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Foreword

xvii

Our knowledge in the field of pancreatology is continu-
ally accumulating. Relevant basic and clinical research
studies, published in recent years, have provided new
information that has changed our view of and ap-
proach to the diagnosis and therapy of pancreatic dis-
eases. The challenge now is to disseminate these
advances among all practicing gastroenterologists and
surgeons treating pancreatic diseases, so that they will,
in turn, benefit our patients.

This book, edited by Enrique Domínguez-Muñoz, is
indeed a comprehensive treatise on clinical pancreatol-
ogy. The carefully selected contributors are all dedi-
cated pancreatologists of many years’ experience who
have greatly contributed to where we stand today in the
clinical management of pancreatic diseases.

The chapters on inflammatory and neoplastic 
diseases of the pancreas provide a complete and 
comprehensive insight into all clinical problems and
offer solutions to everyday clinical needs in the man-
agement of pancreatic diseases. The individual aspects 
of diagnostic options, sometimes conflicting or even 
redundant, are presented in a very balanced and objec-

tive way. Clinical concepts are well illustrated and 
the reader can follow clear diagrams and excellent 
algorithms. The therapeutic sections, too, are very 
nicely developed and the necessary emphasis is given 
to the importance of an interdisciplinary approach.
This is a particular requirement for all those who aim 
to operate successfully in this clinical field. The argu-
ments put forward in several chapters go even beyond
our state of the art knowledge and raise important 
considerations that will stimulate further clinical 
research.

Enrique Domínguez-Muñoz is to be congratulated
for having thoughtfully selected topics corresponding
to the sequence of decisions we need to consider when
faced with the challenging problems of patients affect-
ed by an acute or chronic morbid condition of the pan-
creas. In my judgment this book is a must for specialists
but also a gift to all clinicians who at times have to take
responsibility for the care of patients with pancreatic
pathologies.

Peter Malfertheiner



The pancreas continues to be, to some extent, the hid-
den organ for many gastroenterologists and surgeons.
The diseases of the pancreas are frequently difficult to
diagnose and/or treat, and the results of the treatment
are usually disappointing. Mortality of acute pancre-
atitis remains high, diagnosis of chronic pancreatitis 
in its early stages is still a challenge, therapy of cystic 
fibrosis is far from satisfactory, and pancreatic cancer
continues to be a devastating disease.

The exploration of the pancreas and its inherent 
difficulties has, over the last few decades, stimulated
gastroenterologists, surgeons, radiologists, patholo-
gists, and scientists to delve deep into their knowledge
of molecular biology, genetics, physiology, pathophy-
siology, diagnosis, and therapeutic approaches to pan-
creatic diseases. Societies devoted to the study of the
pancreas and its diseases have emerged all over the
world and there is a demand for specific journals and
books.

Many important advances have been made in pan-
creatology in recent years, many of them changing the
approach to the patient with pancreatic diseases in clin-
ical practice. Nevertheless, practicing gastroenterolo-
gists and surgeons, who face patients with pancreatic
diseases daily, but who are not especially devoted to the
field of pancreatology, can hardly apply these recent 
research advances to the management of their patients.
In fact, pancreatology books and journals are highly
specialized. Most of the knowledge contained therein
has no direct clinical application and/or is difficult 

to comprehend for non-pancreatologists. Therefore, 
general gastroenterologists and surgeons have diffi-
culty accessing the most recent and relevant advances 
in pancreatic diseases.

The goal of Clinical Pancreatology is to provide
practicing gastroenterologists and surgeons with clear
information regarding the current diagnostic and 
therapeutic approaches to pancreatic diseases. The
book consists of short and concise chapters providing
clear, evidence-based, but also experience-based, in-
formation, immediately relevant to clinical practice.
Chapters have been written by internationally recog-
nized gastroenterologists, surgeons, radiologists, and
pathologists, specially dedicated to the study of the
pancreas. This is, therefore, a book from expert pancre-
atologists for practicing medical doctors, in which 
controversies have been avoided as far as possible. 
Each chapter concludes with a list of the most relevant
literature as “recommended reading” to provide 
readers with easy access to more detailed information.

As editor, I am deeply grateful and indebted to all 
authors for their dedication and efforts in contributing
to this book. It is they who are really responsible for 
the high quality of this work. I also thank the team at
Blackwell Science for their support, patience, and skill.
Finally, my special thanks to Friederike Henniges,
Global Medical Affairs Director of Solvay Pharma-
ceuticals, Germany, for her enthusiasm and support 
for this work.

J. Enrique Domínguez-Muñoz

xviii
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I would like to dedicate this book to all the friends who have supported me throughout my professional life and who
have helped me to grow, not only as a clinician but also as a person. Among all of them, I would especially like to
thank Professor Peter Malfertheiner and Professor Fernando Carballo, who were, and still are, my teachers and
friends.

The editing of this book has required dedication and a major effort. This has been possible thanks to the love, 
understanding, and support of my wife, Victoria, and my children, Irene and Enrique.

Finally, I would like to dedicate this book to my parents, Enrique and Concepción.

xix

Dedication





Overview

Acute pancreatitis is a protean disease, capable of 
resulting in pathologic findings ranging from mild 
pancreatic edema to total organ necrosis, and from 
regional retroperitoneal inflammation to systemic mul-
tiorgan failure. Depending upon the severity and scope
of the underlying pathologic processes, acute pancre-
atitis may present anywhere on the spectrum of clinical
severity, from mild abdominal discomfort to apocalyp-
tic prostration.

Perhaps due to this very breadth in pathology and
presentation, considerable clinical confusion has 
existed regarding acute pancreatitis. For much of the
past century, standards did not exist to measure 
severity, nor were there any clinically useful definitions
of acute pancreatitis and its complications. These defi-
ciencies not only caused both researchers and clinicians
to experience great difficulty in attempting to commu-
nicate with each other, but also resulted in idiosyn-
cratic, and frequently conflicting, recommendations
for therapy. As a case in point, during a personal 1980s
literature search for articles restricted to “pancreatic
abscess” a total of 45 reports were found, but only 11
had actually offered any definition of “pancreatic 
abscess,” the topic of their paper. Most troubling, 
however, was the observation that no two of these eleven 
definitions for “pancreatic abscess” were the same! 
Apparently, each of the authors had assumed that their
working definition of “pancreatic abscess” was the
same one used by everyone else, much as did Humpty
Dumpty in Lewis Carroll’s Alice’s Adventures in 
Wonderlandwhen he said, “When I use a word, it means 
just what I choose it to mean —neither more nor less!”

A further analysis of those disparate definitions of
“pancreatic abscess” revealed that a variety of post-
pancreatitic infections, such as infected fluid collec-
tions, infected pseudocysts, peripancreatic abscesses,
and infected pancreatic necrosis, had been included
under the single rubric of “pancreatic abscess.” This
taxonomic confusion necessarily led to wide variations
in proposals for diagnosis and therapy: proposed man-
agement for an infected pancreatic pseudocyst could
hardly be expected to be successful if mistakenly ap-
plied to infected pancreatic necrosis. Clinical manage-
ment for other complications of acute pancreatitis was
similarly afflicted by confusing, and often conflicting,
definitions.

Heterogeneous definitions of acute pancreatitis 
and its complications existed until relatively recently,
being principally the result of the difficulty attendant
upon attempting to study the natural history and 
variations of acute pancreatitis with the inadequate
technology available at the time. Given the remote
anatomic location of the pancreas, and the limitations
of early noninvasive imaging, much of what was
known (or thought to be known) about the pathology
of acute pancreatitis was the result of autopsy or 
surgical studies. Clearly, material obtained from 
such studies could not be representative of those 
cases from the less severe spectrum of pathology. 
Inability to measure severity and the absence of precise
disease definitions were therefore two of the major 
factors responsible for the prolonged delay in the devel-
opment of a useful clinical approach to acute pancreati-
tis. From a historical standpoint, the first of these 
two problems to be addressed was the stratification of
severity.

1

1 Acute pancreatitis: definition and
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Stratification of severity

In 1974, John Ranson published his seminal paper on
the stratification of severity of clinical acute pancreati-
tis. Using statistical manipulation of 43 clinical and 
laboratory variables obtained from a consecutive series
of 100 patients with acute pancreatitis, he was able to
identify 11 “prognostic signs” that proved to be signi-
ficantly associated with clinical severity, as measured
by the development of morbidity or mortality. For
many subsequent years, these Ranson Criteria were all
that were available to assign severity to an individual
episode of acute pancreatitis. The necessity for severity
assignment was nevertheless clear; in a disease process
capable of wide variations in clinical severity, specific
stratification of severity is necessary not only to com-
pare the results of clinical investigations but also to pre-
dict patient prognosis. Today, we would add a third
reason for determination of severity: selection among
therapeutic options.

Despite the usefulness of the Ranson Criteria in com-
paring large patient populations, their ability to predict
the severity of an episode of acute pancreatitis in indi-
vidual patients was ultimately shown to be limited,
being subject to error in as many as one patient out of
every three. In addition to the recognized limitation in
assigning severity to individual patients, the Criteria
were also restricted by the often overlooked require-
ment that full assignment of severity was withheld until
48 hours following admission. Furthermore, it is 
equally important to point out that the Criteria have
never been validated for any periods later than 48
hours. Even today, one can hear such incorrect state-
ments as “there were four Ranson Criteria present at
three days, five days.” Given these practical limitations
in individual clinical application, and restriction to the
initial 48 hours of the hospital course, it is not sur-
prising that use of the Ranson Criteria has become 
decidedly less frequent today.

Over the succeeding years, a number of different ap-
proaches to the assignment of severity in an individual
episode of acute pancreatitis have been proposed.
These proposals have ranged from those based upon
physical signs, to various predictive laboratory find-
ings, to imaging features, to the results of clinical proce-
dures, or to permutations and combinations of these
approaches. An ideal system for assigning severity to an
episode of acute pancreatitis would be consistently ac-
curate, capable of being determined at any point in the

episode, free of risk, simple and quick to perform, and
inexpensive. To cut to the chase, at present no determi-
nant of either the severity or the prognosis of an episode
of acute pancreatitis has been identified that satisfies all
of these optimal requirements.

The Acute Physiology and Chronic Health 
Evaluation (APACHE) II is perhaps the best system for
stratifying the severity of an individual episode of acute
pancreatitis available today. The reliability of the
APACHE II system in the setting of acute pancreatitis
has been validated in numerous clinical reports, a value
of 8 points or more signifying a severe episode. Recent
clinical studies have established an overall clinical 
accuracy of 80% for APACHE II in predicting the
severity of acute pancreatitis. Moreover, the APACHE
II system can also be used at any time during the 
patient’s course, i.e., at onset, day 2, day 5, etc. Finally,
by comparing serial determinations of APACHE II, and
noting whether the values are increasing or decreas-
ing over time, the efficacy of therapy can also be 
determined (Fig. 1.1). Despite these obvious clinical 
advantages over the Ranson Criteria, the principal 
disadvantage of the APACHE II system is that it is cum-
bersome, as it requires 15 separate entries (each entry
with multiple grades) in order to summate a score. 
Because of this unavoidable complexity in recording,
this system is much better suited to electronic entry in
an intensive care environment, or to large-scale clinical
investigations, than it is for use in other circumstances.

More recently, other measures of severity have been
proposed. Within the past generation, surgical investi-
gators have advanced the proposition that the develop-
ment of necrotizing pancreatitis is the most significant
determinant of the clinical severity of an episode of
acute pancreatitis and, indeed, of the prognosis for
overall patient survival. These clinicopathologic obser-
vations arose from several European surgical clinics,
where programmatic surgical resection or débridement
was advocated for clinically severe acute pancreatitis.
As a result of subsequent worldwide validation of these
clinicopathologic observations, methods for the deter-
mination of the presence of pancreatic necrosis have 
received considerable attention as predictors of 
severity and prognosis (Table 1.1).

The majority of these approaches to the detection of
pancreatic necrosis have been biochemical in origin.
Despite initial promise, most have proved less reliable
than necessary, difficult to perform, time-consuming,
or expensive. An exception to this generalization has
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the gland, however, the true negative value for CECT
has not been established. Clinically, this means that a
patient could have a “negative” CT and still have pan-
creatic necrosis, but its extent would be less than 30%
of the gland. This observation fits with modern knowl-
edge regarding histopathology in acute pancreatitis, as
microfoci of pancreatic necrosis are the rule in clinical
acute pancreatitis, even when coalescence of scattered
foci of parenchymal necrosis is insufficient to result in
clinical necrotizing pancreatitis.

In addition to the detection of necrosis, tomography-
based clinical severity scoring systems using the images
obtained from CECT have also been proposed. Al-
though these image-based severity scoring systems are
quite useful when comparing groups of patients with
necrotizing pancreatitis, they add little to individual
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Figure 1.1 Graphical course of a 57-year-old male patient
with severe acute pancreatitis due to sterile pancreatic
necrosis. Note that serial APACHE II determinations did not
deteriorate after intensive supportive therapy was begun.

been C-reactive protein (CRP). When associated with
the finding of hyperamylasemia in the appropriate 
clinical setting, a value of 120 mg/dL permits a reason-
ably secure diagnosis of necrotizing pancreatitis. 
Although inexpensive to perform, since the CRP test
will not normally become positive until 48 hours after
the onset of necrotizing pancreatitis, it cannot often be
used to make initial clinical decisions.

Today, the test that is widely regarded as the most re-
liable for the determination of the presence or absence
of pancreatic necrosis is contrast-enhanced computed
tomography (CECT) (Fig. 1.2). Whenever the nonen-
hancing segment(s) of the pancreatic parenchyma 
exceed 30% of the area of the gland, the accuracy of
CECT in establishing the presence of pancreatic necro-
sis exceeds 95%. In the absence of nonenhancement of

Event numbers: 1, contrast-enhanced computed
tomography; 2, tracheostomy; *, fine-needle aspiration for
bacteriology.



patient management. From a clinical standpoint, it is
often sufficient to know that pancreatic necrosis is 
present in a patient with clinically severe pancreatitis,
without the necessity for grading the radiologic appear-
ance. Although CECT scanning is quite accurate for de-
tecting necrosis, it is unfortunately neither inexpensive
nor completely risk-free, and is therefore reserved for
situations in which it is necessary to definitively estab-
lish the presence of necrotizing pancreatitis.

In what circumstances would it be necessary for us to
know that a particular episode of clinically severe acute
pancreatitis was due to necrotizing pancreatitis? Aside
from clinical research requirements or assignment of
prognosis, the principal reason is to identify those pa-
tients requiring therapy specific for necrotizing pancre-

atitis. Since as many as 10% of cases of nonnecrotizing
acute pancreatitis (interstitial, or edematous, pancre-
atitis) can also be clinically “severe,” distinction be-
tween the two pathologic forms may be necessary.
Currently, there are two, perhaps three, major clinical
therapeutic decisions which must initially be made in 
a patient with clinically severe acute pancreatitis: (i)
should the patient be admitted to the intensive care
unit, (ii) should prophylactic antibiotics be started, and
(iii) should an urgent endoscopic sphincterotomy be
done? With regard to the first and second questions,
knowledge of whether a clinically severe episode of
acute pancreatitis is due to pancreatic necrosis is useful
for decision-making. Acute interstitial (edematous)
pancreatitis never requires prophylactic antibiotics,
and less frequently requires intensive care manage-
ment. Knowledge of the existence of necrotizing 
pancreatitis is less critical for addressing the question
regarding endoscopic sphincterotomy, as this issue re-
volves principally around demonstrating the existence

PART I

4

Figure 1.2 Contrast-enhanced computed tomography in a
patient with necrotizing pancreatitis. Observe that only the
tail of the pancreas enhances with intravenous contrast,
indicating the presence of necrosis in the head and body of the
pancreas. Since the normal pancreas enhances to the same
degree as the liver and spleen, comparison of pancreatic
enhancement with these other organs is often helpful in the
diagnosis of necrosis.

Table 1.1 Proposed clinical determinants of necrotizing
pancreatitis.

Serum factors
Methemalbumin
Fibrinogen
PaO2
Lactate dehydrogenase*
Hypocalcemia
Ribonuclease I
Deoxyribonuclease
a1-Antitrypsin
a2-Macroglobulin
Complement C3 and C4
C-reactive protein*
Pancreas-specific protein
Phospholipase A2
Trypsinogen activation peptide
Free fatty acids
Carbolic ester hydrolase
Fibronectin
Absolute lymphocyte count
Interleukin 6
Polymorphonuclear elastase

Clinical observations
Grey Turner’s sign; Cullen’s sign
Fat necrosis
Diagnostic peritoneal lavage

Imaging techniques
Contrast-enhanced computed tomography*
Magnetic resonance imaging*

* Author’s choice for easily available and clinically depend-
able determinants of pancreatic necrosis.



of gallstones associated with cholangitis or biliary 
obstruction. However, some endoscopists may hesitate
to perform sphincterotomy using endoscopic retro-
grade cholangiopancreatography in patients with 
documented pancreatic necrosis, fearing that iatro-
genic introduction of bacteria might lead to conversion
of sterile to infected necrosis.

Furthermore, we can anticipate that, like the ill-fated
platelet antagonist factor lexipafant, another agent will
be proposed in the not too distant future purporting to
ameliorate the clinical course of acute pancreatitis.
Since edematous acute pancreatitis resolves with ap-
propriate supportive therapy in the vast majority of
cases, employment of an expensive putative therapeu-
tic agent will require prior substantiation of the diagno-
sis of necrosis before the agent can be given. We can
conclude that the more definitive treatments for necro-
tizing pancreatitis become available in the future, the
greater will be the need for establishing severity and de-
tecting necrosis.

Definitions of acute pancreatitis and 
its complications

Beginning with the Edwin Smith Papyrus (and possibly
considerably before), it has been axiomatic in medicine
that correct therapy must be preceded by a correct 
diagnosis. Although other logical combinations exist,
such as wrong diagnosis–wrong therapy and correct 
diagnosis–wrong therapy, patients can only improve
with either the serendipitous combination of wrong 
diagnosis–correct therapy or the more desirable possi-
bility of correct diagnosis–correct therapy. Given the
primacy of diagnosis to effective therapy, the necessity
for accuracy in diagnosis is clear.

Accuracy in clinical diagnosis, in turn, depends upon
a precise and consistent definition for the particular dis-
ease process. Without precise definitions, differentia-
tion between closely related disease processes becomes
difficult if not impossible. Finally, not only is precision
in disease definition required for accurate diagnosis,
but in order for the proposed definition to be useful 
in the clinical situation, a clinical definition must be 
created that is capable of being determined by clinical
means.

We have already noted the clinical difficulties created
by an imprecise definition of “pancreatic abscess.” An-
other case in point is that of “pancreatic phlegmon.”

Originally coined in 1973 to describe a sterile mass of
inflammatory tissue, subsequent authors embraced the
term to describe other forms of pancreatic masses in pa-
tients with acute pancreatitis, i.e., necrotic masses, and
even infected collections. As a result, “phlegmon” was
no longer a specific term used to describe sterile inflam-
mation, but could now improperly refer to any one of
four possible combinations (sterile or infected, edema
or necrosis), depending upon the views of the author.
The persistent use of similarly imprecise definitions 
resulted in a pancreatic Tower of “Babble.”

For almost 100 years, from the time of the initial
pathologic description of acute pancreatitis and its
complications by Fitz in 1889 until the advent of nonin-
vasive imaging in the 1980s, progress in the diagnosis
and management of pancreatic inflammatory diseases
was glacially slow. Not until the technology for nonin-
vasive monitoring became available could the full spec-
trum of acute pancreatitis and its complications be
appreciated in real time, and in the clinical situation.
With the new technologies, it was no longer necessary
for clinicopathologic correlation to require tissue con-
firmation from surgical or autopsy specimens; nonin-
vasive data could provide similar information. Indeed,
these imaging breakthroughs in the 1980s led to an un-
masking of the scope of retroperitoneal mischief caused
by pancreatic inflammation, and resulted in a pan-
creatic renaissance.

In appreciation of the wealth of natural history and
clinical information then becoming available, and in
recognition of the imprecise and often conflicting 
definitions in use at that time for acute pancreatitis, an
International Symposium on Acute Pancreatitis was
convened in Atlanta in 1992. In attendance were 40 in-
ternationally recognized experts in acute pancreatitis
from 15 countries and six disciplines (pathology,
anatomy, radiology, gastroenterology, medicine, and
surgery). Their assigned tasks were to provide a series
of consensus clinical definitions for acute pancreatitis
and its complications, and, where possible, to provide
an evidence-based approach to therapy. The clinical 
definitions proposed, and subsequently adopted by 
the worldwide medical community, are outlined in
Table 1.2 and more fully discussed below.

Acute pancreatitis

Definition
Acute pancreatitis is an acute inflammatory process 
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of the pancreas, with variable involvement of other 
regional tissues or remote organ systems.

Clinical manifestations
Most often, acute pancreatitis has a rapid onset, is ac-
companied by upper abdominal pain, and is associated
with variable abdominal findings ranging from mild
tenderness to rebound. Acute pancreatitis is often 
accompanied by vomiting, fever, tachycardia, leuko-
cytosis, and elevated pancreatic enzymes in the blood
and/or urine.

Pathology
Findings range from microscopic interstitial edema and
fat necrosis of the pancreatic parenchyma to macro-
scopic areas of pancreatic and peripancreatic necrosis
and hemorrhage. These pathologic changes in acute
pancreatitis therefore represent a continuum; intersti-
tial edema and minimal histologic evidence of necrosis
are at the minor end of the scale, and confluent macro-
scopic necrosis at the other extreme.

Clinical discussion
Despite all attempts at objectivity, in a small number of
patients acute pancreatitis remains a clinical diagnosis.
Other causes of hyperamylasemia must be excluded,
since significant surgical conditions presenting with 
hyperamylasemia may clinically masquerade as acute
pancreatitis. If clinical doubt exists about whether the
abdominal findings are due to acute pancreatitis or are
being caused by a correctable intraabdominal catastro-
phe, CT findings of pancreatic/peripancreatic edema or

necrosis are pathognomonic for acute pancreatitis. In
the absence of pancreatic/peripancreatic edema, acute
pancreatitis is unlikely, and other causes of intra-
abdominal disease should be sought.

Severe acute pancreatitis

Definition
Severe acute pancreatitis is associated with organ 
failure and/or local complications, such as necrosis, 
abscess, or pseudocyst.

Clinical manifestations
Abdominal findings are of increased tenderness, re-
bound, distension, and hypoactive or absent bowel
sounds. An epigastric mass may be present. Rarely,
flank ecchymosis (Grey Turner’s sign) or periumbilical
ecchymosis (Cullen’s sign) may be seen. Severe acute
pancreatitis is further characterized by either three or
more Ranson criteria or eight or more APACHE II cri-
teria. Organ failure is defined as shock (systolic blood
pressure < 90 mmHg), pulmonary insufficiency (PAO2
< 60 mmHg), renal failure (creatinine > 2 mg/dL after 
rehydration), or gastrointestinal bleeding (> 500 mL
per 24 hours). Systemic complications, such as dissem-
inated intravascular coagulation (platelets < 100 000/
mm3, fibrinogen < 100 mg/dL, fibrin split products
> 80 µg/mL), or severe metabolic disturbances (calcium
< 7.5 mg/dL) may also be seen. Local complications,
such as necrosis, abscess, and pseudocyst, are described
below.

Pathology
Most often, severe acute pancreatitis is a clinical 
expression of the development of pancreatic necrosis
(see below). Less commonly, however, patients with 
interstitial (edematous) pancreatitis can also develop
clinically severe acute pancreatitis.

Clinical discussion
Severe acute pancreatitis usually declares itself shortly
after onset. A delayed progression from mild acute 
pancreatitis to severe acute pancreatitis is rare. The
APACHE II system may be used to quantify severity at
any time during the course of acute pancreatitis, while
Ranson Criteria have not been validated for time peri-
ods longer than 48 hours after onset. Severe acute pan-
creatitis requires continuous monitoring in an intensive
care environment.
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Table 1.2 Summary of the Atlanta clinical definitions for
acute pancreatitis and its complications.

Acute pancreatitis
Mild
Severe

Organ failure
Interstitial (edematous) pancreatitis
Necrotizing pancreatitis

Sterile
Infected

Acute fluid collections
Acute pseudocysts
Pancreatic abscesses
Loculated fat necrosis



Mild acute pancreatitis

Definition
Mild acute pancreatitis is associated with minimal
organ dysfunction and an uneventful recovery, and
lacks the described features of severe acute pancreatitis.

Clinical manifestations
Patients with mild acute pancreatitis respond to appro-
priate fluid administration with prompt normalization
of physical signs and laboratory values. Failure to 
improve within 48–72 hours after treatment begins
should prompt additional investigations for the 
presence of complications of pancreatitis. Contrast 
enhancement of pancreatic parenchyma does not
demonstrate necrosis if dynamic computed tomo-
graphy is performed (see below).

Pathology
The predominant macroscopic and histologic feature
of mild acute pancreatitis is interstitial edema, al-
though microscopic areas of parenchymal necrosis may
also be found. Peripancreatic fat necrosis may or may
not be present.

Clinical discussion
Since the clinical course of acute pancreatitis is uncom-
plicated in approximately 75% of cases, uneventful re-
covery with appropriate supportive management can
be anticipated. Investigations into the possibility of 
biliary calculi being the cause of the episode should also
be carried out, in order to prevent recurrent acute 
pancreatitis.

Acute fluid collections

Definition
Acute fluid collections occur early in the course of acute
pancreatitis (within the first 2 weeks), are located in or
near the pancreas, and always lack a wall of granula-
tion or fibrous tissue.

Clinical manifestations
Acute fluid collections are common in patients with 
severe pancreatitis, occurring in 30–50% of cases.
However, more than half of these lesions regress 
spontaneously. They are rarely demonstrable by physi-
cal findings and are usually discovered by imaging 
techniques. Imaging techniques do not demonstrate a

defined wall surrounding an acute fluid collection, and
the collections often have an irregular shape.

Pathology
The precise composition of these acute fluid collections
is unknown. Bacteria are variably present. The clinical
distinction between an acute fluid collection and a
pseudocyst (or a pancreatic abscess) is the lack of a 
defined wall on imaging studies.

Clinical discussion
Acute fluid collections have the potential to develop
into acute pseudocysts or pancreatic abscesses. Why
the majority of acute fluid collections regress, while
others persist to become pseudocysts or abscesses, is
not known. The important point is that continued 
observation is necessary to determine the direction a
fluid collection will take over time.

Pancreatic necrosis

Definition
Pancreatic necrosis is a focal or diffuse area of nonvi-
able pancreatic parenchyma that is typically associated
with peripancreatic fat necrosis.

Clinical manifestations
While the likelihood of pancreatic necrosis increases
with increasing clinical severity, objective verification is
necessary. Dynamic CECT is the current gold standard
for the clinical diagnosis of pancreatic necrosis. Focal
or diffuse, well-marginated zones of nonenhanced 
pancreatic parenchyma (> 3 cm in size or > 30% of 
the area of the pancreas) are requisite criteria for the 
CT diagnosis of necrosis. Contrast density fails to ex-
ceed 50 Hounsfield units (HU) in areas of necrosis after
intravenous administration (normal enhancement
50–150 HU). A semiquantitative measure of pancreatic
enhancement can be obtained by visually comparing
pancreatic density to splenic density, since in the 
absence of necrosis the densities of the two organs are
similar. Heterogeneous densities demonstrated in the
peripancreatic fat represent a combination of fat necro-
sis, fluid collections, and hemorrhage. As a result, the
extent of peripancreatic fat necrosis cannot be reliably
determined by CT. Although the overall accuracy of dy-
namic CT in demonstrating parenchymal pancreatic
necrosis is 95%, this technique should not be consid-
ered infallible. Pancreatic necrosis may also be reliably
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determined by magnetic resonance imaging, although
at a considerable increase in cost.

Pathology
Macroscopically, focal or diffuse areas of devitalized
pancreatic parenchyma and peripancreatic fat necrosis
are evident. Fat necrosis may be superficial and patchy,
or deep and confluent. Hemorrhage in the pancreatic or
peripancreatic tissues is variably present. Microscopi-
cally, extensive interstitial fat necrosis with vessel dam-
age is found, along with necrosis that affects acinar
cells, islet cells, and the pancreatic ductal system. Pan-
creatic parenchymal necrosis rarely involves the entire
gland, however. Usually, pancreatic necrosis is confined
to the periphery, and the central core of the gland is 
preserved. Uncommonly, peripancreatic fat necrosis
may become loculated, and is often misdiagnosed as a
pseudocyst or a sterile abscess. Loculated fat necrosis
can be differentiated from a pancreatic pseudocyst by
the demonstration of thick viscous contents without
pancreatic enzymes, and from a pancreatic abscess by
the absence of bacteria.

Clinical discussion
The clinical distinction between sterile pancreatic
necrosis and infected pancreatic necrosis is critical,
since development of infection in the necrotic tissues re-
sults in a trebling of mortality risk. Furthermore, while
selected patients with documented sterile pancreatic
necrosis can usually be managed without surgical inter-
vention, infected necrosis is uniformly fatal without
surgical drainage. Because clinical and laboratory find-
ings are often similar in patients with either sterile or in-
fected necrosis, this important distinction is best made
by transcutaneous needle aspiration bacteriology. This
technique is safe and accurate, and a positive result is
regarded as an indication for surgery.

Acute pseudocyst

Definition
A pseudocyst is a collection of pancreatic juice enclosed
by a nonepithelialized wall, which arises as a conse-
quence of acute pancreatitis, pancreatic trauma, or
chronic pancreatitis.

Clinical manifestations
Pseudocysts in patients with acute pancreatitis are
rarely palpable, and are most often discovered by imag-

ing techniques. It is important to note that they are
round or ovoid in shape, in contrast to acute fluid col-
lections, and have a well-defined wall, as demonstrated
by CT or sonography.

Pathology
The presence of a well-defined wall composed of 
granulation or fibrous tissue distinguishes a pseudocyst
from an acute fluid collection. A pseudocyst is usually
rich in pancreatic enzymes, and is most often sterile.

Clinical discussion
Formation of a pseudocyst requires 4 weeks or more
from the onset of acute pancreatitis. In this regard, an
acute pseudocyst is a fluid collection that arises in associ-
ation with an episode of acute pancreatitis, is of more
than 4 weeks’ duration, and is surrounded by a defined
wall. Fluid collections less than this age that lack a defined
wall are more properly termed acute fluid collections. In
contrast, chronic pseudocysts have a well-defined wall,
but arise in patients with chronic pancreatitis and lack an
antecedent episode of acute pancreatitis. Bacteria may be
present in a pseudocyst, but often are of no clinical signi-
ficance, since they represent contamination and not clini-
cal infection. If purulent material is present, the lesion is
more correctly termed a pancreatic abscess.

Pancreatic abscess

Definition
A pancreatic abscess is a circumscribed intra-
abdominal collection of pus in proximity to the 
pancreas, containing little or no pancreatic necrosis,
which arises as a consequence of acute pancreatitis or
pancreatic trauma.

Clinical manifestations
Clinical presentation is variable. Most commonly,
however, the clinical picture is that of infection. Pancre-
atic abscesses occur later in the course of severe acute
pancreatitis, often 4 weeks or more after onset.

Pathology
The presence of pus and a positive culture for bacteria
or fungi, but little or no pancreatic necrosis, serves to
differentiate a pancreatic or peripancreatic abscess
from infected necrosis. Pancreatic abscesses probably
arise as a consequence of limited necrosis with subse-
quent liquification and secondary infection. Accord-
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ingly, pancreatic abscess and infected necrosis differ in
clinical expression and extent of associated necrosis.

Clinical discussion
In the past, the term “pancreatic abscess” has been im-
properly used for all forms of pancreatic infection. The
distinction between pancreatic abscess and infected
necrosis is critical for two reasons: the mortality risk for
infected necrosis is double that for pancreatic abscess,
and specific therapy for each condition is different. 
Abscesses that arise as a consequence of elective pan-
creatic surgery are not properly termed pancreatic 
abscesses, but are more accurately classified as post-
operative abscesses.

Summary

Since their original proposal over 10 years ago, numer-
ous investigators have confirmed the validity and clini-
cal utility of the Atlanta definitions. As a result, these
clinical definitions have received worldwide accep-
tance. In one sense, it might be considered remarkable
that the Atlanta definitions have survived relatively in-
tact over this period of time. On the other hand, there
can be little doubt that some changes in these clinical
definitions will be necessary in the future as new 

concepts are developed and more clinical information
becomes available.

However, the search for a clinically friendly method
to stratify the severity of an episode of acute pancreati-
tis is continuing. A number of potential approaches 
are being actively investigated. Until such time as one
proves to be superior, the APACHE II system, despite its
limitations, offers considerable clinical value.
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Introduction

Acute pancreatitis is an inflammatory disease of the
pancreas that may be either acute or chronic, severe or
mild. Severe pancreatitis is usually associated with sys-
temic derangements, the most common of which is an
acute lung injury that can clinically present as adult re-
spiratory distress syndrome (ARDS), or with local
complications including abscesses and pseudocysts.
Most of the current concepts regarding the mechanisms
responsible for acute pancreatitis are based on the re-
sults of experiments performed using models in which 
pancreatitis has been induced in experimental animals.
This chapter reviews some of those concepts, as well as
the experimental studies upon which those concepts
are based. This review will be highly selective, primari-
ly focused on work done in the authors’ laboratory. It
should be recognized, however, that a number of other
laboratories and investigators have made important
contributions to our understanding of the pathogenesis
of acute pancreatitis. Some, but not all, of their work is
discussed as well.

Pathology of acute and chronic pancreatitis

The pathologic picture of acute pancreatitis is domin-
ated by an acute inflammatory process involving the
parenchyma of the pancreas either diffusely or in a
patchy manner. Necrosis of cellular elements, including
acinar cells, duct cells, and islet cells, may be extensive in
severe forms of acute pancreatitis but necrosis is usually
absent or relatively limited in mild forms. Pancreatic and
peripancreatic edema as well as fat necrosis are com-
monly observed in both mild and severe acute pancreati-

tis but, in the severe form of pancreatitis, there may also
be hemorrhage within the pancreas. Ductal disruptions
can occur leading to extravasation of pancreatic juice
and the formation of pancreatic pseudocysts.

In contrast to the changes observed in acute pancre-
atitis, the pathologic picture in chronic pancreatitis is
dominated by fibrosis and the presence of a chronic in-
flammatory process. To a varying degree, both exocrine
and endocrine elements may be lost and enlargement of
nerves as well as perineural inflammation have also
been observed. Other changes observed in acute pan-
creatitis, including necrosis and pseudocyst formation,
can also occur in chronic pancreatitis.

The relationship between acute pancreatitis and
chronic pancreatitis has been controversial in the past
and, to a considerable degree, controversy persists.
Historically, most observers have tended to think of
acute pancreatitis and chronic pancreatitis as being dif-
ferent diseases from their outset, characterized by 
different pathologic changes and the result of different
triggering events. More recently, however, opinion has
changed and many currently believe that the patho-
logic and functional changes of chronic pancreatitis
merely reflect the effects of repeated episodes of acute
pancreatitis. According to this necrosis–fibrosis hypo-
thesis, repeated episodes of acute inflammation and
necrosis lead to the chronic inflammation and fibrosis
which characterize chronic pancreatitis. If valid, this
hypothesis would suggest that the earliest cellular
events responsible for chronic pancreatitis may be 
similar, or even identical, to those which trigger acute
pancreatitis. Thus, later events, including those leading
to pancreatic fibrosis and chronic inflammation, may
underlie the evolution of chronic pancreatitis while the
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absence of those events may permit the morphologic
and functional recovery of the pancreas that character-
izes acute pancreatitis.

Pathology of pancreatitis-associated lung injury

Extrapancreatic manifestations of severe acute pancre-
atitis include injury to the lungs, kidney, liver, and other
organs. Most of the studies evaluating extrapancreatic
complications of severe pancreatitis have focused on
the associated lung injury since it is an important clini-
cal entity that is the cause of death for 60% of the 
patients who die within the first 2 weeks of an acute
pancreatitis attack. The lung injury associated with se-
vere pancreatitis is very similar, and even possibly iden-
tical, to the lung injury associated with sepsis, shock,
severe burns, and ischemia/reperfusion. Clinically, it is
usually manifested as ARDS. The pathologic changes
of pancreatitis-associated lung injury include neu-
trophil sequestration within the pulmonary micro-
vasculature, necrosis of type 2 pneumocytes, alveolar
membrane thickening, and increased alveolar/
endothelial membrane permeability leading to a pul-
monary capillary leak phenomenon and the transuda-
tion of intravascular fluid into the bronchoalveolar space.

Etiologies of acute pancreatitis

Most patients with acute pancreatitis develop their dis-
ease in association with any one of a number of other
disease processes. Collectively, these associated dis-
eases are referred to as the etiologies of acute pancreati-
tis (Table 2.1). Roughly 80% of patients with acute
pancreatitis develop their pancreatitis in association
with either prolonged alcohol abuse or the passage of
biliary tract stones. Alcohol abuse is more commonly a
cause of chronic pancreatitis than a cause of acute 
pancreatitis. However, the earliest events in alcohol-
induced chronic pancreatitis may closely resemble
those responsible for acute pancreatitis (see above).

In addition to biliary tract stones and alcohol abuse,
acute pancreatitis can be related to a number of miscel-
laneous etiologies which, taken together, account for
roughly 10–15% of patients with acute pancreatitis.
These miscellaneous causes of acute pancreatitis in-
clude exposure to a large number of drugs or infectious
agents, trauma to the pancreas, hyperlipoproteine-
mias, hypercalcemia, pancreatic ischemia, retrograde
injection of the pancreatic duct or manipulation of the

sphincter of Oddi (as in endoscopic retrograde cholan-
giopancreatography). Pancreatitis can also be triggered
by pancreatic duct obstruction caused by either a mass
lesion or inflammatory process involving the pancreas
or periampullary region of the duodenum. Dysfunction
of the sphincter of Oddi or the dorsal pancreatic ductal
hypertension that can occur in patients with pancreas
divisum have been considered to be the cause of pancre-
atitis in some patients. Finally, recent studies have
drawn attention to the small but still significant number
of patients who develop acute pancreatitis on a genetic
basis, either because they carry mutations associated
with hereditary pancreatitis or because they express
mutations of the cystic fibrosis transmembrane con-
ductance regulator (CFTR) gene.

In spite of a diligent search for an underlying cause or
etiology, roughly 10–15% of patients with acute 
pancreatitis develop their disease in association with no
identifiable etiology. These individuals are said to have
idiopathic acute pancreatitis although, with time and
further investigation, an etiology may eventually be-
come apparent. Recent reports have suggested that
some of these individuals have overlooked biliary tract
disease and that their pancreatitis is triggered by pas-
sage of microcrystals or biliary sludge. Other patients
in this “idiopathic pancreatitis” group may have devel-
oped their pancreatitis on an autoimmune basis.

Theoretical considerations

The design of therapies to prevent pancreatitis or 
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Table 2.1 Etiologies of acute pancreatitis.

Biliary tract stones
Ethanol abuse
Drugs
Scorpion sting
Endoscopic retrograde cholangiopancreatography
Trauma
Infections
Parasites
Idiopathic
Hyperlipidemia
Hypercalcemia
Ischemia
Postoperative



reduce its severity depends upon an understanding of
the mechanisms by which the “etiology” of pancreatitis
initiates the disease and the cellular events that couple
this initiating event to the injury and inflammation
which characterize acute pancreatitis. In a general
sense, the etiologies of pancreatitis have been consid-
ered to trigger pancreatitis by one or more of the fol-
lowing mechanisms: (i) toxic/metabolic; (ii) genetic;
and (iii) mechanical.

Toxic/metabolic

The earliest changes of acute pancreatitis appear to in-
volve pancreatic acinar cells (see below) and these ini-
tial acinar cell changes may reflect either a toxic or a
metabolic insult triggered by the underlying etiology.
This is particularly likely to be the case in pancreatitis
caused by alcohol abuse and also when pancreatitis is
caused by exposure to various drugs. However, the ac-
tual mechanisms by which alcohol or drugs might bring
about toxic or metabolic injury of acinar cells is not
known. Hypercalcemia and scorpion bites may also be
linked to pancreatitis by a toxic/metabolic mechanism.
Hypercalcemia could cause intracellular ionized calci-
um levels to rise and that, at least theoretically, could
trigger intracellular digestive enzyme activation lead-
ing to cellular injury and pancreatitis. Scorpion toxin
contains a potent pancreatic secretagogue that is be-
lieved to act by opening sodium channels and this might
be the mechanism by which it triggers pancreatitis.
Most of the other identified etiologies of pancreatitis
probably trigger the disease via genetic or mechanical
mechanisms rather than by causing a toxic or meta-
bolic change in the pancreas.

Genetic

There has been much recent interest in the possibility
that genetic events may contribute to the pathogenesis
of acute pancreatitis. Many kindreds with high rates of
acute pancreatitis have been identified and, in many in-
stances, the affected individuals experience their first
attacks of acute pancreatitis at a young age. Patients
with hereditary pancreatitis have been shown to be at
increased risk of developing pancreatic cancer, particu-
larly if the pedigree demonstrates a male pattern of 
inheritence. In many instances, hereditary pancrea-
titis has been shown to result from mutations of the
cationic trypsinogen gene, resulting in expression of a

trypsinogen that, once activated, is resistant to inacti-
vation by trypsin inhibitors or, alternatively, is more
sensitive to autoactivation. These gain-of-function 
mutations could therefore potentially result in elevated
intraacinar cell levels of activated trypsin. Kindreds of
individuals with genetic mutations of the secretory
trypsin inhibitor SPINK1 have also been identified.
These patients presumably have loss-of-function 
mutations resulting in expression of defective trypsin
inhibitors and, as a result, their acinar cells are 
susceptible to injury caused by trypsinogen that is 
activated, but not inhibited, within the cell.

Increased risk of developing acute pancreatitis has
also been noted in patients carrying mutations of the
cystic fibrosis gene CFTR. Some have suggested that
these mutations may be more common among alco-
holics who develop pancreatitis than among alcoholics
who do not develop pancreatitis. CFTR mutations may
also be more common among patients with presumed
idiopathic pancreatitis than among the general popula-
tion. The mechanisms by which CFTR mutations
might sensitize the pancreas to injury, either sponta-
neous or alcohol induced, are not clear but it is conceiv-
able that similar mechanisms might explain why only a
small fraction of patients who abuse alcohol eventually
develop pancreatitis. It is also possible that these or
other as yet unidentified mutations may sensitize the
pancreas to other forms of injury, including that which
follows passage of a biliary tract stone. This could ex-
plain the observation that only a fraction of individuals
passing biliary tract stones go on to develop gallstone
pancreatitis.

Mechanical

Passage of biliary tract stones into or through the termi-
nal biliopancreatic ductal system and into the duode-
num has been repeatedly shown to be the event that
triggers so-called gallstone pancreatitis but the mecha-
nism(s) by which stone passage is related to pancreatic
injury is not entirely clear. In a general sense, three 
mechanical theories have been proposed to explain this
relationship. The first was suggested by Opie in 1901
when he described a patient who died of gallstone pan-
creatitis and who, at the time of autopsy, was found to
have a gallstone impacted in the distal bile duct. In ad-
dition, bile-stained fluid was found in the pancreatic
duct suggesting, to Opie, that bile had refluxed retro-
gradely from the bile duct into the pancreatic duct
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through a “common” bile/pancreatic duct channel.
This so-called common channel theory of Opie has
been widely cited but its validity has been repeatedly
questioned by a number of studies demonstrating that
(i) most patients with gallstone pancreatitis lack a com-
mon channel long enough to allow a distally obstruct-
ing stone to cause bile reflux into the pancreatic duct;
(ii) pancreatic duct pressure normally exceeds bile duct
pressure and therefore rather than bile refluxing into
the pancreatic duct, a distal obstruction would cause
pancreatic juice to reflux into the bile duct; and (iii) 
perfusion of the pancreatic duct with bile or a bile–
intestinal juice mixture, under normal pressures, does
not cause pancreatic injury unless pressure in the 
pancreatic duct is also increased. Because of these con-
cerns, support for Opie’s common channel theory has
been limited and, currently, most observers do not 
accept it as the likely explanation for gallstone-induced 
pancreatitis.

Another theory attempting to explain the relation-
ship between stone passage and pancreatitis is the 
duodenal reflux theory. According to this theory, the
offending stone passes through the sphincter of Oddi
into the duodenum and, in the process of being passed,
the stone stretches the sphincter making it incompetent
and thus permitting duodenal juice containing acti-
vated pancreatic digestive enzymes to reflux backward
into the pancreatic ductal system. This theory has been,
to a great degree, invalidated by the observation that
patients undergoing either endoscopic or surgical 
division of the sphincter of Oddi, and who therefore
have acquired sphincter of Oddi incompetence, do not
experience repeated episodes of pancreatitis.

The final mechanical theory proposed as an explana-
tion for gallstone-induced pancreatitis has been called
the ductal hypertension theory. Interestingly, this 
theory was also proposed by Opie in 1901 when he 
performed an autopsy on another patient dying of 
pancreatitis. That patient was also found to have a 
biliary stone obstructing the pancreatic duct but, in this
case, the stone had not caused bile reflux into the pan-
creatic duct. He suggested that the stone might have
created a closed pancreatic ductal space and that, with
continued secretion into the obstructed pancreatic
duct, ductal hypertension would develop. Ductal 
hypertension was presumed to lead to rupture of the
pancreatic duct and subsequently to extravasation of
pancreatic juice, containing digestive enzymes, into the
gland parenchyma. The ductal hypertension theory is a

widely accepted explanation for the mechanism by
which a bile duct stone might trigger acute pancreatitis
but, at best, it is an incomplete explanation because, for
the most part, pancreatic secretions within the pancre-
atic duct contain inactive precursor or zymogen forms
of the potentially harmful pancreatic digestive en-
zymes. Therefore, even with rupture of the duct and 
extravasation of secretions into the parenchyma of the
gland, it is not clear how ductal hypertension would
trigger pancreatic parenchymal injury and pancreatitis.
On the other hand, it is likely that obstruction of the
duct and/or ductal hypertension has other effects on the
pancreas and, if those effects included intrapancreatic
activation of digestive enzymes, they might explain the
relationship between duct obstruction and pancreatic
cell injury.

Where does acute pancreatitis begin?

Until relatively recently, the site at which acute pan-
creatitis begins was not known. There existed three
schools of thought: that pancreatitis begins in the
periductal area of the pancreas as a result of duct dis-
ruption; that pancreatitis begins in peripheral, perilo-
bular areas as a result of ischemia; and that pancreatitis
begins within the acinar cells of the pancreas.

Clearly, studies designed to identify the location of
the earliest changes in pancreatitis could not be per-
formed using patients because most patients with pan-
creatitis are not identified within the initial minutes of
the disease. Rather, the diagnosis of pancreatitis is usu-
ally made 24 hours or more after the onset of an attack
and at a time when this initial pancreatic injury has al-
ready occurred. Furthermore, access to pancreatic tis-
sue in patients with early acute pancreatitis is generally
not possible. For this reason, most investigators have
recognized the necessity for experimental models of
pancreatitis in animals for studies designed to examine
early events in pancreatitis. To complicate matters fur-
ther, however, most experimental animals do not devel-
op severe pancreatitis when their pancreatic duct 
is obstructed; rather, they develop mild changes of 
inflammation, acinar cell apoptosis, and pancreatic 
atrophy. The American opossum is an exception to this
generalization. Ligation of the opossum pancreatic
duct, or the common bile/pancreatic duct segment, re-
sults in severe necrotizing pancreatitis. The pancreatitis
evolves and increases in severity over the 5–7 days 
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following duct ligation. Interestingly, in this model, 
ligation of the pancreatic duct, the combined common
channel segment, or the pancreatic and bile ducts sepa-
rately results in pancreatitis with similar severity and
time of progression. The three types of ligation share
the feature of pancreatic duct obstruction but only ani-
mals with ligation of the common channel segment
could, even theoretically, experience reflux of bile into
the pancreatic duct. The finding that pancreatitis is 
similar in all three groups argues strongly against the
common channel theory and in favor of the duct 
obstruction/hypertension theory.

We used the American opossum in a series of studies
designed to determine the location of the earliest patho-
logic changes when pancreatitis was induced by ligat-
ing the biliopancreatic duct. In our studies, animals
were sacrificed at planned intervals during the initial 24
hours after duct ligation and the pancreas was exam-
ined by light microscopy. The earliest changes were
noted to occur within acinar cells. Within 3 hours of
duct ligation, the acinar cells lost their basal–apical 
polarity, developed altered staining characteristics, and
demonstrated changes suggestive of early acinar cell
necrosis. These changes increased with time, and by 6
hours after duct ligation larger groups of acinar cells
were noted to be necrotic. By 12 hours after duct liga-
tion, entire lobules were necrotic and areas of hemor-
rhage as well as neutrophil infiltration were seen. By 24
hours after the biliopancreatic duct had been ligated,
there was massive necrosis and an intense inflam-
matory reaction. We concluded from these studies that,
at least in the opossum model, acute pancreatitis begins
within acinar cells.

Acinar cell biology

The observation that acute pancreatitis might begin
within the acinar cells of the pancreas, if valid when 
applied to the clinical disease, suggests that an under-
standing of the cellular events leading to pancreatitis
might be achieved by studies examining pancreatic aci-
nar cell biology during the early stages of experimental
pancreatitis. A number of such studies have been per-
formed but, before examining their results, it would be
appropriate to briefly review the normal features of aci-
nar cell biology. Acinar cell biology is, clearly, an enor-
mous subject and a comprehensive review would be
beyond the scope of this chapter. Thus, this review 

focuses only on those areas which are currently be-
lieved to play an important role in the pathophysiology
of pancreatitis.

Pancreatic protein synthesis, transport, and secretion
(Fig. 2.1)

The pancreatic acinar cell is the most active protein-
synthesizing cell in the body and roughly 90% of newly
synthesized proteins are digestive enzymes and diges-
tive enzyme zymogens. These proteins are destined for
secretion into the pancreatic ductal space and for dis-
charge into the duodenum. These secretory proteins, as
well as structural proteins and other proteins that are
targeted for transport to sites within acinar cells, are as-
sembled within the cisternae of the rough endoplasmic
reticulum where they fold and assume their tertiary
structure. They are then transported in small transport
vesicles to the Golgi complex.

Digestive enzymes and their zymogens pass through
the Golgi stacks and, at the trans surface, they are pack-
aged in membrane-bound condensing vacuoles that 
migrate toward the luminal surface of the cell. During
this migration, they evolve into zymogen granules 
that contain an electron-dense core of concentrated 
digestive enzymes. At the luminal pole of the cell, the
zymogen granule limiting membrane fuses with the
plasmalemma and, by fission, a pore (i.e., a fusion pore)
develops within that fused segment of membrane, thus
permitting egress of granule contents (i.e., digestive en-
zymes and zymogens) into the acinar/ductal space. The
subapical filamentous actin cytoskeleton is believed 
to play a critical role in facilitating this process of 
fusion–fission and exocytosis. Interventions that 
disrupt the subapical F-actin web have been shown to
prevent acinar cell secretion of digestive enzymes.

As they pass through the Golgi complex, newly
sythesized enzymes destined for inclusion within 
lysosomes (i.e., lysosomal hydrolases) are posttrans-
lationally modified by glycosylation and 6-mannose
phosphorylation. They are then bound to mannose 6-
phosphate-specific receptors that segregate the lysoso-
mal hydrolases from other newly synthesized proteins.
Subsequent to this segregation event, the lysosomal hy-
drolases, bound to their receptors, are transported in
small vesicles that bud from the Golgi to the prelyso-
somes, where the acid environment causes the lysoso-
mal hydrolases to dissociate from their receptors.
Following dissociation from the mannose 6-phosphate
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receptors, the hydrolases remain within the lysosomal
compartment while the transport vesicles, contain-
ing the unliganded mannose 6-phosphate receptors,
shuttle back to the Golgi where they are available for
binding of additional mannose 6-phosphate-labeled
lysosomal hydrolases.

Protective mechanisms

In an overall sense, this scheme of synthesis, intracellu-
lar transport, and secretion of enzymes by pancreatic
acinar cells has two characteristics that may be of major
importance to the problem of acute pancreatitis, partic-
ularly if the disease is considered to be the result of aci-
nar cell autodigestion by its own secretory product. The
first is the fact that, from their point of assembly in the
endoplasmic reticulum to their site of discharge at 
the luminal cell surface, the newly synthesized digestive
enzymes and their zymogens are continually se-
questered from the cytoplasmic space by being con-

tained within membrane-bound organelles. It is likely
that a fraction of those zymogens becomes prematurely
activated during intracellular transport but proteolytic
enzyme inhibitors, synthesized and cotransported
along with the zymogens, protect the acinar cells from
injury when this occurs. Furthermore, confinement of
the digestive enzymes and their zymogens within mem-
brane-bound organelles prevents activated enzymes
from reaching intracellular targets that could poten-
tially be injured. The second characteristic of the intra-
cellular transport scheme that may be relevant to
pancreatitis is the fact that it involves the segregation of
lysosomal hydrolases from digestive enzymes and their
zymogens. Several studies have shown that cathepsin B,
a lysosomal hydrolase, can activate trypsinogen and it
is well known that trypsin can activate the other zymo-
gens. The segregation of lysosomal hydrolases (includ-
ing cathepsin B) from digestive enzyme zymogens
(including trypsinogen) could reduce the risk and 
extent of intracellular zymogen activation.
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and the colocalization phenomenon.



Altered acinar cell biology in pancreatitis

Experimental models (Table 2.2)

Studies designed to evaluate acinar cell biological
events during the evolution of acute pancreatitis can
only be performed using experimental models of pan-
creatitis since, almost without exception, it is not possi-
ble to obtain tissue from patients with pancreatitis for
such studies. Until the mid-1970s, most investigators
exploring issues related to pancreatitis utilized models
in which the disease was induced by retrogradely inject-
ing the pancreatic duct with some noxious fluid (e.g.,
bile, bile plus trypsin, bile plus blood plus trypsin, bile
salts, etc.). Unfortunately, the severity of the resulting
pancreatitis was difficult to control and tissue destruc-
tion was usually too extensive to permit studies evalu-
ating subtle cell biological events. More recently,
however, methods of producing submassive pancreatic
injury by duct injection have been developed and, in
some cases, pancreatitis that is amenable to cell biolo-
gical studies can be induced using this approach. 
Perhaps of even greater importance has been the 
development of at least three models of experimental
pancreatitis that do not involve duct injection but
which result in pancreatitis that can be readily used for
studies of cell biological events during the evolution of
the disease.

In 1975, Lombardi and his coworkers reported that
young female mice, fed a choline-deficient diet supple-
mented with 0.5% ethionine, developed massive hem-
orrhagic pancreatic necrosis and that all of the mice
died of pancreatitis if the diet was administered contin-
ually for 5 days. Because of its relatively slow develop-
ment and noninvasive nature, this diet-induced model
has proven to be quite useful for studies designed to 
examine acinar cell events during the evolution of pan-
creatitis, the coupling of pancreatitis to generation of

inflammatory mediators, and the relationship between
pancreatitis and lung injury. The morphologic changes
of diet-induced pancreatitis closely resemble those of
severe clinical pancreatitis. This, and the fact that the
mortality rate associated with diet-induced pancreati-
tis can be adjusted downward by reducing the amount
of administered ethionine, have made this model 
attractive for studies of severe pancreatitis. However,
the major criticism of this model is the obvious con-
cern about clinical relevance since few, if any, patients
develop pancreatitis because of exposure to an 
ethionine-containing diet.

In the early 1970s Solcia and colleagues noted that
animals given high doses of cholecystokinin (CCK) or
its decapeptide analog cerulein developed evidence of
pancreatitis. This observation was largely overlooked
until 1977 when Lampel and Kern showed that rats 
developed acute interstitial (edematous) pancreatitis
when they were infused with a dose of cerulein that was
in excess of that which stimulated a maximal rate of 
digestive enzyme secretion from the pancreas. Since 
then, this model of pancreatitis, induced by supraphysio-
logic (supramaximal) secretagogue stimulation has
been extensively employed. The observed morphologic
changes include extensive pancreatic edema, acinar cell
vacuolization, and pancreatic inflammation. Pancre-
atitis develops rapidly and reproducibly in this 
secretagogue-induced model and the pancreatitis is 
associated with clear evidence of acute lung injury.
When applied to mice instead of rats, the resulting pan-
creatitis is more severe but, for the most part, it is still
transient and nonfatal. In mice, cerulein-induced pan-
creatitis is associated with less edema than in the rat but
there is extensive acinar cell necrosis, hemorrhage, and
considerable inflammation. Furthermore, lung injury is
more severe in mice than in rats. The mouse and rat 
secretagogue-induced models of acute pancreatitis are
the most widely employed models of acute pancreatitis,
perhaps because they are easily induced in relatively
cheap experimental animals and because they evolve in
a consistent and reproducible fashion. Induction of
pancreatitis and pancreatitis-associated lung injury re-
quires only 3–12 hours of exposure to supramaximally
stimulating doses of cerulein. Attraction to these 
models is also increased by the fact that many of the
events that characterize secretagogue-induced pancre-
atitis can be replicated when mouse or rat pancreatic
acini are incubated in vitro with a supramaximally
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Table 2.2 Experimental models of acute pancreatitis.

Retrograde injection of the pancreatic duct
Administration of a choline-deficient ethionine-

supplemented diet
Supramaximal secretagogue stimulation with 

cholecystokinin or its analog cerulein
Ligation of the opossum pancreatic duct



stimulating concentration of CCK or cerulein. On the
other hand, the secretagogue-induced models are sub-
ject to the same criticisms that have been raised about
the diet model with regard to clinical relevance, since
few if any patients develop pancreatitis as a result of
supramaximal secretagogue stimulation.

Responding to the concern regarding clinical rele-
vance, Senninger and Moody developed a model of
pancreatitis that could be induced by obstructing the
biliopancreatic duct. Although in most animals this
leads to exocrine pancreatic atrophy and relatively 
little acute pancreatic injury, these investigators found
that extensive pancreatic necrosis and hemorrhage oc-
curred when the biliopancreatic duct of the American
opossum was obstructed. This opossum model of 
pancreatitis is attractive for its clinical relevance and
because the morphologic changes within the pancreas
resemble those of severe gallstone pancreatitis. In addi-
tion, cell biological studies with this model are possible
because the lesion develops relatively slowly over hours
to days. The major problems with this model, however,
are those presented by the animal itself. Opossums are
trapped in the wild, difficult to handle, infested with
parasites, and not inbred. Thus, there exists consider-
able animal-to-animal variation and studies must in-
volve large numbers of animals to compensate for these
variations. For these reasons, the opossum model, 
although perhaps the most clinically relevant, has 
not been widely employed by investigators studying
acute pancreatitis.

Protein synthesis and enzyme secretion

Protein synthesis by pancreatic acinar cells during the
evolution of pancreatitis has been studied using both
the secretagogue- and the diet-induced models, but the
results of these studies have varied somewhat. Protein
synthesis and the synthesis of digestive enzymes appear
to be unaltered during evolution of diet-induced pan-
creatitis. In secretagogue-induced pancreatitis, how-
ever, some studies have suggested that synthesis may be
unaltered but more recent studies have indicated that
supramaximal stimulation with cerulein reduces acinar
cell protein synthesis.

Pancreatic digestive enzyme secretion has been eval-
uated during evolution of diet-induced pancreatitis, rat
cerulein-induced pancreatitis, mouse cerulein-induced
pancreatitis, duct injection-induced pancreatitis, and

opossum pancreatitis. It has also been studied under
conditions in which pancreatic acini are exposed to
supramaximally stimulating concentrations of either
cerulein or CCK in vitro. In each of these cases, a pro-
found inhibition of pancreatic enzyme secretion has
been observed. The consistency of this observation, 
regardless of the model used, suggests that it may be a
characteristic of clinical pancreatitis as well and several
groups have suggested that inhibition of acinar cell 
digestive enzyme secretion may be one of the essential
early events that underlie development of pancreatitis.

Intracellular trafficking

The diet-induced model of pancreatitis and both the rat
and mouse models of secretagogue-induced pancreati-
tis have been used to examine intracellular transport of
newly synthesized protein (i.e., digestive enzymes, di-
gestive enzyme zymogens, and lysosomal hydrolases)
during the evolution of pancreatitis. Surprisingly, the
changes noted in each of these models is similar. In each,
the expected intracellular segregation of lysosomal hy-
drolases from digestive enzyme zymogens is perturbed
and, in each model, both types of enzymes are colocal-
ized within cytoplasmic vacuoles. The mechanism by
which this colocalization occurs appears to be different
with each of the models (Fig. 2.2). In the diet model of
pancreatitis, this colocalization occurs because zymo-
gen granules and lysosomes fuse by crinophagy. In the
secretagogue models, colocalization is caused by both
crinophagic fusion of zymogen granules with lyso-
somes and defective sorting of lysosomal hydrolases
from digestive enzymes as they traverse the Golgi
stacks. In vitro exposure of rat or mouse pancreatic
acini with a supramaximally stimulating dose of
cerulein leads to the colocalization of digestive enzyme
zymogens with lysosomal hydrolases inside cytoplas-
mic vacuoles and this phenomenon is assumed to occur
as a result of perturbed intracellular trafficking of these
enzymes.

Colocalization of digestive enzymes with lysosomal
hydrolases also occurs in the opossum model of duct
ligation-induced pancreatitis but, in this model, the
colocalization phenomenon does not appear to be
caused by perturbed intracellular trafficking. Rather, 
it is caused by cellular reuptake, into the lysosomal
compartment, of secreted digestive enzymes and their
zymogens.
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Colocalization and digestive enzyme activation

Digestive enzyme activation within acinar cells has
been noted in each of the experimental models of 
pancreatitis and has also been observed in pancreatic
samples taken from patients with acute pancreatitis. It
is generally believed that intraacinar cell activation of
digestive enzyme zymogens is a critical event in the
pathogenesis of pancreatitis, leading to acinar cell in-
jury and eventually to pancreatitis. We have suggested
that the colocalization of digestive enzyme zymogens
with lysosomal hydrolases is the initial event and that
this colocalization phenomenon leads to zymogen acti-
vation because it permits the lysosomal hydrolase
cathepsin B to catalytically activate trypsinogen and
trypsin to activate the remaining zymogens. Indeed, it is
well known that cathepsin B can catalytically activate
trypsinogen, that trypsin can activate the other zymo-
gens, and that, at least in the experimental models of
pancreatitis, zymogen activation occurs at the site in
which lysosomal hydrolases are colocalized with diges-
tive enzyme zymogens. Furthermore, in virtually all the
experimental models examined to date, colocalization
of digestive enzyme zymogens with lysosomal hydro-
lases has been observed to occur and that colocalization
can be detected prior to the appearance of demonstra-
ble cell injury.

In spite of these findings, the importance of the colo-
calization phenomenon to intraacinar cell zymogen 
activation and the initiation of pancreatitis has been 
the subject of considerable controversy. Some of the 
objections to the colocalization hypothesis include the
following.
1 The colocalization of digestive zymogens with lyso-
somal hydrolases occurs, to some extent, even under
physiologic conditions because sorting is incomplete

during normal intracellular trafficking. Thus, by itself,
the colocalization phenomenon may not be of patho-
logic significance.
2 Similarly, since colocalization can be induced by 
various agents and interventions that do not, by them-
selves, cause either intracellular zymogen activation or
pancreatitis, the colocalization phenomenon may not
be of pathologic significance.
3 The extent of colocalization is not related to the
severity of pancreatitis and, therefore, colocalization
may not be of pathologic significance.
4 Although digestive enzyme zymogens and lysosomal
hydrolases may become colocalized, the micro-
environment within the colocalization compartment
may not be ideal for either cathepsin B activation of
trypsinogen or trypsin activation of the other 
zymogens. Indeed, the cytoplasmic vacuoles in which
digestive zymogens and lysosomal hydrolases are colo-
calized are believed to have an internal pH of around
5.5–6.0 and this may be too high for optimal cathepsin
B activity and too low for optimal trypsin activity.

