following endoscopic stenting resulted in extended
patency and longer survival rates [18]. The side effects of this
modality include cutaneous complications, as erythema and
hyperpigmentation. The utilization of PDT is still limited due
to availability.

Conclusion

Cholangiocarcinoma is a rare malignancy that arises from the
biliary tract epithelial lining and carries a grave prognosis.
Three types of the disease exist according to the tumor loca-
tion: intrahepatic, hilar, and extrahepatic cholangiocarci-
noma. Survival is limited due to late presentation of the
disease; and surgical resection represents the mainstay of
treatment. In patients not eligible for surgical resection, liver
transplantation provides satisfactory S-year survival rates in
carefully selected candidates. Radiotherapy and/or chemo-
therapy in the form of combined gemcitabine—cisplatin pro-
vide palliation for patients. In cases presenting with symptoms
of biliary congestions, self-expanding metal stents relieve the
congestion and improve the patients’ quality of life.
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TIPS Transjugular intrahepatic portosystemic shunt
UDCA Ursodeoxycholic acid
UNOS United Network for Organ Sharing

Patient Questions and Answers

What Is Primary Sclerosing Cholangitis and How
Did I Get If?

Primary sclerosing cholangitis, or PSC for short, is a chronic
liver disease that leads to strictures or narrowing of the large
and small bile ducts in the liver. The bile ducts are the plumb-
ing of the liver and serve to move products produced in the
liver to the small intestine, where they perform functions
necessary for survival. While the exact cause of PSC remains
unclear, it is frequently classified as an autoimmune disease.
This means that it may be the result of an overactive or
abnormal immune system. Patients with PSC frequently have
other autoimmune disorders with the most common being
inflammation of the colon, or colitis. Unfortunately, there is
no effective therapy that prevents the progression of PSC and
many patients will develop advanced liver disease and possi-
bly cirrhosis which is severe, irreversible scarring of the liver.
It is important to recognize that PSC is not associated with
alcohol use, specific diets or behaviors. Primary sclerosing
cholangitis is not the result of an infection or exposure to
other individuals. You cannot transmit PSC to other
individuals.

What Can I Do to Treat Primary Sclerosing
Cholangitis?

It is important to remember that your PSC is not the result of
anything you have done wrong. While not related to alcohol,
it is important to avoid alcohol as regular alcohol use can by
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itself lead to liver damage. As with all chronic liver diseases,
you should be checked for immunity or protection to hepati-
tis A and B. If tests show that you are not protected, you
should undergo vaccination. Both of these vaccines are safe
and effective. It is important to maintain a healthy diet as
patients who are able to accomplish this are better able to
tolerate chronic illnesses, including PSC. Because of the
strong association with colitis (inflammation of the colon),
you should undergo a colonoscopy (a test to examine your
colon) unless you have already had one. Primary sclerosing
cholangitis can also lead to difficulty absorbing certain vita-
mins such as vitamin D. When patients have low vitamin D
levels it can lead to thinning of the bones, osteoporosis and
possible bone fractures. Because of this, you should undergo
a test known as a bone densitometry to determine whether
you are at risk for developing bone disease.

There is no specific medicine that has been shown to be
effective in slowing the progression of PSC. While it is classi-
fied as an autoimmune disorder, it does not respond to medi-
cations that are effective against other autoimmune
conditions. While you may want to explore alternative or
natural therapies such as herbal therapies, I would discourage
you from using these substances as they are frequently not
regulated by the Food and Drug Administration and in some
cases have also been shown to be harmful to the liver. You
should always let all of your doctors know of any medicine
you are taking, as some medicines may not be as well toler-
ated by patients with liver disease such as PSC.

Will I Need a Liver Transplant?

The natural history of PSC is highly variable. Some patients
present at a young age and have an aggressive course leading
to the need for liver transplantation, while others will carry a
diagnosis of PSC for many years and not require liver trans-
plantation or die from this condition. Since PSC is a progres-
sive disease and there is no known effective medical therapy,
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it will be important that you follow-up with a hepatologist or
liver doctor on a regular basis even if you do not have any
symptoms. During these visits you will be asked about symp-
toms as well as undergo a physical exam and blood tests that
will allow your hepatologist to determine the overall status of
the PSC and when a liver transplant evaluation should be
considered. Your hepatologist may determine that a repeat
examination of your bile ducts is necessary, particularly if
there is suspicion that a cancer has developed in the bile
ducts. Cancer of the bile ducts is known as cholangiocarci-
noma. You should have an ultrasound of the liver and gall-
bladder every year as there in an increased risk of developing
both liver and gallbladder cancer. You should contact your
physicians immediately if you experience symptoms includ-
ing jaundice or yellowing of the eyes and skin, worsening
itching throughout your body which is most noticeable at
night, fever, weight loss, and abdominal pain which most com-
monly occurs in the area over your liver.

Autoimmune Liver Diseases: Primary
Sclerosing Cholangitis

Summary

Primary sclerosing cholangitis (PSC) is a chronic condition
characterized by inflammation, fibrosis and obliteration
involving the intra as well as extrahepatic bile ducts. Initially
described in 1924 and once considered a rare condition, the
condition can no longer be considered rare as advancements
in cholangiography have led to more frequent diagnosis.
While the etiology remains elusive, it is commonly classified
as an autoimmune liver disease and other immune-mediated
conditions, most notably inflammatory bowel disease, are
frequently concurrently encountered. Genetic predisposition
also appears to play a contributory role based on the finding
of associated as well as protective haplotypes. Complications
of PSC are both nonspecific and associated with chronic cho-
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lestatic liver disease as well as those specific to PSC. The
natural history is highly variable with the potential for pro-
gression to cirrhosis, end-stage liver disease and the need for
liver transplantation. Patients with PSC are also at an
increased risk for the development of cholangiocarcinoma as
well as colorectal, gallbladder and hepatocellular carcinoma.
Despite the evaluations of multiple pharmacologic agents,
there is currently no medical therapy that has been shown to
alter the timeline to death or the need for liver transplanta-
tion. Liver transplantation is the only effective therapy for
long-term survival in those who develop complications of
end-stage liver disease and is associated with excellent long-
term results. Variants of PSC include small-duct PSC, overlap
PSC and autoimmune hepatitis and immunoglobulin G
cholangiopathy.

Epidemiology

Various epidemiological studies have placed the incidence of
PSC from 0.9 to 1.31 cases per 100,000 person-years and the
prevalence at 8.5 to 13.6 cases per 100,000 persons [1,2]. There
is however, significant regional variability which supports the
theory of genetic predisposition playing a role. Sixty to 70 %
of affected patients have underlying inflammatory bowel dis-
ease (IBD), more frequently chronic Ulcerative Colitis than
Crohn Disease with colonic involvement [3, 4]. The IBD is
typically diagnosed several years prior to PSC [5]. In addition,
while associated with IBD, the two disorders’ activity level
and progression do not necessarily correlate. Approximately
two-thirds of those affected with PSC are male with the
median age at diagnosis of approximately 37 [2].

Etiology
While the exact etiology of PSC remains unknown, it appears

that both genetic and immunologic factors play prominent
roles.
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Genetics

Evidence supporting a genetic cause includes strong familial
patterns as well as a strong association with specific haplo-
types, most notably B8DR3, B8DR13, and B8DRIS.
Conversely, haplotypes DRB1*040, DRB1*070, and
MICA*002 are associated with a decreased risk of develop-
ing PSC [6-9].

Immune-Mediated

An immune mechanism is supported by the findings of serum
autoantibodies in a large number of those with PSC, the most
common being perinuclear antineutrophil cytoplasmic anti-
bodies (p-ANCA) which are found in up to two-thirds of
patients. Other autoantibodies occasionally encountered
include antinuclear and anti-smooth muscle antibodies [10].
Additionally, hypergammaglobulinemia is common as is the
association with other autoimmune disorders, most notably
inflammatory bowel disease.

Other potential etiologies that may play minor roles in
PSC include infectious causes, toxin exposure and vascular
complications.

Infectious

The association of PSC with IBD has led to the theory that
damaged colonic mucosa leads to translocation of bacteria
that enter the blood stream and bile ducts. The failure to
identify specific organisms, the absence of portal phlebitis,
failure of antibiotics or colectomy to alter the natural history
and the fact that not all patients with PSC have IBD argues
against an infectious etiology.
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Toxin-mediated

Toxin exposure as a cause of PSC is based on the theory that
imbalances between hydrophilic and hydrophobic bile acids,
such as lithocolic acid, can lead to biliary epithelial damage
and strictures. Other toxic agents that have been evaluated
include iron and copper, both of which are shown to be ele-
vated in many patients with PSC. Elevated iron and copper
levels however, are nonspecific findings and can be associ-
ated with both hepatocellular and cholestatic disorders.

Vascular Injury

Vascular injury to the hepatic artery has long been associated
with biliary strictures in liver transplant recipients; however,
examination of the hepatic vasculature in PSC has failed to
demonstrate damage to the hepatic artery, portal vein, or
hepatic vein.

Clinical Presentation

The clinical presentation of patients affected by PSC is highly
variable. At one end of the spectrum is the asymptomatic
patient who is diagnosed based on cholestatic hepatic
biochemistries obtained in the setting of IBD. The majority
of patients with PSC will be diagnosed when presenting
with symptoms that lead to further investigation. The
most common presenting symptoms are pruritus, jaundice,
right upper quadrant abdominal pain and acute cholangitis.
Unfortunately, some patients will present with advanced liver
disease manifested by weight loss, ascites, hepatic encephalopa-
thy, portal hypertensive bleeding, or cholangiocarcinoma.
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Diagnosis

Laboratories

The majority of patients with PSC will demonstrate cholesta-
sis on hepatic biochemistries. Alkaline phosphatase values
greater than 2.5-fold normal values are seen in the majority
of patients. As a result, elevated alkaline phosphatase values
which are confirmed to be of biliary origin should result in a
thorough evaluation and consideration for PSC. Total biliru-
bin values are elevated in over 50 % of affected patients and
90 % demonstrate a two- to threefold elevation in alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST). Serum iron and copper values are frequently ele-
vated, but as previously mentioned, are nonspecific and
therefore not helpful for diagnostic purposes. Despite the
finding of p-ANCA autoantibodies in the majority of PSC
patients, their presence is nonspecific and should not be uti-
lized to make a diagnosis of PSC. This is in contrast to other
autoimmune hepatic disorders such as autoimmune hepatitis
and primary biliary cirrhosis where serum autoantibodies
play a pivotal role in diagnosis.