Taken together, these concerns have led some to 
suggest that the colocalization phenomenon may in
fact be an epiphenomenon and not an event which is
critical to the evolution of acute pancreatitis. Some
have even suggested that the colocalization phenome-
non may be the result, rather than the cause, of acute
pancreatitis. These concerns have stimulated a series of
studies designed to determine if in fact the colocaliza-
tion phenomenon is an early and critical event in the
evolution of pancreatitis. These studies have shown
that:
1 the colocalization phenomenon precedes the onset of
zymogen activation during pancreatitis and zymogen
activation can be detected prior to the appearance of
cell injury in pancreatitis;
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2 zymogen activation occurs at the site of 
colocalization;
3 prevention of colocalization prevents zymogen 
activation and cell injury;
4 neither preventing zymogen activation nor inhibit-
ing activated zymogens prevents colocalization;
5 inhibition or deletion of lysosomal hydrolases 
prevents zymogen activation and cell injury and it 
reduces the severity of pancreatitis.

Taken together, these findings have provided strong
arguments for the validity of the colocalization hypo-
theses and, at present, the concept that colocaliza-
tion of digestive enzyme zymogens with lysosomal 
hydrolases plays an important role in triggering pan-
creatitis is generally accepted. However, it is clear that
the colocalization phenomenon is not, by itself, suffi-
cient to induce acinar cell injury and/or pancreatitis
since colocalization can occur without causing pancre-
atitis. It would appear, therefore, that in addition to the
colocalization phenomenon, other acinar cell events
are also required for the induction of pancreatitis. One
likely candidate for the other required event(s) would
be inhibition of acinar cell digestive enzyme secretion.
This inhibition of secretion has been noted to occur in
each of the models of acute pancreatitis.

Acinar cell injury

Acinar cell injury is an early event in each of the experi-
mental models of pancreatitis and, as noted above, the
earliest morphologic changes in the opossum model of
pancreatitis involve acinar cells. The mechanisms 
responsible for acinar cell injury in pancreatitis are 
not entirely clear. In vitro studies, using acini exposed
to supramaximally stimulating concentrations of
cerulein, have shown that inhibition of pancreatic 
proteases such as trypsin protects acinar cells from
cerulein-induced injury. Furthermore, overexpression
of trypsin inhibitors in acinar cells has also been found
to reduce the severity of cerulein-induced pancreatitis.
These observations suggest that acinar cell injury, at
least during the earliest stages of pancreatitis, may be
caused by intracellularly activated zymogens including
trypsinogen. It is likely that the progression of injury at
later times is also mediated by these activated enzymes
and in addition by other factors, including oxygen-
derived free radicals, released from inflammatory cells
that have been activated and chemoattracted to the
pancreas during the early phases of the disease.

Intraacinar cell mediators

Many studies have been designed to examine the intra-
cellular mediators and intracellular pathways that
might play important roles in the initiation of acute
pancreatitis (Fig. 2.3). Most of these studies have em-
ployed the secretagogue (i.e., cerulein)-induced models
of pancreatitis in rodents (i.e., mice or rats) or, alterna-
tively, in vitro systems in which rodent pancreatic acini
are exposed to a supramaximally stimulating concen-
tration of cerulein.

Physiologic or maximally-stimulating concentrations
of cerulein, which do not induce pancreatitis, are known
to interact with high-affinity CCK-A receptors on the
acinar cell surface and to activate phospholipase C in the
cell membrane. This activation is known to result in 
hydrolysis of phosphatidylinositol 4,5-bisphosphate
(PIP2) yielding inositol 1,4,5-trisphosphate (IP3) and 
diacylglycerol. Diacylglycerol activates protein kinase 
C while IP3 binds to receptors on the endoplasmic 
reticulum, triggering release of calcium from intracellu-
lar stores and an oscillatory rise in cytoplasmic calcium
concentrations. The supramaximally stimulating con-
centrations of cerulein that induce pancreatitis bind 
to lower-affinity CCK-A receptors and, by unclear
mechanisms, cause a sustained rise in cytoplasmic 
calcium concentrations. This sustained rise is believed 
to reflect the combined effects of releasing calcium from
intracellular storage pools and accelerating influx of
extracellular calcium into the cell. Supramaximally
stimulating concentrations of cerulein also cause activa-
tion of protein kinase C, activation of adenylate cyclase,
a rise in acinar cell cyclic AMP (cAMP) levels, and acti-
vation of protein kinase A. In addition, supramaximally
stimulating concentrations of cerulein trigger activation
of many other downstream events that may play roles 
in initiating pancreatitis. Included among these 
downstream events are activation of tyrosine kinases,
activation of proinflammatory transcription factors, 
induction of cytoskeletal changes, and possible 
activation of phosphoinositide 3-kinase (PI3K).

Calcium

The sustained rise in cytoplasmic calcium levels that
follows exposure of acini to a supramaximally stimu-
lating concentration of cerulein appears to play a criti-
cal role in coupling supramaximal cerulein stimulation
with intracellular zymogen activation and acinar cell
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injury. Aborting this sustained calcium rise, either by
removing calcium from the suspending medium or by
preloading the acini with the calcium chelator BAPTA,
can prevent both zymogen activation and cell injury.
Ward and coworkers have hypothesized that this rise in
calcium is, by itself, sufficient to cause zymogen activa-
tion and cell injury in the cerulein model of pancreatitis
and they have suggested that a pathologic rise in cyto-
solic calcium may be responsible for pancreatitis in 
the other models as well as clinically. They argue that
sustained elevations of cytoplasmic calcium could 
result from ductal hypertension, alcohol ingestion, 

hypoxia, hypercalcemia, hyperlipidemia, viral infec-
tion, and exposure to various drugs and that these 
elevations of calcium could directly cause zymogen 
activation as well as cell injury. However, their hypoth-
esis is quite controversial and most workers, including
ourselves, believe that while a change in calcium is 
necessary for induction of pancreatitis, this is not by 
itself sufficient to cause the alterations of pancreatitis.

Protein kinase C and tyrosine kinases

Protein kinase C is the downstream target of the diacyl-
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glycerol generated in response to cerulein-induced
phospholipase C activation and hydrolysis of PIP2 in
the cell membrane. Protein kinase C is, under resting
conditions, a cytosolic protein but during activation it
is recruited to membrane sites. Subsequent to its activa-
tion, protein kinase C functions to phosphorylate 
proteins that regulate a large number of metabolic
pathways. The tyrosine kinases are another group of re-
ceptor-coupled kinases that regulate metabolic path-
ways by phosphorylating downstream proteins. Some
of the pathways regulated by protein kinase C and 
receptor-coupled tyrosine kinases undoubtedly control
cellular processes critical to maintenance of the cy-
toskeleton, facilitation of secretion, and generation of
proinflammatory mediators. In vitro studies, evaluat-
ing intracellular activation of digestive enzyme zymo-
gens in acinar cells exposed to a supramaximally
stimulating concentration of cerulein, have indicated
that inhibition of protein kinase C or inhibition of 
tyrosine kinases interferes with cerulein-induced in-
traacinar cell activation of trypsinogen. These findings
suggest that protein kinase C and tyrosine kinases play
a critical role in mediating intraacinar cell zymogen 
activation but, as yet, the actual events mediated by
these kinases have not been identified.

Phosphoinositide 3-kinase

PI3K is an important phospholipid kinase discovered
by Cantley and coworkers in 1988. It catalyzes phos-
phorylation of membrane phosphoinositides in the 3¢
OH position and, as a result, it regulates a vast number
of downstream metabolic pathways. Three classes of
PI3K have been identified. Class I PI3Ks signal down-
stream to G protein-coupled receptors or tyrosine 
kinase-coupled receptors. They yield phosphatidyl-
inositol 3,4-bisphosphate, phosphatidylinositol 
3,5-bisphosphate, or phosphatidylinositol 3,4,5-
trisphosphate as their products, and cause downstream
activation of the key regulatory protein Akt/PKB. Class
II PI3Ks signal downstream to growth factor receptors
and generate the same products as class I PI3Ks. Class
III PI3Ks are constitutively active enzymes that phos-
phorylate only phosphatidylinositol and yield only
phosphatidylinositol 3-phosphate as their product. In
yeast, class III PI3Ks regulate trafficking to the vacuole,
which is analogous to mammalian lysosomes; accord-
ing to recent reports, class III PI3Ks function in mam-
malian cells to regulate trafficking to lysosomes.

In recently reported studies, we have found that inhi-
bition of PI3K reduces the severity of secretagogue-
induced and duct infusion-induced pancreatitis. Under
in vitro conditions, inhibition of PI3K was also found
to prevent supramaximal cerulein-induced intraacinar
cell zymogen activation and the colocalization phe-
nomenon but not to alter supramaximal secretagogue-
induced NF-kB activation or cytoskeletal changes. We
suggested that this phenomenon might be mediated by
a class III PI3K and that this PI3K might play an impor-
tant role in facilitating the colocalization of digestive
enzyme zymogens with lysosomal hydrolases. Subse-
quent reports by Pandol and coworkers have confirmed
our observation that inhibition of PI3K prevents
cerulein-induced intrapancreatic digestive enzyme 
activation and reduces the severity of secretagogue-
induced pancreatitis, although these studies suggested
that the relevant PI3K might belong to the class I group
and that it might function by activating Akt/PKB. Thus,
at present, the identity of the relevant PI3K remains to
be determined with certainty, but in either case these 
recent studies suggest that PI3K inhibition might be 
of therapeutic or prophylactic value in the management
of patients with pancreatitis.

Protein kinase A

Supramaximal stimulation of pancreatic acinar cells
with CCK or cerulein results in activation of adenylate
cyclase and the generation of cAMP from ATP. This key
second messenger has at least three downstream targets
but the most well characterized is protein kinase A. Aci-
nar cell adenylate cyclase can also be activated by other
hormones including secretin. Recently reported studies
by Gorelick and his coworkers have indicated that 
secretin stimulation of acinar cells sensitizes them to
stimulation with cerulein and that, in the presence of 
secretin, submaximally stimulating concentrations of
cerulein can cause intraacinar cell activation of diges-
tive enzyme zymogens. Their studies have indicated
that this effect of secretin is mediated by cAMP and that
the sensitizing effect of secretin is itself mediated by 
activation of protein kinase A. In preliminary studies,
we have confirmed these observations and found that
secretin stimulation, and cAMP generation, also sensi-
tizes acinar cells to other cerulein-induced changes 
including the cytoskeletal changes that would other-
wise require supramaximally stimulating concentra-
tions of cerulein. Whether cAMP and protein kinase A
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play an important role in other models of pancreatitis
or in clinical pancreatitis remains to be established.

Severity determinants

Clinically, acute pancreatitis is a disease of variable
severity. The vast majority of patients with acute 
pancreatitis have a mild disease that resolves spon-
tanenously and is associated with little morbidity and
virtually no mortality. On the other hand, approxi-
mately 20% of patients with acute pancreatitis have a
severe disease and in most of these patients their attack
of pancreatitis is accompanied by systemic changes, 
including an acute lung injury that presents clinically 
as ARDS.

The very early events that characterize the evolution
of pancreatitis, including intraacinar cell zymogen acti-
vation and acinar cell injury, appear to be similar re-
gardless of whether the disease is mild or severe and, for
the most part, these early events have been completed
prior to the time the diagnosis of pancreatitis is made.
For these reasons, it is generally believed that while
treatments designed to alter early events might be of
prophylactic value, these treatments are unlikely to be
therapeutically useful in the management of patients
with established severe pancreatitis. In contrast to the
initiation of pancreatitis, however, most observers be-
lieve that the ultimate severity of a pancreatitis attack is
determined by proinflammatory events that are super-
imposed on the initiating events (Table 2.3). It is gener-
ally thought that a lag phase, perhaps ranging from
hours to several days, occurs between the initiating
events and the secondary “severity-determining”
events and that this lag phase could present the clinician
with a window of therapeutic opportunity, during
which antiinflammatory interventions that moderate
the severity-determining events might result in a reduc-
tion in pancreatitis severity. This belief has prompted
many to search for the factors that regulate the severity
of a pancreatitis attack and, to date, a number of 
metabolic pathways and important mediators have
been identified.

Proinflammatory transcription factors

One of the earliest changes following supramaximal
stimulation of acinar cells with cerulein, either in vivo
or in vitro, is the activation of proinflammatory tran-

scription factors (NF-kB, AP-1, and others), stress-
activated kinases (MAPK, ERK, and others), and onco-
genes (c-fos, c-jun, c-myc, and others). Activation of
these factors during the early stages of other experi-
mental pancreatitis models and during the early stages
of clinical pancreatitis may also occur but studies aimed
at documenting such changes have not been as exten-
sively pursued. It appears that activation of these proin-
flammatory transcription factors and downstream
kinases reflects binding to low-affinity CCK receptors
in the secretagogue-induced models and that their 
activation is not dependent upon prior intraacinar cell
activation of digestive enzyme zymogens. In fact, acti-
vation of these transcription factors occurs so quickly
after the onset of supramaximal stimulation that 
activation of proinflammatory cascades may actually
precede intraacinar cell activation of the digestive 
enzyme zymogens.

NF-kB is perhaps the most well studied of the tran-
scription factors that are activated during the early
stages of experimental pancreatitis. The role of PI3K in
NF-kB activation is uncertain, with one study suggest-
ing that PI3K plays no role in this process and another
claiming that PI3K plays a critical role in mediating 
NF-kB activation during experimental pancreatitis.
Subsequent to its activation, NF-kB translocates to the
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Table 2.3 Severity determinants for acute pancreatitis.

Proinflammatory
Transcription factors: NF-kB, AP-1
Stress-activated kinases: MAPK, ERK, JUNK
Platelet-activating factor
Tumor necrosis factor-a
Ligands acting on CCR-1 receptors
Substance P
Adhesion molecules: intercellular adhesion molecule-1, 

P-selectin, E-selectin
Neutrophils
Products of cyclooxygenase-2
Interleukins: IL-1, IL-6, IL-8
CXC-ELR chemokines
Reactive oxygen species

Antiinflammatory
Complement factor C5a
Heat-shock proteins
Interleukins: IL-10, IL-11
Apoptosis

4



nucleus where it regulates expression of many proin-
flammatory and antiinflammatory factors. The overall
effect of NF-kB in pancreatitis has been controversial,
with some studies indicating that, on balance, it is
proinflammatory and others suggesting that it may
function to reduce the severity of pancreatitis. How-
ever, the prevailing opinion is that NF-kB activation
mediates the worsening of pancreatitis severity and
that the severity of pancreatitis can be reduced by pre-
venting NF-kB activation.

Generation of inflammatory factors

Activation of transcription factors such as NF-kB and
AP-1 results in the altered expression of many down-
stream proteins that regulate inflammatory processes,
and there is a growing list of those regulatory proteins
and inflammatory processes that play a role in pan-
creatitis. For the most part, studies evaluating the cyto-
kines, chemokines, and other inflammatory factors
that might regulate the severity of pancreatitis have 
employed (i) drugs or antibodies to abort the actions 
of these factors or (ii) genetically manipulated mouse
strains that either do not express certain factors or lack
the relevant receptors for those factors. As a result of
these studies, a number of factors are now known to
regulate the severity of pancreatitis and/or to couple
pancreatic injury with lung injury. The proinflam-
matory factors for pancreatitis include platelet-
activating factor (PAF), tumor necrosis factor-a,
chemokines acting via the CCR-1 receptor, the neuro-
transmitter substance P, the adhesion molecules P- and
E-selectin as well as intercellular adhesion molecule
(ICAM)-1, and a number of interleukins including 
IL-1, IL-6, and IL-8. It is likely that most or all of these
factors play critical roles in activating inflammatory
cells and mediating their chemoattraction to the pan-
creas but they may also function to directly regulate the
extent of acinar cell injury. IL-10, IL-11, and comple-
ment factor C5a have been found to reduce the severity
of acute pancreatitis.

Activation and recruitment of inflammatory cells

Recruitment of inflammatory cells to areas of 
pancreatic injury as well as the activation of these 
inflammatory cells is an early and critical event in the
inflammatory process of pancreatitis. A number of the
factors elaborated by the injured pancreas, including

interleukins, chemokines, and cytokines, are known to
play an important role in these processes. Many act 
directly on resident macrophages within the pancreas
and/or on circulating inflammatory cells, including
neutrophils, lymphocytes, and macrophages. Many of
the elaborated factors also act by increasing endothelial
cell expression of adhesion molecules within the 
pancreatic (and pulmonary) microcirculation. Taken
together, these various events result in a number of
changes including (i) activation and priming of inflam-
matory cells for subsequent participation in the inflam-
matory reaction, (ii) chemoattraction of activated
inflammatory cells to the pancreatic (and pulmonary)
microcirculation, (iii) adhesion of inflammatory cells 
to the endothelial lining of the pancreatic (and 
pulmonary) microvasculature, and (iv) transmigration
of activated and chemoattracted inflammatory cells
across the microvascular barrier and into areas of 
inflammation.

Factors such as PAF and substance P, as well as many
of the prostaglandins, appear to act primarily by in-
creasing vascular endothelial permeability and in this
way they promote transudation of intravascular fluid
into the areas of pancreatic injury. They also promote
fluid transudation across the pulmonary microvascular
lining and, as a result, contribute to generation of the
acute lung injury associated with severe pancreatitis.

A number of experimental studies have shown 
that the severity of pancreatitis, and of pancreatitis-
associated lung injury, is directly related to the magni-
tude of these inflammation-related events and that 
interruption of these events can alter the severity of
pancreatitis and/or pancreatitis-associated lung injury.
Thus, genetic deletion or pharmacologic inhibition of
PAF, cyclooxygenase-2, CCR-1 receptors, substance 
P, as well as various interleukins, chemokines, and 
cytokines has been shown to reduce the severity 
of pancreatitis and its associated lung injury. 
Neutrophil depletion, as well as genetic deletion or
pharmacologic inhibition of adhesion molecules, have
also been shown to reduce the severity of pancreatitis
and pancreatitis-associated lung injury. Some of the 
inflammation-related factors have been found to exert
an antiinflammatory effect: genetic deletion or phar-
macologic inhibition of these factors increases the
severity of pancreatitis and/or pancreatitis-associated
lung injury. This has been reported to be the case for
complement factor C5a (and the C5a receptor) and for
IL-10 and IL-11.
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Reactive oxygen species

Considerable evidence has been presented indicating
that reactive oxygen species, generated and released by
injured acinar cells or by inflammatory cells that have
been activated and recruited to the injured pancreas,
can dramatically alter the inflammatory reaction in
pancreatitis. Some investigators have suggested that
the initial acinar cell injury may itself reflect the delete-
rious effects of reactive oxygen species generated 
in response to the inciting event, although most 
investigators believe that the initiating events in pan-
creatitis are not mediated by reactive oxygen species.
Rather, reactive oxygen species appear to primarily 
regulate the extent of acinar cell necrosis, the develop-
ment of pancreatic edema, the sequestration of inflam-
matory cells within the pancreas, and the generation of
inflammatory mediators by acinar and nonacinar cells
of the pancreas and lung.

Expression of heat-shock proteins

Heat-shock proteins, including HSP27, HSP60, and
HSP70, have been implicated as regulators of pancre-
atitis severity. The most well studied have been the pro-
teins of the HSP70 superfamily. HSP70 expression in
the pancreas is upregulated during pancreatitis and this
upregulated expression appears to dampen the severity
of pancreatitis. Induction of HSP70, by prior thermal
stress, adrenergic stimulation, or exposure to agents
such as arsenic, has been shown to reduce the severity of
pancreatitis. The mechanisms by which HSP70, and
other heat-shock proteins, ameliorate the severity 
of pancreatitis are not known but this issue is of con-
siderable interest since there exists the potential for 
preventing or reducing the severity of pancreatitis by
interventions that promote HSP70 expression.

Balance between apoptosis and necrosis

Severe pancreatitis is characterized by extensive necro-
sis but relatively little apoptosis of pancreatic acinar
cells. Several studies have suggested that interventions
which alter the balance between necrosis and apoptosis
can affect the severity of pancreatitis: those that favor
cell death by apoptosis reduce the severity of pancreati-
tis, whereas those that favor cell death by necrosis lead
to an increase in the severity of pancreatitis. The 
mechanisms by which pancreatitis severity might by

regulated by the mode of cell death have not been 
explored and they are currently unknown.

Prophylaxis versus treatment

As demonstrated by the above discussion, many factors
that regulate the severity of pancreatitis have been iden-
tified and interventions which interfere with the expres-
sion or action of those that are proinflammatory have
been shown to reduce the severity of pancreatitis. Un-
fortunately, the vast majority of the studies demon-
strating that interfering with these factors is beneficial
have involved interventions that are begun prior to, or
coincident with, the initiation of pancreatitis and the
beneficial effect has not been noted when the interven-
tion is delayed until after the pancreatitis has become
established. Similarly, in clinical practice interventions
that have been shown to reduce the severity of experi-
mental pancreatitis when begun prior to the onset of
the disease have failed to benefit patients with estab-
lished pancreatitis.

Chronic pancreatitis

According to the prevailing wisdom, chronic pancreati-
tis is the end product of repeated attacks of acute pan-
creatitis yet chronic pancreatitis differs from acute
pancreatitis by the appearance of irreversible fibrosis,
along with exocrine and/or endocrine insufficiency 
in the chronic disease. The mechanisms responsible 
for the changes of chronic pancreatitis and the reasons
why only a subset of patients with acute inflammation
progress to chronic pancreatitis are not known. Recent
studies have demonstrated that the evolution of 
chronic pancreatitis depends upon activation and 
stimulation of pancreatic stellate cells, which contain
smooth muscle a-actin, secrete collagen, and are re-
sponsible for the development of fibrosis. Some investi-
gators have suggested that stellate cell activation and
deposition of collagen might also occur in acute pan-
creatitis but that matrix metalloproteinases may pro-
mote collagen degradation and, by this means, prevent
acute pancreatitis from evolving into chronic pancre-
atitis. Presumably, a defect in matrix metalloproteinase
function (either genetic or acquired by exposure to 
factors such as ethanol that cause chronic pancreatitis)
could interrupt this remodeling process and result in
the development of chronic pancreatitis.
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Summary and overview

Pancreatitis is a disease which is believed to evolve in
phases (Fig. 2.4). The initial phase is triggered by an in-
citing event such as passage of a biliary tract stone, ex-
posure to a pancreatico-toxic drug, or abuse of ethanol.
This brings about intracellular changes within the aci-
nar cells of the pancreas that cause inhibition of diges-
tive enzyme secretion, along with the colocalization of
digestive enzyme zymogens with lysosomal hydrolases
within intracellular organelles. This colocalization
phenomenon results in digestive zymogen activation
within acinar cells and acinar cell injury. In addition, in-
tracellular zymogen activation leads to the elaboration
of a number of proinflammatory factors that serve to
regulate the severity of pancreatitis as well as to couple
pancreatic injury with systemic events, including acute
lung injury and ARDS. Repeated bouts of acute pancre-
atic injury associated with pancreatic necrosis triggers
intrapancreatic fibrogenesis and a chronic inflamma-
tory reaction that eventually leads to the development
of chronic pancreatitis.

This concept about the pathogenesis of pancreatitis
may have important implications with regard to the
prevention and/or treatment of the disease. An under-
standing of the early pathogenetic events that underlie

the triggering of acute pancreatitis may suggest 
methods of preventing the disease. The recognition that
a number of proinflammatory and antiinflammatory
factors regulate the severity of an attack of pancreatitis
may suggest methods of minimizing the severity of an
attack and preventing the development of systemic
complications including acute lung injury. Finally, the
observation that there may be a window of therapeutic
opportunity between the onset of pancreatitis and 
the commitment of events governing the severity 
of an attack may identify the optimal timing for initia-
tion of treatment designed to minimize pancreatitis
severity.
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Once acute pancreatitis has developed (see Chapter 1)
and regardless of the etiologic factor involved, 
several pathophysiologic events are clinically re-
levant. Among these, circulatory changes within the 
pancreas, the local and systemic inflammatory re-
sponse, and the role of gut permeability should be 
emphasized.

Circulatory changes in the pancreas

Microcirculatory changes, including vasoconstriction,
capillary stasis, decreased oxygen saturation, and pro-
gressive ischemia, occur early in experimental models
of acute pancreatitis. These changes cause increased
vascular permeability and swelling of the gland (ede-
matous or interstitial pancreatitis). Vascular injury
could lead to local microcirculatory failure and ampli-
fication of the pancreatic injury. A recent clinical study
in patients with acute pancreatitis has shown a decrease
in the superior mesenteric arterial pulsatility index
(measured using Doppler sonography) during the early
stage of severe acute pancreatitis.

There is also speculation about the role of 
ischemia/reperfusion injury in the pancreas. Hypoxia
resulting from the vasoconstriction is followed by 
vasodilation during reoxygenation. The reintroduc-
tion of molecular oxygen during reperfusion/vasodila-
tion transforms hypoxanthine to xanthine and initiates
the release of oxygen radicals. The potential candidates
mediating vasoconstriction/vasodilation are endothe-
lin (vasoconstriction) and NO (vasodilation). An im-
balance between endothelin and NO may be the major

determinant that regulates regional hemodynamics
and local perfusion. In fact, extremely high plasma 
endothelin-1 concentrations have been reported in 
patients with pancreatic and diffuse intestinal necrosis,
and the pancreatic origin of endothelin has been
demonstrated in experimental models of acute pancre-
atitis. On the other hand, the urinary excretion of ni-
trites, as stable metabolites of NO, has been shown to
be increased in patients with severe acute pancreatitis,
probably as a consequence of endotoxin-mediated up-
regulation of inducible NO synthase (iNOs) activity.
However, it is not clearly delimited if pharmacologic in-
hibition of iNOs could be beneficial or detrimental in
the course of acute pancreatitis.

Another vasoactive mediator possibly implicated in
the pathophysiology of acute pancreatitis is amylin.
This 37-amino-acid polypeptide secreted by islet b cells
produces a selective exocrine hypoperfusion. Amyline
plasma levels are significantly higher in severe acute
pancreatitis than in mild cases.

Finally it has been demonstrated recently that many
tissues and organs, including the pancreas, have 
their own renin–angiotensin system. Some experimen-
tal data show that acute pancreatitis could markedly
upregulate the expression of the renin–angiotensin 
system. In this respect, recent findings in experimental
pancreatitis have further demonstrated that the admin-
istration of renin–angiotensin inhibitors, such as an-
giotensin II receptor antagonists, could protect against
the severity of pancreatic injury by ameliorating the 
oxidative stress. Such a protective effect may open up a
new strategy in the treatment of pancreatitis through
the use of angiotensin II receptor antagonists.
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Leukocyte chemoattraction, release of
cytokines, and oxidative stress

Inflammation is a complex and dynamic process that
begins when cells are damaged by a noxious agent (Fig.
3.1). Injured cells then generate reactive oxygen species
that attack the membranes of other cells and stimulate
the release of chemoattractants. Moreover, several
studies have shown decreased plasma levels of antioxi-
dants (i.e., total ascorbic acid) and increased release of
products derived from lipid peroxidation in patients
with acute pancreatitis. Similarly, patients with mild
cases of acute pancreatitis show significantly higher
serum levels of antioxidants (retinol and b-carotene)
than patients with severe acute pancreatitis and a close
inverse relationship has been reported between C-
reactive protein (CRP) and levels of antioxidants.

The migration of leukocytes into the injured tissue is
the consequence of a complex cascade of biochemical
events in which adhesion molecules play a major role.
In experimental studies using two different models of
acute pancreatitis, increased levels of intercellular ad-
hesion molecule (ICAM)-1 have been demonstrated in
pancreas, lung, and serum. On the other hand, neu-
trophil sequestration within the pancreas, evaluated by
tissue myeloperoxidase activity, is significantly blunted
in ICAM-deficient knockout mice, to the same extent as
mice given antineutrophil serum. The effects of both

maneuvers combined are no different from those noted
with either approach alone, indicating that ICAM-1-
independent and neutrophil-independent events also
contribute to the evolution of pancreatitis. In the same
line of research, a recent clinical study suggests that the
time course of elevated plasma soluble ICAM-1 con-
centrations reflects the risk of developing necrosis and
clinical complications in human acute pancreatitis.

Additionally, plasma levels of different CXC chemo-
kines, such as interleukin (IL)-8, growth-related on-
cogene (GRO)-a, and epithelial neutrophil-activating
protein (ENA)-78, are significantly higher in patients
with severe acute pancreatitis than in those with mild
cases of the disease. Another factor responsible for 
recruitment of specific leukocyte subpopulations to the
site of the inflammatory reaction is E-selectin. Patients
with severe acute pancreatitis exhibit significantly
higher plasma levels of E-selectin than patients with
mild cases of pancreatitis throughout the clinical
course of the disease.

The damaged tissue is invaded by neutrophils, which
constitute the first line of defence, being followed by
macrophages, monocytes, and lymphocytes. Several
studies, including our own, have shown that the peak
plasma level of polymorphonuclear (PMN) elastase,
which indicates the degree of PMN activation, appears
early in the course of acute pancreatitis and is signifi-
cantly increased in severe forms compared with mild
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forms. Neopterin, a macrophage activation marker,
shows similar behavior but with a later peak. On the
other hand, patients with severe acute pancreatitis 
become immunosuppressed, highlighted in several
studies that show a decrease in circulating CD3, CD4,
and CD8 lymphocytes, impaired neutrophil and mono-
cyte phagocytosis, and lower expression of human 
leukocyte antigen (HLA)-DR on peripheral monocytes.

Cytokines are a family of low-molecular-mass pro-
teins (16–25 kDa) that are secreted by a myriad of cells.
They are usually not found in normal tissue but are pro-
duced in response to stimuli via receptor-induced path-
ways. Cytokine secretion is a very closely regulated
process and the expression of most cytokines is modu-
lated by transcription factors such as NF-kB. All cyto-
kines induce the activation of highly specific cell 
surface receptors. Most cytokines have pleiotropic ac-
tivity and show multiple functional effects on a variety
of target cells. There is a large redundancy within the
system such that many cytokines can share similar bio-
logical effects, and in the absence of any one cytokine
others fill the gap. This is important for the potential
use of cytokine antagonist therapy and partially ex-
plains why single-cytokine antagonism has not proven
to be of clinical benefit in trials.

Plasma levels of proinflammatory cytokines rise
early in the course of acute pancreatitis. Related to this
finding is the recent report of high expression of NF-kB
in peripheral blood mononuclear cells of patients with
severe acute pancreatitis. Regarding specific cytokines,
the largest studies have focused on tumor necrosis fac-
tor (TNF)-a, IL-1b and IL-1 receptor antagonist (IL-
1ra), IL-6, and IL-10. Most of these studies show higher
plasma levels of TNF-a in patients with severe forms of
acute pancreatitis compared with mild forms. How-
ever, circulating levels of TNF-a do not constitute a re-
liable indicator of disease severity, since its pattern of
secretion is irregular and the liver rapidly clears TNF-a
before it reaches the general circulation. The presence
of soluble TNF-a receptors in the circulation may pro-
vide a better indicator of disease severity. Increased 
levels of circulating receptor predict organ failure in 
patients with acute pancreatitis even when TNF-a
levels are not detectable.

IL-1b is another potent proinflammatory cytokine.
Production of IL-1b is accompanied by induction of its
receptors as well as IL-1 converting enzyme, now re-
named caspase-1, which is responsible for cleaving pro-
IL-1b to the active form. There is a correlation between

the production of IL-1b and its specific receptor antag-
onist (IL-1ra) and the severity of acute pancreatitis.
However, although IL-1b and TNF-a are both involved
in the inflammatory cascade subsequent to acinar cell 
damage, they do not appear to play an initial causal role.

IL-6 is produced by a wide range of cells, includ-
ing monocytes/macrophages, endothelial cells, and
smooth muscle cells, in response to stimulation by en-
dotoxin, IL-1b, and TNF-a. Several reports, including
our own, have shown significantly higher levels of IL-6
within the first few days of hospitalization in patients
with severe forms of acute pancreatitis compared with
those with mild forms of the disease. The time course in
individual cases demonstrated a dynamic parallel pro-
file between CRP and phospholipase A (PLA) together
with persistently raised concentrations of IL-6, suggest-
ing a common source for the plasma levels of IL-6 and
PLA. On the other hand, IL-6 is the main stimulus for
the hepatic production of acute-phase proteins. We
studied the serum levels of CRP in 80 patients with
acute pancreatitis (40 with mild and 40 with severe
forms). CRP (the single variable with highest predictive
value of severity) peaked within days 2–4, with levels
considerably higher in the group with severe acute 
pancreatitis.

IL-10 is an antiinflammatory cytokine and is thought
to exert a protective role in acute pancreatitis. Serum
levels are markedly raised within the first 24 hours of an
attack followed by a steady decline. During the first 24
hours, serum IL-10 levels are higher in those with mild
as opposed to severe acute pancreatitis.

Hepatocyte growth factor (HGF) is a potent mitogen
for a wide variety of cells and is considered to be a cy-
tokine with a critical role in tissue repair. High levels of
plasma HGF have been reported in patients with acute
pancreatitis. Experimentally, HGF prevents apoptotic
cell death in liver, kidney, and lung, suggesting that 
it might function as an organotrophic factor against
organ injuries in acute pancreatitis.

Other mediators not related to the cytokine cascade,
such as platelet-activating factor (PAF), play an impor-
tant role in the complex inflammatory process. PLA2
released by activated neutrophils catalyzes the produc-
tion of PAF from phospholipids in the cellular mem-
brane. PAF activates platelets, neutrophils and, more
importantly, increases endothelial permeability. The
generalized leakage leads to hypovolemia, hypoten-
sion, hypoxemia, and ischemia of several organs. This
is why PAF has been used as the target for a new thera-

CHAPTER 3

29



peutic approach, but unfortunately the results of the
clinical trials have been once more disappointing.

The relationship between proinflammatory hypercy-
tokinemia and multiple organ dysfunction syndrome
(MODS) seems to be clearly established in several stud-
ies reporting similar results. In agreement with this
finding, higher serum levels of matrix metallopro-
teinase (MMP)-1, which show a significant direct rela-
tionship with TNF-a, have been described in patients
with acute pancreatitis and MODS, compared with less
severe clinical cases. MMP-1 plays a central role in the
degradation of the extracellular matrix. Therefore, this
enzyme must be closely involved in the pathogenesis of
MODS in cases of acute pancreatitis.

Table 3.1 summarizes the major inflammatory 
mediators implicated in acute pancreatitis.

The gut in acute pancreatitis

Increase in intestinal permeability

The bowel plays a pivotal role in the physiopathology
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Table 3.1 Inflammatory mediators in acute pancreatitis.

Inflammatory mediators Function

TNF-a Proinflammatory, neutrophil 
activation, shock

IL-1b Proinflammatory, neutrophil 
activation, shock

IL-6 Leukocyte growth/activation, 
acute-phase response, pyrexia

IL-8, GRO-a, ENA-78 Neutrophil activation and 
chemotaxis

PAF Platelet activation, neutrophil 
activation, increased 
endothelial permeability

IL-10 Antiinflammatory, inhibits 
release of proinflammatory 
cytokines

PMN elastase Protease
ICAM-1, E-selectin Neutrophil adhesion
MMP-1 Extracellular matrix 

degradation

ENA-78, epithelial neutrophil-activating protein-78; 
ICAM-1, intercellular adhesion molecule-1; IL, interleukin;
GRO-a, growth-related oncogene-a; MMP-1, matrix 
metalloproteinase-1; PAF, platelet-activating factor; PMN,
polymorphonuclear; TNF-a, tumor necrosis factor-a.

of acute pancreatitis (Fig. 3.2). Increased intestinal 
permeability in both animal models and patients with
acute pancreatitis has been reported to occur within 
72 hours from the onset of symptoms. It correlates
strongly with clinical outcome and persists throughout
hospitalization. The mechanisms causing this bowel
wall disruption are controversial. The significant fall in
intramucosal pH, which is related to the intensity of the
inflammatory process, suggests that intestinal ischemia
contributes to the observed damage in the mucosal 
barrier. Moreover, other factors that may collaborate 
in intestinal ischemia include endothelin-1, ICAM-1,
ischemia/reperfusion, malnutrition, and parenteral nu-
trition. On the other hand, a significant correlation has
been observed between the serum concentration of en-
dotoxin and the increase in intestinal permeability. In
contrast, serum levels of IgM antibodies to endotoxin
are significantly lower in patients with severe attacks of
acute pancreatitis than in those with mild forms. This
may be explained because antibodies to endotoxin core
bind to circulating endotoxin to form complexes that
are subsequently eliminated from the circulation. 
In addition, endotoxin is thought to be responsible 
for the derangements of immune function described 
in patients with severe acute pancreatitis, such 
as depletion of circulating T-helper lymphocytes, 



impairment of mononuclear phagocyte function, 
derangement of reticuloendothelial system clearance of
a2-macroglobulin–protease complexes, and reduction 
in delayed-type skin hypersensitivity.

From the morphologic point of view, a significant re-
duction in villous height, villous height/crypt ratio, and
mast cell index has been observed in the small intestine
of patients with necrotizing acute pancreatitis com-
pared with controls.

Clinical consequences of changes in 
intestinal permeability

It is generally accepted that derangements in intes-
tinal permeability facilitate bacterial translocation, a
process of migration of bacteria and bacterial frag-
ments from the intestinal lumen to extraintestinal sites.
However, it is important to point out that the majority
of probes used to study intestinal permeability cross the
intestinal barrier via the paracellular route, whereas
bacteria are thought to traverse it transcellularly. Bacte-
rial translocation occurs very early in animal models of
acute pancreatitis. In this phase, enteric bacteria have
been found in mesenteric lymph nodes, liver, spleen,
lungs, as well as pancreas. Although the hypothesis of
bacterial translocation in humans remains unproven,
there is supportive circumstantial evidence. In patients
with necrotizing pancreatitis, Gram-negative enteric-
type organisms are the agents responsible in most 
pancreatic and peripancreatic infections and the time
course of bacterial infections of pancreatic necrosis run
parallel to the changes described in intestinal perme-
ability. On the other hand, a controlled trial of selective
digestive decontamination showed that all pancreatic
infections due to Gram-negative microorganisms were
preceded by intestinal colonization with the same 
bacteria.

Despite the clear evidence of systemic endotoxin
translocation, some authors propose that the process of
bacterial translocation might be a phenomenon that
occurs locally in humans to infect the necrotic pancreas
rather than systemically, because they were unable to
detect bacterial DNA in peripheral blood of patients
with acute pancreatitis. The results observed by our
group disagree with these findings since we have been
able to detect bacterial DNA in 20% of samples 
obtained during the first week of hospitalization in 
patients with acute pancreatitis.

Systemic inflammatory response

It is clearly established that the systemic manifestations
of necrotizing pancreatitis are not only produced by the
acinar cell damage and the local inflammatory response
but also by spillover of inflammatory mediators into
the general circulation. This notion was based on the
observation that patients with acute necrotizing pan-
creatitis, like those with multiple injuries, burns, tissue
insult/injury, and major surgery, fulfil the criteria for
systemic inflammatory response syndrome (SIRS) and
often progress to MODS and sepsis (Table 3.2). Ac-
cordingly, tissue insult/injury triggers a triad of systems
encompassing macrophages, cytokines, and endothe-
lial cells. The consequence of this is SIRS/compensatory
antiinflammatory response syndrome (CARS)/mixed
antagonist response syndrome, which can progress 
to MODS, particularly when aggravated by a second
hit (SIRS predominates), or can move toward resolu-
tion when second hits are avoided (CARS and SIRS 
balanced).

Patients who die from acute pancreatitis can be 
considered in two groups. About 50% of deaths occur
within the first week. These patients suffer a severe ini-
tial attack and develop an exaggerated SIRS with the
development of MODS and death. In contrast, patients
with a severe attack who survive beyond this period
often go on to develop extensive pancreatic necrosis.
Infection in necrotic tissue leads to sepsis, a persistent
systemic inflammatory response, and MODS and 
accounts for patients who die late.
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Table 3.2 Criteria for systemic inflammatory response
syndrome (SIRS), sepsis, and multiple organ dysfunction
syndrome (MODS).

SIRS* Rectal temperature > 38°C or < 36°C
Heart rate > 90 bpm
Respiratory rate > 20 breaths/min or PaCO2

< 32 mmHg
White blood cell count > 12 000/mm3, or 

< 4000/mm3, or 10% immature (bands) 
forms

Sepsis SIRS + documented infection

Severe sepsis Sepsis + hemodynamic compromise

MODS Organ failure not capable of maintaining 
homeostasis

* Two or more criteria required.



Different organs are damaged in patients with
MODS. In the case of the lung, acute respiratory dis-
tress syndrome is typical. The lung becomes edematous
and congested, leading to collapse of the smaller air-
ways, with decreased lung compliance and respiratory
failure. As a consequence of the SIRS response, the
leukocytes become activated within the general circula-
tion and some then lodge within the pulmonary micro-
circulation. As the process persists, leukocytes migrate
into the pulmonary interstitium inducing increased 
endothelial permeability and tissue edema. Myocardial
depression and shock are thought to be secondary to
vasoactive peptides and a myocardial depressant fac-
tor. Acute renal failure has been explained on the basis
of hypovolemia and hypotension. Metabolic complica-
tions include hypocalcemia, hyperlipidemia, hyper-
glycemia, and diabetic ketoacidosis. The pathogenesis
of hypocalcemia is multifactorial and includes calcium-
soap formation, hormonal imbalances (e.g., para-
thyroid hormone, calcitonin, glucagon), binding of
calcium by free fatty acid–albumin complexes, and 
intracellular translocation of calcium.

These systemic complications are relatively infre-
quent in interstitial forms of acute pancreatitis, in con-
trast with necrotizing forms. However, only 50% of the
cases with necrotizing pancreatitis develop organ fail-
ure and this event cannot be predicted by the extent of
the necrosis or the presence of infected necrosis.

Factors conditioning severity

It has been suggested that the clinical course of an acute
inflammatory illness such as acute pancreatitis may
have a genetic basis, because certain genetic cytokine
polymorphisms may produce functional differences
and hence affect the outcome of the inflammatory
process. In fact, the receptor for IgG (CD16) is consti-
tutively expressed by neutrophils as a glycan-linked
glycoprotein, which binds complexed IgG. Activated
PMNs shedding CD16 might locally interfere with nor-
mal opsonization and phagocytosis. Genetic polymor-
phisms of CD16 are known, and an increased risk 
of sepsis after surgery has been demonstrated in pre-
operative “high expressors” in contrast with “low 
expressors.”

Release of CD16 is mediated by TNF-a. This factor
and IL-1 levels are, in turn, determined by the expres-
sion of a genetically encoded polymorphism of the

major histocompatibility complex (MHC) class II
(HLA-DR). Heterozygotes are higher secretors of these
cytokines than homozygotes and therefore may be at
greater risk of developing posttraumatic sepsis.

On the other hand, HLA-DR-bearing monocytes are
of paramount importance to the immune response.
This MHC class II expression is genetically regulated. It
has been reported that HLA-DR expression increased
after surgery in patients with uneventful recovery
whereas no such increase was seen in patients who 
developed sepsis.

Although these observations might be applied to
acute pancreatitis, functional genetic polymorphisms
of IL-1, TNF-a, and IL-10 have been explored as a pos-
sible determinant of severity of pancreatitis, with no
convincing results; however, an association between
IL-1ra gene polymorphisms and acute pancreatitis has
been demonstrated.

From pathophysiology to clinical
practice: directions for the future

Recent advances in the understanding of the patho-
physiology of acute pancreatitis have clarified the 
sequence of events taking place in these patients. Im-
portantly, it has been shown that the process initiated 
in the pancreatic gland in patients with severe acute
pancreatitis is associated with a marked systemic in-
flammatory response, and that a parallel exists between
this response and prognosis. As a consequence, plasma
and/or urinary measurement of some of the mediators
of the inflammatory cascade or products of enzymatic
activation, such as PMN elastase, IL-6, trypsinogen ac-
tivation peptide, and procarboxypeptidase activation
peptide, are commonly used in the early prediction of
the severity of the process.

Therefore, it has been important to identify those 
cytokines or agents of the inflammatory process with 
a preeminent role in the development of SIRS and
MODS. Unfortunately, therapeutic approaches em-
ploying blockade of some of these mediators (PAF 
antagonists, antiproteases) in the hope of constraining
the inflammatory process in patients with acute pan-
creatitis have been disappointing, although evidence
shows that blockade of IL-1 or TNF-a markedly
modifies the evolution of experimental pancreatitis. It
is likely that one of the main reasons for these dif-
ferences is the time of application of the drug. The 
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synthesis of cytokines in patients with acute pancreati-
tis takes place in the first hours of the disease but does
not peak until 36–48 hours after the beginning of symp-
toms, and patients with severe acute pancreatitis may
develop multiorgan failure 2–4 days after the onset of
the disease. This temporal pattern allows a window of
2–3 days in which to antagonize those inflammatory
mediators likely involved in patients with acute pancre-
atitis in an attempt to control the inflammatory
process.

The fact that different cytokines act simultaneously
in a complex and only partially understood way in pa-
tients with severe acute pancreatitis may explain why
the blockade of only one of these agents has not been
associated with therapeutic success, and suggests the
use of a combination of different antagonists or modu-
lators in future investigations. Furthermore, the previ-
ous negative results with the use of different drugs in
patients with septic shock (anti-TNF-a, soluble TNF-a
receptors, IL-1ra, soluble IL-1 receptors) may have de-
creased the enthusiasm for this innovative therapeutic
approach. We consider, however, that some of the
agents may have a place in therapeutic attempts to con-
trol the severity of acute pancreatitis since, in contrast
to patients with septic shock, the diagnosis of acute
pancreatitis and the precise onset of symptoms is 
a simple process, the patient population is usually 
homogeneous, and the presence of severe underlying
diseases is an infrequent event.

Other future therapeutic approaches might be con-

sidered in these patients, such as the administration 
of the antiinflammatory cytokine IL-10, given the
promising results obtained in the prevention of acute
pancreatitis after endoscopic retrograde cholangiopan-
creatography. Following a different line of investiga-
tion, the intestine, as a “motor of organ failure,” merits
special attention, and the use of endothelin or ICAM-1
antagonists, relevant agents in the pathogenesis of 
intestinal damage in patients with acute pancreatitis,
may be justified.

The initial promising results of intestinal decontami-
nation should lead to well-designed therapeutic trials,
possibly including colonic lavage. Lastly, glutamine-
enriched enteric feeding has shown promising results
and should also be widely investigated.
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Acute pancreatitis is a clinical syndrome characterized
by abdominal pain and elevated pancreatic enzymes.
The clinical and pathologic findings were first de-
scribed in 1889. However, the diagnosis still remains
quite elusive despite the availability of numerous labo-
ratory and radiographic tests. The fact that autopsy
studies continue to show a 30–42% incidence of undi-
agnosed pancreatitis underscores the complexity in the
diagnosis of acute pancreatitis.

History and physical examination

Abdominal pain is the most prominent feature of acute
pancreatitis, occurring in approximately 95% of pa-
tients. Pancreatitis has been documented without pain
in association with Legionnaires’ disease, insecticide,
postoperative states, and dialysis. The pain is usually in
the epigastric and periumbilical area of the abdomen,
with radiation to the back in 50% of cases. Occa-
sionally, the pain is diffuse or radiates to the lower 
abdomen. Rarely, the pain radiates to the chest. The
onset is frequently acute and reaches maximum inten-
sity within 30–60 min. The pain is often very severe,
boring in character, and constant in duration. Patients
often describe an inability to get comfortable and 
consequently may appear restless. Rarely, the pain is
ameliorated by hunching forward, which frees the
retroperitoneal space. Significant doses of narcotics are
usually required for adequate pain control. Nausea and
vomiting occurs in a majority of patients and may 
require the insertion of a nasogastric tube for relief.

Other diseases to consider in the differential diag-
nosis of acute pancreatitis include inferior wall 

myocardial infarction, peptic ulcer disease (including
gastric or duodenal perforation), intestinal ischemia 
or infarction, intestinal strangulation or obstruction,
biliary colic, cholecystitis, appendicitis, diverticulitis,
dissecting aortic aneurysm, ovarian torsion, or ectopic
pregnancy. Many of these diseases are surgical or 
medical emergencies and need to be ruled out quickly.
Perforations often result in acute diffuse abdominal
pain and peritoneal signs, such as a rigid abdomen 
and rebound tenderness. Pain associated with pancre-
atitis is usually localized to the upper abdomen and 
associated with less abdominal rigidity. Pain due to 
biliary colic and acute cholecystitis can be localized 
to the right upper quadrant of the abdomen but 
often is centered in the epigastric area similar to pain 
of pancreatitis. An abdominal ultrasound can identify
choledocholithiasis and cholecystitis. Intestinal ob-
struction may cause crescendo–decrescendo pain with
significant abdominal distension and, occasionally,
feculent vomiting as well. Intestinal ischemia and in-
farction have variable degrees of pain, but often it is out
of proportion to the physical examination and more
gradual in onset than pancreatitis pain. Appendicitis
can usually be distinguished by its history and location
of pain.

In cases of mild pancreatitis, patients may appear 
uncomfortable but not seriously ill, and the vital signs
may be normal. However, in cases of severe pancreati-
tis, patients may appear toxic and quite ill. In these pa-
tients, hypotension and tachycardia may be present due
to dehydration and severe pain. Low-grade fever is pre-
sent in up to 60% of patients with pancreatitis. At the
time of admission, high-grade fevers may be an indica-
tor of cholangitis in the appropriate clinical setting.

4 How should acute pancreatitis be
diagnosed in clinical practice?
Richard S. Kwon and Peter A. Banks



Tachypnea may be evident due to pain, fever, or 
pulmonary involvement.

Findings on physical examination can be variable as
well. Jaundice may be evident in those patients with
acute biliary pancreatitis. Cardiac examination may 
reveal tachycardia. Pulmonary examination may 
reveal shallow breathing due to diaphragmatic irrita-
tion from pancreatic inflammatory exudate and ab-
dominal pain. Auscultation and percussion of the lungs
may reveal signs of a pleural effusion, which is usually
on the left pleural space or bilateral, and only rarely
confined to the right. Abdominal examination gener-
ally reveals distension and tenderness, particularly 
in the epigastrium. Patients with mild pancreatitis 
describe pain that is moderate but strong enough to re-
quire evaluation. However, patients with severe pan-
creatitis may have exquisite tenderness and even a rigid
abdomen that appears to be a surgical abdomen. Bowel
sounds are often hypoactive due to ileus. Ecchymosis in
the flanks (Grey Turner’s sign) or near the umbilicus
(Cullen’s sign) can arise from local extravasation of
pancreatic exudate. These two physical findings, while
present in only 3% of cases of acute pancreatitis, are 
associated with 35% mortality.

Other findings on physical examintion can be quite
useful. For instance, a general eye examination can 
be occasionally helpful in determining the etiology of
pancreatitis. An arcus lipoides implicates hypertrigyl-
ceridemia. Band keratopathy suggests hypercalcemia.
Rarely, Purtscher’s retinopathy causes visual distur-
bances. Skin examination may reveal subcutaneous 
fat necrosis (panniculitis) over the distal extremities
and rarely the trunk, buttock, or scalp. Polyarthritis
has been described as well.

Laboratory evaluation

Serum and urinary tests can support the diagnosis of
acute pancreatitis and may also help in the determina-
tion of its etiology. Radiologic findings can confirm the
diagnosis.

Amylase

Pancreatic amylase (1,4-a-D-glucan glucanohydrolase)
is an enzyme derived from acinar cells that hydrolyzes
internal a-1,4 linkages in complex carbohydrates. In
acute pancreatitis, amylase secretion into pancreatic

juice is impaired, resulting in extravasation from the
gland and reabsorption into the systemic circulation
via venules or lymphatics. Serum levels rise within 2
hours, peak in the first 48 hours, and can return to nor-
mal in 3–5 days via renal and extrarenal mechanisms.
Its rapid clearance and short half-life underscore the
importance of determining the amylase concentration
early in the course of the disease before the serum levels
return to normal. Of note, the serum concentration
does not correlate with either etiology or severity.

Total serum amylase concentration is generally con-
sidered the gold standard for diagnosing acute pancre-
atitis; however, there are several limitations to this test.
In an analysis of studies determining the diagnostic 
accuracy of serum amylase, the sensitivity was found 
to be only 83% and to be particularly limited in three
situations.
1 If it is determined several days after the onset of
symptoms, the serum amylase concentration may have
already normalized.
2 Concomitant hypertriglyceridemia can result in a
normal amylase level possibly via an inhibitor, which
can be negated by serial dilution.
3 In chronic acinar cell damage, for example as a result
of chronic alcoholic pancreatitis, the pancreas may not
be able to produce sufficient amylase during a bout of
pancreatitis to be elevated.
Ultimately, if the serum amylase is normal and there 
is sufficient clinical suspicion of acute pancreatitis, 
a serum lipase level or computed tomography (CT)
should be obtained to confirm the diagnosis.

An elevated amylase level does not always indicate
pancreatitis (Table 4.1). There are numerous non-
pancreatic sources of amylasemia, including salivary
glands (which produce the most prevalent amylase iso-
form), ovaries, and fallopian tubes. Diseases of these
organs may cause hyperamylasemia in the absence 
of pancreatitis. The most common intraabdominal 
diseases that can result in hyperamylasemia include 
intestinal diseases such as perforated peptic ulcer, 
intestinal obstruction, or mesenteric infarction (likely
from leakage of intraluminal amylase and subsequent
peritoneal reabsorption), and biliary diseases such as
cholecystitis. Other conditions that can cause nonpan-
creatic hyperamylasemia include renal insufficiency
(due to impaired clearance), acute alcohol intoxication
(usually salivary amylase), diabetic ketoacidosis, liver
metastases, head trauma, and lung cancer.

An additional cause of hyperamylasemia is

CHAPTER 4

35



macroamylasemia, an entity characterized by macro-
molecular immunocomplexes of amylase bound to im-
munoglobulins (usually IgA or IgG). These complexes
are too large for glomerular filtration and result in
chronically elevated levels of amylase. This benign 
condition may account for up to 28% of chronic unex-
plained hyperamylasemia and should be considered
when elevated serum amylase concentrations are found
in conjunction with negligible urinary amylase levels.

Because there are many nonpancreatic sources of 
hyperamylasemia, the specificity of serum amylase for
diagnosing pancreatitis is only 88%. The specificity 
increases to greater than 90% when the cutoff for diag-
nosis is two to three times normal.

Measurement of amylase isoenzymes has been pro-
posed as a way to clarify the significance of hyperamyl-
asemia. Pancreatic amylase (p-isoamylase) normally
comprises nearly 40% of total serum amylase, while
salivary amylase makes up the remainder. In acute pan-
creatitis, p-isoamylase rises to over three times normal.
The sensitivity and specificity of p-isoamylase in diag-
nosing acute pancreatitis was reported to be as high as
90 and 92%, respectively. However, elevated levels of
p-isoamylase have been noted in renal insufficiency, in-
testinal disorders such as perforation or ischemia, dia-
betic ketoacidosis, and intracranial hemorrhage, and
after endoscopic retrograde cholangiopancreatogra-
phy (ERCP) or morphine administration. As a conse-
quence, pancreatic isoenzymes are no more useful than
total amylase and have no role in the diagnosis of acute
pancreatitis.

Amylase concentrations in urine are also elevated 
in acute pancreatitis due to enhanced renal clearance. 
A normal amylase/creatinine clearance ratio is ap-
proximately 3% and rises to 6–10% or greater in 
acute pancreatitis. However, there have been case 
reports of acute pancreatitis with normal urinary 
clearances. The specificity of the test is limited by a
number of nonpancreatic conditions that can elevate
urinary clearance. These include severe burns, diabetic
ketoacidosis, march hemoglobinuria, anorexia ner-
vosa, and postoperative states. Furthermore, renal 
insufficiency tends to decrease creatinine clearance out
of proportion to amylase clearance, which falsely ele-
vates the ratio. Therefore, urinary clearance has no
benefit over serum amylase levels in the diagnosis of
acute pancreatitis. The role of the amylase/creatinine
clearance ratio is to confirm the diagnosis of macro-
amylasemia, which is characterized by a negligible 
concentration of urinary amylase and consequently a
very low ratio.

Lipase

Pancreatic lipase (triacylglycerol acylhydrolase) is pro-
duced by acinar cells and hydrolyzes glycerol esters of
long-chain fatty acids. In acute pancreatitis, serum li-
pase levels rise via the same mechanism as for amylase.
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Table 4.1 Causes of hyperamylasemia. (Adapted from Banks
1985.)

Pancreatic disease
Acute pancreatitis
Complications of pancreatitis, e.g., pseudocyst, pancreatic

ascites
Pancreatic carcinoma
Endoscopic retrograde cholangiopancreatography

Gastrointestinal disease
Biliary disease, e.g., cholecystitis
Hepatitis/cirrhosis
Intestinal perforation or trauma
Intestinal ischemia or infarction
Intestinal obstruction
Acute appendicitis
Acute diverticulitis
Aortic aneurysm
Acute gynecologic disease, e.g., salpingitis, ruptured

ectopic pregnancy
Ovarian cysts

Salivary gland disease
Mumps
Calculous obstruction of salivary ducts
Scorpion sting
Effects of alcohol

Tumors
Papillary cystadenocarcinoma of ovary
Carcinoma of lung

Macroamylasemia
Renal insufficiency
Metabolic

Diabetic ketoacidosis
Anorexia nervosa

Others
Pneumonia
Intracranial hemorrhage
Prostate hypertrophy
Drugs, including opiates



Serum lipase rises 4–8 hours after the onset of symp-
toms and peaks at 24 hours. Its half-life is longer than
that of amylase and consequently lipase levels normal-
ize more slowly (8–14 days). Thus, the principal advan-
tage of lipase is its increased sensitivity in cases where
there is a delay between the onset of symptoms and la-
boratory evaluation, at which time amylase levels may
have normalized. Serum lipase that is two to three times
normal is generally thought to be more specific and 
sensitive (95% and 96% respectively) and to be more
accurate than amylase, particularly at later dates in 
the course of the pancreatitis.

Similar to hyperamylasemia, hyperlipasemia may
not always signify pancreatitis. There are alternative
sources of lipase, though fewer than for amylase. 
These include gastric lipase and a nonspecific hepatic
triacylglyceride lipase. There are an increasing number
of conditions associated with hyperlipasemia. Such 
intraabdominal diseases include intestinal pathology
such as inflammatory bowel disorders, peptic ulcer 
disease, bowel perforation, small bowel obstruction 
or infarction, or abdominal trauma (all via the same
mechanism as amylase), and hepatobiliary pathology
such as hepatitis, biliary obstruction, and cholecystitis.
Extraabdominal diseases include hypertriglyceri-
demia, diabetic ketoacidosis, and renal insufficiency. 
In these cases, the lipase elevations are usually less than
three times normal. Similar to macroamylasemia,
macrolipasemia also appears to be a clinical entity, 
albeit rarer, and has been reported in association 
with Hodgkin’s lymphoma, Crohn’s disease, and 
sarcoidosis.

Amylase and lipase

Amylase has traditionally been the test of choice for di-
agnosing acute pancreatitis, but given its higher sensi-
tivity and specificity, lipase may actually be more
valuable. However, many clinicians often check both
serum amylase and lipase in the work-up of abdominal
pain. The combination does not appear to improve ac-
curacy. A diagnostic challenge arises when only one of
the two levels is elevated. For example, amylase levels
have been normal in up to 32% of patients with radio-
graphically confirmed acute pancreatitis. These pa-
tients were more likely to have alcoholic and/or chronic
pancreatitis, a history of more frequent previous 
attacks, and a longer duration of symptoms before 
laboratory evaluation. In this situation, accurate 

diagnosis of acute pancreatitis can be made by ele-
vated serum lipase concentrations or with radiologic 
tests.

The lipase/amylase ratio has been proposed as a tool
for establishing alcohol as the etiology of pancreatitis.
Although some studies indicate that a ratio greater than
3 may be useful in distinguishing alcoholic pancreatitis
from nonalcoholic pancreatitis, the ratio lacks sensitiv-
ity and only identifies two-thirds of cases of alcoholic
pancreatitis.

Liver function tests

Transaminases are used primarily to distinguish biliary
pancreatitis from other causes of pancreatitis. A recent
metaanalysis determined that a threefold or greater ele-
vation of alanine aminotransferase (ALT) in the pres-
ence of acute pancreatitis had a 95% positive predictive
value for gallstone pancreatitis. However, it should be
noted that only half of all patients with gallstone pan-
creatitis have significant elevations of serum ALT, and
therefore an ALT less than three times normal should
not exclude the diagnosis.

Other diagnostic tests

Trypsinogen is a 25-kDa pancreatic protease that 
is secreted in pancreatic juice in two isoforms 
(trypsinogen-1 and trypsinogen-2). In acute pancreati-
tis, trypsinogen-2 levels rise in both serum and urine
over 10-fold. In two trials of approximately 500 
patients, the sensitivity and specificity of a dipstick
urine test to detect trypsinogen-2 were found to be
92–94% and 95–96%, respectively. The negative pre-
dictive value was 99%; therefore, a negative test ruled
out pancreatitis with high probability. The authors 
suggest that a negative test can quickly rule out pancre-
atitis but a positive test merits further evaluation. Fur-
ther validation of this test is needed. A test for serum
trypsinogen-2 has also shown encouraging preliminary
results.

Serum immunoreactive trypsin, chymotrypsin, elas-
tase, phospholipase A2, a2-macroglobulin, pancreatic
activated protein, methemalbumin, carboxypepti-
dases, and carboxyl ester hydrolase levels have been
proposed for diagnosis of pancreatitis. They have been
proven to be neither more accurate nor more beneficial
than serum amylase or lipase and tests are not commer-
cially available.
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Radiology

The primary role of radiology is to confirm the diagno-
sis, to identify the possible cause of pancreatitis, and to
assess the extent and complications.

Ultrasound

Abdominal ultrasound is generally not used to diag-
nose pancreatitis. Its primary role is to rule out gall-
stones as the etiology of pancreatitis and can also be
used to preclude other diseases such as acute cholecysti-
tis or hepatic abscesses. Visualization of the pancreas is
often hindered by overlying bowel gas. Findings consis-
tent with pancreatitis include diffuse glandular enlarge-
ment, hypoechoic texture of the pancreas indicating
interstitial edema, focal areas of hemorrhage or necro-
sis within the pancreas, and free intraperitoneal fluid.

Computed tomography

Thin-section multidetector-row CT with intravenous
contrast is the most important radiographic modality
used to diagnose acute pancreatitis and to exclude
other conditions causing abdominal pain, including
mesenteric infarction and perforated duodenal ulcer.
CT can also be used to determine severity of disease and
to identify complications related to pancreatitis.

Findings on CT that support the diagnosis of acute
pancreatitis include diffuse edema and enlargement of
the pancreas, heterogeneity of pancreatic parenchyma,
peripancreatic stranding, obliteration of the peripan-
creatic fat planes, and peripancreatic fluid collections.
Pancreatic necrosis is defined as a focal or diffuse area
of the nonenhanced pancreatic parenchyma following
examination with intravenous contrast. In mild cases
of pancreatitis, CT may be normal.

Magnetic resonance imaging

With evolving technology, particularly the develop-
ment of magnetic resonance cholangiopancreatogra-
phy (MRCP), magnetic resonance imaging has been
increasingly used in the care of patients with pancreati-
tis. MRCP can detect pancreatic necrosis and deter-
mine severity as accurately as CT, and is superior in
delineating pancreatic duct anatomy and detecting
choledocholithiasis. In addition, potential nephrotoxi-
city is minimized by the use of gadolinium contrast.

Nonetheless, despite these benefits, CT can be obtained
in a much more timely and cost-effective manner than
MRCP in most hospitals and therefore remains the
preferable radiologic test.

Endoscopic retrograde cholangiopancreatography

ERCP has no role in the diagnosis of acute pancreatitis.
Its role is to treat choledocholithiasis and cholangitis
and to delineate pancreatic ductal anatomy in cases of
recurrent or unresolved pancreatitis.