Cholangiography

The diagnosis of PSC is made based on the classic cholangio-
graphic findings of diffuse strictures with intervening areas of
normal appearing bile ducts leading to the so-called
“beading.” Seventy-five percent of strictures involve both the
intra and extrahepatic bile ducts, with 15 % having strictures
limited to the extrahepatic system. The cystic duct and
gallbladder are involved in approximately 15 % of patients
and a smaller number have pancreatic duct involvement
[11-13]. Dominant strictures, defined as a diameter less than
1.5 mm in the common bile duct and less than 1.0 mm in the
hepatic duct, are present in approximately half of PSC
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patients. Pseudodiverticula, particularly in the common bile
duct, are occasionally seen. While initially used as exclusion-
ary criteria in PSC patients, the presence of biliary stones are
now well-recognized as a common finding and frequent cause
of cholangitis. There are three current modalities that can be
used to image the biliary system. Endoscopic retrograde chol-
angiography (ERC) allows direct biliary visualization as well
as also providing the opportunity to perform cytologic analy-
sis, stricture dilation, removal of stones and biliary stenting.
Potential complications of ERC include bleeding, cholangitis
and pancreatitis [14]. Percutaneous hepatic cholangiography
(PTC) also allows direct access to the biliary system but has
similar complications to ERC and requires experienced radi-
ologists as intrahepatic bile ducts are generally not dilated in
PSC. The test of choice when attempting to make a diagnosis
of PSC is the magnetic resonance cholangiography (MRC).
The noninvasive nature of MRC limits complications and is
more cost-effective than ERC or PTC. These advantages
must be weighed against the fact that MRC unlike ERC and
PTC does not offer the opportunity to perform biliary brush-
ings for cytology nor intervene therapeutically. Magnetic
resonance cholangiography also lacks sensitivity compared to
ERC when assessing for peripheral bile duct changes. Once a
diagnosis of PSC is established, there is no indication for fur-
ther instrumentation of the biliary system unless there is a
change in the patient’s clinical status.

Histology

Liver biopsy at the present is not felt to be necessary to estab-
lish a diagnosis of PSC, nor to determine disease severity.
Liver biopsy should be considered in all patients suspected of
having small-duct PSC or overlap syndrome with autoim-
mune hepatitis. The classic finding when a liver biopsy is
performed in PSC patients is the concentric fibrosis (onion-
skinning) involving the periductal region. This lesion how-
ever is observed in only a minority of patients [12].
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Additionally, biopsy sampling variation may fail to detect
these lesions in patients who otherwise have classic cholan-
giographic findings.

Natural History

The natural history of PSC is highly variable and while it is a
progressive disease, the rate of progression per year varies
significantly in individual patients. Multiple studies have
attempted to determine the time period from diagnosis to the
need for liver transplantation or death and estimates range
from 7 to 18 years from presentation [4, 15, 16]. Much of this
variability is associated with the fact that some patients pres-
ent early in their disease course without symptoms but have
abnormal liver biochemistries, while others’ initial presenta-
tion may be a complication of advanced disease with portal
hypertension or cholangiocarcinoma.

Various prognostic models have been utilized in an
attempt to predict future outcomes but their value is ques-
tionable in this clinical setting due the highly variable nature
of PSC. The most common employed of these prognostic
models is one proposed by the Mayo Clinic and utilizes the
following variables: total bilirubin, age, presence or absence
of variceal bleeding, serum albumin and aspartate amino-
transferase values [17].

Primary Sclerosing Cholangitis Variants

Small-Duct Primary Sclerosing Cholangitis

Small-duct PSC is characterized by cholestatic biochemistries
with a normal cholangiogram. Liver biopsy is essential in this
group for diagnostic purposes and may demonstrate the peri-
ductal damage and onion-skinning previously described.
Small-duct PSC represents approximately 10 % of all PSC
cases. Small-duct PSC patients may have symptoms but a
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greater percentage are asymptomatic when compared to
large-duct PSC. Approximately 10-15 % of those with small-
duct PSC will progress to large-duct PSC, typically over 5-10
years. Patients with small-duct PSC have a better long-term
prognosis with fewer complications when compared to their
large-duct counterparts [18, 19].

Overlap Syndrome with Autoimmune Hepatitis

Between 1 and 17 % of patients with PSC will also have an
overlap syndrome with autoimmune hepatitis [20-22]. These
patients will present with a hepatocellular injury as well as
cholestasis and have detectable antinuclear antibodies and
anti-smooth muscle antibodies. Immunoglobulin G eleva-
tions, as in classical autoimmune hepatitis, are typically seen.
Liver biopsy should therefore be performed in all patients
with PSC who have aminotransferase values greater than five
times the upper limit of normal or IgG values greater than
two times the upper limit of normal. Liver biopsy demon-
strates histologic findings of both conditions; the periductal
“onion-skinning” damage seen in PSC and the interface
hepatitis and prominent plasma cell infiltration which is clas-
sically described in autoimmune hepatitis. The autoimmune
hepatitis component unlike the PSC component is responsive
to immunosuppression, with the most common agents uti-
lized being corticosteroids and azathioprine. Patients with
overlap PSC and autoimmune hepatitis may progress more
rapidly than those affected by PSC alone due to the combina-
tion of the hepatocellular and cholestatic components.

Primary Sclerosing Cholangitis in Association
with Autoimmune Pancreatitis

Autoimmune pancreatitis is a manifestation of a systemic
disorder affecting multiple organs and is associated with an
elevated serum immunoglobulin G4 (IgG4). Histology of the
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pancreas shows a predominantly lymphocyte and plasma cell
infiltrate. Pancreatic abnormalities include lesions that are
frequently difficult to differentiate from malignancy as well
as pancreatic duct strictures. A subset of these patients will
have biliary strictures similar to those seen in PSC occasion-
ally in the absence of pancreatic abnormalities, a condition
occasionally referred to as IgG4 cholangiopathy. Those with
IgG4 cholangiopathy tend to have a more aggressive disease
course compared to those with PSC and normal IgG4 values
[23, 24]. Primary sclerosing cholangitis associated with ele-
vated IgG4 levels are frequently responsive to corticosteroid
therapy and it is recommended to measure IgG4 levels in all
newly diagnosed PSC patients [25].

Secondary Sclerosing Cholangitis

There are various conditions that can affect the biliary system
and produce findings that mimic the strictures seen in
PSC. Prior to making a diagnosis of PSC these secondary
causes must be carefully looked for and eliminated as poten-
tial etiologies. Secondary causes include congenital biliary
tract disorders such as biliary atresia and Caroli’s Disease,
AIDS cholangiopathy, ischemic strictures, biliary malignan-
cies such as cholangiocarcinoma not associated with PSC,
previous biliary injuries as a result of surgery and chemical
exposure to toxins such as floxuridine, a pyrimidine analogue
infused via the hepatic artery in patients with metastatic
colon cancer to the liver [26].

Complications of Primary Sclerosing
Cholangitis

Complications of PSC can be classified as those that are
related to the cholestatic nature of the disorder and those
that are unique to PSC.
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Complications of Cholestatic Liver Disease

Cholestasis-related complications include pruritus, bone dis-
ease, fat soluble vitamin deficiency and portal hypertension.

Pruritus

Pruritus can be one of the most disabling complications of
cholestatic liver diseases with failure to respond to therapy
frequently leading to frustration in both patients and clini-
cians. While much attention has been focused on the accumu-
lation of biliary compounds in various tissues, the exact
mechanism remains unknown [27]. There does not appear to
be a strong correlation with the severity of liver disease and
patients with mild to moderate biliary strictures may have the
most severe symptoms. The subjective nature of pruritus
makes accurate measurement difficult and while multiple
tools including visual aids are available, they are not generally
utilized in clinical practice. The treatment of pruritus generally
involves a stepwise approach. First line therapy typically
involves anion exchange resins such as cholestyramine ini-
tially at four grams twice daily (before and after breakfast if
the gallbladder is present) and increasing to four times daily
as necessary [28]. Patients must communicate with their phar-
macist in order to ensure that cholestyramine does not inter-
fere with the absorption of other medications or fat-soluble
vitamins. Side effects include mild constipation, diarrhea,
abdominal pain, flatulence, nausea, and vomiting. If the pruri-
tus remains refractory, rifampin at doses of 150 mg to 300 mg
twice daily can be added with careful monitoring of serum
liver and renal biochemistries [29]. Additional first line agents
include Sertraline, a selective serotonin uptake inhibitor, at
100 mg daily and nighttime antihistamines due to their seda-
tive side-effect profile. Second line therapies include naltrex-
one, an opioid antagonist, at 50 mg daily and phenobarbital at
doses of 60 mg to 100 mgs nightly [30]. Third line therapies
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include plasmapheresis which is effective but cumbersome.
Therapies that have been proposed but lack supporting data
include dronabinol, ondansetron, ultraviolet light, and
S-adenosylmethionine (SAM-E). Liver transplant has been
proposed for patients with severe, refractory pruritus despite
low Model for End Stage Liver Disease (MELD) scores.
Exception points for patients with low MELD scores can be
requested due to refractory pruritus but the subjective nature
of this complication has led to few exceptions being granted.

Bone Disease

Bone disease in the setting of chronic liver diseases is fre-
quently referred to as hepatic osteodystrophy and includes
osteopenia and osteoporosis. Both are now recognized as a
frequent finding in all patients with chronic liver diseases but
are most pronounced in those with cholestasis [31]. The
mechanism for bone disease in PSC is likely multifactorial
and includes decreased formation and increased resorption.
Vitamin D deficiency may play a minor role. Longer duration
of IBD, older age, female gender and low body weight are
other contributing factors. All patients with newly diagnosed
PSC should undergo bone mineral density assessment
(DEXA) and at intervals of 2-3 years based on initial results
[32, 33]. Treatment includes calcium 1200 mg daily and vita-
min D 1000 IU supplementation. This supplementation
should be in conjunction with a regular exercise regimen.
Hormone replacement while effective is not generally
employed due to the side-effect profile. Bisphosphonate
therapy is beneficial in patients with osteoporosis and pri-
mary biliary cirrhosis and is also indicated for those with
osteoporosis and PSC [34]. Bisphosphonates should be
avoided in those patients with esophageal varices as they
have been shown to increase the risk of bleeding due to
esophageal ulcerations. Intravenous bisphosphonates are
effective options in those with osteoporosis who have contra-
indications to oral therapy due to esophageal varices.
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Fat-Soluble Vitamin Deficiency

Patients with cholestatic hepatic disorders including PSC are
at risk for developing malabsorption and deficiency of vita-
mins A, D, E and K due to decrease in the availability of bile
salts [35]. While bile salt production from cholesterol and bile
acids is normal, the impaired flow of bile salts due to biliary
strictures results in a relative deficiency in bile salt function
in the small intestine. Vitamin A deficiency is rarely of clinical
consequence. Levels can be measured and effective supple-
mentation is available. Care must be taken to avoid vitamin
A toxicity from over-supplementation. Vitamin D deficiency
is the most clinically significant of all the fat-soluble vitamin
deficiencies. As previously mentioned, by itself it is not
responsible for bone disease, but likely plays a contributing
role. Vitamin D levels are also easily measured and supple-
mented. Vitamin E deficiency is rare and can be supple-
mented if serum levels are decreased. Vitamin K deficiency
can lead to elevated prothrombin times and typically responds
well to supplementation.

Portal Hypertension

Patients with PSC frequently progress to cirrhosis and
develop portal hypertension complicated by esophageal and
gastric varices, ascites and hepatic encephalopathy. These
patients should be treated similar to non-PSC cirrhotic
patients. While current recommendations are for all patients
with cirrhosis to undergo an upper endoscopy to evaluate for
varices, those affected by PSC are also at risk for the devel-
opment of pre-cirrhotic, pre-sinusoidal portal hypertension
and should therefore undergo endoscopic evaluation. Non-
selective beta blockade for primary prophylaxis of docu-
mented varices is effective with band ligation utilized in
those intolerant of beta blockers. Sodium restricted diets in
combination with diuretics, most commonly spironolactone
and furosemide, are the standard of care in patients with
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ascites. Beta blockers should be avoided in PSC patients with
refractory ascites due to concerns for the development of
acute kidney injury. Avoidance of factors that precipitate
hepatic encephalopathy including intravascular volume
depletion, infections, gastrointestinal bleeding and electro-
lyte disturbances are paramount. Minimal hepatic encepha-
lopathy, as well as overt encephalopathy, should be treated
with lactulose and if necessary the addition of rifaximin as a
second agent.

Complications Specific to Primary Sclerosing
Cholangitis

Disease specific complications associated with PSC include
IBD and colorectal cancer, peristomal varices, dominant
strictures, biliary stones, gallbladder carcinoma, and
cholangiocarcinoma.

Inflammatory Bowel Disease and Colorectal
Carcinoma

The majority of patients with PSC will have concurrent IBD,
more frequently ulcerative colitis than Crohn Disease with
colonic involvement. Up to 7.5% of IBD patients will be
affected by PSC [3,4]. The IBD is typically diagnosed prior to
PSC in the majority of patients, but can vary with some
patients’ first symptoms of IBD being years after the diagno-
sis of PSC or even following liver transplantation.
Inflammatory Bowel Disease in the setting of PSC differs
from those not affected by PSC with more rectal sparing,
greater right-sided disease, more backwash ileitis and more
quiescent disease in those with PSC [36,37]. While all patients
with chronic colitis are at increased risk for the development
of colorectal cancer, those IBD patients with PSC are at a
much greater risk [38]. Current recommendations include
colonoscopy every 1-2 years in those IBD patients who also
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carry a diagnosis of PSC. Colon biopsies should always be
obtained to evaluate for dysplastic changes. The use of urso-
deoxycholic acid (UDCA) has been advocated by some as
decreasing the risk of colonic dysplasia and colorectal carci-
noma based on two small studies [39, 40], but subsequent
studies have not supported its effectiveness. Patients with
PSC and IBD who undergo liver transplant have been shown
as a group to have more difficult to manage IBD despite the
fact that their post-transplant medical regimen includes one
or more immunosuppressive agents.

Peristomal Varices

Patients with concurrent IBD and PSC have frequently
undergone proctocolectomy with ileostomy formation due to
refractory colitis or colorectal cancer. These patients will
occasionally develop peristomal varices. While not associated
with the mortality seen in patients with esophageal or gastric
variceal bleeding, the morbidity and impact on quality of life
can be significant. Local temporizing measures have been of
limited efficacy with transjugular intrahepatic portosystemic
shunt (TIPS) proving to be beneficial in refractory cases if no
contraindications exist.

Dominant Biliary Strictures

Dominant strictures, defined as a diameter less than 1.5 mm
in the common bile duct and less than 1 mm in the hepatic
duct, are seen in up to half of all PSC patients [41, 42]. The
length of these strictures varies but are typically short.
Dominant strictures can result in deterioration of previ-
ously stable disease and lead to worsening jaundice, pruritus
and cholangitis. Strictures should be promptly addressed
with endoscopic therapy being the preferred method.
Following sphincterotomy, balloon dilation of the stricture
with stent placement is frequently necessary. The need for
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stents, their associated exchanges and instrumentation
increases the risk of cholangitis and mandates the need for
pre and post-procedure antibiotics. Unfortunately, strictures
in the intrahepatic region are not always accessible endo-
scopically and may require a percutaneous approach. Finally,
it is imperative to perform brush cytology of dominant stric-
tures whether by endoscopic or percutaneous approaches to
differentiate dominant non-malignant strictures from
cholangiocarcinoma.

Biliary Stones

As previously mentioned, biliary stones, once considered
exclusionary for PSC, are now recognized as a common
finding. Strictures, in particular dominant strictures, and
impaired bile flow play key roles in stone formation.
Complications include pain, cholangitis, and clinical dete-
rioration. Aggressive antibiotic use particularly for biliary
pathogens and prompt endoscopic stone retrieval are
indicated. While there may be a role for UDCA to prevent
stone formation and improve bile flow, little data cur-
rently exists.

Gallbladder Disease Including Adenocarcinoma

Primary sclerosing cholangitis involves the gallbladder as
well as the cystic duct in 15 % of patients. Gallstones, which
are common in the general population, are seen in up to
26 % of PSC patients [13]. Patients with PSC are also at risk
for the development of mass lesions. Gallbladder polyps in
particular are common and can lead to dysplasia and adeno-
carcinoma [43]. Current recommendations include perform-
ing annual gallbladder ultrasounds to evaluate for mass
lesions and if present for the patients to undergo cholecys-
tectomy regardless of the size of the lesion unless contrain-
dications exists [32].
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Cholangiocarcinoma

One of the most feared complications of PSC is the develop-
ment of cholangiocarcinoma. Approximately 50 % of patients
diagnosed with cholangiocarcinoma will be diagnosed within
one year of their PSC diagnosis. Afterwards the annual risk is
0.5-1.0 % with a 10-year risk of 7-10 % [44—47]. Unfortunately,
a large number have advanced disease including locoregional
as well as distant disease at the time of diagnosis. It remains
unclear as to what specific factors in PSC patients predispose
them to develop cholangiocarcinoma. The differentiation
between benign strictures and cholangiocarcinoma, particu-
larly in dominant strictures, remains a challenge. Biochemical
testing with CA19-9 is limited by the fact that it is nonspecific
and can be elevated from benign strictures and cholangitis.
Patients who lack the Lewis antigen will not demonstrate
detectable CA19-9 even in the presence of cholangiocarci-
noma. Imaging studies with computerized tomography, ultra-
sound, MRC, and ERC fail to consistently differentiate benign
from malignant strictures. Biliary brushing done at the time of
ERC have long been recognized to have good specificity but
sensitivities under 50 %. Newer approaches to aid in the diag-
nosis of cholangiocarcinoma include fluorescent in situ hybrid-
ization (FISH). This technique evaluates cells obtained from
suspicious lesions by brush cytology and evaluates for poly-
somy (the duplication of two or more chromosomes) in greater
than five cells [48]. At the present time, there are no formal
recommendations from any society regarding cholangiocarci-
noma screening and surveillance with CA19-9, MRC, cholan-
gioscopy during ERC or other imaging modalities.

Treatment of cholangiocarcinoma has traditionally been
limited. The diffuse biliary nature of PSC has made surgical
resection an option for a limited few and chemotherapy has
not been shown to be of significant benefit. More recently,
liver transplant in a highly selected group of patients with
hilar lesions less than three cm in diameter and without evi-
dence of spread has been evaluated. These patients undergo
external beam as well as brachytherapy in conjunction with
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chemotherapy. Percutaneous transhepatic cholangiography
should be avoided in these patients for fear of seeding the
peritoneum with malignant cells. Some centers are reporting
S-year survival comparable to non-cholangiocarcinoma
patients [49]. Transplant centers with an active protocol in
place can petition regional review boards for MELD excep-
tion points for these patients.

Hepatocellular Carcinoma

While not unique to cholestatic liver diseases or PSC, patients
with established cirrhosis are at risk for developing hepato-
cellular carcinoma (HCC). Screening and surveillance for
HCC is indicated in all cirrhotic patients regardless of age
and involves ultrasound examination every 6 months with
suspicious lesions warranting further evaluation with a
dynamic study such as CT or MRI [50]. The role of alpha
fetoprotein for screening of HCC remains controversial and
no recommendations can be made at this time.