Endoscopic ultrasound

Endoscopic ultrasound is an emerging technology 
in the care of pancreatic disease. However, its role 
in establishing the diagnosis of acute pancreatitis 
has not been established. Endoscopic ultrasound 
may serve as an alternate modality for detecting 
choledocholithiasis.

Summary

At present, a serum lipase level greater than three times
normal appears to be the most accurate test for diag-
nosing acute pancreatitis. Urinary trypsinogen-2 
levels also accurately diagnose acute pancreatitis but 
a test is not yet commercially available. Thin-section
multidetector-row CT with intravenous contrast is 
the study of choice to confirm the diagnosis.
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Acute pancreatitis is a frequent disease and one of the
most frequent digestive disorders leading to hospital-
ization in developed countries. The incidence of acute
pancreatitis varies widely among different series, rang-
ing from 5.4 to 79.8 cases per 100 000 inhabitants per
year. Although it may be accepted that the incidence of
the disease is to some extent lower in countries such as
the UK and the Netherlands compared with the USA,
Finland, or Spain, this geographic variability explains
only partly the reported differences among series. The
major difference is probably explained by the study de-
sign, since the incidence of acute pancreatitis is much
higher in prospective than in retrospective series. Dif-
ferent criteria applied for the diagnosis of acute pancre-
atitis most probably also play a role. Considering only
prospective studies specifically designed to calculate
the incidence of acute pancreatitis and that define the
disease by the presence of acute abdominal pain and 
elevation of serum and/or urine levels of pancreatic 
enzymes at least twice the upper limit of normal, the 
incidence of acute pancreatitis ranges from 20 to 40
cases per 100 000 inhabitants per year. There is a peak
of incidence between the fourth and sixth decades of
life and no definite difference between males and 
females.

Etiology of acute pancreatitis

Several conditions are generally accepted as potential
causes of acute pancreatitis (Table 5.1). Among these,
gallstones and alcohol are responsible for more than
80% of episodes of the disease. Other causes are clearly
less frequent, but their correct identification is highly

relevant in order to apply the appropriate therapeutic
measures to avoid relapses.

Gallstones

Common bile duct stones and sludge are well-known
causes of acute pancreatitis. This is the most frequent
etiologic factor associated with the disease in most
countries. In addition, up to 75% of cases considered 
as idiopathic are related to biliary microlithiasis.
Cholecystectomy and extraction of common bile duct
stones prevent relapses of the disease, confirming the
cause–effect relationship.

Despite the close association between gallstones and
acute pancreatitis, only a small percentage of patients
with gallstones develop pancreatitis. In fact, the preva-
lence of gallstones is as much as 12% in the general 
population. Thus, in an American study the risk of 
acute pancreatitis in the presence of gallstones has been
estimated to be 12–35 times higher than in the general
population. Two different studies in Spain provide a con-
sistent odds ratio of 6.7 (95% confidence interval, 3.8–
11.8) for acute pancreatitis in the presence of gallstones.

The mechanism by which gallstones induce acute
pancreatitis is unknown. Most probably, transpapil-
lary passage of a stone causes transient obstruction of
both bile duct and pancreatic duct and this leads to
acute pancreatitis. Consistent with this, small stones
(diameter < 5 mm), which are more likely to pass from
the gallbladder through the cystic duct, are more fre-
quently associated with pancreatitis than large stones.
Similarly, passage of microlithiasis through the papilla
may cause pancreatitis by inducing ampullary edema
and secondary obstruction.

5 Guidelines for the detection of the
etiologic factor of acute pancreatitis
J. Enrique Domínguez-Muñoz



Alcohol

Alcohol consumption is the second most frequent cause
of acute pancreatitis in most countries. Although a di-
rect relationship between the amount of alcohol intake
and the risk of acute pancreatitis most probably exists,
individual susceptibility to alcohol is variable. Thus, an
alcohol consumption that may be considered socially
normal is able to cause acute pancreatitis. It has been
calculated that a mean daily consumption of 90 g alco-
hol is required to match the risk of pancreatitis induced
by gallstones. Acute excessive alcohol intake may cause
acute pancreatitis in some patients, whereas chronic al-
cohol consumption is most frequently associated with
acute relapses of chronic pancreatitis. The diagnosis of
underlying chronic pancreatitis in patients with acute
alcoholic pancreatitis is often difficult. Endoscopic 
ultrasonography, because of its high sensitivity in the
detection of early changes of chronic pancreatitis, may
be of help in these situations.

The exact mechanism of alcohol-induced acute 
pancreatic injury is unknown, although genetic and 

environmental factors are most probably involved. In
addition, alcohol may act by increasing the synthesis 
of enzymes by acinar cells or by oversensitizing acini 
to cholecystokinin.

Metabolic disorders

Hypertriglyceridemia is a well-known cause of acute
pancreatitis. Patients with hyperlipidemic pancreatitis
often present with serum triglyceride levels above
1000 mg/dL. The serum is macroscopically opalescent
due to increased chylomicron concentration.

Hypertriglyceridemic pancreatitis may occur in pa-
tients with types I and V hyperlipidemia as well as in al-
coholics. Alcohol intake is one of the major factors
inducing elevation of serum triglycerides. In fact, it is
occasionally difficult to evaluate the potential role of
hypertriglyceridemia in the origin of alcohol-related
acute pancreatitis.

Clinically, acute hyperlipidemic pancreatitis tends to
be severe and up to 50% of patients present with necro-
tizing pancreatitis. Therefore, adequate dietetic and
pharmacologic treatments of the lipoprotein metabolic
disorder as well as alcohol abstinence are highly impor-
tant in preventing relapses of pancreatitis.

The role of hypercalcemia as a cause of acute pancre-
atitis, although classically accepted, should be nowa-
days reevaluated. Although the association between
hyperparathyroidism and pancreatitis has been repeat-
edly reported, other potential causes of pancreatitis are
also frequently present in these patients. The reported
incidence of pancreatitis in patients with hyperparathy-
roidism is very low. In addition, some series have shown
that the risk of pancreatitis in these patients is similar to
that observed in the general hospital population. In
summary, hypercalcemia should be considered as the
potential cause of acute pancreatitis only after exclu-
sion of any other potential cause of the disease.

Drugs

A large variety of drugs have been related to acute pan-
creatitis, most of which have been published only as
case reports. Based mainly on the repeated report of a
drug as associated with acute pancreatitis and the re-
lapse of the disease with reintroduction of the drug, the
strength of association between drugs and pancreatitis
has been classified as definite, probable, or possible
(Table 5.2).
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Table 5.1 Causes of acute pancreatitis.

Toxic and metabolic
Alcohol
Hyperlipidemia
Hypercalcemia
Drugs
Scorpion venom

Mechanical
Gallstones, biliary sludge
Ampullary obstruction
Pancreatic obstruction
Sphincter of Oddi dysfunction
Pancreas divisum
Trauma
Congenital malformations

Others
Ischemia
Iatrogenic injury
Infection
Hereditary
Autoimmune
Cystic fibrosis
Tropical



Although some drugs such as diuretics, sulfon-
amides, and steroids are able to cause acute pancreatitis
through a direct toxic effect, most cases of drug-related
pancreatitis are probably due to individual hypersensi-
tivity. In fact, potentially pancreatotoxic drugs are not
independent risk factors for acute pancreatitis in large
epidemiologic studies. The interval from the beginning
of drug intake to the development of pancreatitis is
highly variable, ranging from a few weeks in drug-
induced immunologic reaction to many months when
accumulation of toxic metabolites is required (e.g., 
valproic acid, pentamidine, didanosine).

Obstruction to the flow of pancreatic juice

The presence of pancreas divisum, defined as the ab-

sence of fusion of the ventral and dorsal pancreatic
ducts during fetal development, is an accepted risk fac-
tor for acute pancreatitis. The mechanism by which
pancreas divisum may cause pancreatitis is the obstruc-
tion of flow of pancreatic juice through the minor papil-
la. The relative risk of pancreatitis in subjects with this
anatomic variant ranges from 2.7 to 10 times higher
than in the general population. This means that 2–12
patients with pancreas divisum should be treated (e.g.,
by sphincterotomy of the minor papilla with or without
stent insertion) to prevent one episode of acute pancre-
atitis. It should be noted that, despite endoscopic treat-
ment, 10–24% of patients with pancreas divisum
relapse within the following 2 years.

Acute pancreatitis secondary to sphincter of Oddi
dysfunction usually presents as relapsing attacks in pa-
tients with a dilated Wirsung duct and intrapapillary
stenosis (type I dysfunction) or in patients with normal-
appearing Wirsung duct but a basal sphincter of Oddi
pressure higher than 40 mmHg (type II dysfunction).
The pathogenesis of pancreatitis secondary to sphinc-
ter of Oddi dysfunction is based on the obstruction of
flow of pancreatic juice through the papilla. Because 
of this, endoscopic sphincterotomy is the treatment of
choice in these patients and the best results have been
obtained by cutting both the pancreatic and biliary
sphincters.

Any other condition causing obstruction of the
papilla is potentially able to cause acute pancreatitis,
including periampullary diverticula and periampullary
tumors.

Other potential etiologic factors

The hereditary basis of pancreatitis has received great
attention over the last few years. This is mainly due to
the finding of frequent genetic mutations predisposing
to pancreatitis in patients with no other potential etio-
logic factor of the disease. In addition, some mutations
may be necessary for the development of acute pancre-
atitis in the presence of other etiologic factors. Cationic
trypsinogen gene mutations are found in up to 50% of
patients with a positive family history of pancreatic 
diseases compared with only 0–15% of those with-
out family history. Some mutations of the cationic
trypsinogen gene are associated with a high penetrance
and seem to play a key role in the development of inher-
ited pancreatitis. Conversely, mutations in the serine
protease inhibitor Kazal type 1 (SPINK1) gene proba-
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Table 5.2 Drugs associated with acute pancreatitis.

Definite association
Valproic acid
Azathioprine
Didanosine
Estrogen
Furosemide (frusemide)
6-Mercaptopurine
Pentamidine
Sulfonamides
Tetracycline
Tamoxifen

Probable association
L-Asparaginase
Steroids
Metronidazole
Aminosalicylates
Thiazides

Possible association
Amphetamine (amfetamine)
Cimetidine
Cyproheptadine
Cholestyramine (colestyramine)
Diazoxide
Histamine
Indomethacin (indometacin)
Isoniazid
Propoxyphene
Rifampicin
Opiates



bly act as disease modifiers. Nevertheless, the role of
most described pancreatitis-associated gene mutations
is still poorly understood and many other gene muta-
tions are as yet unidentified.

A wide variety of infectious agents have been associ-
ated with acute pancreatitis. Although the scientific lit-
erature in this field is mainly based on case reports, a
definite association with acute pancreatitis is accepted
for some microorganisms (Table 5.3). Because of
doubtful therapeutic consequences during the acute at-
tack, as well as to prevent relapses, the routine search
for an infectious agent in patients with otherwise idio-
pathic pancreatitis is not recommended.

Pancreatic ischemia is an accepted cause of acute
pancreatitis. Diagnosis of pancreatitis may be difficult
in these patients, mainly in severe cases under intensive
care such as after intraoperative hypotension or hemor-
rhagic shock. Ischemia-related relapsing pancreatitis
has been described in patients with systemic lupus ery-
thematosus and polyarteritis nodosa.

Finally, acute iatrogenic pancreatitis may develop
after invasive maneuvers on the pancreas. The pro-
totype of this is the pancreatitis occurring after endo-
scopic retrograde cholangiopancreatography (ERCP).
Acute pancreatitis develops in up to 5% of patients 

undergoing ERCP. Since abdominal discomfort or 
even pain in the absence of pancreatitis is not unusual
after ERCP and since hyperamylasemia occurs in up to
70% of patients after ERCP, diagnosis of post-ERCP
pancreatitis requires the presence of persistent severe
abdominal pain and increased serum levels of pan-
creatic enzymes greater than five times the upper limit
of normal.

Recommendations for etiologic
diagnosis of acute pancreatitis 
in clinical practice

Considering the high morbidity and the risk of mortali-
ty secondary to acute pancreatitis, etiologic diagnosis
of the disease is highly desirable in order to apply thera-
peutic measures to prevent relapses. Up to 80% of
acute pancreatitis episodes may be explained by gall-
stones or alcohol consumption. Thus, etiologic diagno-
sis may be easy in most cases by clinical history (history
of biliary disease or alcohol consumption), standard
hematologic and biochemical analysis (macrocytosis as
a sign of chronic alcohol abuse; liver enzymes, mainly
alanine aminotransferase (ALT) for biliary etiology, as-
partate aminotransferase and g-glutamyltransferase
for alcoholic pancreatitis), and abdominal ultrasound
(presence of direct or indirect signs of gallstones). Bio-
chemical analysis at admission should include serum
triglyceride and calcium levels to support or exclude the
potential role of serum lipids and hypercalcemia in the
development of acute pancreatitis. Finally, history
should include family history of pancreatitis (inherited
disease?), a careful questionnaire about medications
(drug-induced pancreatitis?), and associated auto-
immune disorders (autoimmune pancreatitis?) (Fig. 5.1).

Because of the important role of gallstones in the
etiopathogenesis of acute pancreatitis, any finding sup-
porting the presence of gallstone disease is sufficient 
to classify an attack of acute pancreatitis as biliary-
related. All patients with acute pancreatitis should 
undergo abdominal ultrasound, searching for chole-
cystolithiasis, common bile duct stones, or signs of 
biliary obstruction (biliary tract dilatation). A close 
relationship has been described between circulating
levels of ALT at admission and acute biliary pancreati-
tis. In this sense, a serum ALT level greater than two or
three times the upper limit of normal has a positive 
predictive value of 95% for the diagnosis of gallstone
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Table 5.3 Infectious agents associated with acute
pancreatitis.

Viruses
Mumps
Coxsackievirus
Hepatitis B
Cytomegalovirus
Varicella-zoster
Herpes simplex
Human immunodeficiency virus

Bacteria
Mycoplasma
Legionella
Leptospira
Salmonella

Fungi and parasites
Aspergillus
Toxoplasma
Cryptosporidium
Ascaris



pancreatitis. Circulating levels of bilirubin or alkaline
phosphatase have less impact.

The development of pancreatitis during pharmaco-
logic treatment in patients without any other etiologic
factor is the basis for the diagnosis of drug-related pan-
creatitis. In these cases, pancreatitis should resolve on
discontinuation of the drug and usually recurs upon its
readministration.

A first episode of acute pancreatitis that cannot be
explained by history, laboratory tests, and abdominal
ultrasound should be classified as idiopathic or unex-
plained pancreatitis (Fig. 5.1). If chronic pancreatitis or
pancreatic tumors are not suspected, further investi-
gations are not required. Any alcohol consumption
should be completely avoided and the presence of mild
to moderate hyperlipidemia should be treated accord-
ingly. By doing so, the risk of recurrence of acute 
pancreatitis is low, probably below 5% within the 
following 3–5 years.

Further investigations should be limited to relaps-
ing attacks of previous unexplained pancreatitis. If
this occurs, chronic pancreatitis, pancreatic tumor,
and any cause of obstructive pancreatitis (pancreas
divisum, sphincter of Oddi dysfunction, ampullary or
periampullary disorders) should be excluded. This
can be done using magnetic resonance imaging (MRI)
and magnetic resonance cholangiopancreatography
with intravenous gadolinium and secretin adminis-
tration respectively. This exploration, which can be
performed as a single procedure, provides highly ac-
curate imaging of both pancreatic parenchyma and
ducts as well as dynamic information on blood supply
and pancreatic secretion. Depending on local avail-
ability, endoscopic ultrasound and dynamic com-
puted tomography (CT) may be reserved for patients
with doubtful or inconclusive findings on MRI (Fig.
5.2). This approach can be also applied to patients
after the first attack of severe necrotizing pancreatitis,
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History
Hematologic and biochemical analysis

Abdominal ultrasound

History of biliary disease
Gallstones or sludge on ultrasound

Increased serum ALT levelst at admission

Biliary pancreatitis

Regular alcohol consumption
(>50 g/day)

Alcoholic pancreatitis

No

Medications
Strong family history of pancreatitis
Associated autoimmune disorders

Yes No

Consider
Drug-related pancreatitis

Inherited pancreatitis
Autoimmune pancreatitis

Unexplained or idiopathic pancreatitis

Hypertriglyceridemia
(usually >1000 mg/dL)

Hypercalcemia

Metabolic pancreatitis

Figure 5.1 Guidelines for etiologic diagnosis after the first attack of acute pancreatitis. ALT, alanine aminotransferase.



in whom recurrence of the disease is likely to be 
severe.

Any of the above-mentioned abnormalities demon-
strated by MRI, endoscopic ultrasound, or CT should
be managed accordingly. The presence of pancreas divi-
sum may be considered as the cause of acute pancreati-
tis if a relative obstruction to the flow of pancreatic
juice through the minor papilla is demonstrated. This
occurs mainly in patients with relapsing pancreatitis
and a dilated Santorini duct with normal-appearing
Wirsung duct. Pancreas divisum is most probably not
the cause of pancreatitis if the Santorini duct is normal
appearing and therefore no invasive therapy should be
performed in these cases.

Microlithiasis is a frequent cause of acute relapsing
pancreatitis in patients with unexplained disease. Bile
microscopy may be performed, but empirical treatment
with ursodeoxycholic acid is an acceptable alternative.
Performance of endoscopic sphincterotomy is usually
preferred in these cases of unexplained acute relapsing
pancreatitis (Fig. 5.2). This endoscopic approach will
be successful not only in cases of microlithiasis but also
in cases of sphincter of Oddi dysfunction or papillary
stenosis. Because of the risk of pancreatitis, sphincter of
Oddi manometry is not performed routinely. There-
fore, endoscopic sphincterotomy is a valid option if
sphincter dysfunction is suspected.

Finally, acute pancreatitis may be considered as 

potentially inherited in young patients with a strong
positive family history of pancreatic diseases. A genetic
study is indicated in these cases to confirm the etiology
of the disease, although appropriate genetic counseling
is mandatory before and after performing any genetic
test. Laboratory tests for autoimmunity (serum 
autoantibodies, total IgG, and IgG subtypes, mainly
IgG4) should also be performed even in the absence of
any other autoimmune disorder if no other potential
cause of acute relapsing pancreatitis is detected 
(Fig. 5.2).
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Figure 5.2 Guidelines for etiologic diagnosis in patients with
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One of the most relevant features of acute pancreatitis
is the great variability in clinical severity. Most patients
with acute pancreatitis (80–85% in most series) present
with a mild and self-limiting disease. These patients re-
quire just general supportive therapy consisting of fast-
ing, analgesics, and intravenous fluids for a few days.
Conversely, 15–20% of patients with acute pancreati-
tis develop some major local and/or systemic complica-
tions of the disease, frequently leading to multiple
organ failure and death. Severe acute pancreatitis was
clearly defined in 1992 by a wide group of experts in the
so-called Atlanta classification as a disease associated
with the failure of one or more organs and/or with the
development of local complications such as necrosis,
abscess, or pseudocysts (see Chapter 1 for details).
These severe cases require early intensive monitoring
and treatment, including appropriate nutrition, pre-
vention of infection of the pancreatic necrosis, and 
endoscopic sphincterotomy in cases with a biliary 
etiology, together with intensive systemic support.

Since 1974, when John Ranson reported the first
prognostic scoring system for acute pancreatitis, a large
variety of multifactorial systems and single biochemi-
cal markers have been extensively evaluated with the
aim of predicting the severity of the disease. Despite
these research efforts, the need for early prognostic
evaluation of acute pancreatitis has been strongly ques-
tioned for several reasons.
• The clinical relevance of the prognostic evaluation of
acute pancreatitis was markedly limited by the lack of
specific therapeutic consequences.
• A generally accepted definition of severe acute pan-
creatitis was not available before 1993, when the At-
lanta classification was published. At that time, most

studies on prognostic evaluation of the disease had 
already been published. Because of this, different de-
finitions of severe acute pancreatitis were applied in 
different studies and a direct comparison among 
studies was not possible.
• Most prognostic markers reported in the literature
were evaluated under clinical research conditions.
Thus, biological samples (serum, plasma, or urine)
were obtained in optimal conditions, immediately
frozen, and stored until analysis. Samples were then 
analyzed together by a highly motivated researcher.
Therefore, it has been questioned whether the reported
results for the sensitivity and specificity of these prog-
nostic markers is reproducible under routine clinical
conditions.
• Methods for determination of most markers, such 
as enzyme immunoassay or radioimmunoassay, are
hardly applicable to the daily routine of an emergency
laboratory.
• Finally, application of most prognostic scoring 
systems is cumbersome and needs up to 48 hours for
quantification.

Why should severity of acute pancreatitis
be predicted?

Despite the points mentioned above, severity predic-
tion has received consistent attention over the last three
decades. One of the most important reasons for this,
from the very earliest studies to the most recent, was the
possibility of providing stratification of disease severity
and thus objective comparison of the response to any
tested therapy in different patient populations. More-
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over, comparisons among different series of patients
and different centers would be possible.

The wide acceptance of the definitions provided by
the Atlanta classification of acute pancreatitis has
markedly improved the likelihood of both evaluating
the accuracy of different prognostic markers and com-
paring the results obtained from different series of pa-
tients and centers. In addition, as a consequence of the
international recognition of the Atlanta definitions of
local and systemic complications of acute pancreatitis,
our knowledge of the natural history of the severe dis-
ease and of the effect of several therapeutic measures on
it has markedly improved.

Over the past few years, there has been important
progress in our knowledge of the pathophysiology of
severe acute pancreatitis. In this context, and indepen-
dently of the cause of acute pancreatitis, the develop-
ment of systemic inflammatory response syndrome
(SIRS) is associated with a severe course of the disease.
Since SIRS is an early event after the intrapancreatic 
activation of pancreatic enzymes, acute pancreatitis is
characterized by a small therapeutic window, most
probably limited to the first 72 hours from onset of the
disease. Any therapeutic measure in acute pancreatitis
should be applied early, within the time window of 
72 hours from onset, so that it has a positive effect on
morbidity and mortality.

Although no specific therapy is available for acute
pancreatitis, several advances have occurred over the
last few years. Randomized studies have shown that 
patients with acute necrotizing pancreatitis may 
benefit from early antibiotic prophylaxis of infected
pancreatic necrosis. Furthermore, early enteral nutri-
tion is able to reduce complications and even mortality
in severe acute pancreatitis when compared with 
parenteral nutrition. It is also generally accepted that
patients with severe gallstone-induced pancreatitis
may benefit from early endoscopic sphincterotomy. 
Finally, several pharmacologic therapies, such as 
protease inhibitors and immune-modulator drugs (e.g.,
cytokine inhibitors and antiinflammatory drugs), may
play an important therapeutic role in severe acute 
pancreatitis, provided they can be started early enough.

Taking all these aspects into consideration, it is
nowadays absolutely necessary to identify in advance
those patients at high risk of developing a severe course
of acute pancreatitis. All presently used and future 
therapies for severe acute pancreatitis are expensive
and not without complications and/or adverse events.

We should also not forget that the vast majority of 
patients with acute pancreatitis will have mild disease
and thus will not benefit from any of the therapies men-
tioned above. Therefore, there is a real need for the use
of a severity marker in clinical routine, which should be
able to provide reliable prognostic information about
acute pancreatitis within the first hours of evolution.

Simple and easily applicable laboratory methods for
quantification of biochemical markers are being devel-
oped. In this way, simpler tests for the determination of
markers such as polymorphonuclear (PMN) elastase or
trypsinogen activation peptide (TAP), which were con-
sidered reliable for the prognostic evaluation of acute
pancreatitis but not under clinically routine conditions,
are now available or emerging. As other new biochemi-
cal methods are developed, the early prognostic evalua-
tion of acute pancreatitis, even on admission, will be
more widely accepted and applied to the clinical 
routine.

How can severity of acute pancreatitis 
be predicted?

Hundreds of papers have reported over the last three
decades on a wide variety of clinical parameters, single
biochemical markers, scoring systems, and imaging
procedures for predicting severe pancreatitis. Most 
of these parameters have found no place in clinical
practice, because of either low reliability or high com-
plexity. The aim of this chapter is to focus on those 
parameters that have gained popularity among clini-
cians and on those with a high accuracy in the prognos-
tic evaluation of acute pancreatitis.

Although it is well known that clinical examination
on admission often fails to detect severe pancreatitis,
even in experienced hands, it has been proposed 
that several clinical parameters influence the course 
of the disease. Despite some controversies, the etiology
of acute pancreatitis should not be considered as asso-
ciated with severity of the disease. Advancing age 
is associated with a higher mortality rate, whereas 
complications and even mortality are more frequent in
obese patients. Fever, tetanus, palpable abdominal
mass, paralytic ileus, and Cullen’s sign and Grey 
Turner’s sign have been related to severe pancreatitis.
Finally, pleural effusion is also a sign of severe disease.
However, none of these parameters per se are accurate
enough to predict severe pancreatitis.
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Imaging procedures, mainly contrast-enhanced
computed tomography (CT), are able to detect and de-
fine the extent of pancreatic necrosis and retroperi-
toneal effusion and, as a whole, to define the degree of
local severity of acute pancreatitis. Emil Balthazar dis-
cusses these procedures in detail in the next chapter of
this book.

Multiple factor scoring systems, such as those 
reported by Ranson and the Glasgow group, or more
recently the Acute Physiology and Chronic Health
Evaluation (APACHE) II score have been widely used
in clinical practice despite relative complexity and 
limited positive predictive value for severity. The 
usefulness of these systems is discussed below.

Among biochemical markers, necrosis markers such
as methemalbumin or pancreatic ribonuclease, pro-
tease inhibitors such as a1-protease inhibitor or a2-
macroglobulin, complement factors such as C3 or C4,
and markers for leakage of pancreatic enzymes such as
amylase, lipase, or trypsinogen-2 have been assayed
without success. More recently, markers of inflamma-
tory response and markers of pancreatic enzyme acti-
vation have demonstrated a high prognostic accuracy
in the early stages of acute pancreatitis.

Scoring systems

Scoring systems consist of several clinical and labora-
tory parameters that correlate with the outcome of
acute pancreatitis. Two general types of scoring system,
depending on whether or not they were specifically 
developed for acute pancreatitis, have been evaluated.
Specific scoring systems are those described by Ranson
and the variants from the Glasgow and Hong Kong
groups.

Ranson and Glasgow scores are applied worldwide.
They consist of 8–11 variables that, in a multivariable
model, are significantly associated with a severe out-
come in acute pancreatitis (Tables 6.1 and 6.2). Where-
as the Ranson score was defined for a population
mainly comprising alcoholic pancreatitis, the Glasgow
criteria were equally effective predictors of mortality
regardless of etiology. Despite their wide use, extensive
evaluation of these scoring systems has identified 
some important limitations that hinder their clinical
usefulness.
1 They generally need 48 hours to be calculated. Tak-
ing into account the time from onset of the disease to
admission, this additional 48-hour period for predic-

tion of severity limits the possibility of starting the 
appropriate treatment within the tight therapeutic 
window of acute pancreatitis.
2 These scoring systems have limited positive predic-
tive value for severity. The accuracy of the Ranson and
Glasgow criteria in the prognostic evaluation of acute
pancreatitis has been extensively investigated, the sen-
sitivity of these systems ranging from 40 to 88% and
the specificity from 43 to 99%. It is accepted that the
probability that a patient with zero to two Ranson or
Glasgow criteria has a severe course of the disease is ex-
tremely low. In this sense, the negative predictive value
for severity tends to be higher than 90% (starting from
a probability of mild disease of 80%). Therefore, these
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Table 6.1 Ranson’s scoring system for the prognostic
evaluation of acute pancreatitis. Severe pancreatitis is defined
by the presence of three or more criteria.

At admission
Age > 55 years
White blood cells > 16 000/mm3

Lactate dehydrogenase > 350 U/L
Aspartate aminotransferase > 250 U/L
Glucose > 200 mg/dL

Within 48 hours
Hematocrit decrease > 10%
Blood urea nitrogen increase > 5 mg/dL
Serum calcium < 8 mg/dL
PaO2 < 60 mmHg
Base deficit > 4 mEq/L
Fluid sequestration > 6 L

Table 6.2 Glasgow scoring system for the prognostic
evaluation of acute pancreatitis during initial 48 hours.
Severe pancreatitis is defined by the presence of three or 
more criteria.

White blood cell > 15 000/mm3

Glucose > 10 mmol/L (no history of diabetes)
Serum urea > 16 mmol/L
PaO2 < 60 mmHg
Serum calcium < 2.0 mmol/L
Lactate dehydrogenase > 600 U/L
Aspartate aminotransferase/alanine aminotransferase 

> 250 U/L
Albumin < 3.2 g/dL



scoring systems could be useful for detecting those 
patients who do not require any intensive monitoring
and therapy. However, the ability of these systems to
predict severe disease is very low, with a positive predic-
tive value consistently below 50% (starting from a
probability of severe disease of 20%).
3 These scoring systems do not allow patients to be fol-
lowed up and the course of the disease to be monitored.
Because of all these limitations, Ranson and Glasgow
scoring systems should no longer be applied in the
prognostic evaluation of acute pancreatitis in clinical
routine.

The APACHE II score was developed to predict the
probability of death secondary to a variety of diseases.
It consists of an acute physiology score and a preadmis-
sion health score (chronic health score) that is based on
severe chronic preexistent diseases (Table 6.3). The
main advantage of the APACHE II score is that it can be
calculated on admission and daily thereafter, in com-
parison with the 48-hour wait required for the Ranson
and Glasgow systems. In this way, the APACHE II score
may be useful in the early prognostic evaluation of
acute pancreatitis as well as for close monitoring of the
disease.

Several studies have evaluated the accuracy of
APACHE II system in the early prognostic evaluation of
acute pancreatitis. Compared with Ranson and Glas-
gow criteria, APACHE II shows a similar sensitivity
and specificity, with a negative predictive value for
severity higher than 90% for scores equal to or less than
7. Similarly to Ranson and Glasgow criteria, APACHE
II shows a positive predictive value for severity of
around 50% for scores of more than 7. This accuracy is
even lower if only the acute physiology score of the
APACHE II classification is considered, the so-called
simplified acute physiology score.

Nevertheless, APACHE II offers an opportunity to re-
calculate scores daily. This may be of clinical relevance,
since severe attacks are associated with increasing
scores over the first 48 hours, whereas mild attacks
show decreasing scores. Therefore, the APACHE II 
system is widely used in clinical routine and should be
preferred to Ranson or Glasgow criteria. In addition,
APACHE II has been the prognostic classification sys-
tem used for including patients in clinical trials on acute
pancreatitis over the last few years. However, the low
positive predictive value for severity and the complexity
of evaluating and scoring so many variables (see Table
6.3) hinder the clinical usefulness of this scoring system.

The finding that obesity (O) is associated with a more
severe course of acute pancreatitis has recently led sev-
eral authors to add these clinical data to the APACHE II
classification in the so-called APACHE-O score. Body
mass index (BMI) is categorized as normal (score 0),
overweight (BMI 26–30, score 1), or obese (BMI > 30,
score 2). Addition of the score for obesity to the
APACHE II score increases the predictive accuracy, and
positive predictive values for severity higher than 70%
have been reported.

Markers of protease activation

The role of protease activation markers in the early
prognostic evaluation of acute pancreatitis is based on
the positive correlation found between the degree of
protease activation and the extent of pancreatic injury
in the course of the disease. It is generally accepted that
trypsinogen activation is one of the earliest events in the
pathogenesis of acute pancreatitis. As a second step, the
generated active trypsin is thought to be the key factor
in the activation of other pancreatic proteases such as
procarboxypeptidase B and prophospholipase A2. Ac-
tivation of proenzymes is produced by the cleavage of a
peptide chain that masks the active site of the enzyme.
During the process of enzyme activation, this peptide
chain, usually called the activation peptide, is locally re-
leased; it enters the bloodstream and is finally excreted
into the urine. Serum and urinary levels of activation
peptides are therefore directly related to the amount of
activated enzymes and are thus associated with the
severity of local damage during acute pancreatitis.
Among activation peptides, markers of trypsinogen,
procarboxypeptidase, and prophospholipase A2 acti-
vation are the most extensively studied.

TAP is the most studied activation peptide in acute
pancreatitis. TAP concentrations in urine increase very
early after the onset of the disease and reach maximal
levels within the first 24 hours. This increase is signifi-
cantly higher in patients with a severe course of acute
pancreatitis than in those with mild disease. Urinary
TAP levels decrease very quickly thereafter and this
peptide is almost undetectable after 3–4 days. This
rapid decrease limits the use of this prognostic marker
to the time of admission. In addition, TAP is not useful
in the daily monitoring of severity of the disease.

Together with several local studies, two large multi-
center studies have investigated the predictive value of
urinary TAP in detemination of severity in acute pan-

PART I

50



creatitis. The results of these two studies are far from
consistent, with sensitivities and specificities ranging
from 58 to 100% and from 73 to 85% respectively.
These findings, together with a rather low positive pre-

dictive value for severity (as low as 35% at 48 hours in
one of the studies), limit the clinical usefulness of uri-
nary TAP measurement for prediction of severity in
acute pancreatitis, which may be limited to the first 24
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Table 6.3 APACHE II severity of disease classification system.

High abnormal range Low abnormal range

Physiologic +4 +3 +2 +1 0 +1 +2 +3 +4
variable

Temperature, 41 39–40.9 38.5–38.9 36–38.4 34–35.9 32–33.9 30–31.9 29.9
rectal (ºC)

MAP (mmHg)* 160 130–159 110–129 70–109 50–69 49
Heart rate (bpm) 180 140–179 110–139 70–109 55–69 40–54 39
Respiratory rate 50 35–49 25–34 12–24 10–11 6–9 5
Oxygenation†

A-aDO2 (mmHg) 500 350–499 200–349 < 200
PaO2 (mmHg) > 70 61–70 55–60 < 55

Arterial pH 7.7 7.6–7.69 7.5–7.59 7.33–7.49 7.25–7.32 7.15–7.24 7.15
Serum sodium 180 160–179 155–159 150–154 130–149 120–129 111–119 110

(mmol/L)
Serum potassium 7 6–6.9 5.6–5.9 3.5–5.4 3–3.4 2.5–2.9 < 2.5

(mmol/L)
Serum creatinine 3.5 2–3.4 1.5–1.9 0.6–1.4 < 0.6

(mg/dL)‡
Hematocrit (%) 60 50–59.9 46–49.9 30–45.9 20–29.9 < 20
White blood cells 40 20–39.9 15–19.9 3–14.9 1–2.9 < 1

(¥103/mm3)
Glasgow Coma Score = 15 minus actual GCS

Scale (GCS)

Total acute physiology score (A) = sum of the 12 individual variable points

Serum HCO3
–§ 52 41–51.9 32–40.9 22–31.9 18–21.9 15–17.9 < 15

B Age: < 44 years, 0 points; 45–54 years, 2 points; 55–64 years, 3 points; 65–74 years, 5 points; > 75 years, 6 points

C Chronic health points. If any of the following five categories is answered with yes, give +5 points for nonoperative or
emergency postoperative patient
Liver: cirrhosis with portal hypertension or encephalopathy
Cardiovascular: class IV angina or at rest or with minimal self-care activities
Pulmonary: chronic hypoxemia or hypercapnia or polycythemia of pulmonary hypertension > 40 mmHg
Kidney: chronic peritoneal dialysis or hemodialysis
Immune: immune-compromised host

APACHE II score = A + B + C

* MAP, mean arterial pressure = (2 ¥ diastolic + systolic)/3.
† FIO2 > 0.5, record A-aDO2; FIO2 < 0.5, record only PaO2.
‡ Double point for acute renal failure.
§ Venous mmol/L (not preferred, use instead of arterial pH if no arterial blood gas analysis is available).



hours from onset of symptoms. In addition, TAP is
quantified by an enzyme immunoassay that is still too
complex and expensive to be applied for routine use in
an emergency laboratory. New technologies based on
rapid strips or “immunosticks” are being developed
and could be an adequate tool for early prognostic 
evaluation of acute pancreatitis on admission.

The procarboxypeptidase activation peptide (CAPAP) 
is larger than TAP and thus more stable and easier 
to quantify. CAPAP levels in serum and urine correlate
well with severity of the disease and show accuracy 
in the prognostic evaluation of acute pancreatitis that
seems to be higher than that of TAP. As for TAP, the
prognostic usefulness of CAPAP is limited to the first
24–48 hours from onset of symptoms and levels de-
crease quickly so that they are not useful for daily mon-
itoring of the disease. Although a radioimmunoassay
for CAPAP determination is commercially available, it
is still too complex and expensive to be readily applied
to clinical routine.

Recently, an enzyme immunoassay for quantifica-
tion of phospholipase A2 activation peptide (PLAP) has
been developed. Although experience with PLAP deter-
mination is still limited, this may be a relevant marker
in the future for evaluation of severity of acute pancre-
atitis. This is due to the fact that PLAP is released after
activation of both pancreatic as well as granulocytic
phospholipase A2. In this way, a single parameter could
reflect the intensity of the two central events in 
the pathogenesis of severe acute pancreatitis, i.e., 
pancreatic enzyme activation and the systemic inflam-
matory response.

Markers of inflammatory response

Independent of the etiology of acute pancreatitis, the
initial cell damage in the gland induces the very early 
release of several inflammatory mediators such as 
interleukin (IL)-8 and oxygen-derived free radicals.
These locally released inflammatory mediators attract
granulocytes and monocytes/macrophages, which 
release large amounts of oxygen-derived free radicals,
proteases, phospholipase, and cytokines. Excessive
stimulation of the inflammatory and immune response
leads to the development of SIRS, which is associated
with the development of complications and a severe
course of acute pancreatitis (Fig. 6.1). Therefore, quan-
tification of circulating levels of inflammatory and 
immune markers allows evaluation of the intensity 
of the inflammatory and immune response, which 
correlates with the severity of acute pancreatitis.

Several inflammatory mediators have been evaluated
in the context of acute pancreatitis. Among them, gran-
ulocyte (PMN) elastase, tumor necrosis factor (TNF),
IL-6 and IL-8, and C-reactive protein (CRP) should be
underlined. Although markers of inflammation are 
obviously not specific for acute pancreatitis, they can 
be used not only for early prognostic evaluation of the
disease but also for monitoring its clinical course.

The correlation between plasma levels of PMN elas-
tase and severity of acute pancreatitis is so close that it
allows differentiation between mild and severe disease
with high accuracy on admission, within the first 24
hours from onset of symptoms. Plasma PMN elastase
reaches maximum levels between 24 and 48 hours after
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disease onset and then starts to decline over the follow-
ing days (Fig. 6.2). Its sensitivity and specificity in the
prognostic evaluation of acute pancreatitis are as high
as 85–95%, with a negative predictive value for severity
close to 100%. Most importantly, the positive predic-
tive value for severity is even higher than 80% (starting
from the known pretest probability of severe disease of
20%). The previous methodologic limitations related
to quantification of PMN elastase by enzyme im-
munoassay have been overcome by the development of
a method based on latex immunoagglutination. This
method allows automated determination of PMN elas-
tase that can be applied to the daily clinical routine.

Several interleukins have been evaluated in the early
prognostic classification of acute pancreatitis. They are
mainly released by activated monocytes/macrophages.
Similarly to PMN elastase, circulating IL-1 and IL-6
levels increase within the first 24 hours of disease and
allow differentiation between mild and severe acute
pancreatitis with high accuracy. IL-8 is released even
earlier, partly from damaged pancreatic cells, and cir-
culating peak concentrations occur 12 hours from
onset of acute pancreatitis. Results on TNF in acute
pancreatitis are inconsistent because of the known in-
termittent release of this cytokine. As an alternative,
circulating levels of soluble TNF receptor, which are 

directly related to the amount of released TNF, have 
a longer half-life and can be more easily measured. 
Soluble TNF receptor levels are significantly increased
in severe acute pancreatitis compared with mild 
disease, and are even more increased in severe patients
who develop organ failure. Although cytokines could
be reliable markers of severity in acute pancreatitis,
their clinical applicability is hindered by methodologic
complexity and costs.

The most widely used serum marker for the prognos-
tic evaluation of acute pancreatitis is CRP. Liver synthe-
sis of CRP is induced by released interleukins, mainly
IL-1 and IL-6. Thus serum CRP levels in acute pancre-
atitis increase later than interleukins or PMN elastase,
and peak about 72 hours from onset of symptoms (Fig.
6.2). The accuracy of serum CRP for the prognostic
evaluation of acute pancreatitis has been extensively 
investigated. Serum CRP levels higher than 120–
160 mg/L are likely associated with a severe course of
the disease. The sensitivity and specificity of this
marker for classification of severity in acute pancreati-
tis is to some extent lower than that reported for PMN
elastase or interleukins, but higher than that of any
scoring system. A strong correlation has been described
between CRP and pancreatic and peripancreatic necro-
sis, which permits prediction of the presence of necrosis
with a sensitivity and specificity greater than 80%.
Based on this, serum CRP quantification may be an ad-
equate marker for selecting those patients who require
contrast-enhanced CT. Finally, since determination of
CRP is technically simple, fast, and widely available,
this marker can still be considered the reference for
prognostic evaluation of acute pancreatitis. However,
it should be remembered that the highest accuracy for
CRP is reached at 72 hours from onset of symptoms,
just at the end of the therapeutic window of acute pan-
creatitis, when most treatments should be already insti-
tuted. Therefore, CRP is far from being the optimal
prognostic marker of acute pancreatitis and method-
ologic progress is awaited to help in the applicability of
earlier and highly accurate markers for the prognostic
evaluation of acute pancreatitis in clinical routine.

Early prognostic evaluation of acute
pancreatitis in clinical practice

Prognostic evaluation of acute pancreatitis is a key step
in the management of the disease immediately after di-
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agnosis. This allows patients with mild disease to be
treated conservatively, avoiding expensive therapies
that are not without complications and adverse events.
As important, intensive monitoring and therapies 
including enteral nutrition, antibiotic prophylaxis,
and/or endoscopic sphincterotomy can be applied
within the tight therapeutic window in patients classi-
fied as suffering from severe disease.

The relative complexity and principally the low pos-
itive predictive value for defining severity in acute 
pancreatitis limit the clinical usefulness of any scoring
system. Ranson and Glasgow criteria are no longer 
recommended. Instead, APACHE II and mainly
APACHE-O are more appropriate alternatives. Never-
theless, since the positive predictive value of these sys-
tems for detecting severity in acute pancreatitis is also
low, they are basically recommended for monitoring
the course of the disease and not for early prognostic
evaluation.

The most accurate and earliest markers of severity
in acute pancreatitis are those that reflect the intensity
of the systemic inflammatory response and those re-
lated to the extent of pancreatic enzyme activation.
With the exception of PMN elastase, the clinical ap-
plicability of these markers is hindered by method-
ologic limitations. Despite showing a delayed increase
in serum, CRP is a valid alternative and useful in clini-
cal practice because of technical simplicity and wide
availability. Based on current consensus, severe acute
pancreatitis is defined by a serum CRP concentration
higher than 150 mg/L within the first 72 hours of 
disease.

New technologies are being developed for quantifi-
cation of some of the early and accurate prognostic
markers described above (TAP, cytokines, etc.). In addi-
tion, several new and promising markers are being eval-
uated and may change the concept of both early
prognostic evaluation and disease monitoring in acute
pancreatitis in the near future. Among these markers
are serum amyloid A and especially procalcitonin,
which are already used in many centers worldwide and
could be easily applied to acute pancreatitis in clinical
practice.
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Introduction

Even though a wide range of pathophysiologic alter-
ations with different corresponding clinical manifesta-
tions characterize every case of acute pancreatitis, a
simple and useful classification was proposed at the
1992 International Symposium on Acute Pancreatitis
in Atlanta, Georgia. In order to define the severity of an
acute attack, pancreatitis was divided on a practical
clinically relevant basis into mild and severe acute 
pancreatitis. Mild pancreatitis, previously referred to
as edematous or interstitial pancreatitis, occurs in
70–80% of individuals. It is a mild self-limiting disease
that resolves rapidly, has practically no mortality or
morbidity, and has absent or minimal systemic mani-
festations or organ failure. Severe acute pancreatitis,
previously called hemorrhagic or necrotizing pancre-
atitis, occurs in the minority of patients and exhibits
systemic physiologic alterations, distal organ failure, a
protracted clinical course, local abdominal complica-
tions, and a significant mortality rate.

This classification is based on the early depiction of
two pathophysiologic phenomena: (i) the presence and
degree of systemic manifestations and distal organ dys-
function (clinical and laboratory parameters) and (ii)
the presence and extent of pancreatic necrosis. The
early detection of pancreatic necrosis, which mainly de-
pends on computed tomography (CT) performed with
intravenously administrated contrast material, has
greatly improved the initial evaluation of patients with
acute pancreatitis. Mortality rates of less than 1% in
patients with edematous pancreatitis undergo a strik-
ing increase to 10–23% in patients with pancreatic
necrosis. Lethal incidence of up to 67% occurs in pa-

tients with extensive infected necrosis of the pancreatic
gland, and most complications occur in patients with
necrotizing pancreatitis. Secondary contamination 
occurs in 40–70% of patients with pancreatic necrosis
and represents a major risk of death. Additionally,
there is a direct relationship between the development
of gland necrosis and the degree of systemic functional
alterations. Multiorgan failure is much more common
and more severe in patients with necrotizing pancreati-
tis and the majority of patients with lethal outcome
have pancreatic necrosis. The importance of early
demonstration of pancreatic necrosis is obvious and is
further underlined by the required therapeutic mea-
sures given to this group of individuals. Patients with
necrosis are closely monitored in the intensive care unit,
their metabolic and organ failures are corrected, and
follow-up CT examinations are routinely performed in
this setting.

Limitations in clinical diagnosis

The clinical diagnosis of acute pancreatitis hinges on
the association of clinical findings, mainly abdominal
pain, nausea, and vomiting, with elevation of serum
amylase level. Physical signs and clinical symptoms, in-
cluding more severe manifestations such as epigastric
fullness, tenderness, tachycardia, tachypnea, hypoten-
sion, and leukocytosis, herald the development of an
acute abdominal condition but have no specificity.
Since 1929 when Elman first reported on the diagnostic
utility of serum amylase elevation, the clinical diagno-
sis of acute pancreatitis could be confirmed in the 
majority of these patients. However, there remain 
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two broad categories of limitations that affect the 
usefulness of hyperamylasemia in detecting acute 
pancreatitis.

First, since hyperamylasemia has become the gold
standard diagnostic procedure, the real sensitivity of
this test in patients with acute pancreatitis is difficult to
establish. It varies in different clinical studies between
about 80 and 95%. Several factors can substantially
lower the diagnostic sensitivity of serum amylase in
acute pancreatitis. Serum pancreatic amylase tends to
increase at the beginning of an acute attack of pan-
creatitis but often will rapidly (24–72 hours) return to
normal levels. Elevated serum lipase levels usually 
decrease more slowly, showing a superior sensitivity
particularly when there is delay in the initial blood 
sampling. It has been noticed that in up to one-third of
patients with alcoholic pancreatitis the serum amylase
may be normal. In patients with hyperlipidemia and
acute pancreatitis, the serum amylase concentration 
remains within the normal range. Moreover, slight ele-
vations are not as useful in clinical practice, whereas
twofold or threefold elevations of serum amylase levels 
show higher sensitivities in diagnosing acute pancreatitis.

Second, several metabolic and acute abdominal dis-
orders may present with hyperamylasemia, decreasing
the specificity of this test in diagnosing acute pancreati-
tis. Among these disorders, acute biliary disease, per-
forated peptic ulcer, small bowel obstruction, closed
loop obstruction, mesenteric vascular occlusion, and
infarcted bowel have similar, overlapping clinical 
features. In a large review of patients with acute 
abdominal disorders, 20% showed hyperamylasemia
but only 75% of individuals with high serum amylase
levels had acute pancreatitis. In the past, for these rea-
sons, diagnostic laporatomies were often performed to
confirm the suspected clinical diagnosis and exclude
other life-threatening acute abdominal conditions.

It is fair to conclude that the clinical diagnosis of 
patients with acute pancreatitis is plagued by uncer-
tainties in many instances. It has been reported that in
30–40% of patients with severe pancreatitis the correct
diagnosis was not made until the time of autopsy.

Limitations in clinical staging

Conspicuous clinical manifestations such as hypoten-
sion, respiratory distress, oliguria, and fever may be
seen in patients with severe pancreatitis; however these

signs lack specificity, develop usually late, and indi-
vidually are poor predictive indicators of severity. The
development of flank ecchymosis (Grey Turner’s sign)
or periumbilical ecchymosis (Cullen’s sign) are more
specific but appear late and are rarely seen. Based on 
the clinical evaluation alone, a severe attack of pan-
creatitis can be detected in only 34–39% of patients at
the beginning of clinical onset.

Abnormal values of some routine laboratory tests
are often encountered in acute pancreatitis and they
may be helpful in forecasting the occurrence of a severe
attack. A low serum calcium level (< 7.5 mg/dL), an ele-
vated serum glucose level (> 250 mg/dL), and/or a high
serum creatinine level (> 2 mg/dL) correlate grossly
with increased lethality. Furthermore, several biologi-
cally active substances (vasoactive peptides, inflam-
matory mediators, and cytokines) are found in the
bloodstream, ascitic fluid, and urine of patients with
acute pancreatitis. It has been postulated that measure-
ments of some of these toxic compounds may reveal the
development of an acute attack. Tumor necrosis factor,
pancreatic ribonuclease, phospholipase A2, polymor-
phonuclear elastase, and trypsinogen-activated peptide
are only a few more commonly mentioned in the litera-
ture. The clinical usefulness of some of these solitary
laboratory parameters is limited, whereas the utility of
the others as reliable predictive indicators of severity 
remains to be proven.

Since individual clinical and laboratory parameters
are unable to reliably identify patients with severe 
pancreatitis, numerical systems have been devised and
used in clinical practice. These grading systems count
the number of systemic and laboratory abnormalities
(called prognostic indices, risk factors, or grave signs)
and correlate them with mortality rates. The first nu-
merical system, developed by Ranson and colleagues, is
based on 11 objective signs, five calculated at the begin-
ning of an acute attack and six within the first 48 hours.
With an increasing number of grave signs there is a cor-
responding increase in morbidity and mortality. Pa-
tients with less than three grave signs are considered to
have mild pancreatitis, whereas patients with more
than six grave signs have severe pancreatitis and a very
high mortality rate. Inaccuracies in staging and predic-
tion of outcome are still seen in patients with three to
six grave signs.

After 1974, several other grading systems, each using
slightly different objective parameters, were proposed,
with a prognostic ability similar to that of the Ranson
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system. Apparently a slightly more reliable numerical
system is the Acute Physiology and Chronic Health
Evaluation (APACHE II), which is being used not only
at the onset of an acute attack but also to monitor pa-
tients’ response to treatment in the intensive care unit.

Although useful in clinical practice, two serious short-
comings characterize numerical systems: overall accu-
racy is about 70–80% with a sensitivity of 57–85%.
Additionally, it should be stressed that the depicted 
abnormalities reflect metabolic and distal organ dys-
function; they do not assess severity of intraabdominal
disease and obviously they have no diagnostic speci-
ficity being seen in other acute abdominal conditions.

The use of imaging modalities and radiologic proce-
dures are intended to complement the clinical diagnos-
tic and staging systems in our quest to improve the
evaluation and management of patients with acute
pancreatitis.

Imaging modalities

Early attempts to use noninvasive radiologic proce-
dures in the evaluation of patients suspected of having
acute pancreatitis focused on conventional plain ab-
dominal films, chest films, and barium gastrointestinal
examinations. These studies were used mainly to con-
firm the clinical diagnosis and detect local complica-
tions following attacks of severe pancreatitis. Since the
pancreatic gland could not be seen, only secondary ab-
normalities, mainly affecting adjacent segments of the
gastrointestinal tract, could be detected. While some-
times useful, the drawbacks included lack of specificity
and low sensitivity because only severe secondary find-
ings presumed to be induced by acute pancreatitis could
be perceived. In the past 25 years, with the development
of more reliable noninvasive techniques, imaging eval-
uation of acute pancreatitis has shifted almost entirely
toward CT imaging, with sonography and magnetic
resonance imaging (MRI) as complementary 
modalities.

Ultrasonography

Despite technical improvements with the use of real-
time high-resolution equipment, color and spectral
Doppler analysis, and optimal scanning techniques,
sonography plays only a secondary role in the evalua-
tion of acute pancreatitis. Overlying bowel gas often

hinders the visualization of the pancreatic gland, ren-
dering the examination limited in scope and quality.
Nevertheless, ultrasound examinations are performed
in most patients with pancreatitis for at least two main
reasons: detection of biliary stones and follow-up 
evaluation of fluid collections and pseudocysts.

The very high sensitivity (> 95%) of sonography in
diagnosing gallstones, with a lower sensitivity (40–
60%) in the detection of common duct stones, makes 
it an ideal method for diagnosing gallstone pan-
creatitis. This triage is beneficial since it is influencing
the management of these patients. In some patients, 
endoscopic retrograde cholangiopancreatography
(ERCP) and sphincterotomy procedures are per-
formed; in others with cholecystolithiasis, cholecystec-
tomy is advised on an elective basis to prevent the
potential risk of a further attack of pancreatitis, which
has been estimated to occur in as much as 60% of 
patients. When visualized, stones appear as echogenic
foci within the fluid-filled gallbladder, with posterior
acoustic shadow, a finding considered pathognomonic
(Fig. 7.1). Abdominal sonography is the best imaging
method for detecting gallstones; it is a rapid examina-
tion, noninvasive, mostly affordable, generally avail-
able, and extremely reliable. However, the examination
is heavily operator dependent and somewhat limited in
the detection of common duct stones.

When the pancreatic gland can be accurately seen by
sonography, findings of acute pancreatitis can be de-
tected. Interstitial edema will result in a diffusely en-
larged and hypoechoic gland, with irregular contour.
Focal intrapancreatic abnormalities are due to acute
fluid collections, inflammation, and hemorrhage. Ex-
trapancreatic fluid collections involving the anterior
pararenal space and lesser sac may be detected. Pseudo-
cysts are easily identified and appear as anechoic well-
defined fluid collections with through transmission of
sound. Abdominal ultrasound is an accepted modality
for follow-up of patients with pancreatic pseudocysts.
The essential limitations of abdominal ultrasound in
evaluating acute pancreatitis rest on its inconstant 
results and dependence on the experience of a skillful
operator. Reported data in the literature show that in
patients with acute pancreatitis abnormal ultrasound
findings are detected in 33–90% of patients.

Computed tomography

Abdominal CT, particularly after the introduction of
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incremental dynamic bolus techniques and more 
recently helical and multidetector equipment, has 
become the most reliable and efficient method for 
evaluating patients with acute pancreatitis. Fast exam-
inations, performed in only a few minutes using narrow
collimation, have virtually eliminated most respiratory
and streak artifacts. Remarkably, these procedures 
obtain high-resolution images that can be used to 
assess the gross morphology of the pancreas and detect
pancreatic abnormalities in almost all individuals. 
Several important clinical objectives justify the use of
CT in patients suspected of acute pancreatitis:
1 it can confirm the clinical diagnosis or depict pancre-
atitis when not suspected;
2 it is an essential component of early assessment of
disease severity;
3 it can detect and follow up local life-threatening 
abdominal complications;
4 it can diagnose acute abdominal disorders clinically
masquerading as acute pancreatitis.

Technique
Depending on the equipment used, technical parame-
ters can vary, but our objective is to increase the 
conspicuity of the pancreatic gland by using narrow
collimation and to acquire images during the adminis-
tration of intravenous contrast material. Oral contrast
agents are habitually given as well as one cup of water

just before image acquisition begins. We administer a
rapid 3–4 mL/s intravenous bolus injection of 150 mL
of 60% nonionic contrast material after the digital
scout film is taken.

With helical scanning, axial 5 mm collimation, pitch
1.5 over the upper abdomen, and 7 mm collimation,
pitch 2 for the rest of the abdomen and pelvis is 
performed. Acquisition starts about 60 s after the 
beginning of intravenous contrast administration.

With multidetector row CT, a two-phase acquisition
technique can be employed. The first, arterial-
dominant phase starts at approximately 40–45 s and
acquires images over the pancreatic gland, from the top
of the vertebral body T12 to the superior edge of the
vertebral body L4. Collimation of 2–2.5 mm, with a
table speed of 3.75 mm is used. The second, portal-
dominant phase starts at about 70 s and acquires im-
ages of 5 mm collimation with a table speed of 15 mm,
from above the dome of the diaphragm to the pubic
symphysis. Once data are generated, images can be
viewed as planar two-dimensional axial images or can
be reconstructed into coronal, oblique, or sagittal
planes at a commercially available workstation. Images
can be surveyed on printed films, workstation, or 
picture archiving and communication systems (PACS).
For dual-phase multidetector examination with
datasets containing hundreds of images, the use of films
has become impractical.
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Figure 7.1 Sonographic demonstration of cholelithiasis. (a)
Gallbladder (GB) stones detected as echogenic foci (small
arrows) producing posterior acoustic shadowing (large

arrows). (b) Large echogenic calculus (small arrows) is
visualized in a distended common duct (D) with posterior
acoustic shadowing (large arrows).



Normal pancreas
The pancreatic gland is obliquely oriented in the upper
abdomen with the head to the right, embraced by the
duodenal sweep, body more superiorly crossing the
spine, and tail located in the splenic hilum. On CT the
gland appears as a sharply contoured, homogeneously
enhancing structure, having a smooth contour or a
slightly corrugated acinar configuration (Fig. 7.2).
There are slight individual variations in the size of the
gland, with smaller atrophic glands seen in older indi-
viduals. In most patients the head of the pancreas mea-
sures 3–4 cm in the anteroposterior diameter, body
2–3 cm, and tail about 1–2 cm, with a gradual transi-
tion between segments. The body of the pancreas is re-
liably located anterior to the splenic artery and vein, a
relationship that helps identify the pancreas on more
limited quality studies or in cachectic individuals who
do not have retroperitoneal fat (Fig. 7.2). A more 
common variation to normal is a slightly enlarged tail,
having a bulbous appearance but showing a similar
texture and enhancing value as the rest of the gland.
With high-resolution images, a normal pancreatic duct
measuring no more than 1–2 mm in thickness is often
seen together with a small (2–4 mm) common duct 
on the posterior aspect of the pancreatic head.

In the absence of intravenous contrast administra-
tion, baseline attenuation values of a normal pancreas
are 40–50 Hounsfield units (HU), similar to the liver
and spleen. Lower attenuation values should be ex-

pected with fatty infiltration of the pancreas. During
the administration of intravenous contrast, homoge-
neous enhancement of the entire normal pancreas 
occurs, with values as high as 150 HU in the arterial-
dominant phase and about 100 HU in the portal-
dominant phase of acquisition (Fig. 7.2). Individual
density variations, usually no more than 10–20 HU, 
between different segments of pancreatic gland are
sometimes seen in normal individuals. Congenital vari-
ations, such as lack of development of the dorsal gland 
(body and tail) or annular pancreas, can be detected by CT.

Diagnosis of acute pancreatitis
The severity and extent of the pancreatic and peripan-
creatic inflammatory reaction that occur in pancreatitis
are reflected by the various CT findings. These findings
are similar in appearance and are not dependent on the
etiology of an acute attack. In the majority of cases the
inflammatory process is diffuse, involving the entire
pancreatic gland. Milder clinical forms show a slight to
moderate enlargement of the gland and the develop-
ment of subtle peripancreatic changes (Fig. 7.3). Inter-
stitial heterogeneous densities appear and the degree of
parenchymal enhancement is variable, depending on
the extent of hyperemia and/or edema induced by the
inflammatory process. There are subtle increased 
densities in the retroperitoneum, having a dirty, hazy,
or lace-like appearance, induced by the extravasa-
tion of pancreatic exudate. Small, ill-defined, and 
heterogeneous fluid collections begin to develop, with
attenuation values of 20–40 HU, which represent 
a combination of fat necrosis, extravasated pancreatic
enzymes, inflammatory exudate, and hemorrhage 
(Fig. 7.4). In some cases, while the peripancreatic 
abnormalities are evident, the pancreatic gland retains
its relatively normal size, configuration, and attenua-
tion values (Fig. 7.4).

In more severe forms of acute pancreatitis, the ex-
travasated retroperitoneal fluid collections are large
and commonly located in the anterior pararenal space
and lesser peritoneal sac (Fig. 7.5). Since most of the
pancreas is located to the left of the spine, fluid collec-
tions tend to be more abundant and more common in
the left anterior pararenal space (Fig. 7.4). When mas-
sive, fluid collections can dissect fascial planes and 
extend further down over the psoas muscles into the
pelvis. Pancreatic exudates can thicken peritoneal sur-
faces, involve the mesocolon and small-bowel mesen-
tery, enter the peritoneal cavity and present as ascites,
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Figure 7.2 Normal pancreas in a 70-year-old woman with
abdominal pain and hyperamylasemia (1400 IU/L) presumed
to have gallstone pancreatitis. The visualized pancreas
(arrows) shows normal size and homogeneous enhancement.
K, kidney; L, liver; S, spleen; v, splenic vein.



and when extensive it may disrupt the pancreatic ductal
system, allowing larger amounts of pancreatic secre-
tions to extravasate in the retroperitoneum for longer
periods (Fig. 7.7). CT can also quantify the extent of
pancreatic necrosis by grossly dividing necrosis into se-
vere, involving more than 50% of the gland (Fig. 7.7);
moderate, involving up to 50% of the gland; or mild,
involving less than 30% of the gland (Fig. 7.6).

The CT abnormalities that occur in acute pancreati-
tis are characteristic and reliable with very few excep-
tions, and have a reported specificity approaching
100%. On the other hand, the diagnostic sensitivity of
CT is reported to be lower (77–92%) and is heavily de-
pendent on the severity of disease in the group of indi-
viduals tested. The decreased diagnostic sensitivity is
attributed to the incidence of normal CT findings in
some patients with acute pancreatitis. The frequency of
this presentation is difficult to establish because surgi-
cal or pathologic proof is lacking and the diagnosis is
based on nonspecific symptoms and on a rise in the
serum amylase concentration (Fig. 7.2). Based on these
criteria, a normal pancreas is visualized with CT in 
as many as 14–28% of patients with pancreatitis. How-
ever, there is extensive experience to attest that a nor-
mal CT examination is seen only with very mild forms
of pancreatitis and that all patients with moderate or
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(a) (b)

Figure 7.3 Endoscopic retrograde cholangiopancreato-
graphy pancreatitis in a 27-year-old woman with
cholelithiasis. (a) Pancreas is diffusely enlarged (arrows) with
homogeneous but moderate enhancement because of
interstitial edema. There is mild periglandular inflammatory
reaction but no necrosis. CT severity index 2. Small stone is

seen in the gallbladder (small arrow); g, gallbladder; r, renal
vein; v, splenic vein. (b) Follow-up CT examination 7 days
later shows resolution of the inflammatory changes. Pancreas
has decreased in size with normal homogeneous
enhancement (arrows).

and affect adjacent hollow segments of the gastroin-
testinal tract (Fig. 7.4). Small amounts of free intraperi-
toneal fluid are detected in about 7% of cases of acute
pancreatitis, an incidence that depends on the severity
of an acute attack (Fig. 7.5). Retroperitoneal fluid col-
lections, which are demonstrated in about half the pa-
tients with acute pancreatitis, tend to slowly resolve in
the majority of patients over a period of about 2 weeks.
In some cases, however, fluid collections linger on, in-
crease in volume, begin to form a capsule, and eventu-
ally develop into pseudocysts or become pancreatic
abscesses. At the beginning of an acute attack of pan-
creatitis, the natural history of the fluid collections is
difficult to predict, but in our experience their fate 
appears to be related to the association of conspicuous
intrinsic parenchymal changes.