Medical Therapy in Primary Sclerosing
Cholangitis

Numerous agents have been evaluated in the treatment of
PSC and there is no evidence to suggest that there is effective
medical therapy. Agents that have been evaluated in small
trials include corticosteroids, cyclosporine, tacrolimus, aza-
thioprine, methotrexate, penicillamine, and colchicine.
Antibiotics while indicated for invasive procedures and for
episodes of cholangitis, do not alter the natural history of
PSC. The most studied of all agents is ursodeoxycholic acid
(UDCA) which has been shown to slow disease progression
and alter the natural history in patients with primary biliary
cirrhosis (PBC) at doses ranging from 13 to 15 mg/kg/day
[51]. Similar doses in PSC patients resulted in biochemical
improvement but failed to alter the natural history [52]. Due
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to the large bile duct involvement in PSC relative to PBC, it
was theorized that greater doses would be necessary for a
benefit to be seen. Despite increasing doses, this benefit did
not materialize and a multicenter trial evaluating doses of 28
to 30 mg/kg/day was terminated due to an increased fre-
quency of decompensation, need for transplant and death in
the treatment group [53]. As previously mentioned, cortico-
steroid therapy is indicated in patients with IgG4-associated
cholangitis and in combination with azathioprine in those
with PSC-AIH overlap.

Liver Transplantation for Primary Sclerosing
Cholangitis

Liver transplantation has been shown to be the only effective
therapy that alters the natural history of PSC with approxi-
mately 250 transplants performed annually in the USA for
PSC. Listing for liver transplantation is overseen and regu-
lated by the United Network for Organ Sharing (UNOS) and
utilizes the MELD score to determine listing priority.
Refractory pruritus, recurrent bacterial cholangitis, and chol-
angiocarcinoma are PSC-specific complications that will be
considered by regional review boards for MELD exception
points [54]. Due to the diffuse biliary strictures associated
with PSC as well as the risk of future cholangiocarcinoma in
the recipient remnant bile duct, the biliary anastomosis per-
formed at the time of transplantation is a Roux-Y-
choledochojejunostomy. Overall results following liver
transplant for PSC are excellent with S5-year survival of
approximately 85 %. Recurrent PSC in the transplant liver
occurs in approximately 20 % of patients and will occasion-
ally result in the need for retransplantation [55, 56]. Biliary
strictures which can be due to other factors including
ischemia and hepatic artery injury are frequently difficult to
differentiate from recurrent PSC strictures. Biliary access for
interventional purposes following liver transplant typically
involves a percutaneous approach due to the Roux-Y-
choledochojejunostomy biliary anastomosis.
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Future Trends

There are three major areas in PSC that will require greater
attention if we are to make significant impact on morbidity
and mortality.

First, there is no effective medical therapy and this requires
immediate attention. Large, multicenter, randomized con-
trolled trials are urgently needed. Without medical therapy,
physicians are forced to address complications while taking a
wait and see approach regarding liver transplantation.

Second, consensus recommendations regarding cholangio-
carcinoma screening and surveillance need to be developed.
Imaging studies and/or biomarkers that are both cost-
effective and have acceptable sensitivity and specificity are
currently lacking. This has resulted in multiple imaging
modalities usually in combination with CA 19-9 being
employed despite lack of supporting data.

Finally, once a lesion that is suspicious for cholangiocarci-
noma develops, current diagnostic testing including brush
cytology and FISH are suboptimal. While the negative pre-
dictive value for the combination of brush cytology and FISH
is 90 %, the positive predictive value is only 50 % [48]. Liver
transplantation is now an effective therapy in selected
patients with cholangiocarcinoma. It is essential that patients
with cholangiocarcinoma be identified as early as possible in
order to undergo transplant evaluation at centers with estab-
lished protocols.
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Patient’s Perspective: Questions on Gallbladder
Cancer

What Are the Main Risk Factors for Gallbladder
Cancer? Is My Family at Increased Risk?

Gallbladder cancer affects women more than men with a
ratio of 3:1. The disease has a geographical distribution with
very high rates in Bolivia, Chili, Ecuador, followed by Asian
countries such as China and Japan.

There is a strong association between gallstones and gall-
bladder cancer. Gallstones are present in up to 75 % of peo-
ple affected with gallbladder cancer. Porcelain gallbladder
and large adenomatous polyps signify higher risk. A higher
incidence of gallbladder cancer is also present in patients
with gallbladder infections such as typhoid bacillus.
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There is an increased risk of GC among first degree
relatives with studies showing a relative risk of 4.8 (95 % CI:
2.4-8.5). However, gall bladder cancer is such a rare cancer
the overall risk that family members will be affected is still
very low.

I Was Diagnosed with a Stage Il Disease, What Are
My Options? Will I Need to Receive

Chemotherapy or Radiation After My Surgery
for Gallbladder Cancer?

Surgical resection represents the core of gallbladder cancer
management. Patients with stage II disease typically receive
a laparoscopic evaluation of their disease followed by the
removal of their gallbladder, gallbladder bed, and a part of
the adjacent liver tissue. Clear resection margins signify a
more successful operation, with a higher chance of survival.

Generally radiation and chemotherapy are not used post-
operatively for gallbladder cancer. Scarce reports show that
radiotherapy may provide benefit for patients with stage>2.
As for chemotherapy, there is no evidence to support its
delivery following a successful operation. However, chemo-
therapy can be used for those with advanced diseases as evi-
dence suggests that a combination of gemcitabine and
cisplatin provides a survival advantage.

Gall Bladder Cancer and Cholangiocarcinoma

Overview

Gallbladder cancer is an uncommon disease that carries a
high mortality rate due to its often late presentation. The dis-
ease follows a slow steady asymptomatic growth, and may be
discovered incidentally at an earlier stage during a cholecys-
tectomy. Gallbladder cancer possesses an infiltrating
growth pattern towards the neighboring portal vasculature.
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Historically, in 1924 Alfred Blalock stated that “no operation
should be performed” following the diagnosis of gallbladder
cancer, as surgery will only shorten the patient’s life [1]. This
nihilistic view was carried for years due to patients’ limited
survival. Recent studies report a decline in mortality rates in
several parts of the world, although survival remains dismal for
advanced stages. Gallbladder cancer is more commonly seen in
South American countries such as Chile, Bolivia, and Ecuador,
followed by Eastern Asian Countries such as Japan and South
Korea. Lower incidence of the disease is reported in Europe;
and the North American continent is considered a low risk
area. No clear factors are associated with the development of
gallbladder cancer; yet some risk factors are frequently linked
to it. In the next sections, possible risk factors are discussed
followed by clinical presentation, investigations, and treatment
considerations for patients with gallbladder cancer.

Epidemiology

Gallbladder cancer (GBC) is the most common biliary tract
neoplasm and the fourth most common upper gastrointesti-
nal malignancy worldwide. The disease shows a predilection
for females older than 65 years [2, 3]. The female-male (F/M)
ratio of the disease varies worldwide and is typically around
2.5/1. Higher F/M ratios exist in countries with high risk such
as Pakistan, Columbia, and Spain, while countries such as
Japan, Korea, and China approach a 1:1 ratio.

Worldwide, the highest incidence of GBC is reported in
Bolivia and Chile (15/100,000), followed by eastern Asian
countries such as South Korea, and Japan. Eastern European
countries exhibit intermediate incidence rates, while lower
rates (<3/100,000) are reported in the US, the UK, and New
Zealand. Reports show different incidence rates in ethnic
groups, suggesting a possible contribution of ethnicity towards
the risk of disease [4].

In the US, the incidence of the disease is lower than other
parts of the world. A previous analysis of the Surveillance,
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Epidemiology and End Results (SEER) database revealed an
overall incidence of 1-2 cases/100,000 [5]. The Caucasian
population exhibit a 50 % increased likelihood of diagnosis
compared to the African American population. Hispanic
women in California and New Mexico has the highest inci-
dence among all US ethnic groups (8.2/100,000 and 5.4/100,000,
respectively) [4]. Subsequent reports show a decline in the
incidence of the disease that is more noticeable in American
Indians followed by Hispanics and non-Hispanics [6].

Analysis of mortality trends worldwide indicated minimal
mortality changes in countries with low risk of the disease,
such as Spain and Italy, although other countries such as
Australia, Canada, and the UK displayed a declining mortal-
ity rate. Countries with high risk of the disease, such as Chile
or Japan, have experienced an increase in GBC mortality [3].
In the USA, a decrease in cancer-related mortality was seen
for the period between 1980 and 1995 [3].

Nihilism associated with gallbladder cancer has recently
begun to change. An analysis of the SEER demonstrated a
median survival of 19 months for patients with stage I disease,
7 months for stage 11,4 months for stage III and 2 months for
patients presenting with stage IV disease, representing an
improvement from previous reports [7, 8]. The wide geo-
graphical and ethnic variability associated with gallbladder
cancer suggests multifactorial causes and is the focus of
future strategies.

Etiology

Cholelithiasis (Gallstones)

Gallstones are an established risk factor for gallbladder
cancer, and up to 90 % of patients with GBC have a history
of gallstones [9-11]. Previous studies reported signs of epithe-
lial hyperplasia, atypical hyperplasia and carcinoma in situ
in cholecystectomy specimens of patients having a history
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of cholelithiasis [12]. Patients with gallstones carry a relative
risk (RR) of 3.64.4 for GBC [4, 13]. A positive correlation
exists between the size of gall stones and the cancer risk.
Patients with stones >3 cm have a 9.2-10.1 RR of GBC com-
pared to those with stones <3 cm [14, 15].

Larger stones are associated with epithelial inflammation
of greater duration and intensity, and may promote dysplasia,
inducing carcinoma [3]. Furthermore, the bacterial break-
down of some bile components and the subsequent produc-
tion of endogenous carcinogen may add to the inflammatory
process [3]. This theory is challenged by the fact that only a
minority of patients with gallstones actually develop cancer
(1-3 %), suggesting that other genetic and environmental risk
factors contribute [16, 17].