Failure of the diseased pancreas to enhance during
the intravenous contrast administration is consistent
with ischemia, and is the most distinguishing CT fea-
ture of severe pancreatitis. The process may affect only
part of the gland or it may be diffuse and involve the en-
tire gland (Figs 7.6 & 7.7). The demonstration of this
phenomenon at the onset of an acute attack heralds the
development of pancreatic necrosis, a protracted clini-
cal course, and a severe outcome. Ischemic tissue ini-
tially present tends to liquefy within the first 2 or 3 days,
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(a)

(b)

(c)

Figure 7.4 Acute pancreatitis with colon cutoff sign. (a)
Conventional abdominal film reveals marked distension of
the air-filled transverse colon (C) and air in the stomach (S)
and small bowel. (b) Pancreas (P) has maintained its normal
size with homogeneous attenuation values. Heterogeneous

fluid collection (F) is present around body and tail of
pancreas in the left pararenal space. CT severity index 3. (c)
Fluid (F) is enveloping a narrowed and thickened splenic
flexure (arrows), explaining the dilation of the proximal
colon (C). D, duodenum; S, stomach.

severe pancreatitis will exhibit characteristic CT
changes.

Segmental pancreatitis
A segmental form of acute pancreatitis has been report-
ed in up to 18% of patients, often associated with a bil-
iary etiology. This morphologic presentation occurs
mainly after repeated episodes of pancreatitis; it affects
predominantly the head of the pancreas and only rarely
the tail of the gland. Discrete peripancreatic inflamma-
tory changes, small fluid collections, and enlargement
of the head or tail of the pancreas is noted on CT. The
rest of the pancreatic gland appears normal or it may be

only slightly enlarged. The focal distribution of the in-
flammatory process is associated with milder clinical
forms of pancreatitis but on CT may be misinterpreted
as a pancreatic neoplasm.

Groove pancreatitis
Groove pancreatitis can be described as a chronic and
more severe form of segmental pancreatitis involving
the head of the pancreas. The head of the pancreas is en-
larged and heterogeneous in attenuation, and ex-
travasated pancreatic exudate collects in the groove
between the head of the pancreas and duodenal sweep
(Fig. 7.8). The secondary extensive inflammatory reac-
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(a) (b)

(c)

Figure 7.5 Gallstone pancreatitis in a 50-year-old woman.
(a, b) Pancreas is enlarged (arrows) but reveals the normal
expected attenuation values throughout. Large fluid
collections are present in both anterior pararenal spaces and
peritoneal cavity consistent with ascites (A). Distended
common duct (small arrow) is visualized along the posterior
aspect of the head of the pancreas. D, duodenum; G,
gallbladder. (c) Ascites (A) is noted in the lower pelvis
anterior to rectum (R) and posterior to uterus (U). CT
severity index 4. Ascites resolved without abdominal
complications.

tion that follows injures the duodenal wall as well as the
distal common duct. Over time this development leads
to several complications, such as duodenal stenosis,
gastric outlet obstruction, and bile duct strictures.
Duodenal stenosis and/or bile duct obstruction have
been reported in about 50% of patients and they domi-
nate the clinical aspects of this syndrome. Abdominal
pain, vomiting, and obstructive jaundice are the com-
mon manifestations and the illness appears to be caused
by excessive alcohol intake in most patients. The clini-
cal presentation as well as the CT findings can be 
misleading, leading to an erroneous diagnosis of 
carcinoma of the head of the pancreas.

Acute exacerbation of chronic pancreatitis
Acute episodes of pancreatitis characterized by sudden

onset of abdominal pain and hyperamylasemia can
occur in patients with chronic pancreatitis. This devel-
opment is seen mainly in chronic alcoholics with stig-
mata of chronic pancreatitis on CT, and it is generally
regarded as a mild self-limiting exacerbation of a
chronic disease. CT examination detects parenchymal
atrophy, dilatation of the main pancreatic duct, and/or
intraductal calcifications, findings not seen in acute
pancreatitis. When present, mild peripancreatic in-
flammatory reaction and/or small fluid collections be-
tray the occurrence of an acute attack. Associated
pseudocysts or pancreatic abscesses may be present.
The intrinsic morphologic changes are permanent
whereas the recent peripancreatic abnormalities and
acute clinical symptoms usually resolve with conserva-
tive therapy.
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Figure 7.6 Necrosis of the neck of pancreas in a 33-year-old
male with alcoholic pancreatitis. (a) Body (b) and tail (t) of
the pancreas is enhancing while a small area of
nonenhancement consistent with necrosis (N) is affecting the

neck of the pancreas (arrows). (b) Associated fluid collection
is seen in the lesser sac around the celiac axis (arrows). CT
severity index 5.

(a) (b)

Figure 7.7 Massive sterile necrosis in a 27-year-old woman
associated with intraperitoneal bleeding. (a, b) Head of the
pancreas is enlarged, edematous but still enhancing. Rest of
the gland shows no enhancement, consistent with massive

necrosis (N) affecting more than 50% of pancreas. Large
high-attenuated fluid collections consistent with blood (B)
are detected in the abdomen. CT severity index 10. Findings
proven at surgery. T, transverse colon.

Staging of acute pancreatitis
The management of patients with acute pancreatitis de-
pends on the initial evaluation of severity of disease. To
this end, objective clinical and laboratory parameters
as well as CT are being used to better detect and quanti-
fy the severity of an acute attack. For a long time it has
been known that the overall 2–10% mortality of acute
pancreatitis is directly related to the development of

pancreatic necrosis. More recently it has become evi-
dent that the necrotic pancreatic parenchyma, rather
than representing the end result of a protracted form of
severe pancreatitis, is a phenomenon that occurs at the
beginning of an acute attack. Pancreatic necrosis there-
fore should not be considered a complication of pan-
creatitis but one end of a spectrum of manifestations of
a severe attack, explaining the protracted clinical



course that follows. Thus the early detection of pancre-
atic necrosis by CT has acquired great clinical signifi-
cance, being used as a grave prognostic indicator of the
outcome in these patients (Figs 7.6 & 7.7). Conse-
quently, CT has become a required and essential com-
ponent of our new classification system.

Radiologic investigations have tried to assess the use-
fulness of CT in staging the severity of an acute attack
of pancreatitis. In our initial 1985 report, we divided
the CT features of acute pancreatitis into five separate
grades (Table 7.1) and correlated the CT findings with
the development of local complications and death. It
became obvious that most morbidity and all lethal at-
tacks occurred in individuals with grade D or E present-
ing with fluid collections (Figs 7.4–7.7). Combined
mortality for patients with grades D and E was 14%
and morbidity was 54%, compared with no mortality
and a morbidity rate of only 4% in patients with grades
A, B, and C (Fig. 7.9). Similar general observations
were later published by other clinical researchers.

The advantages of our initial grading system are
based on the ability to select a subgroup of patients with
acute pancreatitis (grades D and E), at higher risk of
morbidity and mortality. This CT grading is easy to per-
form, does not require intravenous contrast adminis-
tration, or can be performed with slower injection
rates, slower CT scanners, and 5–7 mm collimation.

The drawback is its inability to better predict mor-
bidity in patients with fluid collections, since in the 
majority of these patients fluid resolves spontaneously.
Furthermore, CT examinations performed on slower
scanners, without intravenous contrast administration
or with slower injection rates, are limited in their 
ability to detect pancreatic necrosis, decreasing the 
sensitivity of CT as a prognostic indicator of severity.

The causal relationship between lack of pancreatic
enhancement and the development of pancreatic necro-
sis has been previously recognized. When the arterial
flow is impeded or the capillary network is damaged,
there is a striking decrease or a total lack of parenchy-
mal enhancement consistent with ischemia, followed
habitually by the development of necrosis. With few ex-
ceptions, necrosis appears at the beginning of an acute
attack and remains stable in size and location. Howev-
er, the necrotic tissue liquefies in the following few days
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Figure 7.8 Groove pancreatitis in an alcoholic 37-year-old
man with several previous episodes of pancreatitis. (a) Body
and tail of the pancreas are normal in size (long white arrows)
and pancreatic duct is dilated (short black arrows). G,
gallbladder. (b) Head of pancreas (H) is enlarged and

heterogeneous in attenuation secondary to inflammation and
edema. Fluid is seen around the head of pancreas adjacent to
duodenum (arrows). Endoscopic biopsies revealed severe
inflammatory changes in duodenum (d).

Table 7.1 CT grading in acute pancreatitis.

A Normal pancreas
B Pancreatic enlargement
C Inflammation of pancreas and/or peripancreatic fat
D Single peripancreatic fluid collection
E Two or more fluid collections and/or retroperitoneal air



and the normal glandular CT texture changes; the area
of necrois becomes better defined and more easily ap-
preciated when compared with the adjacent viable en-
hancing pancreatic tissue (Fig. 7.6).

The veracity of this concept and the clinical impor-
tance of CT detection of pancreatic necrosis was con-
firmed in our 1990 paper. Our data documented an
excellent correlation between the early CT findings, the
development of local complications, and mortality in
patients with acute pancreatitis. Patients with normal
pancreatic enhancement had no mortality and only a
6% morbidity rate, whereas patients with CT evidence
of pancreatic necrosis (areas of lack of enhancement)
exhibited a 23% mortality and 82% morbidity (Fig.
7.10). In addition, the extent of necrosis was found to
have prognostic significance. Mortality and morbidity
in individuals with extensive necrosis far exceeded
those observed in patients with smaller patchy areas of
necrosis. The combined morbidity in patients with over
30% necrosis was 94%, and the mortality was 29%.
Surgical correlation studies have shown that CT has an
overall sensitivity of 77–85% in detecting pancreatic
necrosis, with higher percentages for extensive necrosis
and lower percentages (50%) for smaller necrotic foci.
These findings will probably improve following recent
technical advances in abdominal CT imaging.

Although the early detection of necrosis by CT 
imaging is considered the most revealing prognostic 
indicator of disease severity, a smaller incidence of

complications (22% in our experience) should be ex-
pected in patients with fluid collections but with nor-
mally enhancing pancreatic glands. Therefore we have
combined the previously described CT prognostic risk
factors into a single CT grading system which we have
called the “CT severity index.”

CT severity index
The CT severity index is a scoring system that combines
the initial grading system with the presence and extent
of pancreatic necrosis as perceived by CT examination.
Patients with grades A–E are assigned 0–4 points, to
which are added 2 points for up to 30% necrosis, 4
points for up to 50% necrosis, and 6 points for greater
than 50% necrosis (Table 7.2). The resulting severity
score, divided into three broad categories (0–3, 4–6,
7–10), correlates well with the incidence of death and
the developing local morbidity (Fig. 7.11). Patients
with severity index of 0 or 1 are free of complications,
whereas patients with a severity index of 7–10 have a
17% mortality and a 92% complication rate.

Limitations of CT evaluation
Most limitations of CT evaluation of the pancreas 
are related to poor-quality studies, motion artifacts, 
inadequate technique, and lack of intravenous con-
trast administration. When intravenous contrast 
administration is contraindicated (renal insufficiency,
allergic reaction to contrast), some of the more subtle
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Figure 7.9 CT grading versus morbidity and mortality. 

Figure 7.10 Pancreatic necrosis detected by CT versus
morbidity and mortality.



parenchymal and peripancreatic abnormalities are
harder to depict. Moreover, ischemic and necrotic
changes become difficult to detect, particularly at the
beginning of an acute attack, drastically reducing CT
accuracy in staging acute pancreatitis.

CT imaging performed 2–3 days after the initial 
clinical onset has a higher accuracy in detecting and
quantifying pancreatic gland necrosis. Although the
presence of pancreatic ischemia is initially evident in
most patients, the extent of necrotic involvement be-
fore liquefaction appears is more difficult to define at
the beginning of an acute attack. Patients who exhibit
early equivocal findings or who have large peripancre-

atic fluid collections should undergo a follow-up CT
examination.

Extravasated pancreatic exudate severely affects
retroperitoneal structures, with the development of in-
flammatory reaction, hemorrhage, saponification, and
extensive fat necrosis. These pathologic changes can
occur without recognizable intrinsic parenchymal
changes and are difficult to reliably differentiate on CT.
For this reason all residual, lingering, heterogeneous,
retroperitoneal collections should be considered 
suspicious for fat necrosis. Secondary bacterial con-
tamination in these collections cannot be ruled out 
unless diagnostic percutaneous needle aspiration is 
performed.

Complications of acute pancreatitis
Several complications may occur following an attack of
acute pancreatitis that are responsible for the overall
2–10% mortality and a protracted clinical course.
Most life-threatening complications should be expect-
ed in patients with necrotizing pancreatitis. Despite
some overlap, these complications develop mostly in
different time frames, following the clinical onset of an
acute episode of pancreatitis. They can be divided into
systemic toxic manifestations and local abdominal
pathologic changes confined mainly to the pancreas
and adjacent structures (Table 7.3).

Early complications Early complications, i.e., those
occurring at the onset or within the first 2–3 days of an
acute attack, are systemic in nature and account for the
20–50% mortality reported in acute pancreatitis. The
underlying pathology is connected to the presence and
extent of pancreatic necrosis, and its triggering mecha-
nism to the production and release in the bloodstream
of a variety of toxic compounds (inflammatory media-
tors, cytokines, vasoactive peptides). These toxic com-
pounds induce metabolic, cardiovascular, pulmonary,
and/or renal functional aberrations with various clini-
cal expressions reflecting the severity of disease at the
onset of an acute attack. Detection of these systemic
complications is made by clinical means, is part of the
numerical staging systems, and greatly influences 
management decisions and treatment options in these
individuals.

Intermediate complications Several ominous abdo-
minal complications can develop between the second
and fifth week following an acute attack of pancreatitis,
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Table 7.2 Acute pancreatitis CT staging.

CT Severity index (CTSI)

CT Grade Points Necrosis Points CTSI Score

A 0
B 1 None 0 1
C 2 <30% 2 4
D 3 30–50% 4 7
E 4 >50% 6 10

CTSI Score = CT grade + necrosis score (0–10).
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Figure 7.11 CT severity index versus morbidity and
mortality. Stage A = 0, B = 1, C = 2, D = 3, E = 4. No necrosis =
0, one-third = 2, one-half = 4, more than one-half = 6.



after the violent systemic manifestations subside. These
pathologic changes are frequently but not exclusively
associated with gland necrosis and they are responsible
for more than 50% of the mortality reported in acute
pancreatitis. CT plays a crucial role in their detection
and in the decision-making clinical management
process.

Infected pancreatic necrosis One of the most fore-
boding consequences of pancreatic necrosis is 
secondary bacterial contamination of the liquefied
parenchymal tissue, referred to as infected pancreatic
necrosis. This complication occurs in about 40–70% of
patients with devitalized pancreatic parenchyma, with
a time-related incidence that increases to 60% after 3
weeks of hospitalization. Infected necrotic pancreatic
tissue is a severe aggravating factor increasing the mor-
tality rate in this cohort of patients. In the series of
Beger and colleagues, patients with extensive infected
necrosis had a 67% mortality rate as opposed to a 14%
mortality rate in patients with a similar extent of sterile
necrosis. If contamination does not occur, after the
early systemic manifestations resolve, patients become
clinically stable and the liquefied pancreatic tissue 
may resolve or organize into pancreatic pseudocysts
(Fig. 7.12).

The source of contamination is the subject of intrigu-
ing and controversial theories but is probably multifac-
torial in origin. Translocation of bacteria (Escherichia
coli, Enterobacter, Klebsiella, anaerobes, fungi)
through the intestinal wall, via the blood or lymphatic
system or due to microperforations, are some of the 
hypotheses offered.

Infected pancreatic necrosis should be suspected
when sepsis (fever, chills, elevated white blood count)
dominates the clinical syndrome in patients with
known CT findings characteristic of gland necrosis
(Fig. 7.13). The diagnosis can be confirmed by percuta-

neous needle aspiration under sonography or CT guid-
ance and bacteriologic examination. There are no spe-
cific CT signs of infection unless bubbles of air are
detected in the necrotic pancreatic gland (Fig. 7.13). An
aggressive surgical approach consisting of necrosecto-
my, débridement, sump drainage, and lavage is the
treatment of choice. These invasive surgical procedures
are able to substantially reduce the mortality rate to
below 10% from the previously reported 40–80%
death rate.

Pancreatic abscess A similar, often polymicrobial, 
contamination of residual retroperitoneal fluid collec-
tions and fat necrosis that usually occurs in the vicinity
of but outside the pancreas is referred to as pancreatic
abscess. This complication can be defined as a partially
encapsulated collection of pus that appears totally 
liquefied on CT (10–30 HU) and which develops in
about 3% of patients with acute pancreatitis, mostly
3–4 weeks after the onset of an acute attack. Gas bub-
bles are present in 12–18% of abscesses, confirming the
clinical suspicion in septic patients. The diagnosis can
be secured by percutaneous fine-needle aspiration
under imaging guidance.

Recent literature emphasizes the importance of dif-
ferentiating abscesses from infected necrosis since the
mortality rate of infected necrosis is about twice that of
pancreatic abscess. Infected necrotic gland tissue often
has a thicker consistency and is thus more amenable to
open surgical treatment. Abscesses, on the other hand,
are composed mostly of infected, fluid, pancreatic exu-
dates that can be effectively treated with less invasive
percutaneous catheter drainage. Small abscesses may
respond to conservative broad-spectrum antibiotic
therapy. CT detection of solitary or multiple, poorly en-
capsulated, low-attenuated peripancreatic collections
that fail to resolve 3–4 weeks after onset of an acute
episode of pancreatitis, in a symptomatic individual,
should raise the suspicion of a developing abscess 
(Fig. 7.14).

Pancreatic pseudocysts Fluid collections that do not
resolve, often communicate with the pancreatic ductal
system, and slowly develop a circumferential capsule
are called pancreatic pseudocysts. They should be dif-
ferentiated from the early extravasated fluid collec-
tions, having a dissimilar clinical significance and
requiring a different therapeutic approach. Pseudo-
cysts usually require more than 4 weeks to evolve, are
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Table 7.3 Complications of acute pancreatitis.

1 Early, 2–3 days: clinical manifestations of the
cardiovascular, pulmonary, renal, and metabolic systems

2 Intermediate, 2–5 weeks: local, retroperitoneal infections,
infected necrosis, abscess, pseudocysts, gastrointestinal
and biliary complications, and solid organ involvement

3 Late, months–years: vascular and hemorrhagic
complications and pancreatic ascites
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(a) (b)

(c) (d)

Figure 7.12 Acute pancreatitis in a 48-year-old man with CT
demonstration of parenchymal ischemia followed by sterile
liquefaction necrosis and pseudocyst formation. (a) Initial
CT examination reveals a zone of decreased attenuation in
the neck of pancreas (arrows) compared with attenuation of
the body (b) and tail (t) of the gland. CT grading 4, necrosis
less than 30% of gland, CT severity index 6. v, splenic vein.
(b) Follow-up CT 10 days later reveals liquefaction of the
neck of pancreas better defining the area of necrosis (arrow)

and larger amount of partially encapsulated fluid collection
in the lesser sac (L); b, body; d, duodenum; t, tail. (c) Follow-
up CT 6 weeks from onset reveals development of a large
pseudocyst (C). Body (b) and tail (t) of the pancreas are
atrophic and necrotic liquefaction is seen in the neck of the
gland (arrow). D, duodenum; G, gallbladder. (d) Transverse
colon (T) has an inflamed thickened wall with a narrowed
ahaustral appearance (arrows).

located either in the pancreas or more often in the 
proximity of the gland, are completely enveloped by a
nonepithelialized granulation tissue or fibrotic capsule,
and contain fluid with high amylase concentrations
(Fig. 7.12). This complication occurs in about 3–10%
of cases of acute pancreatitis, most likely secondary 

to foci of pancreatic necrosis that injure and disrupt 
the pancreatic ductal system. In my experience most 
developing acute pseudocysts evolve at the site, or 
close to the site, of an area of pancreatic necrosis 
(Figs 7.12 & 7.15).

On CT examination, pseudocysts are distinguished
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(a) (b)

(a) (b)

Figure 7.13 Two patients with massive infected pancreatic
necrosis proven by surgical débridement and drainage. (a) CT
image shows lack of enhancement of the entire pancreas with
liquefaction necrosis (N). A few bubbles of air (arrows) are

present in the encapsulated necrotic tissue; s, stomach. 
(b) Necrotic (N) liquefied pancreatic gland with larger
collections of air and air–fluid levels (arrows).

Figure 7.14 Pancreatic abscess in a 60-year-old alcoholic
man with chronic pancreatitis. (a) CT reveals atrophy of 
the pancreas (medium-sized arrows) with dilation of the
pancreatic duct and calcified calculi (small arrows). An

encapsulated fluid collection is present anterior to the
pancreas (large arrows) in the lesser peritoneal sac. (b) A
large collection of pus was percutaneously drained (arrows).

by their obviously thin (1–2 mm) and symmetrical cap-
sule, round or oval configuration, and low-attenuation
(< 15 HU) fluid content (Figs 7.12 & 7.15). They may
dissect fascial planes and travel away from the pan-
creas, from the lower mediastinum to the pelvis. In
time, the capsule may become thicker and calcified 
and the luminal contents may be heterogeneous and
higher in attenuation, consistent with necrotic tissue,

hemorrhage, or blood clots. Pseudocysts vary greatly 
in size (1–15 cm in diameter), have no septations and 
no nodular peripheral elements, and show no intra-
luminal enhancement (Figs 7.12 & 7.15). These 
morphologic traits enable pseudocysts to be dis-
tinguished from other pancreatic or retroperitoneal
cystic tumors in most instances. Occasionally, how-
ever, if a relevant clinical history is not available, dif-



ferentiation from a cystic neoplasm may be difficult
(Fig. 7.16).

The fate of an acute pseudocyst evolving during an
episode of pancreatitis is unpredictable. There appears
to be an important relationship between the existence
of a communication with the pancreatic ductal system
and the natural development or resolution of a pancre-
atic pseudocyst. The maintenance of a patent fistulous
tract of acute pseudocysts causes them to be unstable,
amenable to fluctuations in size, and exposed to recur-
rences following drainage procedures. Conversely,
chronic pseudocysts that lose the connection to the
pancreatic ductal system become stable and persist a
long time, but respond well to surgical or percutaneous
invasive therapeutic measures. As expected young
pseudocysts (< 6 weeks) have a high rate of resolution
whereas older pseudocysts (> 12 weeks) tend not to re-
solve. These observations, and additional data docu-
menting an 18–50% rate of complications (rupture,
infection, bleeding), has led to an aggressive surgical
approach of early operative drainage of most pseudo-
cysts. More recently, CT observations have shown that
complications are more common in large pseudocysts
(> 6 cm) and that in asymptomatic individuals a more
conservative approach, especially for smaller pseudo-
cysts, may be justified since most of the cysts will even-
tually resolve.

Chronic pseudocysts incidentally detected during

routine abdominal CT examinations do not resolve
(Fig. 7.16). Spontaneous resolution occurs with acute
pseudocysts, by drainage into the pancreatic ductal sys-
tem, rupture into the peritoneal cavity, or spontaneous
drainage into an adjacent hollow viscus such as stom-
ach or transverse colon. Percutaneous or surgical inter-
nal drainage is reserved for large cysts (> 5 cm), cysts
that are older or enlarging, and symptomatic cysts.
Pain, nausea and vomiting, jaundice, infection with
sepsis, and hemorrhage are all indications for a more
aggressive therapeutic approach. When intervention is
necessary, percutaneous catheter drainage with imag-
ing guidance has proved to be successful in curing over
90% of patients. A retrospective study of 92 patients
with pseudocysts found similar success rates with 
percutaneous compared with surgical drainage 
procedures.

Other complications A variety of other abdominal
complications, all related to the extravasated pan-
creatic exudate, may occur in the first few weeks after
the onset of pancreatitis. These complications affect
mainly hollow and solid organs located in proximity 
to the pancreas, such as stomach, duodenum, trans-
verse colon, biliary ducts, spleen, and liver. The extent
and degree of enzymatic injuries depend on the severity
of the acute episode and induce different clinical 
pictures.
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Figure 7.15 Focal pancreatic necrosis followed by the
development of a large pseudocyst in a 34-year-old woman
with gallstone pancreatitis. (a) Initial CT examination shows
a small area of decreased attenuation in the body of the
pancreas (arrow) with adjacent small fluid collection (F). CT

severity index 5. B, body; T, tail. (b) Follow-up examination 
6 weeks later reveals the development of a large fully
encapsulated fluid collection in the lesser sac consistent with
pseudocyst (p). B, body; T, tail.



Functional spasm, bowel edema with thickened mu-
cosal folds, and an ileus pattern appear early within the
first few days and rapidly dissipate. A more lasting se-
vere inflammatory spasm of the splenic flexure of the
colon leads to massive dilation of the transverse colon,
referred to as the colon cutoff sign (see Fig. 7.4). More
severe enzymatic injuries may induce intestinal and 
biliary strictures, or sinus tracts and fistulas affecting
duodenum, jejunal loops, and/or colon (Fig. 7.12). 
Inflammatory exudates can dissect into small bowel
mesentery and mesocolon, and can invade solid organs
such as spleen, liver, or kidneys. Subcapsular fluid col-
lections, intraparenchymal collections that organize
into pseudocysts, splenic infarcts, and splenic hemor-
rhage are complications that can develop a few weeks
following the onset of severe acute pancreatitis.

Late complications Vascular and hemorrhagic com-
plications. Vascular and severe hemorrhagic compli-
cations can appear at any time following an acute
attack of pancreatitis but usually occur late and often
after several acute episodes. Clinical presentation is
mostly nonspecific and thus CT is essential for their de-
tection and evaluation. Peripancreatic vessels are in-
jured by the autodigestive action of the extravasated
pancreatic exudate, explaining these complications.

Splenic vein thrombosis is the most common vascu-
lar complication, which develops in 1–3% of patients
following pancreatitis. The developing syndrome,
called left-sided portal hypertension, is defined by the
obstruction of splenic vein with massive enlargement of
the collateral short gastric and gastroepiploic veins,
and the development of gastric varices on the posterior
wall of the gastric fundus (Fig. 7.17). Since the main
portal vein is patent, the collateral blood flow drains
into the portal system via the coronary vein, avoiding
the development of esophageal varices. Patients are
commonly asymptomatic unless and until hematemesis
intervenes. Contrast-enhanced CT is eminently suited
for detecting this condition (Fig. 7.17).

Massive sudden occurrence of intraabdominal hem-
orrhage can be seen at the beginning of a severe attack
of pancreatitis. However, this ominous complication
often follows a long history of repeated acute attacks in
patients with stigmata of chronic pancreatitis. In the se-
ries of Bretagne and colleagues it occurred 1–9 years
(median 4 years) after the first episode, and in our expe-
rience as late as 8 years (mean 2.3 years) after the initial
attack of pancreatitis. Most life-threatening episodes
are attributed to ruptured pseudoaneurysm involving
the splenic, gastroduodenal, or pancreaticoduodenal
arteries (Fig. 7.18). Left gastric artery, middle colic
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(a) (b)

Figure 7.16 Pseudocyst in the tail of pancreas mimicking
cystic pancreatic tumor, surgically proven. (a) Encapsulated
low-attenuated cystic lesion (arrows) was incidentally
detected in a 51-year-old woman presenting with left-sided
abdominal pain. Body (b) and most of the tail (t) of the

pancreas are normal; s, spleen. (b) A more caudal axial image
reveals inferior extension of the cystic lesion (arrows) and
suggestion of septation with a few flecks of calcium in the
capsule; h, head of pancreas.



artery, hepatic artery, or smaller arterial branches are
less commonly affected.

Pseudoaneurysms are apparently common compli-
cations of pancreatitis, with an incidence as high as
10% reported in an angiographic survey. Clinical signs
and symptoms attributable to hemorrhage manifest
only when a slowly enlarging false aneurysm ruptures
into the peritoneal cavity, or erodes into an adjacent
hollow viscus (small bowel, colon) or into the pancreat-
ic duct inducing hemosuccus pancreatitis. Other causes
of abdominal hemorrhage attributed to pancreatitis are
bleeding pseudocysts and diffuse venous or capillary
bleeding, seen in patients with necrotizing pancreatitis
(Figs 7.7 & 7.19). In individuals with chronic pancre-
atitis, an incidence of 3.2% for bleeding pseudo-
aneurysms and bleeding pseudocysts has been
reported. In our experience, 60% of hemorrhagic com-
plications were due to pseudoaneurysms (Fig. 7.18),
20% to hemorrhagic pseudocysts (Fig. 7.19), and 20%
induced by massive capillary or small arterial bleeding
related to extensive pancreatic necrosis (see Fig. 7.7).

Previous mortality rates of 25–60% have been re-
duced to about 11% with early detection by contrast-
enhanced CT followed by angiographic emobilization
or, when required, an aggressive surgical approach. CT
can detect pseudoaneurysms as sharply defined, round
or oval, high-attenuated lesions located along or adja-
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Figure 7.17 Gastric varices secondary to splenic vein
thrombosis associated with previous episodes of acute
pancreatitis in a 54-year-old woman. CT axial image reveals
multiple, large, enhancing collateral veins (arrows) along the
posterior aspect of the proximal stomach (s) and adjacent to
an enlarged spleen (S).

(a)

(b)

Figure 7.18 Splenic artery pseudoaneurysm in a 34-year-old
woman with a long history of pancreatitis and stigmata of
chronic pancreatitis. (a) Axial image in the upper abdomen
reveals a round enhancing aneurysm (a) in a pancreatic
pseudocyst (large arrows). Pancreas is atrophic with ductal
calcifications (small arrows). D, duodenum; G, gallbladder;
L, liver; S, spleen. (b) Selective angiogram of splenic artery
(long arrows) reveals a saccular dilatation (small curved
arrow) consistent with a false aneurysm or pseudoaneurysm.
Surgical resection with ligation of the splenic artery was
performed.



cent to a peripancreatic artery (Fig. 7.18). Free spill of
contrast material or high-attenuated (50–60 HU) col-
lections of fresh blood implies rupture or, in the absence
of a pseudoaneurysm, capillary bleeding (Figs 7.4 &
7.19). The sensitivity of CT for detecting false
aneurysms depends on the size of the lesion, quality of
examination, and skill of radiologic interpretation.
Small nonbleeding false aneurysms can be easily over-
looked during routine abdominal CT examinations.

Pancreatic ascites The overall incidence of free peri-
toneal fluid (ascites) detected by CT in patients with
acute pancreatitis is about 7–12%. This range of occur-
rence as well as the amount of peritoneal fluid depends
on the severity of the acute episode. Ascites is consid-
ered to be a sign of severity, yet the fluid usually resolves
spontaneously. Conversely, the massive and chronic ac-
cumulation of intraperitoneal fluid, rich in amylase,
caused by long-standing disruption of the pancreatic
ductal system and formation of permanent fistulous
communication defines a more specific syndrome
called “pancreatic ascites.”

Clinical diagnosis should be suspected in patients
with long histories of pancreatitis who develop increas-
ing abdominal girth and complain of pain and some-
times nausea and vomiting. CT can help in diagnosis,

revealing massive ascites often associated with
retroperitoneal fluid and stigmata of chronic pancreati-
tis, such as pancreatic atrophy and dilated pancreatic
ducts. Ascites tends to be massive because the normal
pancreas produces in excess of 1 L of exocrine secre-
tions a day, part of which is diverted into the peritoneal
cavity. Definite confirmation, using percutaneous nee-
dle aspiration, can be obtained when the protein con-
tent in the ascitic fluid is greater than 3 g/dL and the
amylase level is above 1000 IU/L.

Chronic pancreatic ascites is a serious debilitating
complication difficult to properly manage and control.
If spontaneous resolution does not occur, endoscopic
retrograde pancreatography followed by dilation of
strictures or stent placement is advocated. If not effec-
tive, surgical resections with pancreatico-jejunostomy
can be attempted with various degrees of success. 
Operative mortality of about 20% and a recurrence
rate of 15% have been reported.

Magnetic resonance imaging

Technique
The pancreas is best imaged at field strength of 1.5 T or
higher using high-speed gradient coils and phased-
array multicoils. This allows for faster imaging, higher
signal to noise, and increased separation of water and
fat frequencies. Several pulse sequences are useful in
MRI of the pancreas, including T1-weighted, T2-
weighted, fat-saturation and dynamic gadolinium-
enhanced images, magnetic resonance cholangio-
pancreatography (MRCP), and vascular imaging 
(Fig. 7.20). No single pulse sequence is adequate to 
evaluate the pancreas. However, a comprehensive ex-
amination can still be performed in as little as 15 min,
essential when evaluating patients with severe acute
pancreatitis.

T1-weighted images are essential for imaging the
pancreas, especially valuable for depicting fat planes
surrounding abdominal viscera and therefore essential
for optimal delineation of the pancreas and demonstra-
tion of gross morphologic abnormalities. Fat suppres-
sion usually improves the conspicuity of pancreatic
parenchyma. T1-weighted, fat-suppressed images are
especially useful for detecting subtle focal or diffuse
pancreatic abnormalities. These images are also ex-
quisitely sensitive in the detection of blood products 
in necrotizing pancreatitis. Single-shot, fast spin-echo,
T2-weighted images are most useful for depicting 
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Figure 7.19 Bleeding pseudocyst in a 37-year-old alcoholic
man with repeated episodes of acute pancreatitis. CT axial
image reveals a large pseudocyst (arrows) in the left upper
quadrant filled with high-attenuated fluid representing blood
(B). Small active extravasation of intravenous contrast
material is detected (small arrows). Findings proven at
surgery.



intrapancreatic or peripancreatic fluid collections 
and biliary/pancreatic duct calculi because they can be 
acquired without breath-holding and are free from 
motion artifacts; these images are invaluable when
evaluating patients too ill to comply with simple 
commands.

The pancreas is a highly vascular organ that en-
hances intensely during the arterial phase of a dynamic
bolus of intravenous gadolinium chelate. Contrast 

enhancement is typically performed with three-
dimensional, fat-suppressed, breath-hold, T1-weighted 
gradient–echo (GRE) imaging. This technique maxi-
mizes the contrast between an enhancing normal 
pancreas and pancreatic necrosis. By using a three-
dimensional volumetric technique with isotropic reso-
lution, reconstructions can be performed in any plane
without loss of spatial resolution. Maximum intensity
projection (MIP) algorithms applied to the arterial
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(a) (b)

(c)

Figure 7.20 Normal pancreas on MRI. The normal pancreas
is homogeneously hypointense on T2-weighted fat-
suppressed imaging (a), hyperintense on T1-weighted
gradient-echo imaging (b), and enhances homogeneously
during the pancreatic phase on T1-weighted fat-suppressed
imaging (c).



phase acquisitions provide magnetic resonance 
angiograms capable of diagnosing vascular complica-
tions of acute pancreatitis, such as pseudoaneurysms.

MRCP is the generation of projectional or tomo-
graphic magnetic resonance images of the biliary tree
and pancreatic duct using heavily two-dimensional or
three-dimensional T2-weighted techniques. MRCP 
accurately depicts morphologic abnormalities of the
biliary and pancreatic ducts in relation to parenchymal
structures, and can replace diagnostic ERCP in most
cases.

MRI versus CT for acute pancreatitis
CT is the gold standard for the diagnosis and staging of
acute pancreatitis and its complications. It is widely
available and can be performed quickly such that even
the most critically ill patients can be studied. However,
the limitations of CT include ionizing radiation and 
potentially nephrotoxic iodinated contrast agents.
MRI of the pancreas can be performed without radia-
tion and the contrast agents used have no nephroto-
xicity. In addition, MRI is more sensitive than CT for
the diagnosis of cholodocholithiasis and can better 
differentiate complex fluid collections from mature
pseudocysts. However, MRI is more expensive, takes
longer to perform, and is insensitive to small calcifica-
tions and small amounts of air. For these reasons, we
recommend MRI instead of CT only in pregnant
women, in patients with renal insufficiency or severe
contrast allergy, and when evaluating common duct
stones. The multiplanar capability of MRI may also be
helpful prior to interventional or surgical therapy for
complex fluid collections.

The morphologic changes of acute pancreatitis have
been described based on CT findings. The MRI signal
intensity of the pancreas in uncomplicated acute 
pancreatitis may be normal, but the pancreas may 
exhibit morphologic changes of either focal or diffuse
enlargement, or peripancreatic fluid. Low-intensity
peripancreatic stranding may be seen within the
retroperitoneal fat on T1-weighted images. Peripancre-
atic fluid or stranding is best shown on T2-weighted,
fat-suppressed images (Fig. 7.21) or post gadolinium
chelate gradient-echo images.

Similar to CT, the presence and degree of pancreatic
necrosis can only be assessed after the administration 
of gadolinium chelates. These extracellular agents 
behave in a similar fashion as iodinated CT agents, but
without the nephrotoxicity or anaphylactoid reactions.

With gadolinium chelate enhancement, viable pan-
creas enhances normally during the arterial phase
whereas necrotic pancreatic tissue does not enhance
(Figs 7.22 & 7.23). The degree of pancreatic necrosis
can be assessed in a similar manner as on CT. 
Hemorrhagic fluid collections/sterile necrosis often
have debris with focal high signal on T1-weighted 
images and low signal on T2-weighted images (Fig.
7.24). It may be quite difficult to differentiate sterile
necrosis from infected necrosis as MRI is insensitive to
small bubbles of air. Recently, MRI has been used to
identify pancreatic ductal disruption in patients with
pancreatic ascites after trauma or severe acute pan-
creatitis. A poorly defined focal collection of fluid in the
region of the pancreatic duct may be seen with ductal
disruption.

Pseudocysts are depicted as homogeneous high-
signal lesions on T2-weighted images without internal
debris or blood products on T1-weighted images (Fig.
7.25). They typically communicate with the pancreatic
duct, a finding seen much better on MRI than on CT.
Other complications, including vascular thrombosis,
pseudoaneurysm, and hepatic abscesses, are readily
identified on MRI.

Summary

Newly developed radiologic imaging methods have
achieved recognition and play a crucial role in the eval-
uation of patients with acute pancreatitis. Sonography,
and to a large extent MRI, are secondary or comple-
mentary modalities while helical or mulitidetector 
contrast-enhanced CT has become the imaging 
examination of choice. In individuals suspected of
acute pancreatitis, CT accomplishes several important
aims.
1 Depending on the clinical presentation, CT can 
confirm the clinical suspicion, detect pancreatitis in
clinically unsuspected patients, and depict other 
acute abdominal conditions that may be confused as
pancreatitis.
2 Based on the detection of fluid collections and on its
ability to diagnose pancreatic necrosis (CT severity
index), CT is essential in the early assessment of 
severity of an acute attack of pancreatitis.
3 Local abdominal complications that develop 
during the natural history of severe pancreatitis can be
detected by CT on follow-up examinations.
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(a) (b)

Figure 7.21 Mild acute pancreatitis better seen on T2-
weighted MRI than unenhanced CT. (a) Unenhanced CT
demonstrates a normal pancreas. (b) T2-weighted fat-
suppressed image (performed 4 hours after CT) demonstrates

normal pancreatic signal intensity but increased signal in the
posterior peripancreatic fat consistent with mild acute
pancreatitis.

(a) (b)

Figure 7.22 Severe acute pancreatitis with global pancreatic
necrosis. (a) Unenhanced T1-weighted gradient-echo image
demonstrates marked decreased signal throughout the
pancreas (compare with Fig. 7.1a). (b) Gadolinium-enhanced

pancreatic-phase image demonstrates no evidence of
glandular enhancement consistent with diffuse pancreatic
necrosis.
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(a) (b)

Figure 7.23 Focal pancreatic necrosis involving the tail. (a)
T2-weighted fat-suppressed image shows a bilobed tail
collection with extensive debris (arrow). (b) Gadolinium-

enhanced pancreatic-phase image focal necrosis of the
pancreatic tail with contiguous acute fluid collection (arrow).

(a) (b)

Figure 7.24 Sequelae of severe acute pancreatitis and
necrosis. Coronal (a) and axial heavily T2-weighted MRI (b)
shows replacement of the gland by a poorly defined fluid

collection with extensive debris. Only a small amount of
normal pancreatic tail is present (arrow).



Imaging modalities and particularly CT have be-
come an indispensable diagnostic tool in the evaluation
and management of patients with acute pancreatitis.
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(a) (b)

Figure 7.25 Mature pseudocyst from chronic pancreatitis
with mass effect on the stomach. (a) T2-weighted fat-
suppressed and (b) gadolinium-enhanced pancreatic-phase

images show a well-circumscribed mature pseudocyst (no
debris) displacing the antrum anteriorly (arrow). Diffuse
pancreatic duct dilation with acinar atrophy is present.
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Once the diagnosis of acute pancreatitis has been estab-
lished on the basis of an appropriate clinical and bio-
chemical presentation (usually sudden-onset upper
abdominal pain with troublesome vomiting and sig-
nificant elevations in blood and/or urine of amylase
and/or lipase), there are several important therapeutic
steps, outlined in Table 8.1 and Fig. 8.1. This is a 
dynamic disease process in which approximately
85–90% of patients will not develop signs of organ
compromise. However, some patients will have organ
failure at presentation to hospital and they constitute a
high-risk group (Table 8.2). Of those who die from
acute pancreatitis, approximately 50% succumb in the
first 7–10 days of hospitalization. Patients in whom 
systemic inflammatory response syndrome (SIRS) is
marked, and especially those in whom multiple organ
dysfunction syndrome (MODS) is present, have a
greater probability of death and major morbidity. Most
patients with mild acute pancreatitis will settle with
simple therapeutic measures to correct hypovolemia,
hypoxemia, and pain. Especially in those with more se-
vere disease and comorbidity, high dependency and/or
intensive care will be necessary.

Hypovolemia

Correction of hypovolemia, even in mild acute pancre-
atitis, may necessitate provision of 3.5–4 L of simple
electrolyte fluid in the initial 24 hours. In higher-risk
patients, a central venous pressure line is essential. Uri-
nary catheterization with careful aseptic technique is
important as no patient should be producing less than
30 mL of urine per hour without the closest attention to

fluid replacement requirements. In the severely ill pa-
tient those fluid requirements are akin to the patient
with severe burns, such that 6–10 L of fluid may be nec-
essary in the first 24 hours, with particularly high-
volume input in the initial 6 hours of treatment. The
major reasons for hypovolemia are the alteration of
capillary permeability associated with the degree of 
insult from the acute pancreatitis, which causes loss 
of albumin from the intravascular space, and vomiting.

Hypoxemia

This is a hallmark of both moderate and severe acute
pancreatitis. Initially it was thought that any single
recording of arterial saturation of less than 60 mmHg
(8 kPa) was an indication of severe acute pancreatitis,
but in recent years it has been established that transient
dips in arterial saturation are not associated with high
morbidity and high mortality. It is the patient who has
sustained nonresponsive hypoxemia to standardized 
humidified oxygen therapy who causes greatest concern.
Respiratory insufficiency and failure is the single organ
compromise most frequently encountered in this dis-
ease. The help of an intensive care expert and treatment
in an intensive care unit with ventilator therapy is neces-
sary for those with the most marked hypoxemia. Moder-
ate hypoxemia is treated by protracted oxygen therapy,
until the patient can manage without this support.

Treatment of pain and vomiting

This is very important. The first step is to pass a naso-
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gastric tube and aspirate all gastric contents. Occasion-
ally, antiemetic drugs may be necessary to combat the
vomiting problem. The volume of vomited fluid can
contribute significantly to the degree of hypovolemia,
which is primarily due to the loss of fluid from the inter-
vascular space into the peritoneal cavity, retroperi-
toneal area, and pleural space.

Pain control is frequently achieved by intramuscular
or intravenous opiate administration. Classically,
meperidine (pethidine, Demerol) has been considered
the drug of choice based on the incorrect belief that
there was less of a problem with spasm of the sphincter
of Oddi with this agent compared with morphine. Mor-
phine is the better agent for pain relief, but both drugs
at the dosage used to achieve analgesia cause sphincter
spasm. For this reason some clinicians, particularly in
continental Europe, favor the use of epidural analgesia.
Patient-controlled analgesia can be useful but those
with hypoxemia have to be monitored closely in case

opiates exacerbate the problem. Severe initial pain usu-
ally recedes by day 3 or 4 of the illness.

Cardiac failure

Cardiac failure is most commonly associated with 
comorbidity in older patients who have a history of 
hypertension, myocardial ischemia, atrial fibrillation,
or combinations of these. Decisions regarding the place
of inotropic support will usually be made in the 
early phase of management in the high-dependency or
intensive-care setting. Expert cardiologic advice is very
helpful in those patients taking cardiac support drugs
prior to the episode of acute pancreatitis.

The initial management steps are therefore usually
quite straightforward and in patients with mild acute
pancreatitis improvement within 24–36 hours is 
usually quickly evident. The provision of adequate 
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Table 8.1 Initial steps in therapy.

Analgesia
Aspirate stomach
Correct hypovolemia
Catheter in bladder
Central line
Oxygen (humidify)

Diagnosis

EtiologyHigh risk Lower risk

Therapy in HDU or RICU Regional center for ES Ward treatment

Minimize risk of further AP
(ES/cholecystectomy)

Treatment of infected necrosis
Later pseudocyst or abscess

Table 8.2 High-risk patients.

Elderly (> 70 years)
Obese (> 30 kg/m2)
Comorbidity (renal/respiratory/cardiac)
Organ failure at presentation

Figure 8.1 Algorithm of therapy of
acute pancreatitis. ES, endoscopic
sphincterotomy (papilla of Vater);
HDU, high-dependency unit; RICU,
respiratory intensive care unit.



intravenous fluid replacement has greatly lowered the
frequency of renal insufficiency and failure in this 
disease. Indeed it is most unusual to find a patient with
renal failure who does not have a major degree of respi-
ratory compromise or failure preceding the kidney
problem. Hemofiltration or hemodialysis is necessary
in some patients.

During the steps of early therapy an ultrasound scan
will be performed and chest X-ray will monitor for
early pleural effusions. Where diagnostic doubt is pre-
sent, contrast-enhanced computed tomography is very
helpful. This is also the gold standard for grading the
morphologic ischemic damage to the pancreas and its
location within the gland. Magnetic resonance imaging
(MRI) may become more important as this technology
improves.

Where a stone is judged to be stuck for an unusually
long time in the ampulla on the basis of clinical, bio-
chemical, and imaging evidence of obstructive jaundice
with or without cholangitis, early endoscopic bile duct
clearance may be necessary (see Chapter 13).

Antibiotics are essential where coincidental cholan-
gitis is present but in the absence of this feature there 
is debate about the role of prophylactic imipenem,
meropenem, tazobactam, or cephalosporins in severe
acute pancreatitis as randomized controlled studies
have been too small to show clear-cut benefit in lower-
ing mortality. Metaanalysis tends to argue in favor of
their use but concerns regarding the risks of fungal and
rarer bacterial infections are real (see Chapter 11).

Biochemical abnormalities

A fall in blood albumin is a common early feature of se-
vere acute pancreatitis due to the loss of albumin from
the intravascular space. Replacement albumin is not
usually administered nowadays partly because of its
high cost and the increased infection risk associated
with pooled human albumin. It is the fall in blood albu-
min levels that is mainly responsible for the hypocal-
cemia and is due to the loss of protein-bound calcium,
which constitutes approximately 50% of circulating
calcium.

Ionized calcium levels do tend to fall but rarely 
warrant replacement therapy. This is because the
parathyroid hormone response is usually a very effi-
cient homeostatic mechanism. When replacement cal-
cium is administered, it is usually in the form of calcium

gluconate and frequently the dosage given is almost in-
significant against the background of the massive pool
in bone usually being extracted by the homeostatic
mechanisms of the body. If it is decided to give calcium
gluconate, then a practical dose such as 50–60 mg/day
should be tried.

Blood glucose levels tend to rise and may be poorly
controlled in the initial phase of disease. Close control
of blood sugar has been shown to be beneficial in the 
intensive-care setting in terms of improving both mor-
tality and morbidity. The Belgian study that outlined
this matter predominantly looked at patients immedi-
ately after cardiac surgery. It will be intriguing to deter-
mine whether maintaining a blood sugar in the range
4.0–6.1 mmol/L also proves beneficial in severe acute
pancreatitis. This appears to be a new desirable thera-
peutic target.

Elevations of bilirubin, transferases, and alkaline
phosphatase may all occur where a stone is impacted 
in the ampulla of Vater. This information, combined
with imaging data from either ultrasound or MRI, 
may well prompt an early endoscopic inspection of 
the ampulla with a view to endoscopic sphincterotomy.
Elevated levels of lactate dehydrogenase have been
demonstrated to be associated with more severe 
disease and were utilized in both the Ranson and 
Glasgow prognostic scores. This observation also ap-
plies to elevated blood glucose and depressed calcium
levels with regard to the Ranson criteria and the same
factors plus blood albumin in the Glasgow prognostic
score.

Elevations of triglycerides may be associated with
primary hyperlipidemia as a cause of acute pancreati-
tis. However, our own group in Glasgow examined
more than 300 consecutive patients with acute 
pancreatitis and found that most of the 4% of patients
with elevated blood lipids had this entity observed 
as an epiphenomenon secondary to alcohol abuse. 
Appropriate investigation and therapy with regard to
prophylaxis of further attacks is clearly important. 
In those with primary hyperlipidemia the treatment can
be complex, including both dietary exclusions and
drugs affecting lipid metabolism directly. Reliance 
on elevations in serum amylase during hyperlipidemia
can be a technical problem for biochemists. Urinary
amylase elevations still are measurable, and the diag-
nostic level is approximately 7.5 times the upper 
normal serum amylase value.

Elevated C-reactive protein is part of the acute-phase
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response to injury and this has been a valuable marker
of disease severity after the initial 48 hours of onset 
of disease. Levels of 150 mg/L are usually taken as an
indicator of severe acute pancreatitis, although greater
elevations in excess of 200 mg/L are a more useful 
indicator.

Hematologic abnormalities

In rare instances, hemoglobin levels fall due to bleeding
in and around the pancreas. This is not common and it
is most frequent to find hemoconcentration at the start
of disease and thereafter the dilutional effect of provid-
ing intravenous fluids ensures a fall in hemoglobin. 
The necessity for blood as a replacement therapy is 
uncommon.

Blood platelet levels usually demonstrate a typical
pattern, falling throughout the initial 3–5 days of ill-
ness and thereafter improving spontaneously. Only in
patients with intravascular coagulation does the drop
in platelet levels occasionally warrant therapy with
normal or low-molecular-weight heparin. As part 
of the acute-phase response, factors V and VIII rise
throughout the initial week of illness. Fibrinogen levels
also show a very similar pattern.

Very uncommonly, disseminated intravascular coag-
ulation can occur in which severe drops in hemoglobin
as well as platelet count and fibrinogen occur. Heparin
therapy may be helpful. Expert hematologic support is
necessary.

Post-ERCP acute pancreatitis

This is often a mild condition but on occasions it can 
be particularly severe. Careful endoscopic retrograde
cholangiopancreatography (ERCP) with nonionic con-
trast medium and the avoidance of high-pressure injec-
tion are important prophylactic steps. In patients with a
history of sphincter of Oddi dyskinesia, there is a much
higher risk of inducing pancreatitis at the time of
manometry. More modern manometric methods have
lowered the risk of acute pancreatitis being induced.

In therapeutic terms, interleukin (IL)-10 and the
much cheaper analgesic diclofenac have been shown to
be beneficial in the management of this problem. IL-10
is very expensive and its efficacy is contested in different
studies. Only one study has examined the potential use
of diclofenac and this readily available analgesic can be
given as a suppository prior to ERCP in the high-risk
patient or immediately after should the operator have
concern in a particular patient.

The problem of early mortality

In severe acute pancreatitis, especially the most severe
types of disease characterized by a Marshall score of 2
or more persisting for greater than 36 hours, the mor-
tality rate is in the region of 50%. Approximately 45%
of patients who achieve a Marshall score of 2 or more
(Table 8.3) have this feature present on admission to
hospital. The remainder develop such features more
than 24 hours after admission to hospital. It is manda-
tory that these patients be treated in an intensive-care
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Table 8.3 Modified Marshall organ failure score (hepatic index excluded).

0 1 2 3 4

Cardiovascular system > 90 < 90 < 90 < 90 and < 90 and
(systolic blood pressure, and fluid and fluid pH < 7.3 pH 7.2
mmHg) responsive unresponsive

Respiratory system > 400 301–400 201–300 101–200 < 101
(FIO2/PO2)

Glasgow Coma Score 15 13–14 10–12 6–9 < 6
Coagulation (platelets, > 120 81–120 51–80 21–50 < 21

109/L)
Renal system < 134 134–169 170–310 311–439 > 439

(creatinine, mmol/L)



setting and the efficacy of this approach will only be
able to be measured in the years ahead. Such patients
constitute less than 20% of those who have met previ-
ous criteria of severe disease based on an APACHE II
score of 6 or more, a CRP of greater than 150 mg/L, or
a Ranson or Glasgow score of 3 or more.

In the last decade it has been appreciated that many
prospective randomized studies of acute pancreatitis
reveal that within the group who have fatal acute pan-
creatitis almost 50% succumb within the first week of
illness. Nearly all these patients die from multiorgan
failure and the majority are over 70 years of age. In-
deed, in the retrospective national study from Scotland
of almost 14 000 patients over an 11-year period, close
examination of the deaths in the first week identified
that most of these patients died within 96 hours. Only
rapid access to an intensive-care bed with full back-up
has the potential to reduce the mortality rate in such 
patients at this time.

A host of potential specific therapies for severe 
acute pancreatitis, including aprotinin and gabexate
mesylate (both antiproteases), octreotide (synthetic 
somatostatin analog), peritoneal lavage, and lexi-
pafant (platelet-activating factor antagonist), have all
failed when subjected to randomized controlled study.

Recurrent pancreatitis

Finally, it is very important that the risk of further at-
tacks of acute pancreatitis be minimized. Numerically,
gallstone-induced disease is the most common etiology,
and all guidelines on management of acute pancreatitis
rightly emphasize optimum therapy to include chole-
cystectomy with clearance of common duct stones
within the same admission. In older or very unfit pa-
tients endoscopic sphincterotomy is a reasonable alter-
native therapy for gallstone acute pancreatitis. It is
usually a small stone of 5 mm diameter (or less) that
causes this disease.
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Pain is the main symptom in acute pancreatitis. 
Abdominal pain occurs during almost all episodes of
acute pancreatitis. Usually there is epigastric or upper
abdominal pain, which rapidly becomes more severe,
accompanied by nausea and vomiting, leading the pa-
tient to ask for attention at the emergency department.
It is thought that the pain is caused by the action of acti-
vated pancreatic enzymes and the release of cytokines
by inflammatory cells, which stimulate visceral pain re-
ceptors in the pancreas and peritoneal somatic recep-
tors. Abdominal distension and ileus also play a role in
causing abdominal discomfort.

The sensation of pain in acute pancreatitis is 
transmitted along the different sensory fibers found
throughout the pancreas to the celiac plexus and then,
via the splanchnic nerves, to the sympathetic chain be-
tween T5 and T9. The nerve bodies of these fibers are
found in the dorsal root ganglia.

No study has shown any correlation between the de-
gree of pain and the severity of the pancreatitis. How-
ever, it tends to last longer in patients with severe
pancreatitis and contributes to their hemodynamic in-
stability. Similarly, the presence or absence of pain is an
important factor in resuming normal eating. A rela-
tionship has been shown between prolonged pain and
its recurrence when oral feeding is started.

Usually, the initial pain in acute pancreatitis lasts
only a few days and disappears spontaneously when
the local inflammatory reaction improves. Sometimes 
it may recur during the course of the illness if com-
plications such as pseudocysts, pancreatic infections,
peptic ulcer, or biliary obstruction develop. In this
chapter we refer to the initial pain, although obviously
the recommendations for treatment given below may

be applicable at any stage of the pancreatitis, whenever
the recurrence of abdominal pain is due to this 
condition.

Treatment of pain in acute pancreatitis

General aspects

There are several measures available to relieve pain. It is
advisable for the patient to fast, at least initially. This
limits pancreatic stimulation and improves the ab-
dominal distension secondary to acute pancreatitis.
When ileus is present, passing a nasogastric tube may
improve symptoms. Obviously, these measures alone
are not sufficient to control the pain as this requires
suitable medication. The management of abdominal
pain associated with acute pancreatitis follows the
same general rules as the treatment of other acute pain,
namely the staged use of analgesics, but the oral route is
ruled out. The pharmacologic treatment of pancreatitis
therefore requires parenteral or other alternative routes
of administration. Basically, since the pain is continu-
ous, analgesics should be prescribed at regular intervals
or even as a continuous perfusion following an initial
loading dose to control the pain rapidly. Once the pain
is under control, analgesics may be prescribed as 
needed by the patient.

Patient-controlled analgesia

In recent years patient-controlled analgesia (PCA)
pumps have been used for intravenous administration.
This technique provides small doses of analgesic drugs
as required by the patient by means of a perfusion pump

9 Guidelines for the treatment of pain
in acute pancreatitis
Juan Martínez and Miguel Pérez-Mateo
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controlled by a microcomputer. Theoretically, greater
efficacy should be achieved with lower dosage. PCA
pumps may also be used for subcutaneous or epidural
medication. Some authors recommend continuous per-
fusion of analgesic drugs administered via PCA. Be-
cause of the stability of the serum levels of these drugs,
this modality provides higher pain relief during sleep
intervals and decreases the number of loading doses
self-administered by the patient. However, the possibil-
ity of overdosage is present. On the other hand, PCA
without continuous perfusion allows the dosage of
drug to be matched to the patient’s requirements with
low risk of overdosage, but patients need to be trained
in this technique and decreased effectiveness during
sleep intervals might occur.

Some concepts must be taken into account when pro-
gramming a PCA.
• Loading dose: generally a high dose of the analgesic
drug is programmed by the physician. This allows an
analgesic effect to be achieved quickly.
• Incremental dose: dose self-administered by the 
patient when pain is present.
• Lockout interval: interval between two incremental
doses. It represents a security measure to avoid 
overdose.
We recommend a program with high incremental doses
and long lockout intervals. Some examples of PCA are
shown in Table 9.1.

Parenteral drug treatment

Nonsteroidal antiinflammatory drugs
Nonsteroidal antiinflammatory drugs (NSAIDs) are
generally used as the initial treatment of pain of any ori-
gin. They are therefore the analgesics most often used in
acute pancreatitis. They provide limited analgesia but
are associated with antiinflammatory and antipyretic
effects. NSAIDs are usually well tolerated. Unlike other
analgesics, they have an upper limit of therapeutic ef-
fectiveness, above which no further benefit is expected.
Their analgesic effect is due to the inhibition of
prostaglandin synthesis by inhibition of peripheral 
cyclooxygenase, thus reducing the peripheral inflam-
matory effects, although it is thought that they pro-
bably also affect central neurotransmission. Adverse
effects may occur, the most dangerous of which is upper
gastrointestinal bleeding. This complication is impor-
tant in acute pancreatitis since it is one of the criteria of
severity in this disease. Hypersensitivity reactions,
bone marrow impairment, renal involvement (espe-
cially when there is intravascular volume depletion as is
common in acute pancreatitis), and hepatotoxicity may
also be seen. It has been shown experimentally that they
improve the outcome of acute pancreatitis, although it
has not been confirmed in humans. Recently, they have
been recommended in the prevention of pancreatitis
after endoscopic retrograde cholangiopancreatogra-

Table 9.1 Administration of analgesics and local anesthesics using patient-controlled analgesia (PCA).

Loading dose Loading dose Infusion Bolus Lockout
Drug (mg/kg) duration (hours) (mg/hour) (mg) interval (min)

Opioids (i.v.) Morphine 0.05 3–4 1–2 0.5–2 60
Meperidine 0.5 3–4 10–20 5–30 60
Tramadol 6–8 15–25 15–30 60

Opioids Morphine 0.015 6–24 0.2–0.4 0.1–0.2 60
(epidural) Meperidine 4–8 10–15 20–25 60

Fentanyl 0.001 2–4 0.05–0.075 25–30 30
Tramadol 8 4 30
Bupivacaine + 7.5 2.5 10

fentanyl 0.015–0.03 10

NSAID (i.v.) Metamizol 320 320 30

i.v., intravenous; NSAID, nonsteroidal antiinflammatory drug.



phy. In acute pancreatitis one of the most widely used
NSAIDs is metamizol. It is a pyrazolone and seems to be
less gastroerosive than other NSAIDs since it does not
affect the synthesis of prostacyclin. However, it has the
disadvantage of causing agranulocytosis in a small pro-
portion of cases. The usual dose is 2000 mg intra-
venously every 6–8 hours.

Local anesthetics
These drugs reversibly prevent the genesis and trans-
mission of nervous stimuli in any excitable membrane
(membrane-stabilizing effect). This property favors a
decrease in pain sensitivity in a determined region of the
organism. Parenteral procaine has been shown to be
useful in the management of pain associated with acute
pancreatitis. It is the analgesic of choice for the treat-
ment of acute bouts of chronic pancreatitis as recom-
mended by the German consensus conference on the
treatment of chronic pancreatitis. It should be used
carefully in patients with renal failure, and adverse ef-
fects such as weakness, dizziness, hypertension, and
skin rash may occur when patients are sensitive to the
drug. It is therefore advisable to check whether there is
hypersensitivity to the drug before using it. The recom-
mended dose is 2000 mg given as an intravenous perfu-
sion over 24 hours.

Pancreatic enzymes
These are used to treat pain associated with chronic
pancreatitis on the assumption that they inhibit pancre-
atic secretion by negative feedback due to the intraduo-
denal release of proteases. However, these enzymes
have not been shown to be useful for analgesia in acute
pancreatitis.

Opioids
These drugs represent the next stage in the treatment of
pain. Their analgesic effect is due to the stimulation 
of specialized opiate receptors found in the central 
nervous system, where they interfere with nociceptive
transmission by reducing the release of excitatory neu-
rotransmitters. Although they may be given by the oral,
sublingual, rectal, or transdermal route, parenteral use
is recommended in acute pancreatitis. The disadvan-
tage of this route is the short drug half-life (usually < 4
hours), so continuous perfusion would be advisable if a
continuous analgesic effect is required. In general, the
recommended dose of opioids is only a guide since pain
is subjective and the specific dose required by each 

particular patient should be used. The development of
adverse effects would be the only limiting factor.

Although opioids are more powerful analgesics than
NSAIDs, they have major adverse effects. In the case 
of seriously ill patients, respiratory depression is the
most important; almost all opiates cause it in a dose-
dependent fashion. This adverse effect is especially 
important in acute pancreatitis where opioids may con-
tribute to the occurrence of respiratory failure or aggra-
vate it when it is already present. They may also cause
euphoria, drowsiness, nausea and vomiting, reduced
peristalsis, urinary retention, cardiac dysrhythmias,
pruritus, mental clouding, physical dependency, and
tolerance. Another adverse effect relevant to acute pan-
creatitis is the supposed effect that some opioids pro-
duce on the sphincter of Oddi (see below). The opioids
most widely used are described below.
1 Morphine: the paradigm of this group of drugs and
the reference for comparison of the potency of the other
opioids. It is therefore the best known and most widely
studied. Since it does not cross the blood–brain barrier
readily, it causes less central nervous system excitation.
Although plasma levels of its metabolite morphine 3-
glucuronide are raised in renal failure, this metabolite is
not associated with central nervous system alterations.
The dose is 5–15 mg intramuscularly or subcuta-
neously every 4–5 hours or 0.01–0.04 mg/kg per hour
as an intravenous perfusion.
2 Meperidine has weaker analgesic effect than mor-
phine. As with most opioids it has a short half-life (3–4
hours), although its metabolite (normoperidine) stays in
the bloodstream for much longer. This metabolite is 
potentially neurotoxic and may cause hyperexcitation of
the central nervous system with the development of
seizures, particularly in cases of renal failure, reduced
seizure threshold, simultaneous use of monoamine oxi-
dase inhibitors, some antiretroviral agents, alcoholism,
or drug addiction. It also has an anticholinergic effect and
becomes cardiotoxic when high doses are administered.
For these reasons, continuous infusion is not recom-
mended. Parenteral dosage is 1–1.5 mg/kg every 4 hours.
3 Buprenorphine has a beneficial effect on the course
of acute pancreatitis in experimental animals, although
this condition has not been demonstrated in humans. It
is approximately 30 times more potent than morphine.
Intoxication with buprenorphine is difficult to over-
come with antagonists (such as naloxone) because of
the strength with which it binds to opiate receptors. It is
almost completely metabolized by the liver to inactive
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or only weakly active metabolites. Thus it may be used
safely in cases of renal failure. It does not cause seizures.
Nevertheless, it has an important emetic effect that is
sometimes difficult to manage. When used sublingually
the dose is 0.2–0.4 mg every 6–8 hours. The usual par-
enteral dose is 0.3–0.6 mg intramuscularly or intra-
venously every 6 hours or 0.002 mg/kg per hour as an
intravenous perfusion.
4 Tramadol: although it has agonist effects on opioid
receptors, it also shows analgesic activity due to other
mechanisms. It is a weaker analgesic than morphine
(about eight times). Since its half-life is slightly longer, it
is used parenterally at a dose of 100–150 mg every 6–8
hours (0.17 mg/kg per hour in perfusion). In cases of
renal failure the drug accumulates in the bloodstream
and it is advisable to increase the interval between
doses. It favors the development of seizures in the con-
ditions described for meperidine. Unlike most opiates it
does not cause addiction.
5 Hydromorphone is eight times more potent as an
analgesic than morphine. The recommended dose is
0.5 mg every 3 hours intravenously or 1–2 mg intra-
muscularly or subcutaneously. A dose of 0.2–1 mg/
hour may be given as a perfusion.
6 Fentanyl is 80 times more potent than morphine. It is
hardly used parenterally in pancreatitis but the trans-
dermal route, which allows slow drug release, is used
especially to treat chronic pain. Recently, this treatment
has also been used successfully in acute pancreatitis 
(see below).