Porcelain Gallbladder

Gallbladder wall calcification may occur as a consequence of
long standing inflammation. The term “porcelain gallblad-
der” refers to the pathological presence of widespread calci-
fications, in association with discoloration and brittle
consistency of the gallbladder wall [18]. The disease is associ-
ated with cholelithiasis in more than 95 % of the case and is
more prevalent starting in the sixth decade of life, with a
female predominance (female to male ratio of 3-5:1) [19, 20].
The condition is typically asymptomatic and is often diag-
nosed incidentally on abdominal imaging or following the
discovery of a palpable right upper quadrant abdominal mass.
Recent studies report cancer development in 15% of the
cases; a lower incidence compared to previous reports [21,
22]. The different incidences may be due to different ethnic
populations studied [23]. Yet the causality relationship
between porcelain gallbladder and gallbladder cancer
remains unproven. Prophylactic laparoscopic cholecystec-
tomy for this pathology is not mandatory and remains
debated [22, 24, 25].
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Polyps

Gallbladder polyps represent mucosal outgrowth and can be
benign or malignant. Benign gallbladder polyps include
adenomas, adenomyomas, inflammatory polyps and choles-
terol polyps. Cholesterol is the most common type of polyps,
accounting for more than 50% of all identified [26].
Adenocarcinoma compromises most of the malignant polyps;
in addition to less frequent squamous cell carcinoma, angio-
sarcoma, clear cell cancer, and metastatic disease. Several
studies have investigated the association between size, shape
(sessile vs. pedunculated), number of polyps, and gallbladder
cancer. Typically, polyp size >10 mm and sessile morphology
in ages >50 years represent a high risk with malignancy [27, 28].
Endoscopic ultrasound (EUS) and computed tomography
(CT) can differentiate benign from malignant polypoid lesion
with high sensitivity [29, 30]. Transabdominal ultrasound is
reported as a superior imaging modality compared to EUS in
differentiating smaller neoplastic versus non-neoplastic
lesions [31]. At present, it is widely acceptable that patients
with a polyp <10 mm can be safely observed while those
>10 mm should be considered for cholecystectomy due to
malignancy risk [32-36].

Anomalous Pancreaticobiliary Duct Junction

Anomalous pancreaticobiliary duct junction (APBDJ) is an
abnormal anatomic variation of the pancreatic duct and the
common bile duct, resulting from embryologic ducts migra-
tion failure. This anomaly occurs outside the duodenal wall
and results in the formation of a long common channel (usu-
ally longer than 15 mm). The shared channel prior to the
duodenal wall is not controlled by the sphincter of Oddi, and
thus leads to free flow of pancreatic juice into the bile tract.
Subsequent activation of proteolytic enzymes, inflammation
and bile stasis may lead to precancerous changes in the gall-
bladder mucosa. The condition is most prevalent in the Asian
population and in females and is reported in 4.6-12.9 % of
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GBC patients [37-41]. Hu et al. reported a strong association of
APBDJ with GBC (odds ratio: 50.7, p<0.001). Due to the high
frequency of malignancy reported in patients with APBDJ,
prophylactic cholecystectomy is considered [38, 42].

Carcinogens

Different carcinogens are suggested as causal agents of gall-
bladder cancer. Increased risk has been reported in workers of
oil, paper, chemical, shoe, textile, and cellulose acetate plants.
Miners exposed to radon also carry a higher risk, signifying
another potential occupational hazard [3]. Exposure to wood
or coal dust has also been proposed as independent risk fac-
tors for gallbladder cancer [43]. Furthermore, some studies
report that gallbladder cancer is more prevalent in smokers
[44,45]. A dose-dependent relationship exists between smok-
ing and gallbladder cancer, although the mechanism by which
smoking affects the gallbladder is unknown.

Other Factors

Possible associations also exist between typhoid infection and
gallbladder cancer [16, 46, 47]. Eradication of the carrier state
and elective cholecystectomy has been suggested as possible
management strategies for patients with typhoid [48, 49]. Other
studies examining the association of some drugs and biliary
tract cancer suggested that methyl dopa, and isoniazid might
also represent risk factor in cancer pathogenesis [50-52].

Clinical Presentation

Patients with GBC tend to present with one of four different
clinical presentations; (1) GBC suspected based on symp-
toms, (2) GBC discovered incidentally on abdominal imag-
ing, (3) GBC discovered intraoperatively during
cholecystectomy, or lastly (4) GBC discovered on pathologi-
cal examination of a cholecystectomy specimen. The disease



356 A.Y.Hammad et al.

is most commonly discovered intra- and/or post-operatively
on pathological examination of surgical specimens. In a study
examining 435 gallbladder cancer cases from Memorial Sloan
Kettering Cancer Center, 47 % of all cases were discovered
incidentally during a laparoscopic cholecystectomy [53]. In
general, GBC is reported in 0.27-2.1 % of all laparoscopic
cholecystectomy cases [25, 54, 55]. This mode of presentation
stresses the importance of surgeon-directed mucosal exami-
nation of the gallbladder specimens following cholecystec-
tomy and frozen section examination for any suspicious
lesion [56, 57].

Patients with GBC tend to remain asymptomatic in the
earlier stages, and thus often present at an advanced stage.
However, symptoms, if present, are usually nonspecific and
their presence for an extended period of time should raise
suspicion of GBC. Symptom wise, pain is reported as the
most common complaint in GBC patients, followed by weight
loss, anorexia, nausea, and vomiting [58]. If jaundice is the
presenting sign, it signifies the presence of advanced disease
that is often unresectable [59, 60]. Similarly, the presence of a
palpable mass in the RUQ may predict an advanced unre-
sectable gallbladder malignancy [61].

Investigations

Ultrasound: Ultrasound is typically the first imaging modality
in the gallbladder examination due to its high availability, low
cost and easy handling. Intraluminal growths and suspicious
polyps can often be detected by ultrasound. Identification of
asymmetric thickening of the gallbladder wall and mucosal
irregularity are also possible [62]. Ultrasound can addition-
ally detect the presence of a mass lesion replacing the gall-
bladder or invading the gallbladder bed at the interface with
the liver. Findings that increase the likelihood of GBC
include gallbladder wall calcifications (porcelain gallblad-
der), mural thickening, and large gallbladder stones. Color
sonography may further facilitate the process by showing an
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increased blood flow velocity within gallbladder lesions, which
is associated with GBC [63, 64]. Overall, ultrasound is valuable
in diagnosing gallbladder cancer; however, its ability to iden-
tify nodal involvement or peritoneal metastasis is limited,
making it less useful in disease staging [65-68]. Ultrasound
is also limited by the body habitus of the patient and is
also operator dependent.

Endoscopic ultrasound (EUS) has been proposed as a
possible adjunct imaging for further evaluation of suspicious
lesions [65]. Findings such as gallbladder wall thickening
beyond 10 mm, disruption of the normal two-layered gall-
bladder wall and hypoechoic internal echogenicity are
independent predictors of GBC [69, 70]. EUS is useful in
investigating the depth of gallbladder wall invasion, T-stage
of GBC, and involvement of surrounding lymph nodes in the
porta hepatis and peripancreatic area [71, 72]. Additionally,
EUS allows for ultrasound directed biopsy of suspicious
lymph nodes. The collective functions of EUS make it one of
the most recommended modalities to differentiate benign
and malignant portal nodes.

Cross sectional imaging of the abdomen utilizing com-
puted tomography (CT) and magnetic resonance imaging
(MRI) can provide valuable information about the extent of
the disease and its proximity to the surrounding structures.
CT scans can detect the presence of polypoid lesions bulging
into the gallbladder lumen as well as characterize the pattern
of wall thickening. The presence of asymmetrical wall thick-
ening on CT with 3D reconstruction is a strong predictor of
malignancy [73, 74]. Other findings suspicious of malignancy
include a thick enhancing inner layer of the gallbladder >2.6
mm, with a thin outer layer <3.4 mm, strong enhancement of
the inner wall and irregular wall contour [75]. CT scan images
also allow for the detection of lymph node metastasis, vascu-
lar invasion, or local involvement of the liver with an overall
accuracy of 71-83.9 % for GBC staging [76, 77].

MRI is an essential part of the diagnostic work-up for
GBC cases, and a useful tool for staging. MR1 is able to exam-
ine gallbladder wall thickening, depict soft tissue invasion,
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and detect some benign entities, such as adenomas and
adenomyomatosis. Studies suggest that MRI in combination
with MRA (magnetic resonance angiography) or MRCP
(magnetic resonance cholangiopancreatography) is valuable
in preoperative evaluation of GBC. Combined MRI and
MRCP depict the depth of hepatic invasion, lymph node
metastasis, and vascular or biliary tract invasion, allowing for
accurate assessment of disease resectability [78, 79].

Positron emission tomography (PET) scan with
18F-flurodeoxyglucose (FDG) is commonly used in cases of
suspected malignancy. FDG-PET is useful in differentiating
benign from malignant lesions, for staging purposes, and/
or for the detection of disease recurrence [80, 81]. The com-
bined FDG-PET is credited with sensitivity of 75-80 % and
specificity of 82-100 % for GBC [82, 83]. However, PET scans
can show a false positive result when evaluating benign
inflammatory conditions [83, 84].

Laboratory Investigations

Various laboratory abnormalities and tumor markers are
seen in GBC. Alkaline phosphatase (ALP) and bilirubin lev-
els are typically elevated in cases of bile duct obstruction.
Tumor markers, carcinoembryonic antigen (CEA) and car-
bonic anhydrase (CA19-9) are commonly elevated in GBC,
although not diagnostic. CA19-9 at 20.0 units/ml or higher
provides a specificity of 79.2 % and a sensitivity of 79.4 % for
GBC, while a CEA level of >4.0 ng/ml carries a specificity of
92.7% and a sensitivity of 50 % [85]. These markers play a
valuable role in patient follow-up and assessment of response
to therapy [86].

Differential Diagnosis

Gallbladder masses include a large spectrum of pathologies
beside gallbladder cancers. Other mass-causing lesions include
gallbladder adenomyomatosis, found in approximately 1-8 %
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of cholecystectomy specimens [87]. Less frequent lesions
include tumefactive sludge, and xanthogranulomatous chole-
cystitis. Metastases, most commonly from melanoma,
followed by hepatocellular carcinoma and renal cell carci-
noma, are also a part of the differential diagnoses. In the case
of diagnostic dilemma, surgical intervention with laparo-
scopic cholecystectomy and pathological examination is
recommended.

Staging Systems

Different staging systems have been proposed for GBC stag-
ing based on pathologic factors. One of the most commonly
used staging systems is the one developed by the American
Joint Committee on Cancer (AJCC); (Table 15.1). The AJCC
staging utilizes TNM (tumor, lymph node, metastases) staging
for gallbladder cancer and was adopted in 2002. Other com-
monly used staging systems include the Japanese Biliary
Surgical Society system [88], the Nevin system [89], and the
modified Nevin system [90] (Table 15.2).