Effect on the sphincter of Oddi Traditionally, several
opioids, including morphine, have been rejected as
treatments for pain in acute pancreatitis on the assump-
tion that they increase biliary pressure. This was based
on the findings of preliminary studies that indirectly
measured biliary pressure after the use of these drugs.
However, opioids such as meperidine did not cause
pressure changes and consequently it has become the
narcotic of choice in acute pancreatitis. However, as
commented before, morphine has several advantages
over meperidine in the management of this disorder: it
is more potent, its management is more widely known,
and it is safer in cases of renal failure with less risk of
seizures.

Direct manometric studies of the sphincter of Oddi
have not fully confirmed the initial hypothesis (Table
9.2). In these studies both morphine and meperidine
significantly increased the frequency of the phasic
waves of the sphincter, whereas buprenorphine and tra-
madol did not seem to have any effect. The increase in
frequency of the phasic waves causes a reduction in pas-
sive filling of the sphincter segment and results in an in-
crease in biliary pressure (confirming the result of the
preliminary studies). However, only high cumulative
doses of morphine cause a significant increase in the
basal pressure of the sphincter of Oddi. Furthermore,
no study has yet shown that the increased basal pres-
sure of the sphincter caused by this dose of morphine
has a deleterious effect on patients with acute pancre-
atitis. Therefore it is possible to use morphine (or any

Table 9.2 Effect of opioids on sphincter of Oddi dynamics (direct measurement).

Drug Study Dose Results

Morphine Helm et al. (1988) Successive dose: 2.5, 2.5, 5, 2.5–5 mg/kg: increased frequency
10 mg/kg every 5 min i.v. 10–20 mg/kg: increased basal

pressure, frequency and amplitude
Thune et al. (1990) Cumulative dose: 2.5, 5, Increased frequency of phasic waves

10 mg/kg every 2 min i.v.
Meperidine Elta & Barnett (1994) 1 mg/kg i.v. Increased frequency of phasic waves

Thune et al. (1990) Cumulative dose: 25, 25, Decreased frequency of phasic waves
50 mg/kg every 2 min i.v.

Sherman & Lehman (1996) 1 mg/kg to 75 mg i.v. Increased frequency of phasic waves
Buprenorphine Staritz et al. (1986) 0.3 mg i.v. No changes

Cuer et al. (1989) 0.3 mg i.v. No changes
Tramadol Staritz et al. (1986) 50 mg i.v. No changes

i.v., intravenous.
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other opioid) in the management of pain in acute pan-
creatitis, although more studies are still necessary to
confirm this hypothesis.

Controlled studies Despite the number of therapeutic
drugs used to treat pain in acute pancreatitis, there are
few published controlled studies that compare these
drugs with each other or with a placebo (Table 9.3).

In 1984, Blamey and colleagues compared the use 
of intramuscular buprenorphine with intramuscular
meperidine in 32 patients with acute pancreatitis.
These authors found similar analgesic responses to
these drugs in both the intensity and duration of pain
relief. Adverse effects were minimal (nausea and vomit-
ing) and occurred in the same proportion in both types
of treatment. A year later, Ebbehoj et al. studied the
analgesic effect of rectal indomethacin (indometacin)
compared with a placebo in 30 patients with acute pan-

creatitis. In this study, treatment with indomethacin
significantly reduced the number of days with pain and
the amount of other analgesics (opiates) given. In 1995
Patankar et al. reported another controlled study com-
paring the use of pancreatic enzymes with a placebo in
23 patients with acute pancreatitis. No difference was
found in the analgesia obtained by these patients. The
main adverse effect seen was nausea, which occurred 
in approximately half the patients in both groups. Re-
cently, Jakobs and colleagues compared the analgesic
effects of intravenous buprenorphine and procaine. 
In 40 patients with acute pancreatitis or acute bouts 
of chronic pancreatitis, buprenorphine produced 
higher pain relief and reduced the need for addi-
tional analgesics. Apart from slight sedation of the
buprenorphine-treated group, the secondary effects
were few and comparable. Another recent German
controlled trial confirmed the lower analgesic effects 

Table 9.3 Controlled studies with analgesics in acute pancreatitis.

No. of Pain Adverse 
Study patients Drugs assessment Outcome effects

Blamey et al. 32 Buprenorphine 0.3 mg i.m. Standard Similar relief Similar (nausea,
(1984) lineal scale Similar duration of vomiting)

Meperidine 100 mg i.m. Categories pain relief
scale

Ebbehoj et al. 30 Indomethacin 50 mg twice Visual analog Indomethacin group: None
(1985) (rectal) scale less number of days 

Placebo with pain and opiate
administration

Patankar et al. 23 Oral pancreatic enzymes Visual analog Similar pain relief and Similar (nausea)
(1995) (7800 U protease daily) scale analgesic requirements

Placebo
Jakobs et al. 40 Buprenorphine 0.3 mg Visual analog Buprenorphine group: Buprenorphine

(2000) (bolus i.v.) + 2.4 mg scale higher pain relief and group: higher
(infusion i.v.) per 24 hours less additional analgesic sedation rate

Procaine 2 g (infusion i.v.) requirements
per 24 hours

Stevens et al. 32 TTS fentanyl + meperidine Self-reported Fentanyl group: less None reported
(2002) Placebo + meperidine pain intensity pain intensity at 36, 45,

and 60 hours from
admission

Kahl et al. 107 Pentazocine 30 mg (bolus Visual analog Pentazocine group: lower None
(2004) i.v.) per 6 hours scale pain scores over 72 

Procaine 2 g (infusion i.v.) hours
per 24 hours

i.m., intramuscular; i.v., intravenous; TTS, transdermal therapeutic system.
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of procaine. Finally, Stevens et al. reported that trans-
dermal fentanyl (plus meperidine for further relief)
failed as compared with placebo (plus meperidine) in
obtaining significant pain relief during the first 24
hours in hospital in 32 patients with acute pancreatitis.
However, fentanyl was more effective for pain relief
after the first 36 hours in hospital.

Thus although there is scanty evidence, we must con-
clude that the use of certain opioids such as meperidine
and buprenorphine is safe and effective for pain control
in patients with acute pancreatitis. Further controlled
studies are needed to confirm whether opioids in gen-
eral are more effective than theoretically less potent but
more widely used drugs such as NSAIDs and to clarify
the role of morphine (more potent and safer than
meperidine) in pain management in this condition.

Epidural analgesia

Epidural analgesia is becoming widely used in delivery
and in the immediate postoperative period after ab-
dominal or gynecologic surgery. When this route of ad-
ministration is used, the drug is concentrated where the
painful impulses enter the spinal cord (i.e., on the spinal
nerve roots). This permits the use of doses substantially
lower than those required for oral or parenteral admin-
istration. Systemic adverse effects are thus decreased.
The procedure involves the insertion of a catheter 3 cm
into the epidural space between T5 and T9 (usually T8)
and analgesia is instituted by injection of an analgesic
drug through the catheter. Because dural puncture is
not intended, the site of entry may be at any vertebral
level that permits a segmental blockade approximately
limited to the chosen region. Usually local anesthetics
such as bupivacaine or opioids such as fentanyl or mor-
phine, or a combination of both types of drugs, are

used. The association of both agents permits the use 
of lower doses, minimizing local anesthetic-induced
complications of motor blockade and opioid-induced
complications. The dose of local anesthetic used can
produce high concentrations in blood following ab-
sorption from the epidural space, which is rich in ve-
nous plexuses. On the other hand, since conduction in
autonomic, sensory, and motor nerves is not affected by
opioids, blood pressure, motor function, and nocicep-
tive sensory perception typically are not influenced by
epidural opioids. Pruritus, nausea, vomiting, and uri-
nary retention may appear. Delayed respiratory depres-
sion and sedation, presumably from cephalad spread of
opioid within the cerebrospinal fluid, occurs infre-
quently with the doses of opioids currently used.

The technique may involve a single dose but to
achieve analgesia over a prolonged period a catheter
should be placed for either intermittent dosage or 
continuous perfusion. As previously mentioned, PCA
pumps can be applied. If continuous perfusion is 
administered, stable analgesic levels are obtained.
Therefore, early patient mobilization, improvement in
muscular tone, and fewer episodes of hypotension are
expected. After correct placing of the epidural catheter,
it is necessary to administer a single dose; if adverse ef-
fects do not develop, a continuous perfusion should be
programmed with variable rate according to the anal-
gesic level obtained. Table 9.4 shows some examples of
epidural administration of analgesic drugs.

This type of analgesia has reduced postoperative
morbidity and mortality. Recently, a systematic review
reported that in patients undergoing laparotomy
epidural administration of local anesthetics and opioids
provided higher postoperative analgesia than the use 
of local anesthetics alone. However, local anesthetics
were found to be associated with less gastrointestinal

Table 9.4 Epidural administration of opioids and local anesthesics.

Loading dose Infusion (per hour) Bolus

Morphine 1–2 mg 0.2–0.4 mg 0.1–0.2 mg/hour
Meperidine 25–50 mg 10–15 mg 20–25 mg/hour
Fentanyl 100 mg 50–75 mg 25–50 mg/hour
Fentanyl + bupivacaine (0.0625%) 75 mg + 3.75 mg 50 mg + 2.5 mg 12.5 mg + 0.0625 mg/30 min

(6 mL) (4 mL/hour) (1 mL)
Morphine + bupivacaine (0.0625%) 1 mg + 5 mg 0.15 mg + 1.8 mg 0.15 mg + 1.8 mg/30 min

(3 mL) (3 mL)
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paralysis than when systemic or epidural opioids were
used.

In patients with acute pancreatitis, this type of anal-
gesia has many theoretical advantages. Firstly, it per-
mits a reduction in high doses of opioids when these are
excessive and/or associated with adverse effects (as pre-
viously mentioned, opioids facilitate the occurrence or
aggravation of respiratory failure and some show in-
creased neurotoxicity in the presence of renal failure).
Also, it allows severely ill patients to achieve a sitting or
semi-sitting position readily and therefore improves
gas exchange and reduces the incidence of respiratory
infections. Intestinal blood flow and motility is also
said to improve. Finally, in postoperative patients,
epidural analgesia reduces the metabolic response and
improves catabolism. All these beneficial effects favor
mobilization, reduce the incidence of complications,
and permit early resumption of oral feeding. Unfortu-
nately, there are still no controlled studies of patients

with acute pancreatitis which confirm the theoretical
benefits of this type of analgesia.

Nevertheless, this type of analgesia may have adverse
effects, such as hypotension (due to involvement of 
the sympathetic nervous system when the catheter is in-
serted or medication administered), headache, urinary
retention, radicular damage, or catheter migration.
The most serious, though infrequent, complication is
the development of epidural hematoma or abscess.
Epidural analgesia is contraindicated in hypovolemic
shock, severe coagulopathy, infection, or radiculopa-
thy at the level of catheter insertion. As previously men-
tioned, since variable amounts of the drugs reach the
peripheral blood, systemic adverse effects of local anes-
thetics or opioids might develop.

Large series of patients with acute pancreatitis 
treated by epidural anesthesia have been reported to
have had excellent pain control, with no neurologic or
septic complications. Finally, there have been sporadic

Patient with
acute pancreatitis

Without organ failure

Metamizol i.v. or tramadol i.v.*
(+ meperidine s.c. between dose if necessary)

Adequate pain relief No pain relief

Metamizol or tramadol if necessary

Adequate pain relief

Meperidine s.c.*
or buprenorphine i.v. i.m.*

No pain relief

Epidural analgesia*
(+ parenteral opioids)

With organ failure

Figure 9.1 Guidelines for the
treatment of pain in acute pancreatitis.
*, Patient-controlled analgesia, if
possible; i.m., intramuscular; i.v.,
intravenous; s.c., subcutaneous.
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reports of good pain relief following percutaneous
pharmacologic blockade of the celiac plexus.

Guidelines for the management of pain
in acute pancreatitis

Pain due to acute pancreatitis should be treated from
the very onset of the disease by regular analgesic 
administration. In general terms, PCA pumps are 
recommended (see Table 9.1). Staged treatment should
be given (Fig. 9.1). Thus we may use metamizol
(2000 mg every 6–8 hours intravenously) or tramadol
(100 mg every 8 hours intravenously), with meperidine
(50–100 mg subcutaneously as a single dose) for rescue
between doses. When pain control is satisfactory or 
the pain disappears, the same dosage may be used on
demand by the patient. However, if the pain is not 
controlled, opioids become necessary. Until studies
confirm the safety of morphine and its derivatives, the
use of meperidine (50–100 mg every 4 hours subcuta-
neously) or buprenorphine (0.3–0.6 mg every 6 hours
parenterally; 0.2–0.4 mg every 6 hours sublingually;
0.002 mg/kg per hour as intravenous continuous perfu-
sion) is recommended.

Patients who require high doses of opioids for ade-
quate pain control, and especially those with organ fail-
ure (mainly renal and/or respiratory failure), should be
treated with epidural anesthesia using either local anes-
thesics alone or, better, local anesthesics plus opioids
(see Table 9.4). This kind of analgesia may be adminis-
tered in addition to systemic opioids, the dose of which
can then be reduced, or can be used as the sole 
treatment.
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Acute pancreatitis is a disease with a wide spectrum of
clinical courses, ranging from the mild form with mini-
mum morbidity and almost zero mortality, to the severe
form with a high percentage of complications and high
risk for a lethal outcome.

In about 80% of patients, the inflammatory process
is self-limited, involving only the pancreas and immedi-
ate pancreatic tissues, and resolves spontaneously
within less than a week. These mild cases require only a
short period of fasting, intravenous hydration, elec-
trolytes, and analgesia. Patients can usually start an
oral low-fat diet within 3–7 days of the onset of their
pain, resulting in minor and usually easily reversible
nutritional defects.

This is not the case in severe acute pancreatitis, 
which is characterized by various degrees of necrosis of
pancreatic parenchyma as well as local and systemic
complications such as systemic inflammatory response
syndrome (SIRS) and multiple organ failure (MOF).
This form of the disease represents a typical hypermeta-
bolic septic model, with increased resting energy re-
quirements and considerable protein catabolism that
leads to severe malnutrition.

As a result nutritional support in acute pancreatitis
should be one of the main therapeutic aims and nutri-
tional management should depend on the underlying
pancreatic disease.

Malnutrition and metabolic changes in
acute pancreatitis: why?

Regardless of the etiology, all cases of acute pancreatitis
share a common pathogenetic pathway that involves

the premature activation of trypsinogen to trypsin,
after which a cascade of pancreatic enzyme activation
begins that leads to autodigestion of the pancreas and
peripancreatic tissues. At the same time, a number of
powerful inflammatory mediators are produced locally
and systemically, with cytokines being the most impor-
tant because they initiate or amplify an inflammatory
cascade and induce the development of SIRS and re-
mote organ failure. Later in the course of the disease, in-
fective complications may occur, particularly infected
pancreatic necrosis, consequent sepsis, and sepsis-
related MOF, that further increase energy requirements. 
The release of inflammatory mediators, particularly
tumor necrosis factor (TNF)-a and interleukin (IL)-6,
and in cases of sepsis the release of catabolic hormones
(catecholamines, cortisol, glucagon), change protein
and energy metabolism in ways that increase both 
energy demands and urinary nitrogen excretion, which, 
in parallel with the reduction of food intake, result in
the development of protein–energy malnutrition.

Clinical studies have shown that patients with acute
pancreatitis have a resting energy expenditure (REE)
that is 1.2–1.5 times that predicted by the Harris–
Benedict equation, depending on the severity of the 
disease. Septic patients are the ones with the greater
protein–energy needs, since they are in marked meta-
bolic stress. These patients exhibit accelerated catabo-
lism and protein breakdown and have a decreased
blood supply to vital organs due to hypovolemia or de-
creased cardiac performance during the inflammatory
process.

As already mentioned, nitrogen loss during severe
disease is increased. While a healthy adult loses ap-
proximately 12 g of nitrogen daily in the urine in the
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fasting state, patients with acute pancreatitis compli-
cated by sepsis commonly lose up to 40 g of nitrogen
daily, with most of this loss coming from the skeletal
muscle. Negative nitrogen adversely affects host de-
fenses and immune competence balance and is asso-
ciated with increased morbidity and mortality.

Another metabolic response to severe inflammation
and energy deprivation is endogenous gluconeogenesis
from protein degradation, which can only partially be
inhibited by exogenous glucose. Intravenous adminis-
tration of high doses of glucose carries the risk of hy-
perglycemia as the insulin response is often impaired.
Furthermore, insulin release is also frequently impaired
as a result of the inflamed pancreas, rendering the pa-
tient susceptible to hyperglycemia in 40–90% of cases.
It has been suggested that transient hyperglycemia may
impair complement fixation, evoking an immunosup-
pressive state. Parenteral nutrition is associated with an
additional risk for hyperglycemia and careful monitor-
ing of blood glucose levels is necessary in these patients.

Finally, lipid metabolism is also altered in acute pan-
creatitis via a mechanism that is not entirely clear. In-
creased serum triglycerides may either be the cause or the
result of acute pancreatitis. Increase in cholesterol and
free fatty acids in serum have also been reported. After
the acute phase subsides, serum lipids tend to return to
normal. Infusion of exogenous fat does not seem to inter-
fere with the development or the course of acute pan-
creatitis and is therefore not contraindicated, provided
that patients are monitored for hypertriglyceridemia.

Energy supply in acute pancreatitis

Patients with severe acute pancreatitis manifest in-
creased basal energy requirements, accentuated pro-
tein catabolism, and endogenous gluconeogenesis. The
goals of nutritional support in this setting are (i) to
lessen nitrogen wasting, (ii) to support organ structure
and function, and (iii) to positively affect the clinical
course of the disease if possible.

Individual protein–calorie needs vary widely de-
pending mostly on the severity of the disease, as well as
the age, body size (height and weight), and sex of the
patient. The most accurate method of measuring
caloric requirement is indirect calorimetry, which is
also useful for determining the fuel mix being oxidized
and for assessing the metabolic stress level. Unfortu-
nately, it is not often available, and therefore the most

commonly used method for estimation of REE is the
equation devised by Harris and Benedict. The formulas
for calculating REE (in kcal/day), using the four vari-
ables age, height, weight, and sex, are as follows:

BMRwomen = 655 + 9.5W + 1.8H - 4.7A

BMRmen = 66 + 13.7W + 5H - 6.8A

where W is the actual or usual weight (kg), H is height
(cm), and A is age (years). In patients with acute pan-
creatitis, REE as determined by indirect calorimetry
varies from 77 to 158% of the energy expenditure pre-
dicted by the Harris–Benedict equation, being higher in
patients with pancreatitis complicated by sepsis or
MOF. These results make the Harris–Benedict equa-
tion a very rough method for estimating the energy 
demands of these patients.

Even simpler REE equations are often used in clinical
practice and it should be remembered that these may
overestimate or underestimate the measured values by
20 or even 30% for any individual. In severely ill pa-
tients, REE is usually about 25–35 kcal/kg daily and
1.2–1.5 g of protein per kilogram dry body weight, ad-
justing for obesity. With increasing metabolic stress,
calories and protein should be increased, except in 
critically ill patients. During the early catabolic stage,
15–25 kcal/kg and 1.5 g/kg of protein are more suitable
in nonsurgical patients with MOF.

During artificial nutrition, energy should be pro-
vided in the form of mixed fuel, with 60–70% given as
glucose and 30–40% as lipid emulsion. Patients with
severe disease and MOF often have high serum glucose
and triglyceride levels. Intravenous infusion of glucose
and fat does not suppress endogenous production and
may therefore result in further elevations of blood glu-
cose and triglycerides. Hyperglycemia predisposes to
fluid retention (due to increased insulin requirements)
and immunosuppression. High-dose lipid emulsion is
also immunosuppressive and hypertriglyceridemia
may exacerbate pancreatitis; therefore blood glucose
levels should be monitored and should not exceed
10 mmol/L, while serum triglyceride concentrations
should not exceed 1.5–2 times normal. Requirements
for protein can be adjusted by performance of a nitro-
gen balance study.

Hypocalcemia is the most frequent mineral aber-
ration seen in patients with acute pancreatitis, and 
a marked reduction of serum calcium is associated 
with a poor prognosis. Systemic endotoxin exposure
appears to play a significant role in the development of
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hypocalcemia in severe attacks. In cases where ionized
calcium is low and this is not a false reduction due to 
hypoalbuminemia, an attempt to correct this reduc-
tion should be made. Excessive calcium infusion may
induce pancreatitis.

Patients with pancreatitis may also benefit from 
glutamine supplementation, as it is an important fuel
for the gastrointestinal tract (pancreatic islets, acinar
cells, and enterocytes). The oxidation of one molecule
of glutamine produces 30 mmol of ATP, which makes
this amino acid a very rich energy source. It appears
that although enterocytes are rich in glutamine and
may even synthesize it endogenously, this amino acid is
an essential nutrient in stressed patients.

Attempts to favorably modulate the immune and 
inflammatory responses of severely ill patients led to 
efforts to enrich nutrition with various immune-
enhancing nutrients. This has become known as im-
munonutrition. Of the various nutrients that have been
suggested as beneficial, glutamine, arginine, w-3 fatty
acids, and nucleotides have been introduced into clini-
cal use in the form of several standard formulas, often
in combination preparations. There are a number of re-
ports, mainly in severely injured patients, dealing with
the role of immune-enhanced enteral diets in these
cases. A metaanalysis of 1009 patients from 11 trials
showed that immune-modulated regimens resulted in a
significant reduction of infective complications and
length of hospital stay, but with no effect on survival.
Only one study dealt with the use of glutamine in acute
pancreatitis, as a supplement in standard total par-
enteral nutrition (TPN). This investigation found that
glutamine improved leukocyte activity and reduced
proinflammatory cytokine release in acute pancreatitis.
No conclusions can be drawn from these studies and al-
though it seems possible that immune-enriched diets
could play a role, further studies are needed to clarify
this issue.

In the light of the emerging evidence regarding the
primary role of the intestine in the pathophysiology of
acute pancreatitis, enteral feeding is now considered
the preferred mode of nutritional support in these pa-
tients. Enteral feeding has proved to be safe and in the
majority of patients may cover caloric needs. Due to its
beneficial effect on gut integrity, it should be started
very early in the course of the disease (during the first 24
hours) and should be continued until the patient toler-
ates oral feeding. In cases where the caloric goal cannot
be achieved by enteral nutrition, combined parenteral

nutrition should be used. Even a low volume of low-
residue enteral diet given in cases where TPN is used is
sufficient to protect the intestinal mucosa. Recently, it
was suggested that gastric feeding may be feasible in 
patients with severe pancreatitis. The optimal feeding
formula has yet to be determined, but an elemental 
or immune-enhancing diet (10–30 mL/hour) con-
tinuously perfused to the jejunum is suggested.

Total parenteral nutrition in 
acute pancreatitis

Traditionally, TPN has been the only nutrient-provid-
ing treatment in patients with acute pancreatitis and
prolonged starvation. TPN achieves energy and protein
provision without stimulating pancreatic exocrine se-
cretion. Although Feller et al. in 1974, in an uncon-
trolled retrospective study, showed a decrease in the
mortality rate of patients with acute pancreatitis who
received intravenous hyperalimentation, several other
similar retrospective uncontrolled clinical trials have
failed to reproduce these results. On the contrary, other
authors observed a higher incidence of catheter-related
sepsis among TPN groups but no difference in total
mortality.

Two prospective nonrandomized trials have been
published on this subject. In 1989, Sitzmann et al. di-
vided 73 patients with acute pancreatitis into three
groups depending on their ability to tolerate glucose-
free, lipid-based, and lipid-free nutrition. Within 15
days most patients in all groups achieved improvement
in nutritional status. A higher mortality was observed
in the fat-free group as well as among patients with 
persistent negative nitrogen balance. A high incidence
of catheter sepsis was also documented. In 1991, 
Kalfaretzos et al. divided 67 patients with severe acute
pancreatitis (more than three Ranson criteria) into two
groups of early (within 72 hours after admission) and
late (after 72 hours) onset of TPN. They noted a signifi-
cantly lower incidence of complications and mortality
in the early group but a high incidence of catheter-
related sepsis as well.

The only prospective randomized controlled trial on
the effects of early parenteral nutrition versus no nutri-
tional support in patients with acute pancreatitis was
published by Sax et al. in 1987. During this study, 54
patients were randomized to receive either supporting
treatment alone or supportive treatment with early
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TPN (within 24 hours of admission). TPN had no 
significant effect on clinical outcome, duration, and
pancreatitis-related complications, but patients in the
TPN group had a ninefold increase in the incidence of
catheter sepsis. A significant drawback of this study is
the fact that all patients studied had mild pancreatitis
(mean Ranson score 1) and hence had low complica-
tion and mortality rates with conventional treatment.

In conclusion, it can be stated that there is no strong
information regarding the role of TPN in acute pancre-
atitis and more trials are needed in order to establish
any benefit. The use of TPN does not seem to interfere
with the progress of the disease but indicates a trend in
improvement of morbidity and mortality in patients
with severe pancreatitis who achieve a state of positive
nitrogen balance and in those who require prolonged
starvation (i.e., persistent pancreatic inflammation, 
abscess, and pancreatic fistula). TPN is associated 
with certain disadvantages, such as an increased rate of
catheter-related infections, metabolic disturbances
such as hyperglycemia, effects on gut permeability, and
increased cost.

Role of the gut in acute pancreatitis

Contamination of pancreatic necrosis and consequent
sepsis is the main cause of death in severe pancreatitis,
although in the early period of the disease SIRS remains
the main fatal cause. The organisms responsible for sec-
ondary pancreatic infection are usually Gram-negative
bacteria of the same type that colonize the gastroin-
testinal tract. This suggests gut barrier dysfunction, 
increased intestinal permeability, and subsequent 
bacterial translocation through the gut wall.

Indeed, changes in intestinal permeability have been
proven to occur in acute pancreatitis and are directly re-
lated to the severity of the disease. Patients with severe
acute pancreatitis have increased intestinal permeabil-
ity compared with healthy controls or those with mild
attacks, and patients who develop MOF have even
greater changes compared with those with severe dis-
ease and more favorable outcome. Intestinal perme-
ability changes occur within 72 hours of the onset of
pancreatitis and normalize during recovery.

It has been proposed that intestinal permeability may
allow bacteria and bacterial components to migrate
from the intestinal lumen to extraintestinal sites. In
fact, bacterial translocation from the lumen to the pan-

creas and mesenteric lymph nodes is well documented
in animal models but has not been convincingly demon-
strated in humans. Nevertheless there are some data
that support the hypothesis. Firstly, it has been demon-
strated that 50% of patients with pancreatic necrosis
have gut-origin bacteria colonizing the pancreas, and
that colonization is maximal during the second to third
week after the onset of the disease. Secondly, intestinal
colonization with Gram-negative organisms precedes
pancreatic infection and represents an early risk factor
for developing a pancreatic infection. Thirdly, clinical
studies indicate an association between gut dysfunction
and infection, acute respiratory distress syndrome, 
and MOF. However, studies in patients with acute 
pancreatitis have demonstrated that the changes in gut
permeability occur early, whereas pancreatic infection
usually occurs during the second to third week after 
the onset of the disease, and patients with increased
permeability do not necessarily have more septic 
complications.

The early changes in intestinal permeability have
been also correlated with corresponding levels of 
endotoxemia. Endotoxins derive from Gram-negative
bacteria and have systemic toxic effects, such as 
tachycardia, hypotension, and pyrexia, and also de-
range the immune system. Endotoxemia appears to
correlate with the severity, incidence of systemic com-
plications, and mortality of patients with acute pancre-
atitis. Patients with severe attacks have higher serum
concentrations of endotoxin compared with those with
mild disease, and the same was found in nonsurvivors
compared with survivors and in patients with MOF as
opposed to those without it. Nevertheless, in a study
conducted by Moore et al. on severely injured trauma
patients, it was not possible to document bacteria or en-
dotoxin in the portal blood, even in patients with MOF.
Selective gut decontamination seems to reduce infec-
tion complications, but it does not increase patients’
survival.

Overall, the maintenance of intestinal structure and
function is a complicated and multifactorial process
that requires the adequate delivery of energy and oxy-
gen. Enterocytes use glutamine and short-chain fatty
acids as primary fuel. The presence of these nutrients in
the lumen stimulates the proliferation of mucosal cells
and enhances gut integrity. Fasting leads to mucosal 
atrophy, increased rate of enterocyte apoptosis, de-
creased glutamine and arginine transport, and altered
mucin composition of goblet cells. These changes may
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develop as early as the first week and intestinal perme-
ability changes occur within 48–72 hours of the disease
onset. Furthermore, the impairment of gut motility that
occurs within 12 hours of the onset of acute pancreati-
tis favors bacterial overgrowth and contributes to en-
dotoxemia and bacterial translocation. Enteral feeding
repairs the mucosal damage caused by fasting and, if
given very early, preserves epithelial integrity and bac-
terial ecology, therefore helping to maintain gut barrier
function.

The intestinal barrier is particularly susceptible to is-
chemia and therefore an adequate blood supply is of
great importance for its function. Severe acute pancre-
atitis produces hypovolemia and third-space fluid 
losses that induce splanchnic vasoconstriction and 
subsequent intestinal ischemia. The hypoxia that oc-
curs early in patients with acute pancreatitis may 
further contribute to mucosal ischemia. The ischemic
effect is also enhanced by the local production of 
various inflammatory mediators. Intestinal reperfusion
causes further damage through the production of oxy-
gen free radicals and inflammatory mediators. Severe
acute pancreatitis is associated with priming and subse-
quent overactivation of leukocytes, which may be the
main cause of intestinal injury, by inducing gut is-
chemia, amplifying inflammation, and releasing oxy-
gen free radicals. Fluid replacement and resuscitation 
is essential in order to maintain microcirculation and
prevent ischemia and reperfusion injury.

Recently, the role of the gut in acute pancreatitis has
expanded beyond the bacterial translocation and endo-
toxin phenomenon, as emerging evidence has indicated
that the gut may be a source of cytokines and a site of
neutrophil priming. It appears that intestinal ischemia
and reperfusion injury results in the overactivation of
gut macrophages and gut-associated lymphoid tissue,
which in turn release excessive cytokines and other 
mediators. The release of cytokines contributes to 
SIRS and MOF.

Enteral nutrition

Based on the above, efforts have been made to find a
more natural way of delivering nutrients in patients
with pancreatitis. Despite concerns for the possible
stimulatory effect of oral feeding on pancreatic secre-
tion and for disease exacerbation, several experimental
and clinical trials have shown that delivery of nutrients

to the jejunum does not increase pancreatic secretion
and is well tolerated with no increase in complications.
More specifically, although administration of lipid into
the duodenum is a strong stimulatory factor for pancre-
atic exocrine secretion, jejunal delivery of the same
amount of lipid causes minimal pancreatic reaction.
Similar minor effects of intravenous lipid infusion have
been shown in human studies. Gastric or duodenal pro-
tein or carbohydrate administration is also a strong
stimulus for pancreatic secretion, whereas jejunal de-
livery of the same nutrients is harmless to the pancreas.

Additionally, it has been confirmed that enteral feed-
ing is technically feasible and clinically safe even in 
critically ill patients with severe disease, and provides
efficient nutrition support. Severe paralytic ileus is not a
contraindication to nasojejunal feeding, but in rare
cases it may prevent adequate calorie intake. From the
practical point of view, enteral feeding is achieved by
the insertion of a nasojejunal feeding tube, usually
placed endoscopically or under radiologic screening,
distal to the ligament of Treitz. Occasionally, correct
feeding tube location and maintenance of its patency
may be troublesome.

Five randomized controlled studies have been pub-
lished that compare enteral nutrition (EN) with TPN.
Kalfaretzos et al. randomized 38 patients, all with se-
vere acute pancreatitis, in two groups (EN vs. TPN).
They found a significant reduction in total, including
septic, complications in the EN group. The cost was
three times lower in the EN than the TPN group, and
the authors suggested that the use of EN is preferable in
all patients with severe disease. In another other study,
by Windsor et al., 34 patients were randomized in EN
and TPN groups. In this study patients with moderate
and severe disease were included. Patients who received
EN fared better after 7 days with respect to APACHE II
score and C-reactive protein (CRP) levels compared
with the TPN group. The authors also reported an in-
crease in serum IgM anti-endotoxin antibodies in the
TPN group, levels of which remained unchanged in the
EN group. The total antioxidant capacity was less in
the former group. They concluded that patients on EN
were exposed to less endotoxin levels. This was proba-
bly related to preserved host defense.

More recently, Abou-Assi and O’Keefe demon-
strated earlier recovery, shorter hospital stay and shorter 
duration of nutritional support, better tolerance to
restarting oral feeding, and much cheaper cost for nu-
trition in a group of 17 enterally fed patients with acute
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pancreatitis compared with 16 patients who received
TPN. Catheter-related sepsis and hyperglycemia neces-
sitating insulin were significantly more common in the
TPN group but overall mortality was no different. 
Olah et al. compared conventional parenteral nutrition
with early jejunal nutrition in 89 patients admitted with
acute pancreatitis. The rate of septic complications,
need for surgery, MOF, and death was higher in the
TPN group but differences were not statistically signifi-
cant. Conversely, Powell et al. have published the only
randomized controlled study that compared EN with
no nutritional support and which studied the effect of
early EN on markers of the inflammatory response in
predicted severe pancreatitis. Serum IL-6, TNF recep-
tor 1, and CRP were used as inflammatory markers.
Despite previous findings the authors documented that
early EN did not ameliorate the inflammatory response
in patients with severe acute pancreatitis compared
with no nutritional intervention. An ongoing random-
ized study by our group is trying to identify the role of
early EN, compared with standard TPN, in reducing
the need for surgery in patients with predicted severe
acute pancreatitis. We have reported preliminary re-
sults in which we showed that early EN seemed to re-
duce surgical interventions in the EN group by reducing
the incidence of sepsis (9% vs. 33%).

The above studies provide compelling evidence that
enteral feeding is safe and most probably beneficial in
patients with severe acute pancreatitis. Enteral jejunal
feeding can be started during the first 24 hours after ad-
mission and be continued until the patient is able to feed
orally. At present there is no definite evidence that arti-
ficial nutrition support, either TPN or EN, alters the
outcome in patients with mild or moderate acute pan-
creatitis, unless malnutrition is also a problem. Diagno-
sis of acute pancreatitis is not itself an indication for
instituting artificial nutrition, unless severity of the dis-
ease is the case. EN is safe, well tolerated, and does not
stimulate the pancreas, and therefore should be used
preferably in the treatment or prevention of malnutri-
tion and probably immunosupression and infection in
patients with severe acute pancreatitis.

Finally, larger, well-conducted trials are needed be-
fore any conclusive statement about the benefits of nu-
tritional support on outcome can be made. These trials
should recruit only patients with severe pancreatitis
and should stratify them for disease severity, nutri-
tional status, and etiology of pancreatitis before 
randomization.
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Introduction

Acute pancreatitis is characterized by a wide range of
clinical manifestations, ranging from mild self-limiting
to severe life-treatening. The gold standard for treat-
ment of acute pancreatitis is conservative management
with fluid balance correction and administration of
opiates. Patients with the more severe forms may also
be kept in intensive care. In severe pancreatitis, progno-
sis is strictly related to the extension of glandular necro-
sis as the risk of infection depends on the extent of
pancreatic necrosis. The aim of antibiotic prophylaxis
is to prevent superinfection of necrotic tissues. The in-
dication for the prophylactic schedule includes the
presence of glandular necrosis as demonstrated by
computed tomography (CT) or a serum value of C-
reactive protein (CRP) that surpasses 150 mg/dL in a
sample obtained at least 48 hours after onset of disease.
The accepted antibiotic protocols advocate the use of
broad-spectrum antibacterial agents such as imipenem,
which are particularly active against Gram-negative
bacteria of intestinal origin.

Rationale

The presence of infected necrosis is the single most im-
portant negative prognostic index during the course of
severe acute pancreatitis and is the major factor respon-
sible for mortality and morbidity. The infection rate is
related to the amount of necrosis, and infection is pre-
sent in about 30–40% of patients with more than 30%
necrosis. The infectious organisms able to reach the
necrotic parenchyma are mostly Gram-negative bacte-

ria of intestinal origin (Table 11.1). They access the
pancreatic necrosis through the intestinal mucosal bar-
rier, which may have been previously damaged during
acute pancreatitis by several factors, including cytokine
activation and ischemia. Data from experimental 
models and early microbiologic cultures of necrotic tis-
sue have demonstrated that infection is an initial conse-
quence of severe pancreatitis. Therefore, the efficacy of
antibiotic prophylaxis (or, as we prefer, early antibiotic
treatment) is strictly dependent on the pharmacologic
therapy used, as well as its appropriate timing. Initial
efforts to demonstrate the efficacy of prophylactic ther-
apy in the 1970s failed due to the use of ampicillin, an
antibiotic not able to penetrate into pancreatic tissue.
The different pattern of tissue penetration demon-
strated in clinical/microbiologic studies by other anti-
biotics (Table 11.2) led to a new series of prospective
randomized trials in the 1990s. From those studies, it
was concluded that early antibiotic treatment reduces
morbidity, and in one instance mortality was also de-
creased (Table 11.3). The metaanalyses by Golub et al.
and Sharma and Howden revealed that antibiotic 
prophylaxis also reduces the rate of mortality.

In our experience, imipenem–cilastatin reduced the
incidence of bacterially infected necrosis compared
with a homogeneous control group of patients without
treatment (12.2% vs. 30.3%; P < 0.01, Mann–Whitney
U-test). No significant reduction in overall mortality
was observed in the treated group with respect to con-
trols, possibly due to the relatively small number of pa-
tients (n = 74) and to the number of deaths in the treated
patients who had early surgery for multiorgan failure
without pancreatic sepsis. Moreover, the number of pa-
tients who either died or underwent surgical interven-

11 Antibiotic prophylaxis for acute
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tion for infected necrosis or abscess was twice that in
the group not receiving antibiotic therapy with respect
to the group of patients treated with prophylactic
imipenem. In 35.7% of cases with severe necrosis
(> 50% of glandular volume), imipenem did not pre-
vent superinfection.

We have also compared the efficacy of imipenem
(500 mg three times daily) with pefloxacin (400 mg
twice daily) in patients suffering from severe necrosis
(> 50% of glandular volume) using a multicenter,
prospective, randomized study involving 60 patients.
Patients treated with pefloxacin had a significantly
higher infection rate compared with the imipenem-
treated group (37% vs. 10%), despite its theoretic po-
tential. Thus, the latter antibiotic is still the therapy of
choice for prophylactic treatment. Again, no significant
differences in mortality rates between the different
treatment groups were observed, most likely due to the
relatively low number of patients.

Indications

Early antibiotic treatment is indicated in all patients
suffering from necrotizing pancreatitis, although there
is still wide debate about the criteria that should be used
to identify this subgroup of patients with acute pancre-
atitis. The need to select only patients with necrosis for
early therapy is related to the broad-spectrum antibiot-
ic nature of the administered drugs and their potential
capacity to select for multiresistant strains. Our current

Table 11.1 Infectious organisms found in over 1100 cases of
infected necrotizing pancreatitis.

Escherichia coli 35%
Klebsiella pneumoniae 24%
Enterococcus spp. 24%
Staphylococcus spp. 14%
Pseudomonas spp. 11%

Table 11.2 Antibacterial agents and penetrative capacity in
pancreatic tissue.

Good penetrators
Clindamycin
Fluoroquinolone
Imipenem
Metronidazole
Mezlocillin

Poor penetrators
Aminoglycosides
Ampicillin
Cephalosporins
Moxalactam
Tetracyclines

Table 11.3 Pancreatic infection and mortality rate in six randomized controlled trials of antibiotic prophylaxis.

Pancreatic infection 

No. of Antimicrobial
rate (%) Mortality (%)

Study patients agents Control Case Control Case

Pederzoli et al. (1993) 74 Imipenem 30 12* 12 7
Luiten et al. (1995) 102 SDD and i.v. cefotaxime 38 18** 35 22
Sainio et al. (1995) 60 Cefuroxime 40 30 23 3***
Delcenserie et al. 23 Ceftazidime, amikacin, 58 0** 25 9

(1996) metronidazole
Schwarz et al. (1997) 26 Ofloxacin, metronidazole 53 61 15 0
Bassi et al. (1998) 60 Pefloxacin vs. imipenem 34 0** 24 10

i.v., intravenous; SDD, selective digestive decontamination (see text).
* P < 0.01; ** P = 0.03; *** P = 0.028.



policy is to determine CRP after 48 hours from the
onset of acute pancreatitis, and a serum level greater
than 150 mg/dL is considered a reliable cutoff for
necrosis. CT is also performed after 48–72 hours to de-
tect and quantify the amount of necrosis. Furthermore,
in our experience, other measurements taken during
the first 24 hours of hospital admission, such as serum
creatinine (values > 2 mg/dL) and pulmonary involve-
ment (pleural effusions or parenchymal densifications),
may be of prognostic significance and have been 
successfully tested in combination to predict severity 
in a multicenter study. Although all patients with pan-
creatic necrosis might benefit from early antibiotic
treatment on the basis of available clinical data, some
experienced pancreatic surgeons believe that this 
therapy should be abandoned or at least limited to
highly selected cases. In a recent editorial, Beger and
Imrie underlined the increasing problem of antibiotic
resistance and fungal infection. This was also revealed
by a survey conducted in the UK and Ireland in 1999.

In our experience the microbiologic findings in pa-
tients with infected necrosis in the latest trial were
rather different from those of the first clinical trial; in
particular, higher rates of infection with Staphylococ-
cus aureus (methicillin-resistant), Candida glabrata,
and Pseudomonas aeruginosa were observed. As previ-
ously reported, this observation is in agreement with
several recent reports and represents a grave problem,
since methicillin-resistant species and fungal infection,
even when appropriately treated, leads to a high mor-
tality rate.

Protocols

The antibiotic of choice for early prophylactic treat-
ment in necrotizing pancreatitis is imipenem, as
demonstrated in our two randomized trials. This find-
ing was recently confirmed by Mitchell and colleagues
in an article published in Lancet. Imipenem must be
started early at a dose of 500 mg intravenously every 8
hours and administered for 2 weeks. In order to avoid
the development of multiresistant infective agents, pa-
tients with acute pancreatitis requiring prophylactic
therapy should be carefully selected. As soon as 
possible, the administration of total enteral nutrition
through a nasoenteric feeding tube placed beyond the
ligament of Treitz (rather than total parenteral nutri-
tion) should also be combined with antibiotics. As it is

well demonstrated that enteral nutrition is able to pre-
vent gut mucosal damage and bacterial translocation,
this is the most rational therapeutic strategy proposed
to date. The decision to implement antifungal therapy
with fluconazole in addition to the antibiotic prophy-
laxis appears to give rise to other problems, such as the
development of multiresistant Candida species, al-
though definitive data are not yet available. Patients
should be selected for antibiotic therapy based on the
extent of necrosis. When the necrosis is over 50%, the
infection rate is significantly higher, while in the sub-
group with less than 30% necrosis, the rate of infection
is only about 20%. Careful clinical monitoring may
avoid antibiotic therapy or at least limit its use to 5–7
days as opposed to the conventional 2 weeks. As soon
as possible, fine-needle aspiration of pancreatic necro-
sis has to be done in the subgroup with worsening clini-
cal conditions in order to obtain early data about the
infectious organisms present. The choice between 
surgical débridement or antibiotic therapy in infected
necrosis is a matter of debate, even if surgery still 
remains the preferred standard.

Summary

The rationale for early antibiotic treatment in necrotiz-
ing pancreatitis is based upon the evidence that mor-
tality in this pathology is strictly correlated with
superinfection. The most common infectious agents are
Gram-negative bacteria of intestinal origin, whose
transmission is facilitated by the damage to the gut bar-
rier and subsequent translocation. Several prospective
randomized trials have demonstrated that prophylaxis
reduces the rate of infection of the necrotic areas and
leads to additional advantages in terms of morbidity
and, in metaanalysis, of mortality.

The indications for antibiotic prophylaxis are all
forms of severe necrotizing pancreatitis; the assessment
and classification of early pancreatitis is imperative in
order for prophylaxis to be undertaken as soon as 
possible.

The protocols are mainly based on antibiotics able to
penetrate both the necrotic and viable tissues of the
pancreas (imipenem 500 mg three times daily for 2
weeks or 1 g three times daily for 10 days). It is reason-
able to assume that in necrotizing pancreatitis limited
to less than 30% of the glandular parenchyma, patients
able to start early enteral nutrition with a good 
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response (decrease in CRP) may benefit by antibiotic
prophylaxis lasting only 5–7 days, thereby avoiding
fungal infection.
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Background

In the past decade, increased understanding of the
pathophysiology of acute pancreatitis has led to an in-
terest in the potential of cytokines or cytokine antago-
nists to prevent or treat the systemic complications of
the disease. In this chapter, the importance of the innate
inflammatory response to the outcome from acute pan-
creatitis will be explored and potential therapeutic 
targets discussed.

Natural history of acute pancreatitis

Before examining the possible benefit of any treatment
in acute pancreatitis, we need first to consider the 
natural history of the disease. Regardless of etiology, the 
majority of cases of acute pancreatitis are self-limiting
and require no treatment other than intravenous fluid
and appropriate analgesia. Severe attacks occur in
10–20% of cases and are characterized by varying 
degrees of systemic organ dysfunction. The most 
common clinical manifestation of this is respiratory 
insufficiency, which is seen to some extent in almost all
patients with severe acute pancreatitis. Some, although
by no means all, of these patients will have evidence of
pancreatic necrosis on contrast-enhanced computed
tomography and are therefore at risk of developing late
septic complications. Two phases of mortality are rec-
ognized: (i) early deaths occur within the first week and
are usually caused by overwhelming multiple organ
failure; (ii) later deaths are more commonly associated
with infected pancreatic necrosis, although this is also
complicated by multiple organ failure in fatal cases.

While there is continuing debate about the relative im-
portance of early and late mortality to overall outcome
from acute pancreatitis, there can be no doubt that the
key event in patients at risk of death from acute pancre-
atitis is the development of multiple organ dysfunction
syndrome (MODS).

Recent prospective studies in patients with severe
acute pancreatitis have demonstrated that in those 
patients who go on to develop systemic complications
some evidence of systemic organ dysfunction is present
at the time of hospital admission in 70% of cases, and
develops within 48 hours of admission in the remain-
der. Worsening organ dysfunction during the first week
of illness is associated with mortality approaching
50%. A clinically useful system for prediction of those
patients who will develop MODS, or for the identi-
fication of those patients with MODS in whom 
early resolution is unlikely, has yet to be developed.
Multifactorial predictive systems, such as the widely
used Ranson and Glasgow criteria, have proved insuffi-
ciently accurate to influence decision-making in acute
pancreatitis, and use of the Acute Physiology and
Chronic Health Evaluation (APACHE) II scoring sys-
tem is limited to selection of patients for clinical trials
and monitoring of patient progress. Careful observa-
tion of patients for the development of systemic com-
plications and appropriate supportive care remain the
basis of management.

Despite advances in supportive care and improved
understanding of the natural history of the disease,
there is little evidence that mortality from acute pancre-
atitis has reduced. In a population study over a 12-year
period in Scotland, we found no evidence of a reduction
in case mortality from acute pancreatitis. Some special-

12 Modulation of the inflammatory
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ist units have recently reported that early deaths from
MODS can be largely prevented by appropriate sup-
portive care, but outside specialist units such deaths
continue to account for up to 50% of total mortality
from acute pancreatitis.

It is clear from these data that if we are to improve
overall mortality in acute pancreatitis, the patients to
whom specific treatment should be targeted are those
with MODS. It is here that modulation of the inflam-
matory response is most likely to be of value.

Role of the inflammatory response 
in the development of MODS 
in acute pancreatitis

The inflammatory response is mediated by a complex
system of cytokines and cytokine inhibitors and has
been widely studied in many acute and chronic ill-
nesses. In the early stages of acute pancreatitis, proin-
flammatory cytokines such as tumor necrosis factor
(TNF), interleukin (IL)-8, IL-6, and IL-1 are released by
mononuclear phagocytes. These cytokines induce mar-
gination and infiltration of neutrophil polymorphs,
neutrophil priming and degranulation, and induction
of the hepatic acute-phase response. Clinically, this is
manifested as the systemic inflammatory response syn-
drome (SIRS), characterized by fever, tachycardia, and
leukocytosis. Under most circumstances, this process is
tightly regulated and self-limiting but in a small number
of patients there is an overwhelming inflammatory re-
sponse that results in MODS. Although this process is
far better understood than was the case a decade ago,
the precise mechanisms leading to this overwhelming,
dysregulated inflammatory response remain unclear.

Cytokine response in acute pancreatitis

Tumor necrosis factor and interleukin-1

TNF and IL-1 are both produced predominantly by
monocytes and macrophages and not only have direct
effects on endothelial cells but can also induce produc-
tion of most other cytokines, resulting in amplification
and prolongation of the inflammatory response. 
Studies in experimental acute pancreatitis have identi-
fied IL-1 and TNF as the earliest mediators of the in-
flammatory response. These are detectable within the
pancreatic parenchyma within 30 min of the onset of

acute pancreatitis and are produced by infiltrating
leukocytes, and possibly also pancreatic acinar cells. It
has proven difficult to assess the role of these cytokines
in clinical acute pancreatitis as their action is mainly at
a paracrine level and the quantity in tissue is therefore
of considerably more importance than serum levels.
TNF can be detected in the serum of one-third of pa-
tients with severe acute pancreatitis, but IL-1 is rarely
found in the systemic circulation. Increased production
of TNF, and to a lesser extent IL-1, has been demon-
strated in circulating mononuclear cells taken from 
patients with severe acute pancreatitis. This finding
demonstrates that mononuclear cells are primed in vivo
and may be induced to release proinflammatory 
cytokines in response to a systemic trigger. Systemic
production of these cytokines is associated with the 
development of pulmonary injury in experimental
models but the factors responsible for the induction of
TNF and IL-1 release in the lungs and other systemic 
organs are unknown.

The release of TNF and IL-1 is normally tightly con-
trolled, although the mechanisms are at present only
partly understood. Soluble TNF receptors are released
and may serve to regulate the local and systemic effects
of TNF. Similarly, soluble IL-1 receptor antagonist (IL-
1ra) is released in tandem with IL-1. In addition, TNF
and IL-1 induce the release of antiinflammatory cy-
tokines, of which IL-10 is perhaps the most important.
There are therefore mechanisms in place that serve to
“mop-up” cytokines released by inflammatory cells
and also to rapidly downregulate the inflammatory re-
sponse. The failure of these mechanisms is presumed to
be central to the pathophysiology of MODS in acute
pancreatitis and other acute illnesses such as sepsis.

Certain pancreatic enzymes (elastase, carboxypepti-
dase A, and lipase) have been demonstrated to induce
TNF production by monocytes in vitro, although other
mechanisms may well be involved.

In the absence of TNF and IL-1, it appears that 
the subsequent inflammatory response is greatly atten-
uated. Inhibition of TNF and IL-1 translation reduces
the severity of pancreatic damage in experimental acute
pancreatitis and prevents the induction of later cy-
tokines such as IL-6. In fact, because of the synergistic
action of TNF and IL-1, inhibition of either cytokine
greatly decreases the magnitude of the subsequent in-
flammatory response and ameliorates the effect of ex-
perimental pancreatitis. However, by the time patients
with acute pancreatitis present to hospital, the inflam-
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matory response is well established. This is clearly seen
in those studies that have examined systemic serum 
cytokine levels, mainly with a view to their use as prog-
nostic indices. Secondary cytokines, such as IL-6, IL-8,
and IL-10, are frequently elevated at the time of hospi-
tal admission and, as will be discussed later in this chap-
ter, most patients who develop systemic complications
have evidence of organ dysfunction at this early stage.

Interleukin-6

IL-6 is produced by monocytes, macrophages, en-
dothelial cells, T cells, and neutrophil polymorphs in
response to various stimuli including TNF and IL-1. It
is responsible for induction of the hepatic acute-phase
response, resulting in the induction of C-reactive pro-
tein (CRP), fibrinogen, and a1-antitrypsin. Many of
these acute-phase proteins have important roles in con-
trolling hemostasis (as with fibrinogen) or modulating
the potentially toxic effects of enzymes derived from in-
flammatory cells (as with a1-antitrypsin). IL-6 levels
correlate with levels of CRP in peripheral blood but
peak levels precede those of CRP by 24 hours, leading
to the investigation of IL-6 as a possible early predictor
of severe acute pancreatitis. Most patients with severe
attacks have elevated IL-6 levels at admission to hospi-
tal. IL-6 levels correlate with objective measurements
of systemic illness and are also linked to mortality. One
study has demonstrated a fivefold increased risk of
death with early IL-6 levels greater than 1000 pg/mL
and others have reported significant differences in ad-
mission IL-6 levels when patients with mild and severe
pancreatitis are compared. However, although high
levels of IL-6 correlate with disease severity and mor-
tality, it is entirely possible that this represents an 
adaptive process designed to control the inflammatory
response and initiate the regenerative process.

Interleukin-8

IL-8 was originally discovered as a chemokine respon-
sible for activating neutrophils after stimulation of
monocytes by lipopolysaccharide. Its main role in acute
pancreatitis is the induction of neutrophil priming, ag-
gregation, and activation. Neutrophils are key effector
cells of the inflammatory response, responsible for the
release of free oxygen radicals at tissue level that induce
endothelial damage and the widespread capillary leak
typical of MODS. Although less widely studied than IL-

6, raised levels of IL-8 are seen in patients with severe
acute pancreatitis. IL-8 levels peak within 24 hours of
symptom onset and remain raised in those patients with
systemic complications.

Platelet-activating factor

Platelet-activating factor (PAF) is a phospholipid 
released from cell membranes in response to a variety 
of physiologic stimuli. It is released from many of the
key cells involved in MODS, including monocytes,
macrophages, neutrophils, platelets, and endothelial
cells. PAF is capable of inducing the release of many
proinflammatory cytokines and acts on other inflam-
matory cells to induce its own production, thereby 
amplifying the inflammatory response. PAF itself also
increases endothelial permeability and primes and acti-
vates neutrophils. Experimental pancreatitis is associ-
ated with increased levels of PAF in peritoneal exudates
and blood. When injected into the gastroduodenal
artery or intraperitoneally, PAF can induce the changes
of acute pancreatitis and PAF inhibitors ameliorate the
effects of experimental acute pancreatitis. For these
reasons, PAF was seen as an ideal target for therapeutic
intervention and the PAF antagonist lexipafant has
been studied in several large clinical trials.

Interleukin-10

IL-10 is a potent antiinflammatory cytokine produced
by monocytes and macrophages and inhibits the 
transcription of proinflammatory cytokines such as
TNF and IL-1. Higher levels of IL-10 are seen in pa-
tients with severe acute pancreatitis and sustained high
levels are associated with the most severe episodes. This
demonstrates that, in parallel with the proinflamma-
tory cytokine response, there is a compensatory anti-
inflammatory response (CARS). It is unclear why there
is continuing proinflammatory activity despite an ap-
parently adequate CARS in severe acute pancreatitis.
One suggestion is that in severe acute pancreatitis, 
although the antiinflammatory response is activated,
there may be a relative deficiency of such cytokines as
IL-10. Evidence supporting this comes from a study
from New Zealand in which a reduced IL-10/IL-8 ratio
was observed in severe attacks compared with mild
acute pancreatitis. Similar findings have been reported
in patients with severe sepsis. Another explanation may
be a failure of the antiinflammatory response at a key
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stage early in the development of MODS. There is 
evidence that the capacity of an individual to produce
IL-10 may, like other cytokines, be genetically deter-
mined, leading to the recent suggestion that low IL-10
productive capacity may be associated with more 
severe attacks of acute pancreatitis.

Chemokines

Chemokines are inflammatory mediators involved in
recruitment and activation of inflammatory cells and
an increasing number have been studied in acute pan-
creatitis. Monocyte chemoattractant protein (MCP)-1
levels are increased in the serum of patients with acute
pancreatitis and correlate with the severity of systemic
complications. Similar finding have been reported 
with other chemokines, including macrophage inhibi-
tory factor, growth-related oncogene, and epithelial
neutrophil-activating protein-78.

Potential therapeutic targets

Tumor necrosis factor and interleukin-1

Given the pivotal role of TNF and IL-1 in the patho-
physiology of acute pancreatitis, these cytokines would
seem the most obvious candidates for appropriate ther-
apeutic targeting. Although there have been no clinical
studies to date, a number of experimental studies have
been reported. Pretreatment of rats with a polyclonal
anti-TNF antibody reduced the biochemical severity 
of acute pancreatitis. In a separate study in a similar
model, anti-TNF antibody reduced pancreatic histo-
logic damage and significantly improved survival. An-
tagonism of TNF using recombinant TNF receptor also
improved survival in a murine model of acute pancre-
atitis. Interestingly, this effect was most marked when
administration of TNF receptor was delayed until pan-
creatitis was established, but before the maximal peak
in serum cytokine levels. Similarly, pretreatment with
recombinant IL-1ra reduced amylase release and the
extent of pancreatic necrosis in a rat model of acute
pancreatitis. Both pretreatment and delayed treatment
with IL-1ra were associated with reduced mortality 
in a murine model. This effect was associated with a
marked reduction in cytokine levels.

Another approach to IL-1 inhibition has been the use
of inhibitors of IL-1 converting enzyme. This enzyme is
responsible for the cleavage of IL-1 into its biologically

active form and its inhibition has been reported to 
improve outcome if given before or after induction 
of experimental acute pancreatitis.

Although none has been tested in the clinical setting
of acute pancreatitis, large-scale trials of anti-TNF 
antibody, TNF receptor, and IL-1ra have been carried
out in patients with sepsis. Unfortunately, none of these
agents has improved outcome in severe sepsis, perhaps
because any therapeutic window that may exist in these
patients has long passed by the time the clinical mani-
festations of MODS are apparent.

Interleukin-10

IL-10 is a potent antiinflammatory cytokine and 
evidence from experimental models suggests that 
augmenting IL-10 production may improve outcome in
acute pancreatitis. Prophylactic and therapeutic IL-10
gene therapy have been demonstrated to reduce se-
verity of experimental acute pancreatitis. IL-10 itself
reduces the severity of experimental acute pancreatitis,
even if given 2 hours after onset. Of considerable inter-
est is the randomized placebo-controlled trial from 
Belgium demonstrating that a single dose of recombi-
nant human IL-10 can reduce the incidence of acute
pancreatitis following endoscopic retrograde cholan-
giopancreatography. Unfortunately, a study from Ohio
failed to confirm this finding and there have been no
therapeutic studies carried out in the treatment of acute
pancreatitis. There is little evidence to suggest that the
IL-10 response in acute pancreatitis is anything other
than an adaptive homeostatic response and the poten-
tial effects of augmentation of this response are unclear.
It has been suggested that increased susceptibility to
secondary septic complications may result from the
balance of the inflammatory response swinging toward
CARS.

Other cytokine targets

Antibodies against intracellular adhesion molecule
(ICAM)-1 have been assessed in two experimental
studies. ICAM-1 is upregulated by proinflammatory
cytokines and mediates leukocyte adhesion and 
infiltration. In both studies, monoclonal anti-ICAM-1
antibody was associated with beneficial effects. In the
second study, reduced capillary leakage was also
demonstrated using antibodies to the receptor 
of another vasoactive mediator, endothelin-A. Met-
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RANTES, a chemokine antagonist, reduced the extent
of lung injury in a murine model of acute pancreatitis.
Similar effects have been reported with antibodies to
another cytokine, macrophage inhibitory factor.

PAF antagonism

In the 1990s, it was hoped that lexipafant, a potent PAF
antagonist, would lead to reduced mortality from
MODS in severe acute pancreatitis. Pretreatment with
PAF antagonists reduced the local and systemic mani-
festations of acute pancreatitis in experimental models.
Lexipafant is a potent PAF receptor antagonist and was
shown to reduce the effects of experimental pancreati-
tis when given before or shortly after induction. These
findings led to four randomized trials of this agent in
patients with acute pancreatitis.

Phase II studies
In a phase II randomized study from Liverpool,
Kingsnorth and colleagues reported the effect of 
lexipafant on biochemical markers of severity in 83 
patients with acute pancreatitis of all severity grades.
Patients admitted to five UK hospitals were recruited if
they had pain of less than 48 hours’ duration. Patients
were given 15 mg of lexipafant by intravenous bolus for
a maximum of 12 doses. Biochemical markers, serum
cytokines, and organ failure scores were monitored.
Lexipafant treatment was associated with a reduction
in IL-8 levels at day 1 and nonsignificant reductions in
IL-6 and E-selectin. There was also a reduction in organ
failure scores and no patient receiving lexipafant devel-
oped new organ dysfunction after admission. These en-
couraging results were reinforced by a study from our
unit in Glasgow. In this study, 100 mg lexipafant was
given by continuous intravenous infusion over 24
hours and continued for up to 7 days. Of 188 patients
admitted to 11 participating hospitals, 50 were recruit-
ed to the study on the basis of an admission APACHE II
score of more than 5 (although 43/50 had an APACHE
II score > 8). The primary end point of this study was re-
duction in organ failure scores. Overall mortality was
18%, and 62% had evidence of organ failure. There
was a significant reduction in organ failure scores at the
completion of the 7-day treatment period. Five patients
in the placebo group developed new organ failure after
entering the study compared with two in the lexipafant
group. In both of the lexipafant-treated patients the
organ failure was transient. On the basis of these en-

couraging data, a large multicenter study was con-
ducted within the UK.

UK multicenter study
Between 1994 and 1996, a multicenter trial was con-
ducted in 78 UK hospitals. The aim of this study was to
examine the effect of lexipafant on the development of
organ failure in severe acute pancreatitis. The phase II
studies had demonstrated an effect on organ failure
scores, but for this study a firm clinically relevant end
point was required. The study was powered on the
basis of demonstrating a 40% reduction in the inci-
dence of systemic complications. As with the Glasgow
study, 100 mg lexipafant was administered over 24
hours for up to 7 days. From a total of more than 2000
patients screened, 290 were eventually recruited; 44%
of patients had evidence of organ failure at the time of
admission to hospital, with only 14% developing new
organ failure after admission. Therefore, in 75% of pa-
tients who had systemic complications, evidence of this
was present at study onset, thereby invalidating the pri-
mary end point. Of further concern was the fact that,
unlike the two previous studies, there was no reduction
in the incidence of new organ failure in patients receiv-
ing lexipafant. In addition, unlike the Glasgow study,
there was no significant effect of lexipafant on organ
failure scores at 7 days (although a significant reduction
at 3 days was observed). However, in a post-hoc analy-
sis, the lexipafant-treated group had a reduction in
mortality if treated within 48 hours of symptom onset.
The potential reduction in mortality was given further
reinforcement by a metaanalysis of the Glasgow and
UK studies, which came close to demonstrating a sig-
nificant reduction in mortality with lexipafant treat-
ment. When patients in the two studies were combined,
mortality in the lexipafant-treated patients was 9.8%
compared with 16.8% in the placebo groups (P = 0.06).
In addition, the results from the combined patient
group demonstrated a marked effect on organ failure
scores (Fig. 12.1 & Table 12.1).

International study
The suggestion of a reduction in mortality in those
treated within 48 hours led to a large-scale interna-
tional study that aimed to recruit 1500 patients with
predicted severe acute pancreatitis. In this study, only
those with symptoms of less than 48 hours’ duration
were eligible for recruitment, compared with 72 hours
in the previous studies. Patients were randomized to
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one of two doses of lexipafant (10 or 100mg daily) or to
placebo, with the primary end point being all-cause 28-
day mortality. Secondary end points were 7-day and
90-day mortality, the development of MODS, local
complications, and various physiologic and biochemi-
cal markers of severity. A total of 1518 patients were
randomized, of whom 1501 were included in the final
analysis. There were 121 deaths within 28 days, result-
ing in a surprisingly low mortality rate of only 8%. This
figure is similar to the mortality rate for acute pancre-
atitis overall, and is the lowest reported in any series of
patients with predicted severe attacks. The mortality
rates in the placebo, lexipafant 10 mg, and lexipafant
100 mg groups were 8.1%, 8.3%, and 7.7% respec-
tively. Not only was there no difference in mortality be-
tween groups, but the incidence of local complications,
length of intensive care stay, hospital stay, and change
in organ failure scores were similar in all three study
groups. Following these disappointing results, further 
development of lexipafant in acute pancreatitis was
abandoned.

Enteral nutrition

Recent years have seen a change in the nutritional man-
agement strategy for patients with acute pancreatitis.
Previous algorithms involving total gut rest and total
parenteral nutrition (TPN) have been largely replaced
by an enthusiasm for enteral routes of feeding. This fol-
lows several randomized trials demonstrating a reduc-
tion in septic complications when compared with TPN.
In parallel, there has been interest in the role of the in-
testine in the pathophysiology of multiple organ failure
in critical illness, with loss of gut barrier function po-
tentially leading to endotoxemia and SIRS. Enteral nu-
trition is associated with improved gut barrier function
but there is evidence that supplementing the enteral for-
mula with key nutrients may have additional effects on
the immune system. There have been many trials com-
paring so-called “immunonutrition” with standard 
enteral feed in critically ill patients, and the majority
demonstrate significant reductions in septic complica-
tions with the supplemented feeds. In acute pancreati-
tis, nasojejunal feeding has been shown to reduce the
incidence of septic complications when compared with
TPN, although these findings relate mainly to chest and
urinary tract infections and there is no evidence that the
incidence of infected pancreatic necrosis is reduced. 
In the Leeds study, enteral feeding was associated with
a reduction in SIRS scores and attenuation of the rise 
in IgM antibodies to endotoxin. One small study has
assessed the effect of early jejunal feeding compared
with no feeding in a group of patients with acute 
pancreatitis. This study was designed to assess the 
effect of feeding on the inflammatory response and
measured serum cytokines sequentially during the 
first week of illness. No difference in the inflammatory
response was observed in the enterally fed patients. 
The effects of immunonutrition on early organ failure
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Figure 12.1 Effect of lexipafant on organ failure scores,
Glasgow and UK multicenter studies combined. P = 0.01
(day 3) and P = 0.03 (day 7).

Table 12.1 Phase II and III UK studies of lexipafant in acute pancreatitis.

No. of Effect on organ
Study patients Selection failure scores Effect on MODS

Kingsnorth et al. (1995) 83 None Less at 3 days No new MODS
McKay et al. (1997) 50 APACHE II > 5 Less at 7 days No new MODS
Johnson et al. (2001) 290 APACHE II > 6 Less at 3 days No effect

APACHE, Acute Physiology and Chronic Health Evaluation; MODS, multiple organ dysfunction syndrome.



Conclusion

Despite a decade of enthusiastic research and huge 
financial investment in clinical trials, there is no im-
mediate prospect of cytokine or anticytokine therapy in
the clinical management of patients with acute pancre-
atitis. In the immediate future, the only likely develop-
ment is the use of early enteral nutrition but this
approach has not yet been clearly shown to reduce 
the incidence or severity of systemic complications. 
Improved supportive care, avoidance of unnecessary 
or ill-timed surgical intervention, and the involvement
of a dedicated multidisciplinary team are the best hopes
for improving outcome at the present time. It seems
likely that unless modulation of the inflammatory re-
sponse is demonstrated to improve outcome in the
more common setting of sepsis, it is unlikely to become
a clinical reality in patients with acute pancreatitis.
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and the inflammatory response have not been as-
sessed in acute pancreatitis but such a study seems 
justified given the results from studies in other acute 
illnesses.

Future studies

It is now clear that some patients with early organ
failure have progressive deterioration whereas others
have rapid resolution. The reasons behind this re-
main obscure but for a therapeutic agent to be clini-
cally useful it must be capable of both preventing
organ failure and limiting its progression. In the lexi-
pafant studies, more than 70% of patients who devel-
oped organ failure had evidence of this at admission
to hospital or shortly thereafter. It is therefore likely
that the “therapeutic window” for intervention is
short or even nonexistent. Evidence from studies in
established organ failure due to sepsis effectively
rules out therapy with anti-TNF, anti-endotoxin 
antibody, or IL-1ra as being of likely benefit in acute
pancreatitis.

It is also clear that any future study will need to be on
a very large scale and focused on those with the most 
severe attacks. Smaller studies have proven misleading
and the use of surrogate markers of outcome, such as
organ failure scores, has led to inappropriate optimism.
Clear, clinically relevant end points are necessary and,
of these, the only one likely to lead to a change in prac-
tice is mortality. Unfortunately, as demonstrated in the
largest lexipafant study, very large numbers of patients
need to be recruited. In this study, despite restriction 
to patients with predicted severe acute pancreatitis,
overall mortality was less than 10%. In the absence of
an accurate early predictive tool it continues to be diffi-
cult to identify those patients to whom future trials
should be targeted, but it is clear from this study that
currently available predictive systems are insufficiently
accurate.
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Background

Gallstones are the leading etiology of acute pancreatitis
in Western and Asian countries. Although most patients
will recover from an attack of acute pancreatitis,
15–25% of patients will have significant morbidity. Se-
vere acute pancreatitis can carry up to a 13% risk of
mortality. Investigators have hypothesized that gall-
stones, through mechanical means, initiate pancreatitis
as they pass through the distal common bile duct
(CBD). It is also believed that persistent obstruction due
to a CBD stone causes more severe pancreatic injury.

Early surgical doctrine recommended aggressive re-
moval of gallstones in all patients with suspected acute
biliary pancreatitis (ABP), while endoscopic retrograde
cholangiopancreatography (ERCP) was avoided due to
concern for procedure-related complications. How-
ever, a few case reports suggested a benefit from imme-
diate endoscopic removal of CBD stones in ABP. These
early studies led to the performance of a number of 
randomized clinical trials.

Four randomized controlled trials have evaluated the
impact of early ERCP with or without endoscopic
sphincterotomy (ES) in patients with ABP. These stud-
ies involved over 800 patients in Western and Asian
countries. Overall, the data suggested a benefit from
early ERCP in patients with biliary obstruction or in-
dices predicting severe pancreatitis, although the re-
sults from one study were contradictory. Due to the
conflicting findings, two metaanalyses have been per-
formed in an attempt to clarify the controversy. Impor-
tant conclusions can be drawn from the available data
and are useful for guiding clinical practice. In order to
devise and employ a treatment algorithm in ABP, it is

important to discuss the potential mechanism of pan-
creatic injury and how to distinguish biliary pancreati-
tis from other etiologies of pancreatitis.

Gallstones and pancreatitis

A relationship between gallstones and pancreatitis was
first described over 100 years ago by Opie. He detailed
a patient who died from severe pancreatitis and who,
on autopsy, was found to have a stone impacted at the
ampulla of Vater. Opie proposed that ampullary ob-
struction led to bile reflux into the pancreatic duct,
which precipitated pancreatic injury. More recent 
animal studies suggest that reflux of bile into the pan-
creatic duct may not be sufficient to initiate pancreatic
injury, but obstruction of the pancreatic and bile ducts
may be required to cause pancreatic injury.

Although the exact mechanism is not yet understood,
there is extensive evidence in the literature for a link 
between gallstones and acute pancreatitis. Gallstones
can be recovered from the stool in 85–95% of patients
with ABP. Conversely, only 10% of patients with sym-
ptomatic cholelithiasis without pancreatitis have gall-
stones in their stool. Approximately 60–70% of
patients with ABP have CBD stones found on ERCP or
at surgery performed within 48 hours of admission. 
A few published studies suggest that even very small
stones or biliary sludge are associated with pancreatitis.

Diagnosis of acute gallstone pancreatitis

It is important to distinguish between biliary (gall-

13 Early endoscopic sphincterotomy in
acute pancreatitis: is it indicated,
advisable, not indicated, or
contraindicated? A proposal for
clinical practice
Jennifer Barro, Roy M. Soetikno, and David L. Carr-Locke



stone) pancreatitis and other etiologies of pancreatitis.
A diagnosis of ABP is established by combining the pa-
tient history and clinical presentation with laboratory
and radiographic findings.

There are a number of biochemical parameters and
radiographic studies that are useful in predicting a bil-
iary etiology for pancreatitis. Amylase levels tend to be
higher in patients with biliary pancreatitis compared to
those with alcoholic pancreatitis; in particular, an amy-
lase level greater than 1000 U/L suggests a biliary etiol-
ogy. Abnormal liver biochemistries, specifically an
alanine aminotransferase (ALT) level greater than three
times normal, are predictive of a biliary etiology. Ele-
vated bilirubin and alkaline phosphatase are not neces-
sarily specific for ABP.

Documenting gallstones can help suggest a biliary
etiology. Although abdominal imaging may be useful in
detecting gallbladder stones, ultrasound and computed
tomography (CT) can often fail to detect stones, espe-
cially CBD stones or microlithiasis. Also, an absence of
biliary dilation on ultrasound or CT may not be a pre-
dictive finding early in the course of ABP. Neoptolemos
et al. reported that ultrasound within 72 hours of ad-
mission did not detect gallstones in 18.5% of patients
later diagnosed with a biliary etiology for acute pancre-
atitis. Recent studies have suggested that endoscopic
ultrasound has a sensitivity and specificity of 84–
98% and 95–100% for detecting choledocholithiasis.
This is much more sensitive than transabdominal ultra-
sound, estimated at 25–63%. Performance characteris-
tics for magnetic resonance cholangiopancreatography
(MRCP) are similar to endoscopic ultrasound with
slightly lower specificity. However, it is not clear 
how the newer imaging modalities of endoscopic ultra-
sound and MRCP play into the algorithm of ABP 
management.

Grading the severity of pancreatitis

Approximately 75–80% of patients with ABP will have
a mild attack and recover. Criteria have been developed
to identify patients who are likely to develop severe
pancreatitis. Ranson developed an 11- factor system to
predict severity on admission based on age over 55
years, white blood cell count greater than 16 000/mm3,
blood glucose greater than 200 mg/dL, serum lactate
dehydrogenase (LDH) greater than 350 U/L, and as-
partate aminotransferase (AST) greater than 250 U/L.

Additional factors were evaluated at 48 hours: decrease
in hematocrit greater than 10%, increase in blood urea
nitrogen greater than 5 mg/dL, serum calcium less than
8 mg/dL, arterial oxygen tension less than 60 mmHg,
base deficit greater than 4 mEq/L, and fluid sequestra-
tion greater than 6 L. If a patient has three or more cri-
teria within the first 48 hours, they are predicted to have
a 28% risk of mortality compared with a 0.9% risk for
patients with less than three criteria. A modified and
simplified form of Ranson’s criteria (Glasgow or Imrie)
uses patient age, white blood cell count, glucose, blood
urea nitrogen, LDH, albumin, calcium, serum transam-
inases, and arterial oxygen tension within 48 hours of
admission to predict outcome. Hemoconcentration
(admission hematocrit > 44%) may be an important
risk factor by itself for predicting poor outcome. Some
investigators have employed the Acute Physiology and
Chronic Health Evaluation (APACHE) system for
grading pancreatitis severity. This system includes vari-
ables from seven major organ systems and can be used
to grade other disease processes as well as pancreatitis.
CT findings can be used to predict severity of pancreati-
tis. The Balthazar CT grading system uses signs of pan-
creatic edema, the presence of retroperitoneal fluid
collections, and/or pancreatic necrosis early in the hos-
pital course to predict prognosis, with the highest score
predicting 92% morbidity and 17% mortality rate
compared with 2% and 0% respectively for patients
with a low severity score.

The use of standardized scoring systems for grading
pancreatitis assists in comparing studies performed at
different institutions. Unfortunately, prior published
studies examining ERCP outcomes in ABP have not all
employed the same method of predicting pancreatitis
severity and one study used criteria that have not been
validated. This potentially confounds the interpreta-
tion of the studies discussed below.

Early surgical studies

Most of the early studies were retrospective and did not
standardize the type of surgical procedure performed.
Most surgical procedures involved a cholecystectomy
with bile duct exploration as indicated and occasional
transduodenal sphincterotomy. Some investigators 
report better outcomes with early surgical inter-
vention and others found a significant increase in 
mortality when operating on patients with early acute
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pancreatitis. Another investigator reported no dif-
ference in morbidity and mortality between early and
late surgical groups. Some of the studies were biased by
the fact that patients with more severe illness had ear-
lier surgical intervention. Thus, a more definitive study
was needed. A prospective randomized trial of 165 sub-
jects found that patients undergoing surgery within 48
hours of admission had a 30.1% morbidity and 15.1%
mortality rate compared with 5.1% and 2.4% 
(P < 0.005) in patients undergoing delayed surgery. Such 
reports of high morbidity and mortality shifted surgical
opinion toward avoiding early intervention in ABP.

Studies evaluating ERCP in ABP

Early case reports of ERCP and ES performed in pa-
tients with ABP suggested some benefit while not show-
ing an increase in procedure-related complications.
These reports led to further investigation and publica-
tion of four randomized controlled trials. While re-
viewing the clinical trials of early ERCP with or
without ES in ABP, it is important to note that the stud-
ies differ somewhat in the grading of pancreatitis, 
randomization to ES, timing of ERCP, etiology of 
pancreatitis, and/or exclusion of patients with jaun-
dice. Three of the available randomized controlled 
trials are published as full reports and the fourth in 
abstract form. These studies were designed to establish
the safety and efficacy of early ERCP in ABP. Table 13.1
summarizes the designs and findings of the four ran-
domized controlled trials.

UK study

Neoptolemos et al. in 1988 published the first random-
ized controlled trial evaluating the role of urgent ERCP
in ABP. These authors randomized 121 of 146 consecu-
tive patients with presumed ABP to ERCP within 72
hours of admission or to conventional management.
The investigators established a diagnosis of biliary pan-
creatitis with ultrasound and biochemical criteria. Pa-
tients with a history of alcohol or other etiology for
pancreatitis were excluded. Pancreatitis severity was
predicted within 48 hours of admission by the modified
Glasgow criteria; 44% of patients in this study were
predicted to have severe pancreatitis. A single, highly
skilled endoscopist performed all ERCP examinations.
Patients were randomized to ERCP but not to perfor-

mance of sphincterotomy. ES was performed only if
stones were found on ERCP. After day 5, patients in the
conventional treatment arm were permitted to have an
ERCP if clinically indicated and no patients crossed
over before this time; 23% of the conventional group
did have an ERCP after day 5. Patients were followed
by serial ultrasound or CT for the development of local
complications such as ascites or pseudocyst. Outcomes
were assessed based on development of local complica-
tions (pseudocyst, ascites, duodenal obstruction) or
systemic complications (renal failure, disseminated 
intravascular coagulation, stroke, respiratory failure,
cardiovascular failure, or death).

ERCP was successful in 94% of patients with pre-
dicted mild disease and 80% with predicted severe pan-
creatitis. The authors found that overall complications
were less common in those patients undergoing early
ERCP [10/59 (17%) vs. 21/62 (34%); P = 0.03] ir-
respective of predicted pancreatitis severity. However,
on closer inspection, the complication rate was only
significantly lower in the group predicted to have severe
pancreatitis undergoing early ERCP compared with
those predicted to have severe pancreatitis who were
managed conventionally. The overall complication rate
was 12% in both treatment groups for patients pre-
dicted to have mild pancreatitis. One case of lumbar 
osteitis was reported as an ERCP complication, but no
cases of bleeding, cholangitis, or hemorrhage due to
ERCP were noted.

Notably, mortality rates were not significantly dif-
ferent between the treatment groups [intervention 
vs. conventional: 1/59 (1.7%) vs. 5/62 (8%); P = 0.23].
All patients who died had been predicted to have 
severe pancreatitis. In patients predicted to have severe
pancreatitis, mortality and morbidity were lower in 
the early ERCP group (4% and 24% respectively) 
compared with the conventional group (18% and 61%
respectively). The length of stay was also shorter for 
patients with severe pancreatitis who underwent 
early ERCP compared with conventional management
(median 9.5 vs. 17 days respectively; P < 0.035),
whereas it was not significantly different for those pre-
dicted to have a mild case (9 vs. 11 days respectively). In
each treatment group, gallstones could not be con-
firmed by ERCP, ultrasound, or necropsy in nine pa-
tients. This may call into question the true etiology of
the pancreatitis, but the authors hypothesize that
stones may have been passed or microlithiasis may have
been the cause. The groups are too small to establish
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whether patients without proven gallstones benefited
from ERCP.

Other authors have argued that most of the benefit
from ERCP in ABP comes from early treatment of acute
cholangitis. In this study 10% (6/59) of early ERCP pa-
tients had cholangitis compared with 8% (5/62) in the
conventional group. The authors examined their data
excluding patients with acute cholangitis. In patients
without cholangitis, complications occurred in 6/53
(11%) patients undergoing early ERCP versus 19/57
(33%) patients treated conventionally (P = 0.02). The
difference was also significant when the analysis was
limited to patients predicted to have severe pancreatitis
[3/20 (15%) vs. 15/25 (60%); P = 0.003].

This study was the first to evaluate early ERCP in
ABP in a prospective, randomized, controlled manner.

The results suggest that ERCP with or without ES is safe
in acute pancreatitis when performed by a skilled endo-
scopist. Early ERCP with or without ES was associated
with fewer complications and reduced hospital stay for
patients predicted to have severe pancreatitis compared
with those undergoing conventional management. The
data for impact on mortality, as well as on a mild pan-
creatitis course, were not conclusive.

Hong Kong study

The next study on the subject came from Hong Kong in
1993. Fan et al. randomly assigned 195 patients with
acute pancreatitis to ERCP within 24 hours or to con-
servative management. Patients underwent ES during
ERCP only if CBD or ampullary stones were detected.

Table 13.1 Results of four randomized controlled trials of early endoscopic retrograde cholangiopancreatography (ERCP) with
or without endoscopic sphincterotomy (ES) compared with conservative therapy in acute biliary pancreatitis (ABP). (Modified
from Soetikno et al. 1998.)

Study No. of
Study period patients Study design Study findings

UK 1983–87 121 Single center. Consecutive ERCP could be safely performed in ABP
patients suspected of having Morbidity of severe ABP significantly 
ABP were included reduced with ERCP (24% vs. 61%)

Hospital stay for severe ABP reduced by 
about 50% with early ERCP

Hong Kong 1988–91 195 Single center. Consecutive Incidence of biliary sepsis in acute 
patients who had acute pancreatitis was significantly reduced 
pancreatitis including some (0% vs. 12%)
patients with nonbiliary Patients with “ABP” had significantly 
etiology reduced morbidity with early ERCP 

(16% vs. 33%)
Germany 1989–94 238 Multicenter (22). Patients Morbidity rates between the two groups 

suspected of having ABP were similar, but patients who had early 
enrolled. Patients who had ERCP developed more severe 
bilirubin > 5 mg/dL were complications (respiratory failure)
excluded Mortality was nonsignificantly 

increased in patients with early
ERCP (12% vs. 6%)

Poland 1984–95 280 Single center. Consecutive patients Early ERCP significantly reduced
suspected of having ABP were both morbidity (17% vs. 36%)
studied. Immediate ERCP was and mortality (2% vs. 13%)
performed in all patients; those 
who had stone impaction 
underwent ES. Others were 
randomized



Nearly one-third of patients in the conservative man-
agement group with a deteriorating course were also 
allowed to have an early ERCP within 72 hours of 
admission. The remaining patients underwent ERCP
after resolution of the acute course. Urgent ERCP was
successful in 90% of cases. In this study, 127 patients
had confirmed biliary stones (65%) and half of the re-
maining patients had an alternative etiology for their
pancreatitis. The authors used a scoring system based
on blood urea nitrogen and glucose at admission to
grade pancreatitis severity after randomization. They
report similar severity stratification when comparing
their scoring system to Ranson’s criteria.

Complications of acute pancreatitis, both local and
systemic, were not statistically different between the in-
tervention and conventional groups (18% vs. 29%;
P = 0.07). The overall mortality rate was 5% in the in-
tervention group and 9% in the conservative group
(P = 0.4). If only patients with gallstones in any part of
the biliary tract were analyzed, the morbidity was 16%
in the intervention group and 33% in the conservative
management group (P = 0.03). The mortality rate was
also lower in the intervention group, but not signifi-
cantly different. Biliary sepsis occurred less often in 
patients undergoing early ERCP (0/97, 0%) com-
pared with conservative management (12/98, 12%;
P = 0.001). The authors report a decreased rate of total
complications and biliary sepsis in patients predicted to
have severe pancreatitis of biliary etiology who under-
went early ERCP.

Since all the patients ultimately underwent ERCP, 
either early or late, the authors commented on timing 
of ERCP in relation to complication rate. Early proce-
dures were not different from late procedures in terms
of procedure-related complications. Four patients in
each treatment group had bleeding after sphinctero-
tomy. Although patients with early ERCP had higher
amylase levels after the procedure than those who 
underwent late ERCP, there was no difference in exac-
erbation of abdominal pain after the procedure.

These investigators argue that ERCP did not have an
adverse effect on patients with nonbiliary pancreatitis
and therefore in regions where the incidence of biliary
pancreatitis is high, early ERCP should be employed
even in the absence of a definitive diagnosis of biliary
pancreatitis. This study demonstrated reduced morbid-
ity with early ERCP for patients with CBD or am-
pullary stones, i.e., those with a clear biliary etiology
for pancreatitis. There was also a decreased frequency

of biliary sepsis in patients predicted to have severe
pancreatitis who underwent early ERCP. The authors
advocate early (within 24 hours) intervention because
the course in pancreatitis is unpredictable and can dete-
riorate rapidly after admission. Notably, there were no
differences in overall survival or ERCP complications
between the study groups. The primary benefit of early
ERCP was to decrease the incidence of biliary sepsis
and this benefit was stronger for patients predicted to
have severe pancreatitis.

Polish study

Nowak et al. published the largest randomized trial in
abstract form in 1995. They evaluated 280 consecutive
patients presenting with ABP suspected on the basis of
imaging (CT, ultrasound, or ERCP), microlithiasis in a
bile sample, and biochemical criteria. All patients un-
derwent duodenoscopy within 24 hours of admission.
Patients with evidence of an impacted stone at the
papilla (n = 75) had an immediate sphincterotomy. The
remaining patients were randomized to immediate ES
(n = 103) or to conventional management (n = 102).
Disease severity was predicted with Ranson’s criteria.

In the randomly assigned groups, those undergoing
ES had a significantly lower morbidity rate compared
with the conventional group (17% vs. 36%; P < 0.001).
The early, randomized, sphincterotomy group also had
a significantly lower mortality rate compared with the
conventional group (2% vs. 13%; P < 0.001). The re-
sults did not change when the nonrandomized group
with obvious ampullary stones was added to the analy-
sis. The authors report that their results held for pa-
tients predicted to have severe and mild pancreatitis,
and regardless of presence or absence of CBD stones,
jaundice, and biliary sepsis (data not shown). This
study has been the strongest support for early ERCP
with or without ES, but has been criticized for lack of
full publication years after the initial abstract was 
released.

German study

Fölsch et al. conducted a prospective multicenter trial
of 238 patients with ABP randomized to ERCP within
72 hours of symptom onset versus conservative treat-
ment. Patients underwent sphincterotomy if CBD
stones were found during ERCP. Patients who were
randomized to conservative management had an ERCP

CHAPTER 13

117



for persistent biliary pain, fever greater than 39°C, or
an increase in bilirubin of more than 3 mg/dL in 5 
days. Notably, these authors excluded patients with
jaundice (bilirubin > 5 mg/dL) in an attempt to discover
whether patients without obvious biliary complica-
tions would benefit from early ERCP. They selected 
patients with biliary etiology for pancreatitis, defined
as radiographic evidence of gallstones (ultrasound/CT)
or the presence of two of the following: alkaline 
phosphatase greater than 125 U/L, ALT greater than
75 U/L, or bilirubin greater than 2.3 mg/dL. A modified
Glasgow system was used to determine pancreatitis
severity; 12–14% of patients in each treatment group
were labeled as undefined severity.

The authors report a 96% procedure success rate for
patients randomized to early ERCP. Of the conserva-
tive management group, 20% had ERCP performed
during the first 3 weeks for jaundice, fever, or biliary
pain and 86% of these patients had bile duct stones.
Two patients in the intervention group had bleeding
after sphincterotomy (2.8%); one required transfusion
and later died from sepsis. Less than 20% of patients in
the study were predicted to have severe pancreatitis.
Only 46% of the ERCP group had bile duct stones and
underwent ES. The study was terminated at the second
planned interim unblinded analysis (238/380 patients
recruited) when a higher percentage of deaths was
found in the treatment group and the authors felt they
were unlikely to prove their hypothesis that the invasive
treatment was superior.

Although the mortality rate was higher in the treat-
ment group, there was no statistical difference between
the early ERCP and conventional groups (11% vs. 6%;
P = 0.10). The authors also reported no difference 
between the treatment groups with regard to frequency
of local and systemic complications when patients 
were stratified according to pancreatitis severity. Since
the study was terminated early, it is possible that it 
may have been underpowered to detect real differences
between the groups. Although the rate of compli-
cations was also not different between the groups,
those patients who underwent early ERCP had more 
severe complications, primarily respiratory failure
[15/126 (12%) vs. 5/112 (4%); P = 0.03]. Approxi-
mately half the patients with respiratory failure died.
Jaundice occurred significantly more often in the con-
servative management group [12/112 (11%) vs. 1/126
(0.8%); P = 0.02]. There were no deaths attributed 
to biliary complications in the conservative group 

despite more frequent jaundice. The authors con-
cluded that patients with ABP without biliary obstruc-
tion or biliary sepsis do not benefit from early ERCP
and in fact there may be a higher rate of respiratory
complications.

Other authors have criticized the Fölsch study for the
unusually high incidence of respiratory complications
and have suggested that the multicenter nature of the
study may have included endoscopists with a low
ERCP case load and hospitals with a very low patient
accrual rate.

Summary of the randomized controlled trials

These four randomized controlled trials certainly differ
in their designs, for example in the grading of pancre-
atitis, randomization to ES, timing of ERCP, etiology of
pancreatitis, and/or exclusion of patients with jaun-
dice. These differences make summary of the aggregate
data somewhat difficult. The data obtained, limited to
patients with a biliary etiology of pancreatitis, are sum-
marized in Tables 13.2 and 13.3 and the corresponding
calculated absolute risk reductions are shown in Figs
13.1 and 13.2. Three of the four trials demonstrated the
safety of early ERCP in ABP. These studies also suggest
a reduction in morbidity and possibly mortality in 
patients with severe pancreatitis who undergo early
ERCP. One of these studies, the Polish study, reports
benefit of ERCP in all patients with ABP, regardless of
predicted disease severity. The German study calls into
question the impact of intervention in ABP by reporting
that patients without evidence of jaundice do not bene-
fit from early ERCP.

Metaanalyses

Given the somewhat mixed conclusions of the four 
randomized controlled trials, other authors have at-
tempted to pool the data. There have been two meta-
analyses that examined the role of ERCP with or
without ES in ABP. One was published as a full report
and the second in abstract form.

Sharma and Howden published a metaanalysis using
published data from the four trials, including the pa-
tients with nonbiliary pancreatitis in the Hong Kong
study. Although the procedures in this metaanalysis 
are described as ERCP plus sphincterotomy, it is im-
portant to note that roughly 60% of patients had a
sphincterotomy only if CBD stones were found on
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cholangiogram. The authors report a statistically sig-
nificant difference in complication rate between early
ERCP plus ES versus control (25% vs. 38.2%;
P < 0.001). Although the data for mortality reached sta-
tistical significance only in the Polish study, the pooled
data did show a significant decrease in mortality for the
early ERCP group compared with control (5.2% vs.
9.1%; P < 0.05). The authors report relative and ab-
solute risk reduction of 34.6 and 13.2 in complications
and 42.9 and 3.9 in death with early ERCP plus ES. The
authors did not perform a subgroup analysis based on
the predicted severity, citing lack of relevant data from
two of the four trials. They concluded that ERCP plus
ES is safe in early ABP and is effective in reducing the

morbidity and mortality, with a possible stronger bene-
fit for patients with severe pancreatitis.

Soetikno et al. reviewed the same four trials, but in-
cluded only the 695 patients with a diagnosis of acute
gallstone pancreatitis in their analysis by collecting un-
published data from the senior authors of the studies.
This eliminated 143 patients with an alternative etiol-
ogy for pancreatitis. Their summary statistics showed
that early ERCP with or without ES reduced the odds of
morbidity and mortality compared with conservative
treatment, but were statistically significant only for pa-
tients with severe pancreatitis. Figures 13.1 and 13.2
show that there is an overall absolute risk reduction in
morbidity and mortality for patients with severe ABP

Table 13.2 Outcomes of patients with predicted mild acute biliary pancreatitis in four randomized controlled trials. (Modified
from Soetikno et al. 1998.)

Morbidity, n (%) Mortality, n (%) Total number of cases

Study ERCP ± ES Conventional ERCP ± ES Conventional ERCP ± ES Conventional

UK 4 (12) 4 (12) 0 (0) 0 (0) 34 34
Hong Kong 6 (18) 6 (17) 0 (0) 0 (0) 34 35
Germany 35 (42) 36 (47) 2 (2) 0 (0) 84 76
Poland 8 (10) 19 (25) 0 (0) 4 (5) 53 65

All 53 (23) 65 (30) 2 (0) 4 (2) 232 220

Note: 32 patients from the German study were excluded from analysis due to inability to stratify pancreatitis severity; 75 
patients from the Polish study were excluded because they underwent immediate nonrandomized endoscopic sphincterotomy
(ES) for an ampullary stone. ERCP, endoscopic retrograde cholangiopancreatography.

Table 13.3 Outcomes of patients with predicted severe acute biliary pancreatitis in four randomized controlled trials. (Modified
from Soetikno et al. 1998.)

Morbidity, n (%) Mortality, n (%) Total number of cases

Study ERCP ± ES Conventional ERCP ± ES Conventional ERCP ± ES Conventional

UK 6 (24) 17 (61) 1 (4) 5 (18) 25 28
Hong Kong 4 (13) 15 (54) 1 (3) 5 (18) 30 28
Germany 17 (65) 14 (70) 6 (23) 2 (10) 26 20
Poland 9 (39) 20 (74) 1 (4) 9 (33) 23 27

All 36 (35) 66 (64) 9 (9) 21 (20) 104 103

Note: 32 patients from the German study were excluded from the analysis due to inability to stratify pancreatitis severity; 75 
patients from the Polish study were excluded because they underwent immediate nonrandomized endoscopic sphincterotomy
(ES) for an ampullary stone. ERCP, endoscopic retrograde cholangiopancreatography.
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who undergo early ERCP. The results for mild pancre-
atitis did not show a consistent reduction in absolute
risk reduction with early ERCP.

Although prior randomized controlled trials report
some conflicting data, the weight of the evidence sug-
gests that patients with predicted severe pancreatitis
are not harmed by, and will actually avoid morbidity
with, early ERCP. The data for impact on mortality and
for patients predicted to have mild pancreatitis are in-
conclusive. There is a suggestion that patients with

CBD stones may benefit from early intervention, possi-
bly by avoiding obstructive complications. Investiga-
tors have tried to establish noninvasive methods to
predict the likelihood of CBD stones and identify pa-
tients who may benefit from intervention.

Predicting CBD stones

Predicting which patients have bile duct stones is self-
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Figure 13.1 Absolute risk reduction 
(± 95% confidence interval) for
morbidity in severe acute biliary
pancreatitis (ABP) in four randomized
controlled trials. These calculations
exclude patients without biliary
etiology for pancreatitis. The pooled
data show a significant reduction in the
morbidity rate with early endoscopic
retrograde cholangiopancreatography
with or without endoscopic
sphincterotomy compared with
conventional management
(P < 0.0001) in severe ABP. Results
were calculated from data presented 
by Soetikno et al. (1998).
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UK Figure 13.2 Absolute risk reduction 
(± 95% confidence interval) for
mortality in severe acute biliary
pancreatitis (ABP) in four randomized
controlled trials. These calculations
exclude patients without biliary
etiology for pancreatitis. The pooled
data show a significant reduction in the
mortality rate with early endoscopic
retrograde cholangiopancreatography
with or without endoscopic
sphincterotomy compared with
conventional management (P = 0.028)
in severe ABP. Results were calculated
from data presented by Soetikno et al.
(1998).



evidently important. Chang et al. evaluated 122 con-
secutive patients with gallstone pancreatitis in order to
identify predictors of CBD stones. They made a diagno-
sis of ABP by detection of stones with ultrasound and
by excluding other potential etiologies. Their previous
work suggested that patients with elevated total biliru-
bin (≥ 1.7 mg/dL) or elevated amylase (≥ 150 U/L) 
beyond hospital day 4 had an increased likelihood 
of a retained CBD stone. High-risk patients without
cholangitis were randomized to either precholecystec-
tomy ERCP or intraoperative cholangiography (IOC)
with a postoperative ERCP if stones were found. Pa-
tients deemed low risk for CBD stones based on ultra-
sound, bilirubin, and amylase had an IOC. Procedures
were performed on hospital day 6–7 (mean). A total 
of 21 patients (21%) had CBD stones on IOC or 
ERCP. The authors found that an elevated bilirubin
(> 1.35 mg/dL) on day 2 had 90.5% sensitivity and
63% specificity for predicting CBD stones at ERCP or
IOC. Patients with bile duct stones were more likely to
have an increase in bilirubin from day 1–2 than those
without stones.

Cohen et al. retrospectively evaluated 154 patients
with gallstone pancreatitis who had ERCP or IOC dur-
ing their hospitalization. Of these patients, 18% were
identified as having a persistent bile duct stone on
cholangiography at a median of 4 days into hospitaliza-
tion. The authors reported that a rise in any biochemi-
cal parameter (amylase, lipase, total bilirubin, alkaline
phosphatase, AST, or ALT) between admission and
24–48 hours was seen more often in patients with CBD
stones than in those without (positive predictive value
31%, negative predictive value 92%, sensitivity 76%,
specificity 60%; P < 0.05). There was also a significant
increase in complication rate when a patient had an 
increase in any of the above indices over the same 
time course compared with patients who had no rise in
laboratory values (21% vs. 8%; P < 0.05). Notably,
transabdominal ultrasound was only 29% sensitive
(performed at a median of 7 hours after presentation)
for the detection of CBD stones. Standard criteria for
predicting severe pancreatitis also failed to predict a
CBD stone. Patients with persistent CBD stones had a
higher morbidity (29% vs. 12%) and mortality (11%
vs. 1%) than those without retained stones (P < 0.05).
Neoptolemos et al. also reported that retained CBD
stones were found more often in patients predicted to
have severe pancreatitis compared with patients pre-
dicted to have a mild course (25% vs. 63%; P = 0.03).

Newer techniques to image the biliary tract include
MRCP and endoscopic ultrasound. Studies suggest
that endoscopic ultrasound and MRCP have high sen-
sitivity and negative predictive value for the detection
of choledocholithiasis. These modalities are attractive
because they may help identify patients at risk for com-
plications of ABP without the risk of ERCP. It must be
recognized that these studies would often need to be
performed in the setting of critical illness. They also do
not offer a therapeutic option and therefore may be
somewhat limited in their utility.

Acute cholangitis with ABP

In the literature the incidence of cholangitis in the set-
ting of ABP varies from 3 to 14%. Since emergent ERCP
to remove CBD stones and reestablish bile drainage has
been shown to be efficacious in cholangitis, it can also
be expected that ABP patients with concurrent cho-
langitis will benefit from early biliary decompression.
Neoptolemos et al. recommend ERCP/ES in ABP pa-
tients with acute cholangitis given the high percentage
of CBD stones found in such patients (47%). In addi-
tion, investigators have shown a reduced incidence of
biliary complications (jaundice and cholangitis) in ABP
patients undergoing early ERCP.

Bile duct crystals and biliary pancreatitis

Biliary sludge or microlithiasis can cause acute pan-
creatitis. Biliary sludge is defined as a suspension of
crystals, either cholesterol monohydrate or calcium
bilirubinate, in bile. These clusters of small stones have
been postulated to incite acute pancreatitis by tran-
siently obstructing the papilla. Lee et al. evaluated 
31 patients with idiopathic acute pancreatitis; 74%
had evidence of biliary sludge on ultrasound or micro-
scopic evaluation of the bile. Most importantly, the 
authors showed that patients with biliary sludge who
underwent cholecystectomy or sphincterotomy had a
decreased risk of recurrent pancreatitis [1/10 (10%) vs.
8/11 (72%); P = 0.01]. Ros et al. examined bile from 51
patients after recovery from idiopathic acute pancreati-
tis and found that 67% contained sediment. They
showed that patients who were not treated with chole-
cystectomy or ursodeoxycholic acid had a higher fre-
quency of pancreatitis relapse than the treated group

CHAPTER 13

121



(67% vs. 16%). Kohut et al. evaluated 15 patients with
suspected acute pancreatitis without clear evidence of
gallstones or an alternative etiology. They analyzed bile
collected from the CBD within 24 hours of admission;
80% of patients had cholesterol monohydrate or cal-
cium bilirubinate crystals present. Although biliary
sludge appears to be a risk factor for recurrent pancre-
atitis, the role of sphincterotomy in the setting of acute
pancreatitis in this subset of patients without overt
CBD stones has not been established.

Optimal timing of ERCP

The majority of patients with ABP will recover from
their attack without significant morbidity or mortality.
If one intervenes at the onset of symptoms, procedures
might be done in patients who would have recovered
spontaneously. If one delays intervention, it is possible
that a window of opportunity to alter the severity and
duration of disease may be missed. The aforemen-
tioned randomized controlled trials did not specifically
address the issue of ERCP timing. In those studies inter-
ventions were performed 24–72 hours into admission.

Nowak et al. published a prospective, nonrandom-
ized, observational trial suggesting that the best out-
comes were achieved if ERCP was performed within 24
hours of symptom onset and that morbidity and mor-
tality were higher after a 72-hour delay. The authors
followed 307 patients who had urgent ERCP for ABP.
For those treated within 24 hours of symptom onset
there were no deaths and a 7% complication rate. For
patients treated between 24 and 72 hours, there was
2% mortality and a 16% complication rate. Patients
treated with ERCP after 72 hours did worst, with 13%
mortality and a 32% complication rate. Although sta-
tistically significant for both mild and severe pancreati-
tis groups, the authors noted that the trend for ERCP
timing was more dramatic in the severe group. In our
practice we perform ERCP in patients fitting criteria for
severe pancreatitis as soon as the diagnosis and severity
stratification is confirmed.

Outcomes of ERCP with ES in 
patients who are not candidates 
for cholecystectomy

Cholecystectomy is the recommended definitive treat-

ment for preventing relapse of gallstone pancreatitis.
For the group of patients who are not good surgical
candidates due to comorbid medical conditions, there
are data to support the use of ES to prevent recurrence
of pancreatitis. Wellbourn et al. reported on 51 patients
who had ES for gallstone pancreatitis without sub-
sequent cholecystectomy. After a mean follow-up of
approximately 27 months, none of 47 patients with
successful sphincterotomy had recurrent acute pancre-
atitis. Two of three patients with incomplete ES had 
recurrent pancreatitis over the same time course. 
Targarona et al. randomized 98 patients with a history
of biliary pain, jaundice, or ABP to open cholecystec-
tomy or ES. Although the authors showed that there
was a higher recurrence of biliary symptoms in the ES
group, there was no recurrence of pancreatitis in either
group over the 17 months of follow-up. Kaw et al. re-
ported in a prospective observational study that pa-
tients undergoing ES versus cholecystectomy had the
same recurrence rate of ABP (2.4–2.9%) over a 33-
month follow-up period. For patients with a history of
CBD stones, other authors have reported a 5–10% re-
currence of biliary symptoms (colic or jaundice) after
ES alone, but no recurrence of ABP. Evidence suggests
that ABP will recur in more than 50% of patients who
do not undergo cholecystectomy or ES. Many authors
therefore recommend ES in ABP patients who cannot
undergo cholecystectomy and who have evidence for
CBD or gallbladder stones.

Proposed algorithm for use of ERCP 
with or without ES in ABP

The available literature summarized above provides
guidance for managing patients with ABP (Fig. 13.3).
We recommend performing ERCP on patients with
predicted severe pancreatitis as soon as this classifica-
tion is applied to an individual. Patients with mild pan-
creatitis and evidence of cholangitis, jaundice, or a
dilated CBD should undergo ERCP due to risk for CBD
stone and complications of cholangitis. Also, for pa-
tients with a deteriorating course of ABP, ERCP should
be considered. We perform sphincterotomy in patients
with choledocholithiasis confirmed on cholangio-
graphy. We have a lower threshold for performing ES 
in patients who are not candidates for cholecystectomy
and who have stones in the gallbladder or a dilated
CBD. It should be noted that ERCP in acute and 

PART I

122



CHAPTER 13

123

severely ill patients can be complex and it has been
shown that patients benefit from having an ERCP 
performed at a high-volume center by an experienced
endoscopist.
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Acute pancreatitis is usually a self-limited disease that
resolves in a few days, and surgery is rarely needed.
However, 10% of cases may be complicated by pancre-
atic necrosis, infection, or multisystem organ failure,
and operative management may be life-saving. The in-
dications for surgery in the face of active pancreatitis
following the resolution of the acute phase of this dis-
ease are listed in Table 14.1. In the following discus-
sion, we review these indications and explain the logic
for these surgical approaches to management.

Uncertain diagnosis

With the wide availability of sophisticated imaging tech-
niques such as computed tomography (CT) and mag-
netic resonance imaging, the diagnosis of acute
pancreatitis is rarely overlooked today. Nevertheless, an
occasional patient with severe abdominal pain may 
undergo diagnostic laparoscopy or laparotomy only to
find acute pancreatitis is the underlying problem. The
severity of the pancreatitis should be assessed with a
minimum of manipulation of the pancreas. With acute
edematous pancreatitis and no evidence of pancreatic or
peripancreatic necrosis, neither drainage nor débride-
ment is indicated, but the gallbladder should be removed
if it is inflamed or if gallstones are present. Irrigation,
drainage, and débridement may be appropriate for 
severe pancreatitis with infected necrosis (see later).

Abdominal compartment syndrome

In patients with severe pancreatitis, intraabdominal

pressures may rise due to bowel edema and sequestra-
tion of fluid in the abdominal cavity. This may compro-
mise blood flow to vital intraabdominal organs and
result in abdominal compartment syndrome, defined as
combination of the following.
1 Urinary bladder pressure greater than 25 mmHg.
2 Progressive organ dysfunction: urinary output
< 0.5 mL/kg per hour, or PaO2/FiO2 < 150, or peak 
airway pressure > 45 cmH2O, or cardiac index
< 3 L/min per m2 despite resuscitation.
3 Improved organ function after decompression.
Abdominal decompression will result in improved
cerebral blood flow, cardiac dynamics, respiratory
compliance, and intestinal and renal perfusion. The
midline abdominal fascia should be opened and an in-
terposition material, such as an opened intravenous
fluid bag or “Bogotá bag,” is attached to the fascial or
skin edges to prevent bowel evisceration. Although this
procedure can be performed at the bedside in the inten-
sive care unit, the operating room is preferred. As the
patient improves and bowel edema resolves, plans can
be made to remove the bag and close the abdomen in a
more conventional way.

Gallstones

Gallstones are a very common cause of pancreatitis. If
the pancreatitis is mild to moderate in severity, a la-
paroscopic cholecystectomy can be performed safely,
often within the first 48–72 hours of admission. By this
time, the abdominal pain has largely resolved and the
serum amylase level is returning to normal. The former
practice whereby the pancreatitis was allowed to 

14 Indications for surgery 
in acute pancreatitis 
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resolve, the patient discharged from hospital, and then
readmitted for elective cholecystectomy 6 weeks later is
unnecessary, more expensive, and can be associated
with recurrence of pancreatitis during the wait. As
many as 60% will experience recurrent gallstone pan-
creatitis within 6 months. Of course, some patients
with prohibitive coexisting medical conditions may
never be surgical candidates. In this case, endoscopic
sphincterotomy should be performed, which will de-
crease the incidence of recurrent pancreatitis to be-
tween 2 and 5% over 2 years.

About 1 in 12–15 patients with gallstone pancreati-
tis has choledocholithiasis. The common duct stones
should be removed, but the pancreas should not be dis-
turbed. Rarely, a stone impacted at the ampulla may 
require duodenotomy for stone removal under direct
vision and T-tube decompression of the bile duct.

In patients with severe pancreatitis (fluid collections,
necrosis), cholecystectomy should be delayed until the
pancreatitis has resolved, some weeks or even months
later. If acute cholecystitis is present, an interval chole-
cystostomy may be required. If the common duct is ob-
structed, an endoscopic sphincterotomy and/or stent
may be indicated.

Emergency endoscopic sphincterotomy with stone
extraction may be life-saving in some patients with 
severe biliary pancreatitis. It should be used when a 

patient with pancreatitis is known to have gallstones,
the serum bilirubin concentration is elevated (> 4 mg/
dL), the alkaline phosphatase concentration is elevated, 
and the clinical course does not improve within 24–36
hours with normal resuscitative efforts. At least four
randomized studies have evaluated the utility of this 
approach (Table 14.2) and they have all demonstrated
lower complication rates in those patients who received
endoscopic retrograde cholangiopancreatography and
stone extraction. Three of the studies also demon-
strated lower mortality rates in this group. However, only
a small minority of patients will need this intervention.

Pancreatic necrosis

In cases of severe pancreatitis, patients should undergo
abdominal CT to confirm the diagnosis, determine 
the presence of local complications, and determine
whether any of the pancreatic tissue has died as a result
of the inflammatory process. This is especially impor-
tant because the likelihood of pancreatic infection is
greater with greater degrees of pancreatic necrosis, and
infection is an indication for surgery. The role of pan-
creatic surgery in severe pancreatitis has evolved since
the early part of the twentieth century. For a time, 
a total pancreatectomy was recommended, which 

Table 14.1 Indications for intervention in acute pancreatitis.

Indication Procedure

Unknown diagnosis Exploratory laparotomy
Diagnostic laparoscopy

Abdominal compartment syndrome Decompressive laparotomy
Gallstones Cholecystectomy (open or laparoscopic)

Common duct exploration (open or laparoscopic)
Endoscopic retrograde cholangiopancreatography

Infected pancreatic necrosis Pancreatic débridement
Sterile pancreatic necrosis Pancreatic débridement (rarely)
Hemorrhage Angiographic embolization

Operative suture ligation/packing
Pancreatic abscess Percutaneous drainage (primary)

Operative drainage (secondary)
Pseudocyst Cystgastrostomy/cystjejunostomy

Endoscopic drainage
Radiologic drainage

Pancreatic fistula Roux-en-Y pancreaticojejunostomy
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included resection of living pancreas as well as that por-
tion which had undergone necrosis. The reasoning was
that removal of the entire gland would abort the in-
flammatory process, and recovery would then begin.
Although some of those patients also had pancreatic
and/or peripancreatic infection, infection itself was not
a critical determinant in the decision for operation.
This approach was eventually abandoned because of
unacceptably high mortality rates in these critically ill
patients. As the twenty-first century begins, most sur-
geons believe that surgery is indicated only when the
necrotic pancreas has become infected, and that the
procedure should consist primarily of débridement and
drainage of the infected material. Viable pancreas is not
removed. The systemic organ failure ultimately respon-
sible for the demise of such patients is partly caused by
this infected tissue.

There remains a group of critically ill patients with
severe acute pancreatitis, usually with significant pan-
creatic and/or peripancreatic necrosis, in whom infec-
tion is not present. The role of surgery in these patients
with so-called sterile necrosis continues to be contro-
versial. In general, evidence is accumulating that this
group is managed effectively by nonsurgical means in
the majority of cases. If surgery is performed, it is done
in an attempt to drain and débride the necrotic tissue
that is the putative source of various noxious sub-
stances believed to be responsible for the ongoing ill-
ness. Or it may even be that infection was present but its
diagnosis was overlooked. The validity of this ap-
proach is as yet unproven.

Risk factors for pancreatic infections

Secondary infection of necrotic pancreatic and peri-
pancreatic tissue is a common source of morbidity in
acute pancreatitis. The origin of the bacteria is usually
the gastrointestinal tract, although hematogenous
seeding from infected intravenous lines or other
sources is possible. Infections are more likely to occur
in patients with extensive pancreatic necrosis and se-
vere pancreatic inflammation. Pancreatic necrosis 
develops in about 10% of all patients with acute 
pancreatitis, and of these about 30% become infected.

The use of prophylactic antibiotics in the face of se-
vere necrotizing pancreatitis has been somewhat con-
troversial since it is not clear that the patients benefit
and there is the risk of selecting for more virulent bacte-
rial strains or fungi. However, there does appear to be
an advantage for prophylaxis with antibiotics that can
reach concentrations in the pancreas that effectively 
inhibit infection. A recent metaanalysis that examined
all the trials using antibiotic prophylaxis found six 
randomized studies of which only three were adequate
for analysis (Table 14.3). Overall, antibiotic prophy-
laxis reduced sepsis by 21% and mortality by 12.3%
compared with no prophylaxis. There were also fewer
pancreatic infections but this was not statistically 
significant.

When does the necrotic tissue become infected?
Beger found that in patients who underwent surgical
exploration within the first week after the onset of pan-
creatitis, 24% had infected pancreatic necrosis. From

Table 14.2 Early endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic sphincterotomy (ES) in acute and
severe gallstone pancreatitis.

Study Treatment Complications (%) Deaths (%)

Neoptolemos et al. (1988) ERCP/ES 19 0
Conservative 63 13

Nowak et al. (1995) ERCP/ES 14 1
Conservative 34 11

Fan et al. (1993) ERCP/ES 20 3
Conservative 76 18

Folsch et al. (1997) ERCP/ES 17 5
Conservative 14 3
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the second to the third week there was an increase of
36–71%, and then a decline to an infection rate of
32.5% when operation was done after the fourth week.
Similar results were reported for CT-guided fine-needle
aspiration (FNA) of pancreatic necrosis.

Diagnosis of infected pancreatic necrosis

The diagnosis of pancreatic infection is made most reli-
ably by CT or ultrasound-guided FNA with Gram
staining and culture of the aspirate. The material
should be sent for bacterial and fungal culture. The
technique is safe, accurate, and can be performed ra-
pidly. Although it is tempting to only perform FNA in
patients who exhibit a septic clinical picture (e.g., high
fever, white cell count), some patients with infection
have a low-grade fever and a white cell count of less
than 15000/mm3. Thus, in most patients FNA should
be performed in those who have evidence of necrosis
and fluid collection on CT. In a minority of patients, gas
bubbles in the area of the pancreas are evident on CT. 
If this case, FNA is unnecessary since the gas should be
assumed to be the product of bacterial fermentation
from infection, and surgery is indicated.

Most pancreatic surgeons treat patients with necro-
tizing pancreatitis with prophylactic broad-spectrum
antibiotics, in the hope that this will decrease the
chance of infection of the necrotic material. However,
in patients with proved infection, antibiotic therapy 
is adjunctive treatment only. Proof of infection is an 
indication for laparotomy and surgical drainage and
débridement of the infected and necrotic material.

Definitive management requires surgery

Except in the unusual situation of fulminating acute
pancreatitis with organ failure and a rapidly progres-
sive downhill course soon after admission to hospital,
most patients should not undergo operation during the
first week of their illness. When clinical deterioration is
rapid and surgery is undertaken during the first week,
most of these patients die. The outcome is better when
surgery is postponed at least until the second week or
later, when the margins of the pancreatic necrosis have
become better defined and the acute inflammation has
subsided somewhat. Fortunately, in most cases the dis-
ease has been ongoing for a week or more by the time
the diagnosis of infected pancreatic necrosis has been
established and the need for surgery is evident. The pa-
tient’s condition should be optimized, and surgery
should be undertaken within 24–48 hours.

The goals of surgery are to remove infected and devi-
talized pancreatic and peripancreatic tissue, drain pus
and other fluid collections, and leave drains behind that
can be used for continuous postoperative lavage of the
affected areas. CT provides a map to those areas which
require drainage, so that uninvolved tissue planes do
not need to be opened and unnecessarily contaminated.
During operation viable pancreatic parenchyma
should be preserved. Hemostasis may require suture
ligation of bleeding vessels, but significant bleeding
usually indicates that the surgeon should limit further
dissection in that area. Once most of the necrotic mate-
rial has been removed and all the fluid collections
drained, several large sump drains are placed in the

Table 14.3 Studies of randomized prophylactic antibiotics in acute pancreatitis

Pancreatic

Antibiotic
No. of patients infection Sepsis Mortality

Study prophylaxis Drug Control Drug Control Drug Control Drug Control

Pederzoli Imipenem 41 33 5 10 6 16 3 4
et al. (1993) (500 mg t.i.d.)

Sainio et al. Cefuroxime 30 30 9 12 11 13 1 7
(1995) (1.5 g t.i.d.)

Schwarz Ofloxacin 13 13 8 7 4 6 0 2
et al. (1997) (200 mg b.i.d.),

metronidazole
(500 mg b.i.d.)



most involved areas for postoperative lavage. The fas-
cia of the abdominal wound is closed but the skin left
open. Patients with extended areas of infected necrotic
tissue or large multiloculated or multiple abscesses may
be treated better by open drainage and packing. The
operative procedure is the same, but the débrided areas
are packed and both the fascia and skin are left open.
Normal saline at a rate of 1 L/hour is perfused through
the drains for at least the first 24 hours, and then the
rate is decreased over a number of days according to 
the patient’s clinical course and the character of the
drainage.

Patients who are treated by the open packing tech-
nique are committed to at least several reoperations be-
fore they recover completely. However, about 20% of
patients treated with the closed technique also require
at least one reoperation to drain recurrent or persistent
areas of infection. An abdominal CT scan obtained at
weekly intervals helps guide further therapy and docu-
ments improvement during the postoperative course.

Internationally, there has been some experience with
laparoscopic and percutaneous approaches to infected
pancreatic necrosis. The pancreatic bed can be ap-
proached through the stomach, the mesocolon, or the
retroperitoneum. However, since the experience has been
limited to date, these cases should be highly selected.

The most common local postoperative complica-
tions are hemorrhage and intestinal fistulas. Enterocu-
taneous fistulas (pancreatic, duodenal, small bowel, or
colon) occur in up to 30% of patients. They can be
caused directly by the necrotizing infection, or by iatro-
genic trauma at the time of débridement or erosion into
the bowel of an adjacent surgical drain. Most of the
bowel fistulas eventually close spontaneously without
operative intervention.

The mortality rate for all patients with acute pancre-
atitis is about 10%. Necrotizing pancreatitis associated
with infection has a mortality rate of about 20%, al-
though there is some evidence that earlier diagnosis 
of infection and aggressive surgical intervention may
lower this figure.

Sterile pancreatic necrosis

Almost all patients with sterile pancreatic necrosis
should be treated with conservative nonsurgical man-
agement in the intensive care unit. Most will eventually
recover. Nevertheless, some patients fail to improve
after weeks of treatment or may even begin to deterio-

rate. In these patients consideration for surgery still
seems reasonable for the reasons presented earlier. The
timing of operation in this small group of patients can-
not be given precisely. In general, it seems best to con-
tinue to treat them conservatively for at least 3–4 weeks
before concluding that surgery should be performed.

Hemorrhage

Hemorrhage is associated with a high mortality rate, as
bleeding often occurs from major peripancreatic blood
vessels (e.g., splenic, superior mesenteric or portal
veins, gastroduodenal or pancreatic arteries). Arteriog-
raphy with embolization of bleeding vessels can be 
effective and should be the first choice as long as the 
patient is able to be resuscitated and demonstrates rea-
sonable hemodynamic stabilization before the pro-
cedure. Otherwise some patients will require urgent
operation to stop the bleeding. Operative control of he-
morrhage in the face of severe pancreatitis is difficult
given the significant distortion of the anatomy in these
cases. Ultimately, suture ligation and packing should
suffice.

Pancreatic abscess

A pancreatic abscess is a collection of purulent material
within a defined cavity, and with little if any associated
necrosis. It is different from infected pancreatic necro-
sis and an infected pancreatic pseudocyst. Pancreatic
abscesses usually require 3–4 weeks to become appar-
ent. Diagnosis should be suspected when the patient be-
gins to run a septic course, and it can be confirmed with
CT and percutaneous FNA of the pus. An external
drain should be left in place. Unlike infected pancreatic
necrosis, radiologically placed tube drainage may be 
effective treatment and surgery may be unnecessary.
However, unless the patient improves rapidly within
24–48 hours of external drainage, surgical drainage of
the abscess is required. Antibiotics are adjunctive man-
agement only.

Pseudocyst

A pancreatic pseudocyst is a collection of fluid usually
in the vicinity of the pancreas that develops in associa-
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tion with a leak of pancreatic juices from the inflamed
parenchyma or from a disrupted duct. The wall of the
pseudocyst is composed of fibrous nonepithelialized
tissue. Occasionally a pseudocyst may present at great
distance from the pancreas (e.g., thorax, groin) when
the fluid dissects through tissue planes. As many as
30% of patients with acute pancreatitis form acute
fluid collections around the time of the acute attack, but
these must be distinguished from chronic pseudocysts.
The majority of these acute “pseudocysts” resolve
without intervention. Only about 5% of these patients
develop chronic pseudocysts, which are characterized
by their ovoid or spherical shape and well-formed wall.
Because of this natural history, acute “pseudocysts”
(fluid collections) should be managed expectantly. If
they develop into chronic pseudocysts, they may re-
quire treatment.

The management of pseudocysts varies according to
their size and the presence of associated symptoms.
Asymptomatic pseudocysts up to 5–6 cm in diameter
may be safely observed, and are usually followed with
either serial ultrasound or CT examinations. Larger
cysts or pseudocysts of any size that are symptomatic
require treatment.

Symptoms are most often due to gastrointestinal ob-
struction, when the cyst distorts the stomach or duode-
num, or to abdominal pain. Serious complications can
also occur, although they are uncommon (< 5% of
cases). These include hemorrhage into the cyst, perfo-
ration of the cyst, and infection of the cyst. Hemor-
rhage is usually caused by erosion of the splenic or
gastroduodenal artery or other major vessel within the
wall of the cyst, and the bleeding is usually confined to
the cyst lumen. The diagnosis should be suspected if
there are clinical signs of hypovolemia and a falling
hematocrit. There may be abdominal pain, and a mass
may be palpable. Abdominal CT shows the cyst with
the contained blood clot. Angiography confirms the di-
agnosis, and the radiologist should attempt to embolize
the bleeding vessel. If this is not successful, emergency
surgery with ligation of the vessel or excision of the cyst
is required. Perforation of a pseudocyst is a surgical
emergency characterized by the sudden onset of intense
abdominal pain with peritonitis. Patients require ur-
gent surgery with irrigation of the peritoneal cavity and
usually external cyst drainage. Infection of a pseudo-
cyst should be suspected if signs of sepsis develop. Di-
agnosis by CT and treatment by percutaneous cyst
aspiration and drainage are usually effective.

In the absence of a life-threatening complication,
elective surgery of pseudocysts is usually delayed until
the cyst has developed a mature wall that will hold su-
tures at the time of repair. For those cysts that develop
following an episode of acute pancreatitis, this requires
4–6 weeks. In most cases the patient can eat and be dis-
charged from hospital during the interval. Pseudocysts
that resolve spontaneously usually will do so during
this time.

Pseudocysts may be treated surgically or by endo-
scopic or radiologic drainage. Endoscopic methods 
require the placement of a plastic stent through the
stomach or duodenal wall into the adjacent cyst. The
stent is eventually removed, and in about 80% of cases
the cyst is permanently eradicated. These endoscopic
techniques require expertise, which is becoming more
widely available. Radiologic approaches usually con-
sist of percutaneous external drainage of the cyst with
eventual removal of the drainage catheter many weeks
later. Many of these pseudocysts recur. Surgical treat-
ment usually consists of drainage of the cyst internally
to either the stomach (cystgastrostomy) or to a Roux-
en-Y limb of jejunum (cystjejunostomy). Both are safe
and effective, with recurrence rates of less than 10%. If
the pseudocyst is in the tail of the pancreas, a distal pan-
createctomy with excision of the cyst may be best. The
recurrence rate is less than 1% in this case.

Finally, many authors have reported excellent results
with laparoscopic techniques for the drainage of pan-
creatic pseudocysts. These cysts can be drained through
transgastric or intragastric approaches or a Roux limb
can be used for definitive treatment.

Pancreatic fistula

In the setting of acute pancreatitis, a pancreatic fistula is
usually the result of a ductal disruption associated with
pancreatic necrosis and usually becomes apparent as
the patient recovers from operative débridement. In a
large series of 556 patients, pancreatic fistulas occurred
in 9% of patients with necrotizing pancreatitis. The di-
agnosis is made by finding a high amylase level (usually
many thousands of units per liter) in the drain effluent,
and it is treated by leaving the drain in place. Many such
fistulas will close spontaneously, provided that ductal
continuity can be reestablished as healing occurs, infec-
tion is eradicated, and nutrition is adequate. Parenteral
nutrition is usually not required and most patients are
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able to eat a regular diet. There is no evidence that oral
intake delays resolution of the fistula. The use of so-
matostatin does not appear to hasten fistula closure, al-
though if it is a high-output fistula (i.e., > 200 mL/day)
the secretory inhibitor may simplify management of the
patient. Fistulas that persist for as long as 1 year or
those whose anatomic characteristics preclude sponta-
neous closure (e.g., duct obstruction between fistula
and duodenal lumen, duct discontinuity) will require
operative repair. This is best done by creating an anas-
tomosis between the pancreatic duct at the point of the
leak and a Roux-en-Y limb of jejunum. The success rate
of operative repair is greater than 90%.