A study performed by Fong et al. examined the AJCC 6th
edition accuracy in 10,705 GBC cases diagnosed between
1989 and 1996 from the National Cancer Database (NCDB).
The study reported that utilizing the 6th edition staging sys-
tem provided no discrimination between Stage III and Stage
IV patients following 3-year and 5-year survival analyses [91].
The authors proposed a modified staging system, where stage
IIT disease should be divided into stage IIIA encompassing
T3NOMO patients and Stage IIIB consisting of T1-T3N1MO
patients. This suggestion was based on the understanding that
lymph node metastases represent different cancer biology.
Patients with Stage IVA and stage IVB were also regrouped,
where stage IVA contained T4ANOMO patients while stage
IVB contained those with nodal metastasis. Recent changes
introduced to the AJCC 7th edition in 2010 sought to address
the previous edition shortcomings, and provide a better cor-
relation with resectability and patient outcomes (Table 15.3).
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TaBLE 15.1 American Joint Committee on cancer staging for gallbladder
cancers, 7th edition

TNM stage
Stage T-stage N-stage M-stage
Stage Tis NO MO
0
Stage T1 NO MO
I
Stage T2 NO MO
I
Stage T3 NO MO
II1A
Stage T1-3 N1 MO
111B
Stage T4 NO-1 MO
IVA
Stage Any T N2 MO
IVB Any T Any N M1

Primary tumor (T)

TX
TO
Tis
Tla
Tib
T2

T3

T4

Regional lymph nodes (N)

NX

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ

Tumor invades lamina propria

Tumor invades muscle layer

Tumor invades perimuscular connective tissue; no extension
beyond serosa or into liver

Tumor perforates the serosa (visceral peritoneum) and/or
directly invades the liver and/or 1 adjacent organ/structure

Tumor invades main portal vein or hepatic artery or invades
two or more extrahepatic organs or structures

Regional lymph nodes cannot be assessed

(continued)



15. Point-of-Care Clinical Guide: Gallbladder Cancer 361

TaBLE 15.1 (continued)

TNM stage
Stage T-stage N-stage M-stage
NO No regional lymph node metastasis
N1 Metastasis to nodes along the cystic duct, common bile duct,

hepatic artery, and/or portal vein

N2 Metastasis to periaortic, pericaval, superior mesenteric artery,
and/or celiac lymph nodes.

Distant metastasis (M)

MO No distant metastasis
M1 Distant metastasis
Treatment

Surgical Management

Surgical resection remains the mainstay of GBC management
and the only potentially curative therapy. Unfortunately, most
patients present with an unresectable disease at the time of
diagnosis. Although a laparoscopic approach for early stage
GBC resection has been proposed, open surgery remains gen-
erally recommended due to the risk of gallbladder perforation
and subsequent peritoneal seeding in laparoscopic operations
[92-94]. Usually, a staging laparoscopy is performed immedi-
ately preceding open surgery to exclude peritoneal carcino-
matosis. Benefits of laparoscopy include less associated pain,
hospital stay and morbidity. Staging laparoscopy is able to
identify 23-48% of unresectable cases, thus reducing the
number of nontherapeutic open operations [95, 96].

Patients with stage 1 disease are generally categorized as
Tla and T1b based on the tumor invasion into the muscular
layer. T1a patients can achieve cure from a simple cholecys-
tectomy [97, 98]. In most instances, these tumors are discov-
ered postoperatively on histological examination of a
cholecystectomy specimen, and require no further interven-
tion. However, patients with a T1b tumor usually present with
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a high rate of locoregional recurrence if treated with simple
cholecystectomy, and thus are managed with an extended
cholecystectomy (gallbladder is removed en bloc with liver
gallbladder bed). Extended cholecystectomy is reported to
improve survival compared to simple cholecystectomy for
patients with T1b tumors, although associated with higher
perioperative mortality [99].

Stage II tumors invade the perimuscular connective tissue,
and have typically received a radical cholecystectomy with
liver resection [100-103]. Regional lymphadenectomy is per-
formed as it provides a survival benefit for stage II disease
patients [104]. Current management no longer mandates a
formal segmentectomy but rather a negative hepatic resec-
tion margin.

Patients with Stage III disease have direct tumor invasion
into the liver through the gallbladder serosa or lymph
node metastasis. Treatment involves radical resection of the
gallbladder en bloc with a portion of liver segments IVb and
V, and regional lymphadenectomy [103]. Tumor extension to
the adjacent structures (colon, duodenum, or stomach) neces-
sities en bloc resection based on anatomic involvement.
Patients with disease extending to the cystic and/or bile duct
require common duct resection. Frozen section of the cystic
duct stump guides the necessity of common duct removal.

Stage IV disease is often unresectable due to extension to
surrounding organs and/or vasculature. Major resections are
associated with increased morbidity without noticeable sur-
vival benefit [101]. For cases with distal nodal involvement
(N2 disease), the curative role of resection becomes futile,
and referral to palliative treatment should occur.

Management of Incidentally Discovered GBC

Due to the large number of cancer cases discovered intraop-
eratively or on the postoperative pathologic report, a high
index of suspicion should be maintained. Suspicion should be
higher in patients with characteristics such as porcelain
gallbladder, large polyps of the gallbladder, long standing gall
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TaBLE 15.2 Comparison between different staging systems used in gallblad-
der cancer

Japanese Modified Nevin
Stage  AJCC; 7th edition classification classification
I Carcinoma invading Carcinoma Carcinoma in
mucosal or muscular confined to situ
layer; TINOMO gallbladder beyond
the capsule
I Transmural invasion, Suspicious liver Mucosal or
no extension beyond or bile duct muscular layer
the serosa; T2NOMO invasion + N1 invasion
III Local invasion of Marked hepatic Transmural
nearby organ; T1-T3, or bile duct and direct liver
NO-N1, MO invasion+N2 or N3  invasion
v Major vascular invasion ~ Extensive hepatic Lymph node
or invasion of nearby and bile duct metastasis
organs or distant invasion, liver
metastasis T4, NO-N1, and peritoneal
MO; Any T, N2, M0-M1 metastasis
\'% Distant
metastases

stones and/or recurrent gallbladder infection. If a suspicious
lesion was discovered intraoperatively, frozen section
examination should guide subsequent management. In cases
diagnosed postoperatively requiring further surgical manage-
ment beyond simple cholecystectomy, or if the surgeon is
unfamiliar with complex liver resections, referral to an
experienced center should occur [102, 105].

Stenting

A large number of GBC patients tend to present with unre-
sectable disease. In these patients, palliative measures are
employed to alleviate pain and other symptoms, such as jaundice,
pruritus, gastrointestinal obstruction, and cholangitis. Cases
presenting with obstructive symptoms were previously
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TaBLE 15.3 Comparison between AJCC 6th and 7th edition

Difference between AJCC 6th edition and AJCC 7th edition

Sixth edition

Tis=Carcinoma in situ
T1=Tumor invades lamina
propria (T1a) or muscle
layer (T1b)

T2=Tumor invades
perimuscular connective
tissue

T3 =Tumor perforates
serosa and/or invades the
liver or adjacent organs
T4=Tumor invades main
portal vein or hepatic
artery, or multiple
extrahepatic organs

T-stage

NO=No regional nodal
metastases

N1 =Positive regional
nodal metastases

N-stage

MO=No distant
metastases
M1 =Distant metastases

M-stage

Seventh edition

Tis=Carcinoma in situ
T1=Tumor invades lamina
propria (T1a) or muscle layer
(T1b)

T2=Tumor invades
perimuscular connective tissue
T3 =Tumor perforates serosa
and/or invades the liver and/or
one adjacent organ

T4 =Tumor invades main
portal vein or hepatic artery or
multiple extrahepatic organs

NO=No regional nodal
metastases

N1=Metastases to nodes along
cystic duct, hepatic artery,
common bile duct, and/or portal
vein

N2 =Metastases to pericaval,
periaortic, superior mesenteric
artery, and/or celiac artery nodes

MO=No distant metastases
M1 =Distant metastases

considered for bypass surgery to provide adequate drainage
[106]. However, the development of percutaneous interventions
and advances in endoscopic procedures provide valuable
alternatives that carry less morbidity [107, 108]. Palliative
interventions aim to improve symptoms although a recent
study questioned their impact on patients’ quality of life [108].

Nonsurgical Management

Chemotherapy may provide potential survival benefit for
patients with unresectable disease. Recent studies reported a
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potential benefit of gemcitabine, alone or in combination
with other regimens, for patients with advanced biliary tract
cancers [109-111]. Following the results of the ABC-02 trial
from the UK, current practice often focuses on gemcitabine
with cisplatin in the treatment of biliary tract disease includ-
ing gallbladder cancer [112].

Radiation therapy (RT) efficacy in patients with unresect-
able GBC and CC has been reported. Houry et al. suggested
that an intraoperative “boost” of 15Gy of radiation followed
by 40-50Gy of external radiation postoperatively might pro-
vide a survival benefit [113]. A study examining a cohort of
4180 GBC patients from the SEER database reported that
RT provided a survival benefit for patients with stage >T2
stage disease with nodal metastases [114]. The 2-year survival
rates improved from 17 to 33 % and the median survival from
9 months to 14 months following the delivery of RT. The
impact of combination RT and chemotherapy for GBC is
unknown [115].

Conclusion

In conclusion, gallbladder cancer is a disease with a poor
prognosis. Risk factors are not well understood, and are
largely centered on gallstones, porcelain gallbladder, and
polyps. Current imaging advances have allowed the iden-
tification of patients that would benefit most from surgi-
cal intervention. Laparoscopy is usually performed to
assess the extent of disease and guide the operative deci-
sion. Surgery remains the only curative option and pro-
vides promising results in patients with early disease.
Stenting through a percutaneous or endoscopic approach
may palliate symptoms in advanced stages. While radio-
therapy may provide survival benefit for patients with
disease stage >T2, patients with widespread disease cur-
rently benefit most from chemotherapy regimen of gem-
citabine and cisplatin.
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Clinical Scenario: “Biliary” Pain
With or Without Intermittent
Elevation of LFTs/Lipase



Chapter 16
Motility Disorders

Jennifer A. Cahill and Walter J. Hogan

Questions

1. Will removing my gallbladder improve my symptoms if
there are no stones?
Possibly —but only if your pain is related to disordered
motility of the gallbladder.
2. My gallbladder was removed and I’'m still having similar
pain—how is this possible?
Possibly you could have a sphincter of Oddi disorder;
however, this is uncommon.
3. If this isn’t my gallbladder, what is it?
There exists a broad differential for abdominal pain,
even if it localizes to the RUQ or epigastrium. Further
investigation may be warranted.
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Gallbladder

¢ Physiology.