International guidelines for the surgical
management of acute pancreatitis

In 2002, an international group of physicians inter-
ested in the treatment of acute pancreatitis published a
consensus statement on the surgical management of
acute pancreatitis. These recommendations reinforce
much that has been described in this chapter and 
include the following. Mild acute pancreatitis is not an
indication for pancreatic surgery. The use of prophylac-
tic broad-spectrum antibiotics reduces infection rates
in CT-proven necrotizing pancreatitis but may not im-
prove survival. FNA for bacteriology should be per-
formed in order to differentiate between sterile and
infected pancreatic necrosis in patients with sepsis syn-
drome. Infected pancreatic necrosis in patients with
clinical signs and symptoms of sepsis is an indication
for intervention including surgery and radiologic
drainage. Patients with sterile pancreatic necrosis (with
negative FNA for bacteriology) should be managed
conservatively and only undergo intervention in se-
lected cases. Early surgery within 14 days after onset of
the disease is not recommended in patients with necro-
tizing pancreatitis unless there are specific indications.
Surgical and other forms of interventional manage-
ment should favor an organ-preserving approach,
which involves débridement or necrosectomy com-
bined with a postoperative management concept that
maximizes postoperative evacuation of retroperitoneal
debris and exudate. Cholecystectomy should be per-
formed to avoid recurrence of gallstone-associated
acute pancreatitis. In mild gallstone-associated acute
pancreatitis, cholecystectomy should be performed as
soon as the patient has recovered and ideally during the

same hospital admission. In severe gallstone-associated
acute pancreatitis, cholecystectomy should be delayed
until there is sufficient resolution of the inflammatory
response and clinical recovery. Endoscopic sphinctero-
tomy is an alternative to cholecystectomy in those who
are not fit to undergo surgery in order to lower the risk
of recurrence of gallstone-associated acute pancreati-
tis. However, there is a theoretical risk of introducing
infection into sterile pancreatic necrosis.
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Surgical approach to 
necrotizing pancreatitis

The development of extensive pancreatic necrosis is a
major cause of death in patients with severe pancreati-
tis. However, the question remains, which is the best
method to identify individuals developing severe 
necrosis who require surgical intervention? There are
patients in whom surgery should rarely or never be 
contemplated. Multisystem failure is an important
marker of fulminant disease, and a rising pulse rate,
serum creatinine, fever, and white cell count, in con-
junction with difficulty in maintaining arterial blood
pressure and PaO2, are ominous signs. These are the 
patients who, after 10–14 days of disease onset, are
characterized by a systemic inflammatory response
syndrome (SIRS) maintained by the release of various
inflammatory mediators. In other patients it is appar-
ent from the onset that multisystem failure is present
and worsening, whereas others fail to thrive or improve
temporally before beginning to deteriorate. In these
cases, it is evident that spontaneous resolution is un-
likely and surgery should be performed as soon as 
pancreatic infection is proved by positive fine-needle
aspiration (FNA).

At present there are no biochemical markers that in-
dicate the need for surgery in patients with severe acute
pancreatitis. The most useful, the acute-phase protein
C-reactive protein (CRP), is a nonspecific index of in-
jury, inflammation, sepsis, and ischemia. This serum
marker is the one most commonly used in clinical prac-
tice to monitor the progress of the individual patient,
and an elevated CRP level is an early indicator of the
need for computed tomography (CT) to define the pres-

ence and extent of pancreatic and peripancreatic necro-
sis. Elevation of CRP above 120 mg/L is an indication
of the presence of pancreatic necrosis, although no cor-
relation has been found between serum CRP levels and
the presence of infected necrosis.

The mortality rate for patients with infected pancre-
atic necrosis is more than 30%, and up to 80% of fatal
outcomes in acute pancreatitis are due to septic compli-
cations. Several randomized controlled trials have 
provided evidence that prophylactic antibiotics may
prevent the development of septic complications. How-
ever, about one-third of patients given prophylactic 
antibiotics that penetrate the pancreas will develop 
infected necrosis. The conservative management of in-
fected pancreatic necrosis with multiple organ failure
has a mortality rate of up to 100%. Based on this, there
is no doubt that extensive necrosis and in particular the
presence of infected necrosis are strong indications for
surgery.

The gold standard in the diagnosis of infected pancre-
atic necrosis is FNA guided by either CT or ultrasound,
with Gram staining and culture of the aspirate.In pub-
lished series, the sensitivity for prediction of infected
necrosis ranges from 90 to 100%, with specificity rang-
ing from 96 to 100%. However, important questions 
remain on the appropriate indications, timing, and 
frequency for FNA. In a recent paper by Büchler et al.
the indications for FNA included the following: newly
developed signs of metabolic disorders and deteriora-
tion of organ failure of lung, kidney or cardiovascular
system, or newly developed increase in blood leukocytes
or fever (> 38ºC) after initial response to conservative
treatment. The timing is usually at a mean of 17 days. 
Interestingly, in 20% to more than 40% of patients the

15 Surgical approaches to acute
necrotizing pancreatitis
Laureano Fernández-Cruz and Hans G. Beger
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initial FNA was sterile and subsequent aspirate was pos-
itive for infection only after two, three, or more FNAs.
These findings suggest that sterile necrosis does not nec-
essarily remain sterile and that continued vigilance and
surveillance by repeated FNA is mandatory until the pa-
tient is certifiably recovered. Also, the finding of an ini-
tially negative FNA that eventually becomes positive
should be regarded as of benefit to the patient because it
extends the interval to operation, permitting more orga-
nization of the necrosis (Fig. 15.1).

The management of patients with sterile pancreatic
necrosis remains a matter of controversy. A number of
prospective studies have supported the value of nonop-
erative therapy in sterile pancreatic necrosis. Recently,
Büchler et al. have reported a death rate of 1.8% in 
patients with sterile pancreatic necrosisis managed

without surgery compared with 24% in patients with
infected pancreatic necrosis. On the other hand, the
group from the Massachusetts General Hospital has re-
ported that débridement and drainage in patients with
SIRS can be carried out with a mortality of 6.2%, with
no difference between infected and sterile necrosis.
Outcomes were best if the operation was not delayed
past 4 weeks. The authors suggest that patients who
have unresolving or significant new signs of SIRS, even
with negative FNA, should be considered for débride-
ment by the fourth week after onset of pancreatitis. The
latter report emphasizes that a nonoperative approach
to sterile pancreatic necrosis should not be a rigid poli-
cy but should take into account the clinical condition of
the patient as the most important factor in the decision
to operate (Fig. 15.1).

Diagnosis of pancreatic necrosis
(contrast-enhanced CT)

Systemic inflammatory response syndrome (SIRS)

Sepsis No sepsis

CT- or US-guided FNA and culture

Positive culture
Infected necrosis

Negative culture
Sterile necrosis

Persistent “sepsis”
Organ dysfunction

FNA and culture

Positive
culture

Negative
culture

New signs of SIRS

Surgical necrosectomy

Unwellness
(>7 weeks)

Refeeding
pancreatitis
(>7 weeks)

Nonoperative
management

Figure 15.1 Management of patients
with pancreatic necrosis. CT, computed
tomography; FNA, fine-needle
aspiration; SIRS, systemic
inflammatory response syndrome.



Other indications for surgery in patients with necro-
tizing pancreatitis include residual pain, difficulty in
eating, malaise, and general lack of well-being that pre-
vents them from returning to work and other normal
activities for many months. These patients may benefit
symptomatically from clearance of the burden of
necrotic tissue. In the series of Fernández del Castillo,
39% of patients were operated on for such persistent ill
health, most of them at more than 7 weeks and one at
300 days, after several hospitalizations (Fig. 15.1).

Another group of patients can benefit from surgical
débridement. These patients develop “refeeding” pan-
creatitis, characterized by abdominal pain and hyper-
amylasemia 6–8 weeks following recovery from a bout
of severe sterile necrotizing pancreatitis. These patients
can be restored by débridement of the necrotic tissue.
Bradley has suggested that the pathophysiologic mech-
anism appears to be one of obstruction of the pancre-
atic duct secondary to the necrotic process (Fig. 15.1).

Finally, Adler et al. from the Mayo Clinic have sug-
gested that patients with infected pancreatic necrosis
but clinically stable would best avoid the operative
risks of débridement and the possible postoperative
complications and can be managed conservatively with
prolonged targeted antibiotics. In addition, in patients
ultimately requiring débridement, a delay in operation
might provide the surgeon with a well-demarcated or-
ganized collection leading to a simplified procedure.

According to Beger and Isenmann, the rationales for
a surgical approach in necrotizing pancreatitis include
the following.
1 Removal of the necrotic pancreatic and peripancre-
atic parenchyma will stop the progression of necrosis
and allow resolution of the disease process.
2 Bacteria and their toxic components are released
into the circulation and are responsible for remote
organ failure. As organ failure is a main determinant of
outcome in patients with severe acute pancreatitis, the
removal of infected pancreatic material is a therapeutic
necessity in patients with infected pancreatic necrosis.
3 Formation of late complications, such as pancreatic
abscess, can be prevented by removing the infected 
debris.
4 Preservation of viable pancreatic tissue will achieve
good long-term results with respect to pancreatic ex-
ocrine and endocrine function.

The principles of the operation, independent of the
technique chosen, are widely accepted. Dead and lique-
fied pancreas is removed and dead retroperitoneal 
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tissue is débrided thoroughly. Blunt (finger dissection)
necrosectomy is used and care should be taken in re-
moving viable pancreas unnecessarily and incurring a
high risk of insulin-dependent diabetes. Inspection of
the transverse colon may detect areas of necrosis, and
colon resection should be performed with creation of a
temporary colostomy. The operation is completed with
an intraoperative peritoneal lavage and the area of 
pancreatic bed must be adequately drained.

Surgical treatment

A number of surgical techniques are currently in use:
conventional drainage, open or semiopen procedures,
and closed procedures (Table 15.1).

Conventional drainage

Conventional drainage involves necrosectomy with
placement of standard surgical drains. It is associated
with persistent intraabdominal infections and a high
rate of reoperations (by the presence of fever, leukocy-
tosis, or lack of improvement on imaging studies). The
success rate has been shown to depend on the extent
and completeness of débridement.

Open or semiopen management

Open or semiopen management involves necrosectomy
and either repeated laparotomies or open packing,
which leaves the abdominal wound exposed for 
frequent changes of dressing. Fernández del Castillo 

Table 15.1 Surgical treatment modalities in necrotizing
pancreatitis.

Conventional treatment
Resection or necrosectomy with drainage
Reoperations on demand

Open procedures
Resection or necrosectomy and scheduled relaparotomies
Open abdominal management (open procedure)
Temporary abdominal closure (semiopen procedure)

Closed procedures
Necrosectomy and continuous closed local lavage
Reoperations on demand

Minimally invasive necrosectomy and lavage



et al. evaluated the results in 64 consecutive patients
treated with necrosectomy followed by closed packing
with gauze-stuffed Penrose drains, in addition to 
placement of a soft silicone-rubber closed suction 
drain in each major extension of the cavity. Between 6
and 10 days after surgery the stuffed Penrose drains
were removed, one at a time, on sequential days to
allow the cavity to collapse. The closed suction drains
were the last to be removed and were not withdrawn
until their output was minimal. Of the patients evalu-
ated, 56% had infected pancreatic necrosis. The ap-
proach was successful in 44 patients (69%) and these
had no further need for surgical or other interventions.
The overall mortality rate was 6.2%, much lower than
the 25% seen by these authors in 1992. The authors
found a correlation between duration of pancreatitis
and outcome and favored the practice of delaying
surgery beyond the fourth week with good surgical
conditions (well-demarcated necrosis with easier safer
necrosectomy).

The experience of the Mayo Clinic was reviewed 
by Tsiotos et al. In 72 patients they employed blunt
débridement, gauze packing, zipper closure, and
planned reoperation. Infected pancreatic necrosis was
found in 57 patients (79%) and was the main indica-
tion for surgery. These results were challenged by
Bradley, whose own series employed a similar tech-
nique. The incidence of procedure-induced gastroin-
testinal fistulas in the Mayo Clinic’s experience was
comparatively high at 20.8% compared with 5.8% in
Bradley’s series; the number of deaths attributable 
to infection was also higher in the Mayo Clinic series
compared with Bradley’s series [11/18 (61%) vs. 4/15
(27%)]. Bradley has suggested that since the principal
value of planned reoperation is to prevent reaccumula-
tion of infected necrotic tissue, it is possible that the
high rate of fatal infections may have resulted from a re-
duction in the average number of planned reoperations
(2.2 in the Mayo series vs. 5.6 in Bradley’s series). The
overall hospital mortality rate achieved by the Mayo
group was 25%, much less than the 39% observed by
the Utrecht group using similar techniques. The At-
lanta group has reported a remarkably low mortality
rate (12%) with necrosectomy and staged reoperation.
Tsiotos et al. have found that Acute Physiology and
Chronic Health Evaluation (APACHE) II score greater
than 13 at admission, extensive parenchymal necrosis,
and postoperative hemorrhage were indicative of a
worse outcome. An alternative such as laparostomy

(upper and lower edges of the opening in the gastrocol-
ic omentum are sutured to the upper and lower edges of
the wound) offers the theoretic advantage of open and
continuous drainage of an infected or necrotic focus,
avoiding the need to move the patient to the operating
room. Using this technique the mortality rate observed
by Függer et al. was 32%.

Necrosectomy and continuous closed lavage

Necrosectomy and continuous closed lavage and reop-
erations on demand best address the pathophysiologic
background of the disease. Necrosectomy of necrotic
infected material implies careful removal of necroses
and infected fluids and preservation of vital pancreatic
tissue. This simple change in intraoperative manage-
ment decreases mortality from 30–80% to about
15–30%. The course of recurrent sepsis is mulifactori-
al, but is most commonly due to either inadequate peri-
pancreatic drainage or incomplete necrosectomy as a
result of the necrotizing process. In an attempt to pro-
vide further evaluation of infected peripancreatic exu-
dates as well as to promote further débridement, the
employment of postoperative closed local lavage of the
lesser sac and necrotic cavities provides atraumatic and
continuous evacuation of necrotic and infected mater-
ial as well as biologically active compounds. The use of
this mechanical “flow-through” technique in the later
postoperative period means there is no need for routine
reoperations (Fig. 15.2).

After surgical débridement, an extensive intra-
operative lavage is performed, using in the first few
postoperative days 24 L (1 L/hour) of isotonic saline 
or continuous ambulatory peritoneal dialysis (CAPD)
solution. For postoperative continuous local lavage,
large-bore single (Charrière 24–34) and double-lumen
(Charrière 18) catheters are placed in the lesser sac and
brought out through the right and left upper-lateral
wall of the abdomen; two to five drainage tubes are
used. If the peritoneal cavity is also affected, local
lavage is combined with short-term peritoneal lavage.
Lavage therapy is stopped when the effluent has no
signs of active pancreatic enzymes and shows negative
bacteriology. During the lavage treatment, monitoring
in the intensive care unit (ICU) is necessary.

The overall mortality of closed management in
necrotizing pancreatitis is 15–25% in reviewed series.
Short-term closed lavage lasting 6–10 days is more 
beneficial than long-term closed lavage of up to 3 weeks.

PART I

136



The retroperitoneum can be approached by using 
an endoscopic technique. An endoscopic retroperi-
toneal approach was performed by Gambiez et al. in 
20 patients via a 6-cm lumbotomy centered on the
twelfth rib. A 23-cm mediastinoscope was used to per-
form débridement of the necrotic material with a suc-
tion device under direct visualization. A tube drain was
left for postoperative irrigation. The wound was left
open and a planned repeat lumboscopy (mean 5 ± 4)
was performed as a second-look procedure every 5 days
until definitive elimination of all the debris. The au-
thors reported a 10% mortality rate. This technique
mimics the open necrosectomy technique with planned
relaparotomies. Castellanos et al. have used a trans-
lumbar retroperitoneal approach (incision 15cm long)
combined, in some patients 10 days after surgery, with
repeated retroperitoneoscopy (8–10 sessions) in the
ICU with no requirement to return to the operating
room.

In recent years laparoscopic surgery has been used
for pancreatic necrosectomy. Three alternatives have
been described by Gagner: retrogastric–retrocolic
débridement, retroperitoneal débridement, and trans-
gastric pancreatic débridement. The choice of which la-
paroscopic technique to use depends upon the location
of retroperitoneal collections in the abdomen. This ap-
proach has been reported as anecdotal cases and results
from large series of patients are awaited.

The technique of laparoscopy in conjunction with
percutaneous drainage has already been proposed as an
alternative by Alves et al. and more recently by Horvath
et al. The concept underlying the technique is that per-
cutaneous drainage is the primary therapeutic mod-
ality whereas laparoscopic-assisted drainage of the 
particular debris is secondary. Location of the percuta-
neous catheters and information from the post-drain
CT scan are used for port placement. A postoperative
lavage system and the placement of drains allow for
continued drainage of the debris. This approach may
have a role in selected patients with localized disease
(Fig. 15.3).

A combination of percutaneous radiologically con-
trolled procedures and minimally invasive techniques
was developed by Carter et al. from Glasgow. In this ex-
perience, the first four patients were treated by repeated
sinus tract endoscopy following establishment of the
tract at open laparotomy with percutaneous necrosec-
tomy; there were two deaths. This approach was re-
cently investigated by Connor et al. from Liverpool in

CHAPTER 15

137

Minimally invasive necrosectomy and lavage

A critical analysis of the three different surgical tech-
niques in necrotizing pancreatitis shows that these ap-
proaches are associated with a postoperative mortality
of around 25–35% in experienced hands. Unfortu-
nately, prospective studies comparing these surgical
techniques are still lacking.

In an attempt to reduce the high mortality and mor-
bidity with the classical open approach, Fagniez et al.
first reported a retroperitoneal approach for pancreatic
necrosectomy through the left flank just anterior to the
twelfth rib in 40 patients with necrotizing pancreatitis.
The retroperitoneal approach allows direct and com-
plete removal of necrotic tissue and adequate drainage
of the cavities with infected necrosis through the
retroperitoneum without involving other organs in the
abdominal cavity. The overall mortality rate was 33%,
but only 18% in the 22 patients in whom the retroperi-
toneal approach was the only abdominal procedure
performed. However, the technique was associated
with a high rate of complications (50%), especially
colonic fistula. This technique was used recently by
Nakasaki et al. in eight patients, with two deaths, five
reoperations, and a mean hospital stay of 48 days. 
We believe this approach has certain advantages 
over laparotomy in selected patients with localized 
infected necrosis.

Figure 15.2 Continuous postoperative closed lavage of the
lesser sac. Lavage is carried out using several double- and
single-lumen catheters.



24 patients, although it was not possible to complete
the technique in three patients for technical reasons. A
total of 88 procedures were performed, with a median
of four (range 0–8) per patient; 88% of patients 
developed 36 complications during the course of 
their illness. Five patients required an additional open
procedure, while six (25%) patients died. The median
postoperative hospital stay was 51 (range 5–200) days.
The authors believe that this minimally invasive
retroperitoneal approach is not suitable for all patients
with pancreatic necrosis, especially in those with dis-
ease involving the head and uncinate process, as percu-
taneous access is not always possible. Removing the
debris from the necrotic cavity can be time-consuming
as only small amounts can be removed at a time. The
hospital stay may also be longer and, combined with
the increased number of procedures, the cost compared
with open necrosectomy is likely to be higher. We hope
that these promising preliminary results will encourage
the development of better instruments to apply this
technique in patients severely ill with varying degrees of
organ dysfunction awaiting an open laparotomy. The
minimally invasive retroperitoneal approach might get
the patient through the initial high-risk period of the ill-
ness until they are well enough to tolerate the further 
insult of a definitive laparotomy.

Complications in 
the postoperative course

Complications of pancreatic necrosis may result from

spread of the inflammatory process to adjacent organs
(transverse colon or mesocolon, duodenum, portal
vein, and splenic vessels) or adverse effects at the time of
surgical treatment.

Most complications involve colon necrosis, intesti-
nal fistulas, bleeding, and pancreatic fistulas. Colon
necrosis develops early in the course of the disease as a
result of spread of intrapancreatic and peripancreatic
necrosis, the dangers being the increase in translocation
of the bacteria causing infection of the necrotic materi-
al and, eventually, bowel perforation and peritonitis.
Colonic perforation may result as a consequence of 
aggressive local treatment. Sarr et al. have reported an
incidence of 22% for colonic fistula in a series of 23
consecutive patients with necrotizing pancreatitis
treated by planned staged relaparotomies with 
repeated lavage. Gastrointestinal fistulas occurred in
13–27% of patients with pancreatic necrosis but over
half were iatrogenic, mostly after open packing. In a
study by Nordback et al., gastrointestinal fistulas were
major problems of laparostomy and developed in 55%
of their patients. Besides the influence of the surgical
approach on the occurrence of enteric fistulas, a poorly
positioned drain causing pressure necrosis on adjacent
hollow viscera is an additional iatrogenic cause of fis-
tulization. According to Tsiotos et al., most upper-gut
fistulas close spontaneously and only one-third require
operative closure. However, colonic fistulas appear to
require operative intervention, usually colon resection
and proximal colostomy.

In about 30% of the patients undergoing necrosec-
tomy and continuous closed lavage a reoperation is
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Figure 15.3 Computed tomography-
guided percutaneous drainage
followed by endoscopy hecrosectomy.



necessary because of formation of an abscess, with
reappearance of the clinical consequences of sepsis syn-
drome. The development of postoperative sepsis syn-
drome is caused by the separation of infected material
that is not drained or by the formation of a retroperi-
toneal abscess in areas of necrosis not primarily includ-
ed in the necrosectomy protocol. Contrast-enhanced
CT demonstrates the location of the abscess. The first-
choice treatment for an abscess appearing after necro-
sectomy is interventional CT-guided puncture and
drainage. In cases where interventional drainage fails
to interrupt the septic clinical course, an open reopera-
tion with surgical evacuation is mandatory.

Intraabdominal bleeding has been reported in 20%
of cases of necrotizing pancreatitis, and was more fre-
quently venous than arterial probably due to erosive
vasculitis secondary to activated pancreatic fluid and
bacteria. The splenic or mesocolonic vessels and the
portal vein are the most common sites of bleeding. 
Correct positioning of suction drains is important to
avoid hemorrhage. Also, when using open packing it is
recommended that a nonadherent interphase between
viscera or exposed blood vessels and the intraabdomi-
nal gauze packing is used in order to reduce the risk of
both fistulization and hemorrhage. Prompt surgical in-
tervention is the preferred treatment, although angiog-
raphy may be helpful for localization and, potentially,
definitive therapy.

Pancreatic fistulas are invariably associated with
pancreatic parenchymal necrosis and develop sec-
ondary to disruption of ductal continuity within the
necrotic pancreas. Uomo et al. reported that 30% of
patients with pancreatic necrosis had main pancreatic
duct disruption and were therefore prone to pseudocyst
formation and, if externally drained, to fistula forma-
tion. This complication occurred in 19–55% of pa-
tients after débridment for necrotizing pancreatitis.
Surgical trauma may play an important role in the fre-
quency of this complication. The great majority of pa-
tients are managed conservatively with gradual drain
advancement. However, in those in whom it persists, 
either an endoscopic sphincterotomy or placement of a
pancreatic stent usually results in resolution.

There have been a number of studies evaluating the
functional or morphologic changes (or both) that occur
after acute pancreatitis. Most showed that pancreatic
exocrine function is seriously impaired during the first
few days after pancreatitis. According to Fernández-
Cruz et al., at a later stage the pancreas gradually recov-

ers its normal function, although the recovery is not
complete in all patients. Certain of these studies should
be mentioned here. Angelini et al. observed, after a 4-
year follow-up study of 27 patients, that pancreatic ex-
ocrine function, which was impaired immediately after
the acute pancreatitis, gradually returned to normal.
Changes in the pancreatic duct persisted. Büchler et al.
examined pancreas morphology using CT and endo-
scopic retrograde cholangiopancreatography. They
found morphologic alterations after 12 months in 95%
of patients with alcohol-induced necrotic pancreatitis
and in 81% of those with biliary-induced pancreatitis.
These abnormalities persisted after 40 months in 91%
of alcoholic patients and in 47% of the biliary patients.
Exocrine pancreatic insufficiency was present after 12
months in 95% of the alcohol-induced cases; after 40
months, exocrine pancreatic insufficiency persisted in
68% of alcoholic patients and 30% of the biliary pa-
tients. After edematous pancreatitis, alcoholics again
had significantly more frequent exocrine pancreatic 
insufficiency than patients with biliary lithiasis once 
the episode was over.

All these studies indicate that the factors that appear
to have an effect on morphologic and functional
changes occurring after acute pancreatitis include the
severity of the episode and the etiology of the pancreati-
tis. Thus most patients who suffer necrotic pancreatitis
exhibit functional exocrine pancreatic insufficiency
during the first year after the attack. Some patients sub-
sequently regain normal function, but this alteration
persists in a high proportion.

Etiology is another of the determining factors in the
changes that take place after an attack of acute pancre-
atitis. Whereas with biliary-induced pancreatitis the
pancreatic functional alterations rarely persist beyond
a year, chronic alcoholism leads to exocrine pancreatic
dysfunction that can persist for months and may even
fail to return to normal. Morphologic changes too are
seen to be more related to the alcoholic etiology than to
biliary etiology.
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Introduction

Fortunately, most patients presenting with acute 
pancreatitis develop only an edematous nonsevere
form without pancreatic necrosis and thus have no 
risk of developing a necrotic collection. In contrast, 
patients with severe acute pancreatitis almost always
develop, because of necrosis, acute fluid collections
(often still called, erroneously, “phlegmon”). Necrosis
can develop from interstitial and interlobular fat 
tissue or from periductular areas but severity is 
mainly related to necrosis of acinar pancreatic
parenchyma.

In about 30–50% of patients presenting with severe
forms of acute pancreatitis, these collections turn into
pseudocysts over a period of several weeks (from 1 to 6,
usually more than 3). Pseudocysts can become infected
by intestinal bacteria and can thus transform into gen-
uine abscesses. Translocation of bacteria from the gut 
is greatly enhanced by the increased permeability of the
intestinal epithelium. In severe acute pancreatitis, only
a minority of these pancreatic pseudocysts resolve
spontaneously.

Initially, pseudocysts are limited in size by the neigh-
boring organs or structures. They contain a mixture 
of necrosis, blood, and fragments of pancreatic tissue.
Later, the necrotic contents can simply liquefy, whereas
in other cases necrosis induces ductal rupture and pan-
creatic juice effusion into or outside the initial cavity.
After the fourth week of evolution, the peripheral zone
of the cyst becomes fibrous but without an individual
wall. Analysis of the physical state of the cystic contents
is crucial in order to administer the most appropriate
treatment.

Clinical evolution: when to observe

It is generally accepted that pancreatic pseudocysts do
not resolve spontaneously after a period of 6 weeks:
this is completely wrong! Indeed, when lack of compli-
cations prompts no treatment, it is preferable to wait as
long as possible without any invasive treatment (as long
as the general condition of the patient does not deterio-
rate). Delcenserie et al. reported that 83% of patients
with severe acute pancreatitis (score E of Balthazar on
computed tomography (CT)) resolved completely in
20–280 days, with a complication rate of only 7.8%.
Maringhini et al. reported a 56% healing rate of cysts in
1 year, and Yeo et al. have reported that, among 75 such
patients, only 50% of them required surgical treat-
ment. Thus, whenever possible, it is always better to
manage patients without special treatment, for exam-
ple following them up medically in the intensive care
unit (ICU) and performing CT every 3 weeks. In our in-
stitution, contrary to what happens in North America,
we use ultrasonography as the main method for observ-
ing the constituents and level of organization of fluid
collections in these patients —it is easier to bring the 
ultrasonography equipment to the patient than the 
patient to the CT suite. Moreover, ultrasound appears
to be more reliable than CT for determining the pres-
ence of liquid in a cyst and the level of liquefaction: 
the reinforcement of ultrasonic transmission behind 
a cavity is a more precise sign than either the pattern 
or the density measured on CT. Finally, it is quicker 
and easier to perform an ultrasound-guided transcuta-
neous puncture than a CT-guided puncture. Such trans-
cutaneous punctures (which sometimes have to be
regularly repeated) allow the maturation of the cystic

16 Management of acute pancreatic
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contents and any infection that may follow to be 
monitored. Such investigations contribute to the deci-
sion about the necessity for, and type of, antibiotics 
required.

In most cases, the patient becomes symptomatic be-
cause of the evolution of these cavities. Pain is by far the
most frequent symptom, and in about 85% of cases it
represents the first sign. Typically, pancreatic pain is 
associated with nausea or vomiting. The persistence of
such symptoms for more than 7–10 days should alert
the physician to such a clinical eventuality. Fever is also
often present, sometimes with a very elevated tempera-
ture. An increase in white blood cells is always present
with signs of severe inflammation, such as enhanced C-
reactive protein (CRP), the level of which is considered
a good predictor of outcome for the patient. Such se-
verely ill patients should undergo an imaging examina-
tion in order to precisely delineate and analyze the
development, size, content, and evolution of necrosis of
possible liquid collections.

More worrying complications, such as signs of se-
vere infection leading to septic shock, may develop; in
such cases, the clinical condition of the patient deterio-
rates very rapidly, prompting specific treatment. A pal-
pable mass or epigastric tenderness may develop, while
in other cases signs of peritonitis appear. All treatments
include antibiotic administration according to the bac-
teriologic data provided by puncture and drainage of
the cavities. It is not necessary to define the pathogenic-
ity of the bacteria or fungi found in these collections
(Gram-negative, aerobic, anaerobic), since several in-
fectious factors are usually associated. Drainage can be
performed surgically, percutaneously, or endoscopi-
cally: it must be discussed regularly with all the dif-
ferent specialists involved in order to choose the most
appropriate method at the most appropriate time.

In other cases, the pseudocyst complicates locally: it
may induce compression of neighboring organs and
thus be responsible for specific symptoms. A collection
may induce jaundice by compression of the main bile
duct within the pancreas. The patient may either devel-
op a silent isolated jaundice, identical to that produced
by carcinoma of the head of the pancreas, or more fre-
quently an angiocholitis, which is not always easy to di-
agnose in patients who already have sepsis. Increased
fever and chills are associated with a progressive in-
crease in biological cholestasis and progressive jaun-
dice, sometimes of variable intensity. Once again,
imaging techniques such as ultrasonography or CT 

are essential for proving that distension of the main 
bile duct is due to compression and for showing the pre-
cise localization of the obstacle as well as its nature. In
some cases, the collection may be relatively distant
from the bile duct but nonetheless is able to block the
bile duct by one of its extensions. Gastric compression,
especially of the antral part of the stomach, may be 
responsible for exacerbation of vomiting. Besides
imaging techniques, a gastroscopy will demonstrate 
the gastric or duodenal compression and its precise
anatomic localization.

Fistulization of the cyst may lead to a sudden clinical
improvement if this occurs directly within the digestive
tract itself (duodenum, stomach, or even jejunum).
After a short symptomatic exacerbation, the collection
will decrease in size, as can be demonstrated clinically
or by imaging techniques. In contrast, if the opening de-
velops in a noncommunicating space, specific compli-
cations will occur: infected ascites (which will not be
rich in pancreatic enzymes), responsible for peritoneal
infection with a high risk of peritonitis; or an infected
pleural effusion, responsible for respiratory failure.
The perforation of a cystic cavity within the colon is
particularly dramatic: acute liquid diarrhea and sudden
enhancement of preexisting infection, together with
peritoneal infection, make the situation very difficult to
manage, whatever the treatment initiated, and associ-
ated with a very high mortality.

Finally, the presence of variable amounts of pancre-
atic enzymes inside a pseudocyst may induce some 
erosion of vessels neighboring the limits of the cyst
(well-organized walls are unusual) and thus bleeding
ensues, the severity of which will depend on the type of
vessel (artery or vein) disrupted and its anatomic loca-
tion (in the cyst or in the digestive tract or an anatomic
cavity). The vessel involved is also important. Unfortu-
nately, in most cases, this is one of the three branches of
the celiac axis. In this case, acute or subacute pain will
be associated with hematemesis and sudden loss of red
blood cells leading to acute anemia; at the same time,
imaging techniques will demonstrate a parallel increase
in the diameter of the collection. In this situation, one
must be very careful before performing a puncture (ei-
ther endoscopic or transcutaneous) because this could
induce sudden but nonlimited decompression of the
cystic contents and thus a noncontrolled relapse of he-
morrhage, with a very poor prognosis.

In the latter case, unfortunately the most usually 
encountered, the hemorrhagic syndrome will be 
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unmistakable, associated with hematemesis and me-
lena of extreme severity and thus of very high mortality,
whatever the treatment initiated. In these conditions,
the most effective treatment is radiologic embolization
of the bleeding artery and not surgery. The final clinical
picture is represented by sudden ascites or pleural 
effusion that develops with the blood loss. Here 
again, a puncture of significant volume could be very
deleterious.

Treatment: when and how to drain

It has already been mentioned that as long as the clinical
condition of the patient does not deteriorate, it is al-
ways best to wait. If symptomatic treatments initiated
in the ICU are sufficient to manage the clinical prob-
lems presented by the patient, nothing particular has 
to be performed, except total parenteral nutrition and
gastric aspiration, which are mandatory. Improvement
in care in general, and especially in the ICU, is probably
the most important factor for the decreased mortality
observed in patients with severe acute pancreatitis. En-
teral nutrition, directly administered into the jejunum,
has proved to be as effective as the parenteral route with
less specific complications. Of course, the search for a
cystic infection must be continued, including results of
repeated punctures of the cyst in order to follow the
level of liquefaction. As soon as an area of pancreatic
necrosis or a pseudocyst has been demonstrated to be
infected, specific antibiotic therapy, guided by bacterio-
logic data, should be initiated intravenously.

Schematically, therefore, two scenarios are possible
in this kind of situation: either the patient does not re-
quire any special drainage and no specific treatment has
to be initiated for a number of weeks (see above) or a
complication, whatever it is, develops and drainage be-
comes essential. In the case of a rapid clinical recovery
without local pancreatic complications, even though
important collections may be detected on CT, it is not
necessary to attempt drainage. These collections may
produce no clinical symptoms for some patients for a
number of months: as long as any secondary sponta-
neous infection or portal segmental hypertension does
not develop, it is best to resist the temptation to treat
these silent cavities. Only in the second scenario does
treatment need to be envisaged: the type of therapeutic
approach will depend on the size of the collection and
its localization within the pancreas. In this case, as in

the much more frequent one of a complicated evolu-
tion, the question of cyst drainage will emerge. Several
techniques are available and are discussed below.

Percutaneous puncture or drainage

The simplest approach consists of percutaneous punc-
ture with aspiration of the cystic contents. The punc-
ture can be guided using either ultrasonography or CT,
depending on availability and custom (including skill-
fulness of radiologists or gastroenterologists in charge
of the patient). This simple technique is usually per-
formed under local anesthesia. A relatively large needle
should always be preferred to one of smaller diameter
(ranging from 19 to 12 French gauge). Part of the aspi-
rated liquid should be sent for biological and bacterio-
logic analysis. This direct approach is only effective in
pseudocysts with relatively well-organized walls, with-
out any communication with the ductal system, and
with nonsevere infection; the content has also to be ho-
mogeneous and relatively fluid in order to allow aspira-
tion through the fine needle. All these restrictions
readily explain why only a few percent of patients heal
with a single puncture. It can, of course, be repeated
with no special risks, if the cyst contents are fluid
enough to allow reasonable hope of treating the patient
adequately.

If the cyst relapses soon after an initial percutaneous
puncture, one can complete this therapeutic approach
by using permanent drainage. The drain is usually 
introduced using the Seldinger technique, over a
guidewire, under ultrasonographic control. The diam-
eter of the drain is chosen to suit the viscosity of the cyst
contents: 7–10 French gauge if the liquid is very fluid;
up to 20 or even 30 French gauge in the more frequent
case of infected contents (pus, necrotic debris, or pan-
creatic juice). The most direct route should be followed
in order to avoid any risk of perforating the colon, liver,
or spleen. The healing rate of infected collections 
treated using this technique has been reported very dif-
ferently in the literature, between 21 and 75% accord-
ing to different series. All the reported results mention
the importance of recurrence rate, which ranges from
16 to 32%. The weak point of this technique is its dura-
tion, from 20 days to more than 3 months, with impor-
tant risks for secondary infections due to the catheter
itself. Morbidity and mortality are also associated with
hemorrhage and fistulas, which can partly explain the
long duration of treatment.
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Surgical treatment

The oldest and probably the most used treatments are
surgical. External drainage is no longer used: it was
only chosen in cases of infected collections with imma-
ture walls that were unable to accept any surgical su-
ture. Since echo-guided punctures now allow the level
of maturity of cysts to be followed, this technique has
become redundant. Pseudocyst excision is usually only
performed in cases of chronic pancreatitis, which is not
the subject of this chapter.

The most widely used surgical technique is classical
cystogastrostomy, described as the Juracz intervention
(Fig. 16.1). In most cases, large collections are located
just behind the posterior wall of the stomach, a situa-
tion favorable for the surgeon. At the beginning of the

operation, the cyst contents are aspirated into a syringe;
then both the anterior and posterior gastric walls are
opened as is the anterior wall of the cyst. A large suture
(6–9cm or even more) is introduced between the cyst
and stomach. If a hemorrhage is detected at aspiration,
the origin of the bleeding has to be meticulously
searched for and eliminated. Symptoms disappear
rapidly in most cases, although complications and 
recurrences are not unusual (10–30% and 5–31%, 
respectively). Mortality is around 5%.

When the anatomic location of the collection is fa-
vorable, i.e., a smaller cyst in the right part of the head
of the pancreas, a cystoduodenostomy using the same
technique could be performed (Fig. 16.2). This has the
same rate of complications as the Juracz intervention.
In France, a cystojejunostomy on a Roux-en-Y is often
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Figure 16.1 Cystogastrostomy. (a, b) Computed
tomography scans demonstrate the close relationship
between the stomach (s) and cyst (c). (c) The
cystogastrostomy was equipped with two double-pigtail

Figure 16.2 Double cystoduodenostomy using the same
orifice performed with a needle knife (Boston Scientific). (a)
After opacification of the first cyst (c1), the first double-
pigtail prosthesis is inserted (p). (b) Opacification of the
second cyst (c2) and insertion of a simple pigtail prosthesis.

(c) Injection of the strictured main bile duct (MBD) drained
by a temporary biliary endoprosthesis. (d) Due to infection of
the cavities, an external temporary nasocystic drain was also
inserted, allowing lavages of the cyst.

endoprostheses, one being within the duodenum while the
other is in the cyst and also in a nasocystic drain for some
days (d).
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preferred but is far less easy to perform than in cases of
chronic pancreatitis.

Finally, pancreatectomy is sometimes performed
when the collection is tightly associated to the pancre-
atic tail, although mortality and morbidity are signifi-
cantly higher than with the other surgical techniques
and thus it should be avoided as often as possible, 
especially if the pancreas is still pathologic.

Endoscopic treatment

Over the last 13 years, endoscopic approaches to pan-
creatic cysts and infected collections have improved
tremendously. All these techniques depend on the
anatomic location of the cyst to be treated. Thus every
endoscopic approach begins with a careful examination
of the upper digestive tract using a side-viewing duo-
denoscope equipped with a large working channel
(4.2 mm). The first attempt was reported by Liguory
and coworkers in 1990. A large cyst located in the body
or tail of the pancreas frequently bulges into the posteri-
or wall of the stomach; this bulging, which represents a
proximity (< 10 mm) between the cystic and gastric

walls, must be investigated first. At the point of maxi-
mum bulging, under both visual and X-ray guidance, a
diathermic needle is introduced into the cyst cavity. Im-
mediately after this, the communication between the
cyst and the stomach is secured by the deep introduction
of a guidewire into the cyst; several loops are usually
preferable in order to delineate cyst size without having
to inject contrast medium. A catheter is introduced over
the guidewire in order to aspirate cyst contents for labo-
ratory analysis. Usually, the best description of the
anatomy is obtained by injection of contrast medium.

The cystogastrostomy can now be performed, either
by cutting the gastric wall up to 10 mm with a papillo-
tome or, preferably, by dilating the communication up
to 8 or 10 mm using an inflatable hydraulic balloon;
this technique almost eliminates the risk of hemor-
rhage. In order to maintain the patency of the commu-
nication, the cystogastrostomy is equipped with one,
preferably two, double-pigtail plastic stents, the diame-
ter of which range from 7 to 10 French gauge (Fig 16.1,
p. 144). Their length is adapted to the distance between
the two cavities (Fig 16.3). Often, when the cyst con-
tents are too viscous and heterogeneous, it is preferble
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Figure 16.3 (a, b) Computed
tomography scans delineate the two
cysts in the body and tail of the
pancreas. (c) Opacification
demonstrates communication between
the pancreatic duct and the bilocular
cavity (C). (d) A transpapilllary simple
pigtail prosthesis was inserted deep up
to the left part of the cyst.



to also insert nasocystic external temporary drainage:
this allows the inside of the cavity to be flushed regu-
larly and the washing liquid to be aspirated thereafter.
The same kind of internal drainage can also be per-
formed after endosonography for determining a zone
of puncture devoid of vessels or directly through an
echoendoscope as described by Giovannini et al. The
same principle has also been described using a com-
bination of percutaneous and endoscopic methods, the
stent between stomach and cyst being delivered over 
an echo-guided percutaneous catheter and correctly
positioned using the gastroscope.

Such internal endoscopic drainage has a morbidity
evaluated at around 10%, mainly due to perforation 
or hemorrhage. Recurrence is often observed, which
should prompt another endoscopic intervention con-
sisting of an exchange of stents with careful washing of
the inside of the cyst. Sometimes, enlargement of the
communication has to be performed. Eventually, cysto-
scopies (endoscopic examination of the inside of a cys-
tic cavity) can be performed.

Of the last 16 patients we have treated using this kind
of endoscopic approach, direct cystogastrostomy has
been performed five times. One case was complicated
by a hemorrhage that was treated endoscopically by in-
jection of local vasoactive agent. The mean size of the
cavities was over 18 cm. Another patient had to be 
operated on because of recurrence and massive infec-
tion after the first endoscopic procedure. The other
three patients healed completely after four endoscopic 
procedures, as described earlier.

The second endoscopic approach is cystoduodenos-
tomy, which is very similar to but easier and safer than
cystogastrostomy; it necessitates a well-defined bulging
of the cyst into the second or third part of the duodenum
(Fig 16.2, p. 144). The surgeon can also perform this
kind of communication in the third part of the duode-
num with the help of an echoendoscope. The technique is
absolutely identical to that used through the stomach.
Mortality and morbidity rates are lower than those for
cystogastrostomy because of the much closer relation-
ship between duodenum and pancreas than between
stomach and pancreas. However, fewer patients with
large necrotic collections after acute pancreatitis are suit-
able for this approach: in our series, only 3 of 16 patients
could be treated by this safe method. Those patients with
a long distance and, therefore, communication between
the cyst and the duodenum require a larger number of
endoscopic interventions (mean of seven).

The third endoscopic technique is indirect access to
the collection through the main pancreatic duct itself
(Fig 16.3, p. 145). When the cyst does not bulge 
obviously within the digestive tract, communication 
between the cyst and the ductal system has to be investi-
gated. After injection of contrast material into the duct
through the papilla (the main one or, in some cases, the
minor one), some leak is often demonstrated, leading to
the possibility that this route can be used for treatment.
A hydrophilic guidewire is introduced into the origin of
the leak via the papilla, thus accessing the collection.
Once the guidewire has been deeply introduced into the
collection, an inflatable hydraulic balloon, introduced
over the guidewire, dilates the communication and
thereafter a simple pigtail endoprosthesis is pushed up
inside the cyst in order to perform cystoduodenostomy.
This technique has the tremendous advantage of being
completely bloodless and thus there is no risk of bleed-
ing or perforation. In contrast, its disadvantage is the
limitation in the size and number of drainage catheters
that can be placed through the papilla because of the
generally small diameter of the main pancreatic duct in
patients without previous pancreatic pathology. This
method of treatment has been used in 11 of our pa-
tients, including two cases where access was through
the minor papilla; in other words, some patients have
had more than one approach to optimize the drainage.
Four interventions were performed in each of these pa-
tients. The anatomic localization of the collection is not
a limitation for this transpapillary approach: in five
cases, the pseudocyst was located in the tail of the pan-
creas. The observed complications included an increase
in septic syndrome in five cases, all treated medically
and endoscopically, these patients requiring an ex-
change of the drainage material as an emergency. In two
patients with a caudal pancreatic lesion, a 10 F endo-
prosthesis was introduced up to the left part of the 
abdomen and a colonic fistula was observed; this was
treated medically with total parenteral nutrition for 10
days, antibiotics, and endoprosthesis exchange.

In this series of 15 very severely ill patients following
severe acute pancreatitis, only one of them died because
of an antibiotic-resistant infection that was impossible
to drain either endoscopically or surgically, the patient
having been operated twice, before and after the 
endoscopic attempt. Four patients did require delayed
surgery, which appeared of less gravity due to the much
better general condition of the patients and the better
maturation of the cyst wall.
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most of the situations presented by the most difficult
patients.
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In conclusion, consideration should be given to 
treating these very large, complicated, and infected
postnecrotic pseudocysts endoscopically, i.e., without
initial surgery but with more interventional procedures
that yield healing times ranging from 1 to 11 months.

Conclusions

The treatment of complicated severe acute pancreatitis
is changing, the most important decrease in mortality
having been achieved by improvements in medical
care. The decrease in early surgery has also partici-
pated in the improved rate of survival. Pseudocysts and
necrotic collections are no longer the main problem
presented by these patients: so many different tech-
niques of treatment have been described and progres-
sively improved recently. The place of each of them in
treatment is still a matter of debate but, with time, one
can adapt more precisely the best approach to each 
individual case.

When cysts are not symptomatic and as long as the
general condition of the patient is not deteriorating,
there is no indication for drainage, which is always dif-
ficult and adventurous, whatever the technique.

In contrast, if a complication prompts drainage, in
our opinion surgery should not be the first option. 
Depending mainly on the time elapsed between the
acute phase and maturation of the collection, a simple
puncture (with or without associated percutaneous
drainage) should be preferred if the cystic contents are
particularly fluid and not severely infected, i.e., when
the cyst is relatively “organized.” When the pseudocyst
is immature, it is best to wait as long as necessary, while
following the level of organization and liquefaction of
the cystic content. As soon as the cyst is considered suit-
able for treatment, different techniques are available,
although there has been no demonstration of clear-cut
advantages of one over another.

In our experience, we feel that an initial approach
with endoscopy may avoid surgery completely or post-
pone it up to the time where surgical drainage becomes
easy and thus safe and effective in one single procedure.
For us, the only contraindication lies in surgical
drainage in patients presenting with an immature cyst;
in these circumstances, there is a risk that surgery could
worsen the clinical picture.

Finally, one has always to keep in mind that these
modalities are not incompatible but complementary in
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Definition, clarification of concepts, 
and frequency

Pancreatic abscess is currently defined as a circum-
scribed intraabdominal collection of pus, usually in
proximity to the pancreas, containing little or no pan-
creatic necrosis that arises as a consequence of acute
pancreatitis or pancreatic trauma. This definition con-
tains two key concepts: the presence of pus (i.e., infec-
tion) and the fact that the result of the infection 
is bounded by adjacent tissues and organs (i.e., is 
encapsulated).

It is extremely important to discriminate pancreatic
abscess from infected pancreatic necrosis, the other
local septic complication in acute pancreatitis, and
from other nonseptic local complications (sterile 
necrosis, pseudocysts, and fluid collections). Thus, it is
worthwhile reviewing concepts and pointing out the
differences among these entities.

Pancreatic necrosis is a diffuse or focal area of nonvi-
able pancreatic parenchyma demonstrated by imaging
techniques, specifically contrast-enhanced computed
tomography (CT). Characteristically it is associated
with peripancreatic fat necrosis that spreads diffusely
through the retroperitoneum without signs of encap-
sulation. When the presence of bacteria or fungi 
is demonstrated within these areas of nonviable
parenchyma or peripancreatic fat necrosis, the diagno-
sis of infected pancreatic necrosis is established. A
pseudocyst is a collection of pancreatic juice enclosed
by a wall of fibrous or granulation tissue, and thus the
content of the collection differentiates a pancreatic ab-
scess from a pseudocyst. Finally, the differences be-
tween pancreatic abscess and acute fluid collection are

the nature of the material (pus versus exudative or
serosanguineous fluid), timing of occurrence (late 
versus early), and especially encapsulation (present in
the case of pancreatic abscess versus absent in acute
fluid collection).

A precise estimation of the real frequency of pancre-
atic abscess was not possible until clear definitions 
of acute pancreatitis complications were established.
Since then, the main series of secondary pancreatic in-
fections have referred to an incidence of pancreatic ab-
scess in 3–9% of all patients with acute pancreatitis.
This represents approximately one-third to half of the
cases reported as infected pancreatic necrosis. There-
fore, it must be clearly stated that the most frequent
local septic complication in severe acute pancreatitis 
is infected necrosis, pancreatic abscess being less 
common.

Pathogenesis

The origin of a pancreatic abscess is probably the
necrotic pancreatic tissue contaminated with bacteria.
The ability of the human organism to maintain the in-
fection within certain limits by forming a rim of granu-
lation tissue leads to localized progressive liquefaction
of the necrotic tissues and pus formation. On the other
hand, when the infection spreads in an unlimited way
within the devitalized surrounding tissues, the conse-
quence is infected pancreatic necrosis. In this sense, the
immunologic capacity of the patient may play an im-
portant role, since in pancreatic abscess host defenses
seem better able to confine the infection than in infected 
pancreatic necrosis.
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Microbiology

The species of pathogens isolated from the infected
pancreas suggest an enteric origin in both pancreatic
abscess and infected pancreatic necrosis. Nevertheless,
the origin and route of the bacteria leading to infection
of the pancreatic gland in acute pancreatitis are still un-
clear. Several mechanisms have been proposed to ex-
plain how these enteric bacteria reach the pancreas:
translocation of bacteria from the gut, infection from
the biliary tree or duodenum, as well as hematogenous
or lymphatic spread from other sites.

Pancreatic abscesses are more frequently polymicro-
bial (57%) than monomicrobial (43%). This fact 
contrasts with infected pancreatic necrosis, where 
monomicrobial infection is usually found. The most
commonly isolated microorganisms in pancreatic 
abscesses are Escherichia coli, Enterococcus spp.,
Klebsiella pneumoniae, and Enterobacter spp.; less 
frequent are Staphylococcus spp., Pseudomonas
aeruginosa, Streptococcus spp., and Bacteroides. Up to
now anaerobes and fungi have rarely been reported;
however, the bacterial spectrum may change in the near
future due to the use of specific antibiotics leading to 
an increase in different microorganisms, especially
fungi.

Pathology

As previously defined, a pancreatic abscess is a collec-
tion of pus, usually with little or no necrotic tissue and
surrounded by a more-or-less distinct inflammatory
capsule or pseudocapsule. Abscesses are usually multi-
ple and can be unilocular or multilocular. The exten-
sion may involve the entire gland (20%), or may be
predominantly right-sided (35%) and related to the
head of the gland, or predominantly left-sided (45%) in
the proximity of the body or pancreatic tail. Abscesses
commonly extend to one or more of the following
areas: the transverse mesocolon, the root of the mesen-
tery, the paracolic or subdiaphragmatic spaces.

Clinical and laboratory features

The general unpredictable and variable course of acute
pancreatitis can also be applied to its complications. In
this regard, the clinical presentation of pancreatic ab-

scess may vary from an indolent, almost asymptomatic
course to a severe septic status.

In most patients the clinical expression of acute 
pancreatitis complicated with pancreatic abscess ex-
hibits a biphasic evolution: after completion of the
toxic phase during the first and second weeks of the dis-
ease, the patient enters into a variable period of well-
being for several (2–4) weeks that usually ends with the
onset of clinical signs of sepsis. Thus, and this is a very
important characteristic of this complication, the diag-
nosis of pancreatic abscess will usually be late, no 
earlier than the fourth or fifth week from the onset of
pancreatitis. Differing from this clinical pattern, infect-
ed pancreatic necrosis is characterized by an overlap-
ping biphasic trend. After an initial “toxic” phase,
clinical elements of concomitant sepsis appear, without
the period of recovery and improvement outlined
above. Therefore, the diagnosis of infected pancreatic
necrosis is usually earlier, within the second or third
week of the onset of the disease. This different clinical
pattern may be helpful from a clinical point of view for
distinguishing between infected pancreatic necrosis
and pancreatic abscess, since signs and symptoms are
usually the same and nonspecific.

Secondary pancreatic infections are usually associat-
ed with fever and pyrexia greater than 38∞C: in the case
of pancreatic abscess the fever adopts an undulating
pattern, arising from transient bacteremia, different
from the more constant pattern of the fever in infected
pancreatic necrosis. Also, most patients complain of
epigastric pain, frequently radiating to the back or
flank and associated with nausea and vomiting. A great
variety of other abdominal features can be observed,
among them distension, guarding, rebound, and palpa-
ble mass. This latter sign is identified in approximately
40% of cases.

Patients with pancreatic abscess usually have a lower
Ranson score and Acute Physiology and Chronic
Health Evaluation (APACHE) II score than those with
infected pancreatic necrosis. The lesser morbidity, espe-
cially systemic complications, associated with pancreat-
ic abscess is the reason why these scores are lower in
pancreatic abscess than in infected pancreatic necrosis.

Although pancreatic abscess is generally less severe
than infected pancreatic necrosis, a series of life-
threatening complications may appear secondary to
the evolution of the abscess that the medical team
should be aware of. Especially relevant are bleeding 
in the gastrointestinal tract, perforation into the free 
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peritoneal cavity or neighboring hollow viscera, hem-
orrhage into the abscess cavity, pancreatopleural fistula
with empyema, endocarditis, and finally diabetes due
to progressive destruction of pancreatic tissue.

There are no specific and useful laboratory parame-
ters for the diagnosis of pancreatic abscess. In fact the
most frequent laboratory finding is leukocytosis and, if
any other, the absence of specific signs of acute pancre-
atitis such as hyperamylasemia and elevated C-reactive
protein. An additional consideration must be made re-
garding blood cultures: they are rarely positive due to
the fact that bacteremia from an abscess tends to be in-
termittent and transient.

Diagnosis

The diagnosis of pancreatic abscess is based on clinical
suspicion, imaging techniques, and demonstration of
infection. Since clinical presentation may be very vari-
able, pancreatic infection should be suspected in any
patient with fever or suggestive signs or symptoms of
sepsis within the context of acute pancreatitis. Pancre-
atic abscess should be highly suspected when fever ap-
pears during the fourth or fifth week of evolution.

During the first 2 weeks of the disease, fever and signs
of sepsis will probably reflect the inflammatory process
and the presence of necrosis, but not necessarily infec-
tion. After the second week of disease, clinical features
suggesting sepsis will probably reflect infection. Be-
tween the second and third weeks of the disease, infec-
tion of the necrosis should be suspected. When such
signs appear later, and specifically if they appear after 
a period of well-being, the first suspected diagnosis
should be pancreatic abscess.

A differential diagnosis can be established by con-
trast-enhanced CT. This imaging technique is consid-
ered at present the gold standard and should always be
available when treating patients with acute pancreati-
tis. The information obtained from this exploration is
very concrete:
• Whether or not there is necrosis of the pancreas, its
extent and location.
• The presence of fluid collections, their number, loca-
tion, characteristics, and whether they are surrounded
by a wall (Fig. 17.1): for this purpose good bowel
opacification with oral contrast is important for dis-
criminating abdominal fluid collections from loops of
bowel during CT examination.

• The presence of gas bubbles within the fluid collec-
tions, a pathognomonic feature of pancreatic infection
(Fig. 17.2).
However, the limits of this exploration must be taken
into account: firstly, in the absence of gas bubbles, CT
cannot recognize the presence of infection; secondly,
CT cannot discriminate between an abscess and a
pseudocyst.

The final step for definitive diagnosis is demonstra-
tion of infection by needle aspiration. This can be
achieved by several methods: via the percutaneous
route guided by ultrasonography or CT, or via the 
gastrointestinal tract guided by endoscopic ultra-
sonography. The aspirated sample is immediately
Gram-stained and cultured under aerobic and 
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Figure 17.1 Computed tomography scan reveals a large
unilocular pancreatic abscess. Aspiration yielded purulent
fluid.

Figure 17.2 Computed tomography scan shows irregular
and multilocular gas-filled abscesses.



anaerobic conditions. Depending on the characteristics
of the fluid, the aspiration should also be examined for
its content of pancreatic enzymes. The combination of
imaging techniques and aspiration permits a precise 
diagnosis in 90–95% of cases.

A summary of the differences between pancreatic 
abscess and infected pancreatic necrosis is shown in
Table 17.1.

Treatment

Once a pancreatic abscess has been diagnosed the treat-
ment is complete drainage. Pancreatic abscesses do not
resolve spontaneously and, if untreated, the prognosis
of a patient is almost invariably death. Nowadays, 
two different approaches can be considered for 
primary drainage of a pancreatic abscess: surgical 
and percutaneous.

Classically, drainage of a pancreatic abscess was al-
ways surgical. As a result of the mortality and compli-
cations associated with operative therapy and with the
advances in methodology of percutaneous drainage of
abdominal abscesses, during the last decade there was
great enthusiasm for the transcutaneous route as pri-
mary treatment of pancreatic abscesses. Nevertheless,
subsequent studies have shown the limitations of this
approach, resulting in a lower rate of success than was
initially believed. Although by definition a pancreatic
abscess contains little or no necrotic tissue, clinical
practice shows that there is always a proportion of
necrotic tissue and solid debris within the abscess cavity
that cannot pass through the catheters; hence the limi-
tations of percutaneous treatment. This is why the first

therapeutic approach to pancreatic abscess in patients
fit for surgery should still be surgical and not radiolog-
ic, as occurs with intraabdominal abscesses of nonpan-
creatic origin.

Surgical techniques

The aims of the primary surgical intervention are to
perform a thorough extraction and cleansing of the 
purulent material, unroofing of the abscess cavities,
débridement, removal of necrotic tissue, and placement
of drains. Surgery starts with a midline or bilateral sub-
costal incision, reaching the pancreas through the gas-
trocolic omentum. These maneuvers allow entry to the
abscess cavity, thus enabling the surgeon to drain and
aspirate its content of pus. A large window is made in
the abscess capsule, and the necrotic tissue contained
within the abscess is removed. Débridement must be
performed very carefully by blunt dissection, using
one’s fingers or sponge forceps. Extensive irrigation
with a certain degree of pressure on the cavity helps to
release fragments of necrotic debris.

Management of the abscess cavity includes several
options. The first approach is closed continuous local
lavage. In this technique, two or more large double sili-
cone rubber tubes are inserted within the lesser sac 
and infected areas (Fig. 17.3). Gastrocolic and duode-
nocolic ligaments are then sutured to create a closed
retroperitoneal lesser sac compartment for the postop-
erative continuous lavage. The lavage provides atrau-
matic and continuous evacuation of devitalized tissues
and detritus that mechanically cleans the inflamed area.
During the postoperative course the amount of lavage
fluid is 1L/hour; as outflow fluid becomes cleaner dur-
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Table 17.1 Local septic complications in acute pancreatitis: differential diagnosis between pancreatic abscess and infected
pancreatic necrosis.

Pancreatic abscess Infected pancreatic necrosis

Definition Collection of pus encapsulated Nonviable pancreatic parenchyma
Timing Fourth to fifth week Second to third week
Clinical course Biphasic (with an interphase of recovery) Overlapping biphasic
Microbiology Polymicrobial Monomicrobial
Systemic complications Rare Frequent
Imaging (computed tomography) Encapsulated material high density Lack of enhancement in ≥ 30% of 

(> 15 HU) pancreas (< 50 HU)



ing the following days, lavage can be stopped and the
drainage tubes removed stepwise. This is, in our 
opinion, the recommended technique for the majority
of cases of pancreatic abscess. The results of this ap-
proach are excellent, with a mortality rate of 8–29%.
However, with this technique lavage is limited to the
lesser sac and therefore if the process extends beyond
this anatomic compartment or there is a great propor-
tion of necrotic tissue, this technique may not be the
most advisable.

The second approach for management of the resid-
ual cavity is the open-packing technique. With this
method the entire lesser sac and all extensions of the
pancreatic abscess are packed with moist pads, the 
abdomen is left open, and the patient undergoes re-
explorations every 48 hours for further drainage and
débridement until the cavity has begun granulation.
This technique shows its major benefits in patients with
an extensive component of necrosis accompanying the
abscess, especially those with necrosis beyond the
colonic flexures. The mortality rate with this technique
ranges from 9 to 22%, its main drawbacks being a high
incidence of intestinal fistulas due to the repeated reex-
plorations and of incisional hernias due to secondary
healing of the wound.

Finally, there is a third option, which involves 
inserting a series of soft silicone rubber closed-suction
drains (Jackson–Pratt) and Penrose drains stuffed with
gauze into all extensions of the abscesses. Once the
drains have been inserted the abdomen is closed. As the
patient improves the drains are slowly advanced out 
to allow the cavity to collapse as healing occurs. The

mortality rate with this approach has been described 
as low as 5% for pancreatic abscess, the main 
complication being a high incidence of pancreatic 
fistula.

The present tendency is to consider each approach as
equally valid, the choice depending on the case. These
techniques could also complement each other: for ex-
ample, in a case of a very extensive pancreatic abscess
with a high proportion of necrotic tissue, it would be
advisable to start with an open-packing technique and,
as the cavity heals, to insert the drains for lavage and
close the abdomen.

Percutaneous drainage

Transcutaneous drainage has been proposed as an al-
ternative to surgery for the primary treatment of pan-
creatic abscess. Exceptional series aside, results have
been disappointing and this treatment is generally no
longer considered to be the most adequate. Nonethe-
less, the two situations in which percutaneous drainage
is considered the first option for treatment of pancreatic
abscess are, firstly, residual or recurrent pancreatic 
abscesses after a primary surgical approach in which
most of the necrotic or solid material has been re-
moved; and, secondly, as a temporary measure in ex-
ceedingly high-risk patients. In the first situation the
percutaneous approach is usually successful, avoids a
difficult reoperation with the associated risk of intesti-
nal fistula, and therefore has become a well-established
indication. The rationale for using this therapy in pa-
tients presenting an extremely high surgical risk is to
give them time to recover in readiness for the operation.
However, this latter indication has a much lower rate of
success than the drainage of postoperative pancreatic
abscesses.

Image-guided percutaneous catheter drainage is car-
ried out under local anesthesia. Localization of the ab-
scess or abscesses is performed by imaging techniques,
basically CT, and once identified, a catheter or multiple
catheters of different sizes are inserted into the cavities.
These catheters remain in place until drainage ceases,
the clinical situation improves, and follow-up CT re-
veals resolution of the abscess. Nevertheless, the high
rate of success when treating residual or recurrent 
pancreatic abscesses does not imply it is an easy 
therapy, since patients will require the insertion of 
several catheters, frequent catheter manipulations 
and changes, and a long duration of catheter drainage.
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Figure 17.3 Position of drainage tubes for local lavage of the
abscess cavity.



Role of antibiotics

Sepsis is the main cause of death in secondary pancreat-
ic infections. Therefore the use of antibiotics associated
with drainage in pancreatic abscesses is almost univer-
sal. Appropriate antibiotic therapy depends on the
identification of the causative microorganisms and 
sensitivity testing. Meanwhile several options have
been recommended: a combination of ceftazidime 
and clindamycin; a combination of ciprofloxacin and
metronidazole; or carbapenems as a single agent due 
to its extremely broad spectrum of activity. The recom-
mended duration of antibiotic therapy is unknown, 
but common sense suggests maintaining the treatment
as long as the septic state persists.

Prognosis

Infected pancreatic necrosis and pancreatic abscess 
are at present the main causes of mortality in acute 
pancreatitis. The single most important factor lead-
ing to a poor outcome in patients with pancreatic 
abscess is late diagnosis. The prognosis improves 
greatly with a prompt diagnosis and adequate treat-
ment, resulting in mortality rates of 5–10%, whereas
infected pancreatic necrosis shows higher mortality
rates (20–50%).

An important factor that needs special attention is
the possible changes in endocrine and exocrine func-
tion after treating pancreatic abscesses. Thus, monitor-
ing both pancreatic functions becomes essential for the
care of these patients.

Looking at the future: 
therapeutic perspectives

Advances in medical technology may open a door to
new approaches that would minimize the aggressive-
ness of current techniques when draining pancreatic
abscesses, while achieving a high rate of success. Thus,
the armamentarium for treatment of pancreatic abscess
is already increasing with the new procedures currently
under investigation.

Let us consider firstly laparoscopic-assisted percuta-
neous drainage: this approach, which combines the ad-
vantages of the percutaneous route for draining fluids
of the abscess cavity with the laparoscopic route that 

allows removal of the debris in the cavity, overcomes
the limitations of percutaneous catheter drainage. A
second idea currently under investigation is to drain the
abscess cavity through the gastrointestinal tract by en-
doscopic means. The endoscopic transmural technique
aims to drain the abscess cavity into the gastrointestinal
lumen by endoscopic fistulization and subsequently
place stents in the cavity. To determine the site for fis-
tulization and also to rule out the presence of vascular
structures, endoscopic ultrasound is proving to be a re-
markable aid. Additionally, this technique allows inser-
tion of nasopancreatic abscess drains for irrigation of
the cavity. Thirdly, although related to the previous
method, the endoscopic transpapillary drainage tech-
nique drains the abscess by inserting stents through the
papilla of Vater.