— The biliary system consists of the numerous ducts origi-
nating in the liver, which eventually form the right
hepatic duct and left hepatic duct. These empty into the
common hepatic duct. As the common hepatic duct
emerges from the liver it joins with the cystic duct,
which communicates with the gallbladder. These ducts
combine to form the common bile duct, which merges
distally with the pancreatic duct prior to emptying into
the duodenum through the papilla of Vater, which
incorporates the sphincter of Oddi (Fig. 16.1). Cholecys-
tokinin is the primary enteric hormone influencing
gallbladder function. It is released from the walls of the
duodenum during eating. It causes contraction of the
gallbladder and relaxation of the sphincter of Oddi in a
healthy individual, thus promoting bile and pancreatic
enzyme release for the digestion of fat and protein.

Common Bile
Duct

Pancreatic

*/474

SPHiNCTER

\..,-.
\ \\ SO ZONE
Duodenum = - Y

FiG. 16.1 Schema of distal anatomy of common bile duct and pan-
creatic duct, emptying into the duodenum via the sphincter of Oddi
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— The primary function of the gallbladder is concentration
and storage of bile, and eventual delivery into the duode-
num in response to meals. Nestled beneath the liver in
Hartmann’s pouch, 80 % of bile is stored in the gallblad-
der during fasting; its capacity approximates
30-50 mL. There is receptive relaxation of the gallbladder
between meals in unison with tonic contractions of the
sphincter of Oddi (SO), which creates a pressure gradient
directing flow of bile into the gallbladder. The change in
gallbladder volume over time can be used to calculate the
gallbladder ejection fraction (GBEF) (Fig. 16.2).

— Gallbladder emptying through the common bile duct
occurs as a coordinated effort of contraction stimulated
by the release of the hormone cholecystokinin in
response to meals and relaxation of basal SO pressure.
The gallbladder empties 50-70 % of its contents in
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Fi6.16.2 Schema of change in gallbladder volume during CCK infu-
sion and the calculation of GBEF
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30-40 min with eating; it refills in 60-90 min. Reduction
of GBEF results in failure of the gallbladder to empty

i

ts volume (Fig. 16.3).

¢ @Gallbladder Dyskinesia.
— Patients with recurrent pain located in the epigas-

trium and/or right upper quadrant without evidence
of gallstones should first undergo a diagnostic work-
up to exclude structural alterations in the pancreatico-
biliary tract. Ultrasound (US) of the biliary tract and
liver should be obtained. The Rome III criteria
provide diagnostic criteria for functional gallbladder
and sphincter of Oddi disorders (Table 16.1). If
patients meet these criteria for functional gallbladder
disorders, further testing is indicated to determine
whether they may benefit from appropriate therapy.
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TaBLE 16.1 Rome III criteria for functional biliary disorders

Diagnostic criteria

Supportive criteria

Functional
gallbladder
and sphincter
of Oddi
disorders

Functional
gallbladder
disorder

Functional
biliary
sphincter of
Oddi disorder

Functional
pancreatic
sphincter of
Oddi disorder

Episodes lasting 30 min or
longer

Recurrent symptoms
occurring at different
intervals (not daily)

The pain builds up to a
steady level

The pain is moderate to
severe enough to interrupt
the patient’s daily activities
or lead to an emergency
department visit

The pain is not relieved by
bowel movements

The pain is not relieved by
bowel movements

The pain is not relieved by
antacids

Exclusion of other structural

disease that would explain
the symptoms

Gallbladder is present

Normal liver enzymes,
conjugated bilirubin, and
amylase/lipase

Normal amylase/lipase

Elevated amylase/lipase

Associated with nausea
and vomiting

Radiates to the back
and/or right infra
subscapular region

Awakens from sleep in
the middle of the night

Elevated serum
transaminases, alkaline
phosphatase, or
conjugated bilirubin
temporarily related

to at least two pain
episodes
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— Imaging tests have been developed in the past to evalu-
ate biliary dynamics. A noninvasive test has been
devised to quantify gallbladder function, i.e., the gall-
bladder ejection fraction (GBEF). The GBEF can be
measured following a cholecystokinin (CCK)-stimu-
lated hepatobiliary iminodiacetic acid (HIDA) excre-
tion study. The basis of testing is providing stimulation
and evaluating subsequent change in the percent emp-
tying over time.

— The HIDA scan follows the transit of a radioisotope as
it passes from the hilum of the liver down the biliary
tract to the duodenum. If there is a delay in transit, it
suggests functional gallbladder or sphincter of Oddi
dysfunction (Figs. 16.4 and 16.5).
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Fic. 16.4 Cholecystokinin (CCK)-stimulated hepatobiliary iminodi-
acetic acid (HIDA) study with normal GBEF (76 %)
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FiG. 16.5 Cholecystokinin (CCK)-stimulated hepatobiliary iminodi-
acetic acid (HIDA) study with abnormal GBEF (4 %)

HIDA (Cholescintigraphy) Methodology

This test monitors hepatic excretion of a radionucle-
otide technetium 99m (Tc(99m)) labeled imino-
diacetic acid analog in the bile and measures
radioactivity of the gallbladder. Gallbladder empty-
ing is calculated by computer-generated time—activity
curves in response to a cholecystokinin (CCK-8)
stimulus. The details of the procedure are outlined in
Table 16.2.

In normal individuals the GBEF at 15 min following
a 45-min infusion is 75 %. The response of the GBEF
to CCK-8 slow infusion is quite reproducible and
mimics the normal response of the gallbladder to
ingestion of a meal. The lowest possible false-positive
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TaBLE 16.2 Procedural description for evaluation of GBEF

Overnight | — | IV infusionof 10| — | Scanpatientin |—s| Gallbladder
fast ccof 99mTc- supine position activity is
diaminodiacetic viagamma maxed and
acid camera with most
multipurpose radioactivity
resolution iscleared
callimator for from the liver
60-90 minutes |
'
Scan Smin | Administer CCK-8asa | ___ | Scangallbladder at5
Gallbladder continuous infusion minute intervals until

minutes

(20 mg/kg/hr) over 45

20 minutes post
infusion (total 70
minutes)

Calculate GBEF (%) =

Change in GB activity x 100
Baseline GB activity

R

rates using this test depend upon the proper use of
the study, i.e., optimal methodology in performing
CCK cholescintigraphy, extensive experience using
this test and interpreting results, and the clinical per-
spective involving the patient.

— Not all investigators have found the CCK-stimulated
cholescintigraphy test to be useful. In one study a group
of 57 patients with gallstones had a GBEF in effort to
identify patients with “real biliary distress” versus those
with “non-biliary” symptoms. Despite results of the
GBEEF, surgeons were unsuccessful in accurately sepa-
rating those patients who benefited from cholecystec-
tomy from those patients who improved without [1].
However, the method of infusion of CCK differed in
this study from previous studies and the presence of
gallstones is a complicating issue.
¢ Management.
— If patients demonstrate significantly low GBEF
(<35 %), symptoms may be improved or eliminated
with gallbladder removal. Cholecystectomy is the
treatment of choice if dyskinesia is confirmed by
testing.
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— Yap et al. in a randomized controlled trial described
a group of patients with gallbladder EF <40 %, who
improved after cholecystectomy [2]. After CCK infu-
sion, 21 of 103 patients were found to have GBEF
<40 %. After randomization to either cholecystec-
tomy or no cholecystectomy, they were followed up
symptomatically for 13-54 months. Of the patients
who underwent cholecystectomy [3], 91 % of the
patients lost their symptoms and 1 improved. All of
the patients who did not undergo cholecystectomy
[4] had persistent symptoms. Of the 13 gallbladders
obtained from surgery, 12 showed evidence of chronic
cholecystitis, muscle hypertrophy, and/or narrowed
cystic duct. Dave et al. examined 100 consecutive
patients with EF <35% undergoing laparoscopic
cholecystectomy, and 84 % reported symptomatic
improvement post-operatively [5]. In another retro-
spective study, 53 patients with suspected biliary
dyskinesia based on an abnormal GBEF <35 % were
followed over a 5-year period. Twenty-seven patients
had a cholecystectomy. Twenty-four of these patients
(89 %) significantly improved. Two patients reported
partial improvement while one patient was only
minimally helped [6]. In another report, 69 patients
with biliary-type symptoms (and no stones) had a
GBEEF test. Twenty-nine patients had a GBEF <35 %
and 17 patients underwent cholecystectomy. Fifteen
patients (88 %) had chronic cholecystitis on pathol-
ogy, eight patients (47 %) had no symptoms, six
patients (35 %) had significant improvement, and
three patients were unimproved or worse [7].

— Medical therapies for suspected gallbladder dyskine-
sia are frequently ineffective. Non-narcotic pain
medications and lifestyle modifications are usually
implemented. If the patients have persistent symp-
toms following cholecystectomy, a consideration at
this point would be evaluation of possible sphincter
of Oddi dysfunction using the Rome III criteria
(Table 16.1) and Milwaukee criteria (Table 16.3).
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TaBLE 16.3 Milwaukee criteria for sphincter of Oddi dysfunction

Milwaukee LFT elevation

criteria for ~ Biliary  1.5x upper limit ~ Dilated CBD  Delayed bile
SOD pain normal >8 mm clearance
Type 1 + + + +

Type 11 + One of two of above

Type 111 + None of the above

¢ Differential Diagnosis.
— In order to parse out the origin of a patient’s symp-

toms a meticulous history must first be obtained. This
will aid the clinician in directing further work-up and
treatment. A wide differential diagnosis is indicated
at the onset, despite the location of a patient’s pain.
Functional biliary and pancreatic disorders are not
easily distinguishable from GERD, irritable bowel
syndrome, and functional dyspepsia. These disorders
need to be excluded or empirically treated prior to
an evaluation for a functional biliary or pancreatic
disorder. To reinforce this clinical problem, Kingham
and Dawson described 22 patients with chronic
RUQ pain for a decade, which was reproducible by
balloon distension of the jejunum, ileum, right colon,
and duodenum [8]. Utilization of the Rome III crite-
ria (Table 16.1) may be useful in determining what is
or is not biliary type pain.

Sphincter of Oddi (SO)

¢ Anatomic Location.
— During emptying of radiocontrast from the common

bile duct (CBD), careful observation can disclose a
distal contracting segment on fluoroscopic imaging
(Fig. 16.6). This is the SO zone, an 8-10 mm smooth
muscle structure which encompasses the distal portion
of the CBD and the pancreatic duct (PD) at their exit
into the duodenum through the papilla of Vater.
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FiG. 16.6 Radiographic sequence over a 20 s period of time showing
a contracting segment of distal common bile duct (arrow)

¢ (lassification of Dysfunction.

— Dysfunction of the SO has been characterized as a ste-
nosis (structural alteration) or dyskinesia (functional
alteration). SO manometry was developed in an effort
to help distinguish between these two entities. Dyskine-
sia can be caused by an atypical response to CCK (con-
traction vs. relaxation), or the sphincter maintaining a
persistently elevated tone. Stenosis refers more to a
structural narrowing of the anatomic Sphincter versus a
muscular dysfunction.

¢ SO Motility and Physiology.

— The motor activity of the SO is recorded by endoscopic
placement of a pressure recording catheter through the
sphincter zone into the CBD or PD (Fig. 16.7). The SO
provides a pressure gradient between the duodenum
and respective ductal systems.

— The SO is a sphincteric mechanism possessing both a
basal pressure (tone) and a phasic activity (contraction),
which control filling and emptying of the gallbladder
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Fi6. 16.7 Schema of sphincter of Oddi zone with pressure catheter
in place
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Fi6. 16.8 Sphincter of Oddi pressure profile, exhibiting both basal
pressure (tone) and a phasic activity (contractions)

(Fig. 16.8).The normal basal pressure averages 20 mmHg
above resting duodenal pressure, thus preventing release
of contents from the duct. Superimposed on the basal
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pressure are phasic contractions, which occur approxi-
mately 4 times per minute and have a mean amplitude
of 150 mmHg. During periods of fasting the basal tone
is intermittently elevated and phasic contractions occur
in unison with the migrating myoelectrical contractions
(MMC) in the intestine. During mealtime SO basal
pressure decreases and phasic contractile activity accel-
erates to enhance delivery of bile and pancreatic secre-
tion into the duodenum to intermingle with digestive
contents (Fig. 16.9). These pressures are measured using
a triple lumen catheter to obtain a circumferential pat-
tern in the SO zone.
— SO recording technique.
SO manometric pressure recording catheters initially
were water-perfused by a hydraulic pneumocapillary
pump system. With improved technology, micro-
transducer catheters have become the preferred
instrument, eliminating the infusion of water into the
ductal structures. The manometry catheter is inserted
by a side-viewing endoscope over a wire guide
placed into the appropriate duct. The guidewire is
removed subsequently because it will otherwise
cause trace artifacts during the recording period. The
manometry catheter is initially “stationed” in the
duct for 2-3 min to allow a stabilization period. Sub-
sequently the catheter is gradually withdrawn across
the SO zone in 2 min increments using the circumfer-
ential depth markers on the catheter as reference
points relative to catheter insertion. At each station,
pressure recording is obtained for 1-2 min until the
catheter exits the zone. The resting duodenal pres-
sure is recorded at that time. The basal SO pressure
is averaged from all three recording tips measured
between phasic waves and this value is subtracted
from the duodenal pressure. Phasic wave amplitudes
are measured from the basal pressure “plateau” to
the peak height of the contraction.
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F1G.16.9 Mealtime changes in SO pressures. Notable is the increase
in phasic contractile activity post-dinner to enhance delivery of bile
and pancreatic secretion into the duodenum. TOP: Basal SO pres-
sure elevation noted in two recording tips during a 6 h recording
period. MIDDLE: SO phasic activity prior to dinner. BOTTOM: SO
phasic wave activity increased following a meal

Caveat: To adequately perform SO manometry it is
necessary to have knowledge and past experience
with basic manometry techniques and their subse-
quent application to pancreaticobiliary pressure
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recording. An effective communication and interac-
tion between the SO dysfunction (SOD) manome-
trist and endoscopist is critical. A patient endoscopist
is essential to acquire an accurate trace recording.

¢ Investigations.

— If the patient’s gallbladder has been removed and the
patient meets the Rome III symptom criteria for sus-
pected SOD, these patients can be stratified according
to the Milwaukee classification (Table 16.3). At the time
of ERCP, the basal pressure, amplitude, duration, fre-
quency, and propagation pattern of phasic sphincter of
Oddi contraction waves is obtained. Basal sphincter
pressure higher than 40 mmHg is used to diagnose
sphincter of Oddi dysfunction. CCK can also be admin-
istered to determine if there is an atypical contraction
compared to normal relaxation. The reproducibility of
SO motor function recording was verified in 47 healthy
patients who had a repeat manometric study after a 1
year interval. There was a significant correlation in
basal SO pressure obtained over that period of time in
this group of patients [9].

— SO manometry results have been validated in helping
detect both Type I and Type II (according to the Mil-
waukee criteria) SOD [10, 11]. The latter group of
patients has been more thoroughly studied and reported
[12]. Unfortunately, SO manometric pressure abnor-
malities have not been successfully correlated with
positive sphincterotomy results in Type III functional
patients.

— The landmark 1989 Geenen-Hogan randomized con-
trolled trial showed sphincterotomy during ERCP pro-
vided long term benefit in Type I and II patients with
basal pressures >40 mmHg [11]. However, EPISOD, a
2014 multicenter, sham-controlled, randomized trial,
did not show that manometry predicted which Type 111
patients would benefit with sphincterotomy in patients
with abdominal pain after cholecystectomy [4]. EPI-
SOD also did not show symptomatic benefit after
sphincterotomy. However, this study did not make use
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of a triple catheter manometry technique and suffered
from lack of standardized techniques in the multicenter
study. At this time there remains no sufficient diagnos-
tic alternative for Type III patients. Craig et al. com-
pared scintigraphy to manometry in patients with
suspected SOD, and found scintigraphy correlated
poorly with manometry [3]. Pereira et al. showed secre-
tin-stimulated magnetic resonance cholangiopancrea-
tography was insensitive in predicting abnormal
manometry but useful in selecting patients who would
benefit from sphincterotomy [13]. This MRI technique
is not yet standardized or widely accepted however.

— SO manometric studies have demonstrated unique fea-
tures in patients with suspected Type III symptoms.
Rapid phasic wave activity (tachyodia) (Fig. 16.10) and
a paradoxical response (contraction) to CCK injection
(Fig. 16.11) have been recorded in patients with this
suspected problem. However, the clinical significance of
this has not been established.

Fatty Meal Ultrasound Study
A fatty meal stimulated assessment of the biliary
system utilizes transabdominal US to assess the

TIME IN MINUTES

Fic. 16.10 Rapid SO phasic wave activity (tachyodia)
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Fi6.16.11 SO paradoxical contraction following CCK infusion

GBEF in response to a fatty meal in patients who
have had their gallbladder removed. Evaluation of
the CBD diameter takes place before and 45 min
after a fatty meal (Fig. 16.12) [14], to determine if
dilation has occurred.

Darweesh et al. compared quantitative hepatobiliary
scintigraphy (QHS) and fatty-meal sonography
(FMS), for evaluating patients’ status post cholecys-
tectomy with suspected partial common duct obstruc-
tion [15]. Each patient with suspected partial common
duct obstruction underwent a negative endoscopic
retrograde pancreaticobiliary test. Each test had a
67 % sensitivity that improved to 80 % when the
findings from both test results were combined. This
finding was confirmed by Rosenblatt et al. [16], who
examined 304 patients after cholecystectomy who
had been evaluated by manometry, US, and HIDA.
Using manometry as the gold standard, sensitivity
for US was 21 % and for HIDA 49 %. Specificity
for US was 97 % and for HIDA 78 %. When used
together, the sensitivities of these tests increased.
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Fi6. 16.12 Common bile duct diameter in patients with suspected
partial common duct obstruction on the basis of ERCP and/or
manometric findings, before fatty meal and 45 or 60 min after fatty

meal. Of 12 patients, 8 (solid circles) were judged to be true-positives
with a CBD diameter increase of >2 mm

Accuracy decreased across the spectrum from type I
to type III, according to Milwaukee criteria
(Table 16.3).

¢ Management.

— The management differs depending on the SOD
classification (Table 16.2). Type I and Type II patients
should undergo sphincterotomy. Treatment for Type
III patients remains unclear. SO manometry has
shown past benefit in biliary type II patients, as indi-
cated in the Geenen-Hogan trial (as above).
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In patients with suspected biliary type III, invasive
procedures should be avoided unless a proper clini-
cal assessment has concluded that potential benefits
exceed the risk of complications. Noninvasive mea-
sures (see below) should be attempted before per-
forming ERCP and manometry.

— Medical therapy has been investigated in limited
studies and is currently not considered standard of
care. Vitton et al. examined 59 patients treated with
trimebutine and nitrates over 1 year [17]. Medical
treatment was effective in 50 % of patients initially,
and 62.7 % a 1 year. Only 14 patients then underwent
sphincterotomy, with an immediate efficacy of 86 %.
Khuroo et al. examined 28 patients with elevated
SOD pressures who received nifedipine for 12 weeks
and placebo for 12 weeks [18]. The cumulative pain
score during nifedipine therapy was significantly less
than during the placebo period. No further valida-
tion of these treatments has occurred however.

¢ Differential Diagnosis.

— The location of abdominal pain does not confirm a
biliary disorder. The Rome III criteria are useful in
determining which patients can be classified as hav-
ing functional gallbladder or SO pain. If a patient
does not meet Rome III criteria for biliary dysfunc-
tion, the chances that this is the etiology of his/her
pain are slim to nonexistent.
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