These techniques, albeit attractive, remain at present
within the context of investigation and cannot as yet be
recommended for routine use.
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Introduction

Following the consensus reports of Atlanta and 
Santorini, acute pancreatitis is defined as an acute 
inflammatory process of the pancreatic gland with 
involvement of the peripancreatic tissues and remote
organ systems.

Mild acute pancreatitis is associated with minimal
organ dysfunction, without local or systemic complica-
tions, and recovery is complete after initial conser-
vative medical treatment together with supportive
measures and clinical surveillance. Once pancreatic en-
zymes return to normal, and when the etiology is bil-
iary, surgery is limited to laparoscopic cholecystectomy
prior to hospital discharge to avoid further attacks.

Severe acute pancreatitis (SAP) is the clinical expres-
sion of the presence of pancreatic necrosis. It can evolve
into multiple organ failure and local and/or systemic
complications and requires early medical treatment in
an intensive care unit to prevent and adequately treat
the complications. It also requires close collaboration
with the surgeon in order to prevent and diagnose in-
fection of the necrotic tissue as early as possible, and to
decide when to operate and what technique to use.

Pancreatic necrosis is regarded as a focal or diffuse
area of nonviable pancreatic tissue that is principally
sterile and associated with necrosis of the peripancrea-
tic fat. It is diagnosed by dynamic computed tomogra-
phy (CT) and initially given conservative treatment. If
there is clinical suspicion of infection, CT with needle
aspiration and culture of the material is necessary, and
confirmation requires emergency surgical drainage due
to its high mortality rate. The aims of surgical treat-
ment are to eliminate the toxic pancreatic exudate,

débride the devitalized pancreatic tissue and peripan-
creatic fat while conserving the healthy pancreatic 
tissue, and regularly check the retroperitoneum to
evacuate newly formed necrosis.

Optimum surgical drainage in infected pancreatic
necrosis (IPN) is still controversial, and the unaccept-
ably high postoperative morbidity and mortality rates
following conventional closed débridement has led sur-
geons in search of new technical alternatives.

The aim of this chapter is to analyze the role currently
played by laparoscopic surgery as a minimally invasive
technique in the treatment and management of SAP
with IPN. The various modalities of laparoscopy-
related treatment are detailed here together with the 
results obtained, conclusions, and future prospects.

Laparoscopy-related therapeutic
modalities in SAP

Several techniques have been described for the ap-
proach, débridement, and management of IPN. We
have divided these into (i) direct laparoscopies, (ii) 
percutaneous punctures assisted by laparoscopic 
instruments, and (iii) techniques for necrosectomy 
assisted by endoscopic instruments.

Direct laparoscopic techniques

These techniques consist of laparoscopic access to the
retroperitoneal space via the transgastric or retrogas-
tric and retrocolic or paracolic approaches. This 
provides sufficient guarantee of ample drainage and
débridement of the pancreatic area, and the possibility

18 Is there a place for laparoscopic
surgery in the management of 
acute pancreatitis?
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of tube placement for continuous lavage and drainage
in the postoperative period, as occurs in open surgery
but with less operative trauma and lower rates of 
morbidity and mortality. These techniques may be 
indicated in early or late stages of IPN, when there 
is a predominance of fluid collections of pancreatic 
exudate or pus and a scarce solid component of debris
and necrosis.

Various types of laparoscopic approach have been
designed for accessing the retroperitoneum depending
on the images obtained by three-dimensional CT.

Transperitoneal approach to the retroperitoneum
Transgastric necrosectomy is performed through a
window opened lengthways by laparoscopic instru-
ments in the posterior gastric wall along the axis of the
pancreas, which under direct vision allows drainage,
débridement, and lavage of the retroperitoneal space
leaving communication open to the stomach, without
placement of tubes for lavage or drainage. It is indicat-
ed in late-appearing IPN located in the pancreatic body,
when adhesions and fibrosis between the posterior gas-
tric wall and the retroperitoneal space are solidly
formed.

Retrogastric necrosectomy (Fig. 18.1) is performed
through two windows opened by laparoscopic instru-

ments in the gastrocolic and gastrohepatic omentum. It
allows drainage, débridement, and placement of tubes
for continuous lavage and drainage of the retroperi-
toneal space and contaminated peritoneal cavity. It is
indicated in early stages of IPN when there is still only
edema and liquid exudate with scarce necrosis and no
inflammatory adhesions or fibrosis between the poste-
rior wall of the stomach and the peripancreatic space.

If IPN extends to the flanks, down along the lumbar
quadrate and psoas major muscles, the retroperi-
toneum must be accessed via the retrocolic, infracolic,
or paracolic approach, with the two gutters detached
by laparoscopic instruments to mobilize the right
and/or left colon (Fig. 18.2).

Extraperitoneal approach to the retroperitoneum
Laparoscopic access to the retroperitoneum is direct
and totally extraperitoneal, via the translumbar route
through the anterior pararenal space. For this a balloon
trocar is used, through which carbon dioxide is insuf-
flated to create a virtual cavity for placement of the
scope and trocars.

This approach is recommended in initial pancreatic
necrosis that requires drainage for any reason, because
the edema and the moderate inflammatory response fa-
cilitate dissection of the tract.
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Figure 18.1 Retrogastric access route
to the retroperitoneum using the
transperitoneal approach.



Results
Experience and results with transperitoneal laparo-
scopic approaches in IPN are very limited, and only
short series and isolated cases have been published,
with discordant data as regards results. Using different
laparoscopic approaches some authors report a 62%
rate of morbidity and 25% rate of reoperation, but no
technique-related mortality.

Techniques for percutaneous puncture assisted by
laparoscopic instruments

These dynamic CT-guided percutaneous puncture tech-
niques allow drainage, the possibility of obtaining 
material for culture, and use of the catheter as a guide
for accessing the pancreatic area.

Direct transperitoneal percutaneous puncture
This is the standard technique for managing septic 
collections of intraabdominal fluid. The value of the
technique in the presence of solid pancreatic necrosis 
is limited, because if débridement is not performed 
well solid foci will be left to act as nests of continuous
infection.

The procedure is safe and effective as initial treat-
ment for IPN in which the fluid component (pancreatic
exudate/pus) predominates over the solid component
(debris/necrosis). A one-way catheter is placed for
lavage and discontinuous drainage and then exchanged
for others of a larger caliber until a suitable diameter 
is reached for performing débridement, continuous
lavage, and aspiration. For greater efficiency, one or
several large-caliber two-way catheters must be used 
to facilitate continuous lavage and drainage of the 
cavity and avoid obstruction. Occasionally, when it 
is difficult to remove compact viscous necrosis, the aid
of laparoscopic instruments is required. Multiple 
sessions and radiologic follow-up with contrast are 
required to assess the residual cavity or reveal any 
intestinal or pancreatic fistulous tract. Follow-up by
three-dimensional CT gives information on volume,
composition, topography, and communications 
between collections.

These drains may be indicated early or late:
1 in initial pancreatic necrosis in hemodynamically
stable patients, in an attempt to avoid the high morbid-
ity and mortality rates of surgical débridements;
2 in pancreatic necrosis in seriously ill patients with a
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Figure 18.2 Infracolic–paracolic
access route to the retroperitoneum
using the transperitoneal approach.



high anesthetic or surgical risk, as the sole therapeutic
alternative;
3 in pancreatic necrosis with clinical suspicion of in-
fection, in order for culture samples to be taken, leaving
the drain as a guide in the translumbar approach;
4 in pancreatic necrosis with a predominance of fluid,
when decompression of the pneumoperitoneum is 
required;
5 in single or multiple collections, other than IPN, that
require drainage, but should not be used in the context
of an IPN where solid or semisolid collections of
necrosed tissue are present.

The main problems with these single or multiple punc-
tures include discontinuous lavage, drain obstructions,
and the need to use several drains for greater efficiency in
multiple sessions, all of which carry a high rate of mor-
bidity, particularly enterocutaneous and/or pancreatic
fistulas, bleeding phenomena, and residual abscesses,
which require new percutaneous drains or open surgery.
Likewise, to work efficiently and give good results the
drains require special care and maintenance by skilled
personnel in order to avoid obstruction or loosening.

Transperitoneal percutaneous puncture as a guide for
laparoscopic assistance
This laparoscopic technique allows pancreatic necrosis
to be removed and débrided under vision until seen to
be completely clean. A direct CT-guided puncture is
made to the IPN in order to drain the cavity and obtain
material for culture, with the catheter left as a guide if
access to the retroperitoneum is necessary. The laparo-
scopic instruments consist of a trocar for the scope and
another two to be used as working channels. Once the
cavity has been entered, the material is aspirated, the
cavity washed thoroughly, and the trocars removed and
replaced by thick tubes for continuous lavage and
drainage. Generally, several laparoscopic accesses are
required for the cavity to be cleaned properly. This pro-
cedure may be indicated in any type of IPN irrespective
of the composition of the cavity contents.

Among the drawbacks of the technique is a greater
possibility of intestinal fistula formation, contamina-
tion of the abdominal cavity, the difficulty posed by 
the rigidity of the laparoscope, and the need to use a
minimum of three entry ports.

Lumbotomy-associated extraperitoneal percutaneous
puncture with laparoscopic assistance
This technique consists of direct percutaneous punc-

ture of the retroperitoneal space via the lumbar ap-
proach. Placement of a drain will guide the lumbotomy,
through which the colon will be freed to facilitate pos-
terior laparoscopic access to the prerenal fascia. As the
peritoneal cavity remains intact at all times, morbidity
is reduced considerably.

Results
The results are rather inconsistent, depending on the 
diameter and number of drains used, the time they 
have been left, and the routes for lavage and drainage.
The main complication is digestive and/or pancreatic
fistulas.

In the few series published, direct percutaneous
puncture with simple or multiple drainage has a mor-
tality rate of 0–20%, a morbidity of 26–66% (basically
intestinal and pancreatic fistulas and local bleeding),
and a reoperation rate for surgical necrosectomy of
10–24%. The chances of this percutaneous treatment
being insufficient in IPN are very high, and in various
series the technique is reported to have avoided surgery
in 9–14% of cases (Table 18.1).

Techniques for necrosectomy assisted by 
endoscopic instruments

The first necrosectomy with the aid of a direct-vision
endoscope was performed by Chmelizek in 1985, who,
following an initial laparoscopy reconverted to laparo-
tomy, carried out complementary necrosectomies via
the anterior transperitoneal approach with the aid of 
a mediastinoscope. Three different techniques are 
currently described.

Transgastric retroperitoneal endoscopic necrosectomy
This is performed via direct gastric transmural access
under the vision of a flexible endoscope. A lengthways
opening is made along the axis of the pancreas in the
posterior wall of the stomach and dilated with the aid of
a balloon to create a gastric window, through which
débridement, lavage, and endoscopic aspiration of the
cavity are performed and which is left open without
drainage tubes to act as an internal drain to the stom-
ach. If solid material persists in the pancreatic area, en-
doscopic débridement of the cavity is repeated until it is
seen to be clean and granulation begins. It is recom-
mended in late IPN in which the posterior gastric wall 
is closely attached to the retroperitoneal cavity by 
fibrosis.
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Among the drawbacks of the technique is the diffi-
culty in leaving thick tubes for continuous lavage and
drainage, the need to perform multiple sessions of 
endoscopy over the first 2 weeks, and the risk of closure
of the gastric window, which allows internal drainage
of the cavity to the stomach.

Transperitoneal percutaneous puncture and
necrosectomy with endoscopic management
First, a transperitoneal percutaneous puncture is per-
formed, and then the initial tract is dilated to a suitable
diameter. After removal of the drains, a flexible endo-
scope is inserted through the tunnel created by these
drains, and lavage and aspiration of the cavity is per-
formed under vision for as often as necessary, with the
drains reinserted on completion of the exploration.

This technical modality allows regular supervision of
the patient depending on clinical evolution, follow-up
of the process, and status of the pancreatic area using
transperitoneal retroperitoneal endoscopy.

Transperitoneal or translumbar surgical approach and
necrosectomy with endoscopic management
First, the extraperitoneal, transperitoneal, or trans-
lumbar open surgical approach is used, followed by
drainage and ample débridement with lavage and aspi-
ration, and several thick tubes are left for continuous
lavage and drainage in the postoperative period. A

week later the drainage tubes are temporarily removed
and a flexible endoscope is inserted through the tracts
created for postoperative follow-up and management
of the infected pancreatic area under direct vision 
(Fig. 18.3).

After performing dynamic CT with direct retroperi-
toneal puncture of the pancreatic necrosis and verifying
from culture that it is infected, we leave the drain to act
as a guide in the surgical approach. Drainage is done
under general anesthesia (with the patient placed in the
lateral decubitus position) through an 8-cm-long poste-
rior translumbar incision situated on the midline be-
tween the last rib and the iliac crest. The muscles of the
abdominal wall are dissected, and the posterior parietal
peritoneum and colon are pushed aside toward the
midline in order to give access to the pancreatic area 
via the extraperitoneal route through the anterior
pararenal space. In the same operation, and under di-
rect vision, a flexible endoscope is inserted, the pancre-
atic area drained, and a superficial necrosectomy
performed by flushing and endoscopic aspiration; the
necrosed tissue is left adhering to the pancreas. Any
small hemorrhage can be resolved with endoscopic 
coagulation or packing with hemostatic material. The
translumbar incision is closed in layers, with placement
of an 18 CH tube for continuous lavage and a 32 CH
tube in the more sloping area for drainage of any 
infected necrosed material that falls away.
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Table 18.1 Direct transperitoneal percutaneous punctures.

No. of Approach, drainage, Morbidity Mortality Reoperation
Study patients lavage (%) (%) (%)

Freeny et al. (1998) 34 CT + TPP 26 0 24
Early simple drainage
Discontinuous lavage

Echenique et al. (1998) 20 CT + TPP 50 0 10
Multiple drains
Continuous lavage

Gouzi et al. (1999) 32 CT + TPP 66 15 19
Late multiple drains
Continuous lavage/drainage

Carter et al. (2000) 10 CT + TPP 40 20 10
Simple drainage
Continuous lavage

CT, computed tomography; TPP, transperitoneal percutaneous puncture.



Follow-up and lavage/aspiration of the pancreatic
area are performed by translumbar retroperitoneal en-
doscopy (TRE) without insufflation, which can be done
at the bedside with the patient intubated or awake
under mild sedation. The patient is positioned on his or
her side, and the flexible endoscope is inserted into the
drainage tube orifice once the drain has been removed.
These sessions are begun at least a week into the imme-
diate postoperative period. They can be repeated as
often as necessary depending on the patient’s clinical
evolution and on the three-dimensional imaging of 
helical CT until the retroperitoneum is seen to be 
completely clean.

This imaging technique is a very useful exploratory
procedure in the monitoring and follow-up of IPN, as
the detailed information it provides on volume, compo-
sition, and contents of the collection, the correct

anatomic situation, the relationship of this situation in
the retroperitoneal space, and communications with
other collections is very useful in making a therapeutic
decision. To radiologically assess the evolution of the
retroperitoneal space and rule out the possibility of
there being any intestinal or pancreatic fistulous tract,
we perform retroperitoneography to contrast the 
cavity through the drainage catheter.

In our opinion the extraperitoneal lumbar approach
is a good alternative for drainage of IPN. The anatomic
communication of the pancreatic region with the
pararenal spaces, the root of the mesentery and the
transverse mesocolon, together with the proximity of
the transcavity of the omenta, explain the certainty of
draining these different territories via a right and/or left
lumbar approach, guided by a direct-vision flexible 
endoscope, which enables us to move through all 
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Figure 18.3 Extraperitoneal
translumbar endoscopy route to the
retroperitoneum.



these areas performing lavage and aspiration. The 
advantages of the procedure include the following.
• It is a direct approach to the areas of necrosis and can
access the whole of the pancreatic gland and retroperi-
toneal layers.
• Good-quality necrosectomy by flushing.
• Protection, against infection and fistulas, of the peri-
toneal cavity and its contents, especially the inframeso-
colic space of the abdomen, thus facilitating the use of
enteral nutrition.
• It limits trauma and complications of the abdominal
wall.
• Low postoperative morbidity and mortality rates.
• Good patient tolerance of management and follow-
up of the pancreatic area with repeated TRE.

The main drawback of the technique is that it cannot
be used on the gallbladder when the etiology is biliary,
but if there are no complications in the papilla that 
require endoscopic retrograde cholangiopancreatogra-
phy, laparoscopic cholecystectomy can be performed in
the short or long term after the acute episode.

Results
Transgastric endoscopic drainage has been performed
in carefully selected patients (apart from initial pancre-
atic necrosis in the course of SAP) with organized sterile
collections of necrotic fluid, using a pigtail stent with
nasocavitary lavage; there was a 36% rate of cavity in-
fection and 64% rate of morbidity. The different series
using direct retroperitoneal surgical approaches yield
results for mortality of 0–33%, morbidity of 0–57%
for local complications (15–50% colonic and intestinal

fistulas, retroperitoneal hemorrhages, and gastric and
pancreatic fistulas), and a mean of two reoperations per
patient.

Our experience embraces a total of 24 patients with
SAP and IPN documented by puncture. The first 13
cases received only the translumbar approach for
drainage of the pancreatic area and blind superficial
necrosectomy by flushing; thick tubes were left for con-
tinuous lavage and drainage in the postoperative peri-
od, and the incision was closed in layers. We observed a
mortality rate of 23% due to multiple organ failure, a
morbidity rate of 30.7% (due to spontaneously closing
low-debit pancreatic, duodenal, and colonic fistula and
pancreatic insufficiency requiring temporary monitor-
ing of glycemia and oral antidiabetics), and no surgical
reinterventions.

The remaining 11 cases, on completion of their initial
translumbar drainage and during the same surgical in-
tervention, had superficial necrosectomy with flushing
and aspiration under the vision of a flexible endoscope;
two thick tubes were fitted for lavage and drainage, and
the incision was closed in layers. Management of the
retroperitoneum was done periodically with TRE, av-
eraging five procedures per patient depending on their
clinical evolution and three-dimensional CT data. The
mortality rate was 27% due to nontechnique-related
multiple organ failure, and there was no morbidity or
reoperations.

Other authors have recently corroborated our results
in IPN using drainage and necrosectomy via an extraperi-
toneal posterior approach to the pancreatic area, report-
ing no morbidity, mortality, or reoperations (Table 18.2).
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Table 18.2 Direct retroperitoneal approaches.

No. of Mortality Local Second-look operation
Study patients (%) morbidity (%) (mean/patient)

Fagniez et al. (1989) 40 33 50 3.6
Villazón et al. (1991) 18 22 33 2.6
Von Vyve et al. (1992) 20 20 20 1.4
Chambon et al. (1995) 14 0 57 5
Nakasaki et al. (1999) 8 25 50 5 cases (62%)
Carter et al. (2000) 4* 0 25 2 cases (50%)
Castellanos et al. (2001) 24† 25 17 0 (5 TRE/patient)
Halkic et al. (2003) 3 0 0 0

TRE, translumbar retroperitoneal endoscopy.
* All four cases with management via transperitoneal retroperitoneal endoscopy.
† Eleven cases with management via translumbar retroperitoneal endoscopy.



Conclusions and recommendations
regarding the different laparoscopy-
related therapeutic modalities in 
SAP with IPN

Direct laparoscopic techniques and techniques for
percutaneous puncture assisted by laparoscopic
instruments

1 Laparoscopic surgery is indicated in the treatment
and management of SAP with IPN in order to perform
necrosectomy via the direct approach, lavage with 
aspiration, and placement of drains.
2 Laparoscopic pancreatic necrosectomy is feasible,
although at times does not offer much guarantee of 
success, as the viscosity of the necrosis makes eva-
cuation of the material difficult. When there is a 
predominance of debris and necrosis and the necro-
sectomy is incomplete, open surgery and regular moni-
toring of the pancreatic area under direct vision must be
employed.
3 Laparoscopic pancreatic necrosectomy may have
major advantages over open necrosectomy techniques
because it fulfills the same objectives but with lower
rates of morbidity and mortality. Despite attempts with
this technique to avoid the morbidity and mortality
rates of surgical débridement, it is not yet a reality.
4 The laparoscopic approach is less aggressive, in-
volves less pain and tissue trauma, and causes fewer 
laparotomy hernias. The main drawbacks of the 
approach are rigidity of the instruments and limita-
tion of the operating field, difficulty in evacuation 
and aspiration of necrotic material due to its consis-
tency and viscosity, formation of enterocutaneous or
pancreatic fistulas, and infection of the abdominal 
cavity.
5 Despite laparoscopic pancreatic necrosectomy
being theoretically useful, it is currently not possible to
draw more accurate or evidence-based conclusions.
Comparative prospective studies are necessary to out-
line the specific indications of the technique.
6 Direct transperitoneal percutaneous puncture is a
safe efficient technique that is minimally aggressive 
and has a future as a valid alternative. It is useful in 
hemodynamically stable patients for draining pancrea-
tic and/or peripancreatic collections in which the fluid
component predominates over debris and necrosis. 
It can likewise be used as a guide for laparoscopic 
assistance.

Techniques for necrosectomy assisted by 
endoscopic instruments

1 IPN requires early vigorous drainage and, in our
opinion, the initial extraperitoneal translumbar ap-
proach for evacuating, débriding, and washing the pan-
creatic area is a suitably efficient surgical intervention.
2 The subsequent management of the pancreatic area
can be carried out by regular programmed TRE. It is a
minimally invasive technique that explores under 
visual control, offers a wider field of action due to the
flexibility of the endoscope (with a single tube for vision
and operation), and can be performed at the bedside.
With the results obtained, we consider TRE to be a use-
ful and efficient therapeutic alternative to open surgery
of the abdomen in the follow-up and management of
the retroperitoneum in IPN.
3 The open extraperitoneal translumbar access has ad-
vantages in that it avoids infection of the abdominal
cavity, performs an ample necrosectomy with endo-
scopic flushing and aspiration, avoids reoperations, 
respects the integrity of the abdominal wall, and 
considerably reduces the rates of morbidity and 
mortality and both exocrine and endocrine pancreatic 
insufficiency.

Future prospects for laparoscopy in SAP
with IPN

Despite progress in the knowledge and management of
SAP, the mortality figures are still high, which means
that diagnosis and treatment must be considered con-
sensually by a multidisciplinary team of intensivists, 
radiologists, gastroenterologists, and surgeons. 

As a result of its complex management, patients with
SAP must be treated initially in the intensive care unit so
that they can be monitored and given proper systemic
support. A correct medical approach from the outset 
allows early detection of complications and improved
patient survival. No disease responds better to work
well done than SAP; its mortality rate must be less than
30%, with 80% related to IPN.

Reducing the role for surgery in patients suffering
from SAP with IPN is a future challenge that can be met
thanks to the new treatments for reducing systemic in-
flammatory response syndrome and preventing necro-
sis infection. There is still debate over the role of the
surgeon, the time of operation, and the most suitable
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technique. The surgical indication, the technique of
choice, and the appropriate time to perform it must be
considered in each patient. The decision about when to
perform the operation must take into account the re-
duction in surgical risk with time and the risk–benefit
ratio of the wait. Surgical delay in SAP must not be re-
garded as a failure, but rather as the success of properly
administered conservative treatment. Techniques with
different degrees of aggression are performed, but the
rationale for these techniques is similar, i.e., excision of
devitalized tissue and lavage and drainage of the pan-
creatic area.

For some years laparoscopy, a minimally invasive
surgical procedure, has been gaining ground and now
represents an alternative to conventional surgical treat-
ment in patients with SAP. It is less aggressive than
surgery, allowing determination of the extent of the dis-
ease, irrigation and drainage of the cavity, and decom-
pression of the pancreatic area.

Future challenges must be aimed at:
1 perfection of the technique to make laparoscopic
pancreatic necrosectomy competitive with open 
techniques;
2 evaluation with controlled comparative studies to
confirm its advantages over open transperitoneal 
approaches;
3 availability of large series to validate the technique
(to counteract the present lack of experience and lack of
prospective studies and protocols);
4 clear and accurate patient selection, criteria, indica-
tions, approaches, limitations, and advantages and dis-
advantages, in order to contrast the results of these
different laparoscopic techniques.

Only in this way can we meet the challenge still posed
in our hospitals by SAP.
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Introduction

When discussing recurrent acute pancreatitis, it has to
be considered that usually an extrapancreatic etiology
is present that causes the relapses. The correct identifi-
cation of an underlying cause may be easy or difficult,
but proper treatment will almost certainly prevent re-
currences of acute pancreatitis. Every time patients
with acute pancreatitis experience a relapse there is a
risk that they will suffer the general complications of
the disease.

Relapses of acute pancreatitis need to be clearly 
distinguished from relapsing chronic pancreatitis,
which is characterized by typical morphologic changes
(dilated pancreatic duct and branches, duct stone,
pseudocysts, calcifications, fibrous pancreatic tissue)
and impaired pancreatic secretory function as docu-
mented by pancreatic function tests. Sometimes, re-
peated attacks progress to organ changes comparable
to chronic pancreatitis, with reduced secretory capacity
and pancreatic calcifications and scars.

Chronic pancreatitis often progresses even when the
initiating causes have been eliminated. Acute episodes
of chronic pancreatitis can be severe and dangerous and
cannot be distinguished from a bout of acute pancreati-
tis, although on closer inspection the signs of chronic
pancreatitis can be identified. Chronic pancreatitis in
the Western Hemisphere is mainly caused by chronic 
alcohol abuse. Other reasons for chronic pancreatitis
include mutations of cationic trypsinogen and serine
protease inhibitor Kazal type 1 (SPINK1) genes (see
Chapter 23) or abnormalities in pancreatic duct devel-
opment. In this chapter, only the reasons for relapsing
acute pancreatitis are discussed.

In the case of chronic pancreatitis, the episode of pain
and inflammation can be envisaged as a reactivated
chronic inflammatory process. It is a fact that in many
cases the differences between relapses of acute pancre-
atitis and reactivation of chronic pancreatitis will never
be clear. This chapter deals with issues and possible
causes for recurrences of acute pancreatitis. Never-
theless, some of these causes for attacks of acute pan-
creatitis may also be present in a patient with chronic
pancreatitis. If this is the case, chronic pancreatitis
could be aggravated by the identified cause. The 
reasons for the current episode of pain and inflam-
mation then have to be treated as they would in acute
pancreatitis.

Acute pancreatitis is mainly triggered by extrapan-
creatic causes. An episode is most often induced by a
biliary stone passing through the sphincter of Oddi or a
single occurrence of alcohol excess. The clinical presen-
tation is of the same kind, irrespective of the underlying
causes. Edematous and necrotizing pancreatitis follow
a general scheme of organ damage, inflammation, bac-
terial infection, and restitution. Complications arise
from organ necrosis, infection, and general shock. If the
patient is continuously exposed to the damaging event,
a prolonged course follows and leads to a higher com-
plication rate. There is also a generally increased risk
for relapses if the damaging conditions are maintained.
Thus, efforts have to be made to identify and eliminate
the individual reasons for acute pancreatitis from the
onset of clinical treatment. The course of therapy might
be generally influenced if one or another pathophysio-
logically relevant condition is identified. Furthermore,
the potential risk of relapses will certainly be eliminated
after adequate treatment. Since acute pancreatitis is 
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a heterogeneous disease with regard to pathophysio-
logy, reliable data on the frequency of relapses by a de-
fined cause are not available. However, it is assumed
that about 5–10% of all patients with acute pancreati-
tis will have repeated attacks. Bearing in mind that ede-
matous acute pancreatitis has a lethality of 1–3% and
necrotizing acute pancreatitis a lethality of 10–15%,
elimination of pathophysiologic risks is favorable for
the patient’s prognosis.

All patients with recurrent idiopathic acute pancre-
atitis are candidates for repeated and invasive diag-
nostic procedures and therapeutic interventions. The
indications for some of these interventions (e.g., endo-
scopic sphincterotomy for biliary sludge) are based on
studies demonstrating long-term benefit for patients
undergoing the special therapy, whereas other proce-
dures such as manometry of the biliopancreatic sphinc-
ter for the detection of sphincter dysfunction can cause
pancreatitis iatrogenically. Patients with idiopathic re-
current acute pancreatitis are a special challenge for
pancreatologists. Often these patients suffer from un-
detected biliary stones or microlithiasis. Sometimes,
follow-up reveals chronic pancreatitis in some patients
who were initially diagnosed as having idiopathic re-
current acute pancreatitis. Nevertheless, a thorough di-
agnostic evaluation of patients has to be planned after
an attack of acute pancreatitis, but one has to remem-
ber that each intervention in or around the pancreas
sometimes has a substantial risk for development of an-
other attack of acute pancreatitis. The most important
indication for an extended diagnostic work-up after an
attack of acute pancreatitis is the suspicion of an other-
wise poorly detectable biliary microlithiasis or a tumor
in general.

General aspects after recovery from 
an attack of acute pancreatitis

After an attack of acute pancreatitis, patients need days
to several weeks to recover from abdominal pain,
bowel dysfunction, and weight loss. The recovery peri-
od begins when abdominal pain is grossly reduced and
inflammatory parameters normalize. The first steps to-
ward a normal life are the reduction of analgetic drugs
and reuptake of oral food. Analgetics should be re-
duced when the patient reports continued improval of
abdominal discomfort. However, oral food should first
be given when the patient is almost free of pain and

serum lipase levels are below twice the upper normal
limits. Otherwise a relapse of pain is certain, which will
almost double the hospital stay. When the patient is
considered fit for oral food uptake, water or tea and bis-
cuit or toast will be the first servings, the persistence of
paralytic ileus having been excluded beforehand. If the
food is well tolerated without pain relapse, then a step-
wise addition of protein and fat content is ordered.
Table 19.1 shows a proposed food plan after acute pan-
creatitis. The first steps contain only water and/or fat-
free carbohydrates. Protein is added at step 4, fat at step
5. Total protein and fat contents should usually be low
and the majority of calories based on carbohydrate 
intake. Although the patients have a reduced caloric
uptake during the first days of oral feeding, progress 
toward a higher caloric diet should not be too fast. Par-
enteral nutrition appears to be useful if the patient’s
general condition suggests that oral feeding cannot be
started after the first 3 days of hospital treatment. Jeju-
nal enteral tube feeding is another way of administering
food without stimulating the pancreas. It is feasible in
patients with edematous or necrotizing pancreatitis if
an ileus is not present. As in patients under parenteral
nutrition, patients with jejunal tube feeding can begin
with oral feeding when lipase is almost normalized 
and if they are largely free of pain (for details see 
Chapter 10).

Most patients experience a dramatic reduction in
food tolerance and suffer early satiety after an attack 
of severe acute pancreatitis. When patients are over-
loaded with food, they will certainly have upper ab-
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Table 19.1 Dietary recommendations after an attack of
acute pancreatitis with stepwise increase of nutritional
contents. The patient is usually given several servings (four 
to six) per day.

Step 1: nothing by mouth, parenteral nutrition (or jejunal
tube feeding)

Step 2: tea, water
Step 3: biscuits, porridge
Step 4: toast without butter; jam, rice, cooked vegetables
Step 5: potatoes, fish, poultry

Avoid: large meals, alcoholic beverages, milk or high-fat milk
products, meat with high fat content, grilled or fried food,
eggs, smoked meat or fish, vinegar, chocolate, coffee



dominal pain. Only a renewed fasting period followed
by a slower increase in food quantity will be of help. Pa-
tients generally tolerate six to eight small servings per
day better than three or four larger ones. Alcohol in any
form is prohibited. Other nutrients like beans, cabbage,
sour juices, or cream are seldom tolerated by most pa-
tients. In addition, each patient will experience an indi-
vidual pattern of intolerance for a variety of nutrients.
If pancreatitis is completely healed, which can be as-
sumed after 2–4 months, most patients regain their for-
mer nutritional habits. However, they should be
advised to omit potential nutritional triggers for new
pancreatitis attacks, such as large quantities of fat, fried
food, or alcohol. Nutritional consultation is always
helpful.

If the patient is unable to achieve a sufficient intake of
calories or vitamins, nutritional support is indicated. If
a deficit is documented, the fat-soluble vitamins A, D,
E, and K often have to be administered parenterally 
because of impaired enteral absorption. Deficits of 
fat-soluble vitamins usually arise when steatorrhea is
present, usually a sequel of chronic pancreatitis, but
sometimes steatorrhea follows a single attack of acute
pancreatitis when large parts of the pancreatic organ
have become scar tissue.

Substitution with pancreatic enzymes is usually not
necessary after acute pancreatitis, since patients re-
gain their normal pancreatic function. After the first
attack of acute pancreatitis about 10–30% of patients
develop subclinical or clinical pancreatic exocrine in-
sufficiency, a manifestation that has generated con-
troversy about whether it represents progression of
acute to chronic pancreatitis or presentation of the
first clinical episode of chronic pancreatitis. If after
recovery from acute pancreatitis patients continue to
experience abdominal pain or discomfort or fail to re-
gain their former body weight, substitution of pancre-
atic enzymes is recommended in order to improve
digestion and reduce the pancreatic secretory de-
mand. The common tubeless noninvasive pancreatic
function test often shows regular pancreatic function
in these patients. Because of the low sensitivity of all
pancreatic function tests for mild to moderate ex-
ocrine pancreatic insufficiency, a trial period for a few
weeks with pancreatic enzymes is recommended. Sup-
porting the patient’s digestion with pancreatic en-
zymes reduces the need for an otherwise larger food
intake, which might itself be the cause for abdominal
pain.

Biliary pancreatitis

Patients with cholecystolithiasis, microlithiasis, or
even biliary sludge are at risk for biliary pancreatitis.
Bile duct stones cause acute pancreatitis by permanent
or short-term obstruction of the sphincter of Oddi. The
diagnostic procedures used to identify biliary causes
should include serum bilirubin and g-glutamyltrans-
ferase levels, ultrasonography, and endosonography if
available. If the attack of acute pancreatitis is most like-
ly caused by a biliary stone, endoscopic biliary therapy
is usually indicated. Since biliary material is the reason
for acute pancreatitis in this group of patients, it has to
be eliminated in order to treat the current attack and to
prevent repeated attacks of pancreatitis. If the biliary
system is not cleared of any material spontaneously, by
endoscopy or surgery, then the patient has a persisting
and increased risk for recurrence of acute pancreatitis.

Depending on the presence of continued biliary 
obstruction (elevated bilirubin levels and dilated bile
duct) or even cholangitis in addition to acute pancreati-
tis, endoscopic retrograde cholangiopancreatography
(ERCP) with papillotomy and stone extraction has to
be performed more or less immediately. All other pa-
tients with suspected biliary pancreatitis should be sta-
bilized and treated for their acute pancreatitis until they
have generally improved. It is not until then that endo-
scopic examinations of biliary causes have to be per-
formed. If available, endoscopic ultrasonography is the
method of choice for detecting or excluding bile duct
stones (Fig. 19.1). Endosonography has an accuracy as
good as ERCP and has the advantage of being almost
free of complications compared with ERCP and papil-
lotomy. If endosonography detects bile duct stones,
ERCP with papillotomy and stone extraction should
follow. In the case where endosonography shows a nor-
mal common bile duct, no further diagnostic proce-
dures are necessary. A flow chart is shown in Fig. 19.2
to help identify patients who are to be treated with
ERCP immediately or after stabilization.

As a major site of stone formation, the gallbladder
needs careful examination. Patients recovering after
acute biliary pancreatitis with gallbladder stones treat-
ed without cholecystectomy have a significant risk (up
to 20%) of another attack of pancreatitis. If sludge or
stones are identified, cholecystectomy needs to be per-
formed independent of biliary duct therapy with ERCP.
However, a recent study has provided evidence that
cholecystectomy is of value only if there are overt 
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manifestations of gallbladder disease, such as cholecys-
titis, gallbladder pain, or cystic duct obstruction. If
these conditions are not present, endoscopic sphinc-
terotomy alone is sufficient to prevent relapses of acute
pancreatitis.

Even “idiopathic” recurrent pancreatitis might have
been caused by biliary microlithiasis in up to 75% of
patients initially classified as being free of biliary stones
and in whom other causes of acute pancreatitis had
been excluded. Microlithiasis was detected when the
bile of these patients was collected after papillotomy
and examined under a microscope. The patients re-
mained free of acute pancreatitis recurrences after 
endoscopic papillotomy. However, performance of
prophylactic endoscopic papillotomy after an attack of
acute pancreatitis without direct evidence of biliary
material is still intensely debated. Another study re-
ported a significant benefit of pancreatic duct stenting
in patients with idiopathic recurrent pancreatitis. Pan-
creatic duct stent therapy was continued for over 1 year.
Despite the pathophysiologically unclear situation, this
study provides some evidence that pancreatitis in a 
variety of patients seems to be caused by short-term
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Figure 19.1 Endosonography: small biliary stones are
detected in the common bile duct in a patient after an attack
of acute pancreatitis.

Biliary cause?

Yes

Cholestasis, sepsis?

No

Assumption of
biliary stones or sludge?

Yes

Evaluate by
endosonography

No bile duct stones

ERCP not indicated

Stone detection ERCP should follow

No ERCP

ERCP immediately
necessaryYes

No

Figure 19.2 Flow chart for indication
and timing of endoscopic retrograde
cholangiopancreatography (ERCP).



papillary obstruction, thus supporting the hypothesis
that stent therapy protects the pancreatic duct system
from stasis and improves pancreatic drainage. Unfortu-
nately, reliable longitudinal observations are not avail-
able. Studies of this kind lead pancreatologists to the
conclusion that idiopathic pancreatitis is mainly a 
pancreatitis of undiagnosed biliary causes.

In elderly patients with underlying cholecystolithia-
sis or choledocholithiasis who appear to be unfit for
cholecystectomy or who have bile duct stones that can-
not be extracted endoscopically, papillotomy and in-
sertion of plastic bile duct stents has been proved to be
safe and effective in the treatment of complicated bil-
iary stones. These stents have to be exchanged every
4–6 months to prevent stent occlusion and cholangitis,
although a watch-and-wait tactic until complications
occur has also been recommended for this group of 
patients.

Obstructive nonbiliary acute pancreatitis

In rare instances, acute pancreatitis is caused by
anatomic variations of the pancreatic duct system itself
or of neighboring organs. Pancreas divisum, pancreas
anulare, aneurysm of the splenic artery or aorta, or
duodenal divertuculosis are mentioned, but many
other conditions exist (e.g., metastases, papillary tu-
mors, retroperitoneal hematoma). Large controlled tri-
als comparing the various treatment options for these
rare situations are not available.

Another group of patients with recurrent attacks of
acute pancreatitis are patients with sphincter of Oddi
dysfunction. In this group of patients the papilla seems
to react with prolonged and stronger contractions that
are suspected of obstructing the biliary and pancreatic
duct, finally leading to pancreatitis. Sphincter of Oddi
dysfunction is diagnosed by the typical clinical symp-
toms of biliary pain, absence of biliary stones, and pres-
ence of pathologic sphincter of Oddi function tests
(manometry and prolonged presence of contrast medi-
um in the bile duct after endoscopic retrograde cholan-
giography). Despite controversies about the nature and
diagnosis of sphincter of Oddi dysfunction, some pan-
creatologists describe improvement of patients after
specific treatment of the papilla. Usually an endoscopic
sphincterotomy is performed, which reduces signifi-
cantly the incidence of acute pancreatitis and biliary
pain. However, with regard to the poor study data, lack

of knowledge about normal sphincter pressure, and the
considerably increased complication rate in patients
with suspected sphincter of Oddi dysfunction after
ERCP or sphincter manometry, endoscopic therapy of
sphincter of Oddi dysfunction remains experimental.

Pancreatic tumors also can cause acute pancreatitis.
Benign and malignant tumorous lesions of the papillary
region, such as papillary adenomas, leiomyomas,
hamartomas, lymphomas, or choledochoceles, might
cause obstruction of the ampulla or pancreatic duct.
Usually, patients with these tumors present with ob-
structive jaundice but occasionally pancreatitis is the
first sign of the disease. Thus, the tumor might be
missed in early stages when patients with acute pancre-
atitis are not examined thoroughly. These conditions
are sometimes detectable by sonography, but regular
ERCP and/or endosonography is much more sensitive.
If all patients with acute pancreatitis are evaluated by a
structured diagnostic program including sonography,
endosonography, and finally ERCP, almost any
anatomic cause should be identified.

Aneurysms of the splenic artery, which in individual
cases could cause acute pancreatitis, need to be surgi-
cally resected because of the risk of rupture. Acute pan-
creatitis in these cases might appear as a symptom of the
aneurysm, and thus pancreatitis should be envisaged as
an event leading to proper diagnosis. Aneurysm of the
splenic artery or vascular malformations in the pan-
creas have been repeatedly reported to lead to a misdi-
agnosis of pancreatic cancer. Duplex sonography or CT
angiography is extremely useful in identifying these
vascular conditions and indicating an adequate thera-
py, which as a side effect will prevent further relapses of
acute pancreatitis.

Nonneoplastic lesions, such as posttraumatic stric-
tures, pseudocyst, and pancreaticobiliary malforma-
tions, are other potential but rare causes of recurrence
of acute pancreatitis. Duodenal diverticulum is identi-
fied relatively often in elderly people, although it sel-
dom leads to obstruction of the pancreatic duct. If so, a
duodenal diverticulum that is believed to be the cause
of relapsing acute pancreatitis needs to be treated by ei-
ther papillotomy and stent insertion or resection. Pan-
creas divisum causes pancreatitis presumably by partial
obstruction at the minor papilla, which in these 
patients is the orifice where the majority of pancreatic
secretions pass. Because pancreas divisum is often 
diagnosed late in the history after several attacks of
acute pancreatitis, patients may have developed 
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chronic pancreatitis. However, large controlled studies
have not confirmed pancreas divisum as a major risk
for developing acute pancreatitis.

If a potential harmful anatomic situation has been
identified, surgical or endoscopic therapy is usually rec-
ommended. In most cases of pancreatic duct compres-
sion, insertion of a pancreatic stent by ERCP is helpful
and the least invasive therapy. If pancreas divisum is the
underlying cause of acute pancreatitis, pancreatic duct
stenting is also necessary, but the stent is placed through
the minor papilla into the dorsal duct. Stents need to be
exchanged after a few months to prevent occlusion.
Over a total treatment period of about 1–2 years, the
stenosis could resolve and stenting does not need to be
continued. Overall in patients with pancreas divisum,
stent therapy causes slight pain relief and significantly
reduces the frequency of acute pancreatitis episodes. It
remains currently unclear if the potential progression
to chronic pancreatitis could be halted by long-term
stent therapy.

Alcohol-induced acute pancreatitis

Alcohol is a potential cause for an attack of acute 
pancreatitis as well as the major reason for chronic 
pancreatitis in populations with significant alcohol
consumption. Each type of alcohol consumption, occa-
sional or chronic, may cause an episode of acute pan-
creatitis or another attack of chronic pancreatitis.
There is no lower limit of daily alcohol intake that
clearly excludes alcohol-induced pancreatitis. The
pathophysiology of alcohol-induced pancreatitis re-
mains largely unclear. Toxic metabolic products, de-
creased vitamin levels, decreased oxidative capacity,
and uncontrolled pancreatic stimulation have been
proposed as participating factors.

If the attack of acute pancreatitis is first caused by a
single episode of alcohol excess, then there is a good
prognosis that the pancreas will heal completely. How-
ever, most patients have chronic alcohol abuse so that
their pancreas is considered to be relatively damaged
before the first attack of pancreatitis. Often it remains
unclear if the pancreatitis is a single attack of acute pan-
creatitis or is a manifestation of chronic pancreatitis.

The argument that alcoholic acute pancreatitis is
partially caused by a nutritional deficit has led to pro-
posals for preventing repeated attacks or for treatment
during the acute illness. Among the suggested diverse

exotic medications are vitamins like B1, B6, and C or
trace minerals such as selenium and zinc. However,
there are no reliable studies which demonstrate that de-
fined medications or nutritional components are effec-
tive in preventing further attacks of acute pancreatitis.

After acute pancreatitis each patient has to be ad-
vised to live strictly without alcohol, regardless of the
cause for the recent attack. Any amount of alcohol
could cause repeated attacks of pancreatitis, as clinical
observations support. The shortest time period of alco-
hol abstinence is undefined, but patients appear to be
well advised with recommendation for abstinence
longer than 6 months. After this time, the pancreas is
supposed to have completely recovered from the acute
inflammation and regained its function. Progression of
pancreatitis to chronic pancreatitis and its complica-
tions might even occur after a single attack of acute
pancreatitis and immediate discontinuation of alcohol
consumption. Patients with chronic alcohol abuse 
need professional help to control their alcohol abuse. 
Success rates are low and disappointing, but long-term
alcohol abstinence rates are higher in the psychothera-
peutic intervention group than in patients without 
further support.

Post-ERCP pancreatitis

ERCP is a significant cause of acute pancreatitis due to
its frequent use. Despite its benefit for patients with
acute biliary pancreatitis, about 2–15% of all patients
undergoing ERCP develop a moderately severe acute
pancreatitis. This variation in the incidence rate is 
related to the definition of acute pancreatitis (elevated
pancreatic enzymes after ERCP or clinical symptoms
with morphologic signs of pancreatitis) and, more 
importantly, to the experience of the endoscopist. 
Furthermore, patients themselves and the underlying
pancreatic disease contribute to the risk of developing
post-ERCP acute pancreatitis. Large studies have iden-
tified suspicion of sphincter of Oddi dysfunction and
previous attacks of acute pancreatitis as major patient-
related risks for the induction of post-ERCP pancreati-
tis. Procedure-related risks for pancreatitis include
sphincter manometry, needle knife or precut sphinc-
terotomy, repeated attempts, and difficult cannulation.
All together, these procedure- and patient-related risks
comprise about 10–20% of all ERCP interventions. As
a consequence, the incidence of post-ERCP pancreatitis
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should be greatly reduced if patients with risk factors
are investigated by the most experienced endoscopists
and potentially harmful techniques are omitted. The
development of alternative techniques for examination
of the biliopancreatic system is therefore contributing
greatly to the prevention of post-ERCP pancreatitis.
The increasing use of magnetic resonance cholan-
giopancreatography as an alternative technique for ex-
amining the biliopancreatic system should lead to a
decreased incidence of post-ERCP pancreatitis. In ad-
dition, endosonography is another valuable, reliable,
and safe technique for studying the biliary system and
the pancreatic parenchyma, and is gaining its place in
the clinical routine.

If endoscopic interventions are necessary in patients
at elevated risk of post-ERCP pancreatitis, placement
of a short-term pancreatic duct stent has proved to be
helpful in reducing the rate of post-ERCP pancreatitis.
Pancreatic stents augment pancreatic drainage after the
endoscopic procedure when manipulations at the
papilla might cause swelling that leads to retainment of
pancreatic juice. Pancreatic stenting is usually per-
formed at the end of ERCP by placement of a short 5 or
7 French stent into the pancreatic duct. The stent re-
mains in place for about 1 week, after which it is re-
moved endoscopically. Some endoscopists promote the
insertion of small stents without proximal flaps to
allow spontaneous migration of the stent into the intes-
tine, which occurs after several days to a few weeks.

There have been various attempts to prevent post-
ERCP pancreatitis by infusion of theoretically protec-
tive drugs (e.g., aprotinin, somatostatin, octreotide).
These drugs were earlier used for treatment of acute
pancreatitis but failed to show clinical effects in large
controlled trials. The rationale for the use of these
drugs in the prevention of post-ERCP pancreatitis was
as potential protective agents before ERCP. Protease in-
hibitors have been most intensively studied. Gabexate
mesylate, a potent protease inhibitor, has a well-
documented potential in the prevention of experimen-
tal pancreatitis. There are now a number of human
studies reporting a significant decrease of post-ERCP
pancreatitis in humans when gabexate is administered
before ERCP. It is effective in patients at normal or in-
creased risk for post-ERCP pancreatitis. The major
concern about general use of gabexate is the consider-
able costs associated with the treatment frequency 
required to prevent one episode of post-ERCP pancre-
atitis. Thus, despite its documented potency, gabexate

is currently used only in clinical trials. Another promis-
ing medication in the prevention of post-ERCP pancre-
atitis might be diclofenac. A seminal study provided
evidence that diclofenac given after a difficult ERCP re-
sulted in significant reduction of post-ERCP pancreati-
tis. It would be of great benefit if this observation is
confirmed by other groups because only those patients
at risk for post-ERCP pancreatitis need to be treated
and treatment is given after a difficult ERCP. Until then,
the best way to prevent post-ERCP pancreatitis is not to
use ERCP.

Hyperlipidemia

Severe hyperlipidemia, especially hypertriglyc-
eridemia, might result in acute pancreatitis. The patho-
physiology is poorly understood. Disturbances in local
capillary blood flow by capillary occlusion with chy-
lomicrons, changes in membrane fluidity, or disruption
of the regulatory signalling of pancreatic exocrine se-
cretion are the most suspected mechanisms. Patients
with familiar hyperlipidemia with Frederikson classifi-
cation type I, IV, or V are at special risk. The typical pa-
tient with hyperlipidemia-induced acute pancreatitis
has a preexisting lipid abnormality and an additional
event triggering the acute pancreatitis. Before the onset
of acute pancreatitis, most patients report excessive
food intake over a period of one or a few days. Alcohol
abuse or poor control of diabetes, pregnancy, or 
hypothyroidism are other situations that can aggravate
a preexisting lipid disorder and cause the induction of
acute pancreatitis. Some of these patients also suffer
from biliary stones, which makes the differentiation 
between biliary pancreatitis or pancreatitis due to 
hyperlipidemia difficult. When acute pancreatitis 
is caused by hyperlipidemia, serum triglycerides 
are usually greater than 500 mg/dL, and frequently
above 2000 mg/dL. A serum triglyceride level 
above 1000 mg/dL is a relatively certain marker of 
hyperlipidemia-induced acute pancreatitis. Some-
times, acute pancreatitis is the first manifestation of 
diabetes or a metabolic syndrome, which then has to 
be included in further therapeutic plans. On the other
hand, uncontrolled diabetes or pregnancy are some-
times identified as conditions leading to hyperlipidemia
and acute pancreatitis, without the presence of a pre-
disposing lipid disorder.

During the acute phase, lipid levels will fall after ces-
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sation of oral food intake. Care has to be taken when
parenteral nutrition is given, and serum lipid levels
have to be monitored much more strictly than in other
patients. Sometimes, the elevated lipid levels do not re-
spond to the general therapy for acute pancreatitis. In
this case, lipid apheresis or plasmapheresis has to be
started rapidly in order to disrupt the pathophysiologic
sequence. If apheresis procedures are not available,
then heparin and insulin could be tried since some case
reports have showed a significant and rapid reduction
of serum triglyceride levels with intravenous adminis-
tration of heparin (controlled by coagulation tests) and
insulin (controlled by blood glucose).

Since metabolic derangement precipitates acute pan-
creatitis, patients need strict dietary control after the
acute phase. Food should be prepared largely from fat-
free nutrients and high-fat nutrients are prohibited.
Total dietary fat intake should be not more than 10% of
the administered calories. Since the majority of patients
are overweight, a reduction of body weight has to be at-
tempted. Several small servings daily are better tolerat-
ed than two or three larger ones. Some nutrients may
induce acute pancreatitis when consumed in larger
quantities in predisposed patients, for example milk,
oil, fried food, or meat with high fat content. The
changes in dietary fat composition, such as the ex-
change of long-chain fatty acids for medium-chain
fatty acids, appears to be of further benefit. A diet con-
taining medium-chain triglycerides produces a much
lower increase in postprandial triglyceride levels in pa-
tients with primary hypertriglyceridemia, although
cholesterol levels often increase with this diet. A 
theoretical improvement of oxidative capacity by 
the administration of vitamins, trace minerals, or 
immunonutrients seems to have no measurable clinical
effect on relapses of acute pancreatitis. The prescrip-
tion of lipidemia-reducing drugs (usually fibrates;
statins are less effective in reducing triglycerides) is rec-
ommended since dietary treatment alone is usually in-
sufficient in reducing lipid levels. In general, fibrates are
well tolerated. It has to be remembered that the combi-
nation of fibrates with statins is generally contraindi-
cated due to the increased risk of severe adverse effects.
Patients with hyperlipidemia often do not only have hy-
pertriglyceridemia, which induces acute pancreatitis,
but also display hypercholesterolemia and are at risk
for atherosclerosis. If triglyceride levels in these hyper-
cholesterolemic patients are not excessively high,
statins might be preferred as lipid-lowering drugs be-

cause of their protective effect on atherosclerosis and
coronary heart disease.

Identified metabolic disorders like diabetes or hy-
pothyroidism need to be treated until sufficient meta-
bolic control is achieved. Only very limited experience
is available on the effects of long-term treatment with
plasmapheresis and lipid apheresis in the prevention of
repeated attacks of acute pancreatitis. Clinical experi-
ence and reports of small patient groups suggest that
the compliant patient who adheres to the recommend-
ed diet, abstains from alcohol completely, shows con-
trol of triglyceride levels, and who eventually is
successfully treated for associated metabolic disorders
has a favorable prognosis with regard to prevention of
repeated episodes of acute pancreatitis.

Hypercalcemia

Another rare but relatively easily treatable cause of
acute pancreatitis is hypercalcemia, most often caused
by primary hyperparathyroidism. Hyperparathy-
roidism by itself is not a direct cause of acute pancreati-
tis, but hypercalcemia of any cause leads to acute
pancreatitis. Plasmacytoma, sarcoidosis, vitamin D in-
toxication, calcium supplementation, extensive bone
metastases, and other even rarer conditions have to be
considered. Despite the well-known association be-
tween hypercalcemia and acute pancreatitis, none of
the theoretical pathophysiologic concepts are proven.
It is assumed that hypercalcemia causes increased intra-
cellular responsiveness to damaging events, increased
trypsin activity, and disruption of the cellular architec-
ture, all finally leading to intracellular activation of 
digestive enzymes.

The treatment of hypercalcemia-induced acute 
pancreatitis involves identification and treatment of 
the underlying disorder. Symptomatic control of hyper-
calcemia is only temporarily effective since regulatory
mechanisms are rapidly activated that counteract the
initiated therapy. Therefore, treatment of the underly-
ing disorder, such as primary hyperparathyroidism, is
mandatory, making surgery for example necessary.
Some but not all of these conditions are treatable. If no
causative therapy is available, symptomatic control of
hypercalcemia, for example by infusion of bisphospho-
nates on a regular basis or diuretic therapy, will be 
at least partially effective and is helpful in palliative 
situations.
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Drug-induced acute pancreatitis

A vast variety of drugs are accused of inducing acute
pancreatitis, although actual instances are rare. Most
suspected drugs are taken without any adverse effects,
even when dosages above the recommendations are
taken. Nothing is known about the special pathophysi-
ologic processes involved in the action of comedica-
tions. Interaction with the cytochrome P450 system is
assumed; furthermore, imbalance in the oxygen reduc-
tase system, action as a pancreatic secretagogue, inter-
ference with pancreatic blood flow, or disturbance of
the prostaglandin system is also implicated. Potentially
hazardous drugs are listed in Table 19.2.

If acute pancreatitis appears to be caused by a certain

drug, one has to exclude the presence of other more fre-
quent conditions first. However, during the acute phase
of pancreatitis all potentially deleterious drugs should
be omitted. Reexposure after complete recovery will
eventually provide evidence that the accused drug was
causing pancreatitis, but obtaining proof in this way is
certainly far too dangerous. As documented by a vari-
ety of case reports, rechallenge of patients with the
harmful medications often caused another rapid induc-
tion of acute pancreatitis. Generally, the patient should
be treated by alternative therapies.

Summary

The prevention of relapses of acute pancreatitis starts
with treatment of the present episode. Precipitating
causes of acute pancreatitis need to be identified in
order to allow effective current treatment and to avoid
future risks. Biliary stones or sludge, hyperlipidemia, 
or hypercalcemia should be treated immediately. The
majority of cases initially classified as idiopathic 
pancreatitis will presumably be reclassified as biliary
pancreatitis after more intense investigations. Mor-
phologic abnormalities and tumors also have to be 
excluded. Each identified risk factor has to be treated 
to prevent repeated attacks of acute pancreatitis.

After the acute phase, patients have to learn to ad-
here to a diet avoiding alcohol and nutrients with high
fat content. They should have four to six small meals
per day. Several months after the attack, patients could
try a somewhat extended diet with increased fat con-
tent and grilled meat. Alcohol in any form should be
avoided for as long as possible. Patients should be ad-
vised that a repeated attack of acute pancreatitis could
be more severe and dangerous than the previous one, so
that the required changes in lifestyle are hopefully 
easier to accept.
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Table 19.2 Drugs known to potentially induce acute
pancreatitis. (Modified from Gorelick 1995.)

Definite association between drug therapy and induction of
acute pancreatitis
Azathioprine
Furosemide (frusemide)
Estrogens
Sulfonamides
Tetracycline
Valproic acid
Cytostatic agents (asparaginase, cisplatin, cytosine

arabinoside)

Possible association with induction of acute pancreatitis
Chlorthalidone (chlortalidone)
Corticosteroids
Ethacrynic acid (etacrynic acid)

Selection of drugs that have been anecdotally associated with
induction of acute pancreatitis
Amphetamines (amfetamines)
Ampicillin
Clofibrate
Enalapril
Ergotamine
Histamine
Indomethacin (indometacin)
Isoniazid
Metronidazole
Rifampicin
Trimethoprim
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Most attacks of acute pancreatitis are mild, with 
recovery occurring within a few days of simple 
supportive therapy. Conversely, patients with severe
pancreatitis are at high risk of developing pancreatic
necrosis, organ failure, and septic complications, with
death occurring in up to 25% of cases. The therapeutic
goal in severe pancreatitis is to prevent development of
complications. If these occur, early treatment is manda-
tory. Both in mild and severe pancreatitis, any potential
etiologic factor should be corrected in order to prevent
relapses.

Management of mild acute pancreatitis

Patients predicted to have mild pancreatitis are treated
for a few days with simple supportive therapy consist-
ing of nothing by mouth, intravenous fluids, and anal-
gesics. Even in the presence of vomiting at onset, mild
pancreatitis only exceptionally requires a nasogastric
tube. Fluid replacement requires intravenous adminis-
tration of 3–4 L of electrolyte fluids daily, which can be
easily controlled by monitoring vital constants and
urine output. Pain control in patients with mild pancre-
atitis can be achieved by regular intravenous adminis-
tration of a nonopiate analgesic. Opiates (e.g.,
meperidine) may be additionally given on demand.

Once the patient is pain-free, gut peristalsis is pre-
sent, and simple inflammatory markers (e.g., leuko-
cytes) are becoming normal, oral nutrition can be
progressively restarted. This occurs usually 2–4 days
from onset of the disease. Finally, in cases of biliary 
etiology, patients should undergo cholecystectomy 
before hospital discharge.

Management of severe 
acute pancreatitis

Management of severe pancreatitis is based on four
cornerstones:
• intensive monitoring and support of cardiac, 
pulmonary, renal, and hepatobiliary function;
• appropriate nutritional support;
• early treatment of biliary etiology;
• prevention of septic complications.

Acute pancreatitis is characterized by a narrow ther-
apeutic window, which is most probably limited to the
first 72 hours from onset of the disease. This is especial-
ly relevant in severe pancreatitis. Any therapeutic mea-
sure in severe acute pancreatitis should be applied early
enough, within the time window of 72 hours from
onset, in order to exert a positive effect on morbidity
and mortality.

Intensive monitoring and systemic support

The principles of intensive monitoring and systemic
support in severe acute pancreatitis are summarized in
Table 20.1. Monitoring must include cardiac and respi-
ratory frequency, arterial and central venous pressure,
peripheral oxygen saturation, and urine output. Occa-
sionally, monitoring of pulmonary capillary pressure is
required.

Aggressive fluid resuscitation is particularly im-
portant in severe acute pancreatitis in order to prevent
hypotension, acute tubular necrosis and, to some 
extent, pancreatic necrosis. Fluid requirements in 
severely affected patients may reach 6–10 L daily over
the first days of disease. In these cases, plasma 
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expanders are frequently required together with 
electrolyte solutions.

Respiratory insufficiency is the most frequent single
organ failure in severe acute pancreatitis. Hypoxemia
should be prevented by assuring the permeability of the
airways and by additional humidified oxygen adminis-
tration. Arterial oxygen saturation should be main-
tained above 95%. If respiratory insufficiency
develops, mechanical ventilation with positive end-
expiratory pressure is necessary.

Inotropic support with catecholamines should be
used to prevent renal failure and shock. Low-dose
dopamine (2–3 mg/kg per min), and better dobutamine,
are useful for improving perfusion of abdominal or-
gans. If shock develops, administration of other cate-
cholamines such as epinephrine (adrenaline) is needed.
If renal failure occurs, hemofiltration or dialysis should
be started early in order to maintain adequate fluid 
resuscitation and nutrition.

Metabolic complications such as hyperglycemia and
hypocalcemia should be treated by giving intravenous
insulin and calcium.

Nutritional support

Severe acute pancreatitis is characterized by marked
nutritional depletion. Thus, nutritional support is re-
quired with the goal of achieving a positive nitrogen
balance. Since patients with severe acute pancreatitis

may present with paralytic ileus and since maintaining
pancreas at rest has been classically considered as
mandatory, these patients have been typically fed par-
enterally. Parenteral nutrition is able to improve the
evolution of severe pancreatitis, mainly if started with-
in the first 72 hours of disease and if a positive nitrogen
balance is obtained. The main disadvantage of par-
enteral nutrition in patients with severe acute pancre-
atitis is the risk of catheter sepsis.

Accumulated evidence over the last few years sug-
gests that enteral feeding through a nasojejunal tube is
not only safe but also effective in reducing the incidence
of complications in patients with severe acute pancre-
atitis compared with parenteral feeding. This positive
effect is probably achieved by the role of enteral 
nutrients on the maintenance of the intestinal barrier.
Enteral feeding is also less expensive than parenteral
nutrition and is now the preferred route of nutrition in
severe acute pancreatitis. Recently, due to problems re-
lated to the placement of the nasojejunal tube, gastric
nutrition through a nasogastric tube has been proposed
as a safe and simpler alternative. If the volume of enter-
al nutrients tolerated by the patient is not enough to
achieve nutritional goals, parenteral feeding should be
instituted.

Early treatment of biliary etiology

Early endoscopic sphincterotomy in patients with se-
vere acute biliary pancreatitis is associated with a lower
incidence of complications and probably mortality sec-
ondary to the disease compared with the standard con-
servative treatment. This has been demonstrated in
three relevant randomized controlled clinical trials and
supported by a metaanalysis. As with other therapeutic
measures, endoscopic sphincterotomy should be per-
formed within the therapeutic window of acute pancre-
atitis, i.e., within 72 hours from onset of the disease.

There is no doubt that patients with acute pancreati-
tis and associated cholangitis or obstructive jaundice
benefit from early endoscopic sphincterotomy. It seems
to be also clear that early endoscopic sphincterotomy
should not be performed in patients with mild pancre-
atitis. The question remains whether patients classified
as suffering from severe biliary pancreatitis but without
associated biliary sepsis or obstructive jaundice benefit
from this endoscopic approach. This question was
specifically addressed in a multicenter randomized clin-
ical trial from Germany, although some important
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Table 20.1 Basis of intensive management in severe acute
pancreatitis.

Intensive invasive monitoring of vital constants
Analgesics (consider epidural analgesia if necessary)
Fluid resuscitation with monitoring of central venous pressure

Electrolyte solutions
Plasma expanders

Humidified oxygen administration
Catecholamines (dopamine, dobutamine)
Early nutritional support
Early treatment of systemic complications

Mechanical ventilation with positive end-expiratory
pressure

Catecholamines (epinephrine)
Hemofiltration, dialysis
Insulin and calcium substitution



methodologic limitations have hindered the relevance
of the reported results.

From a practical point of view, patients with acute
pancreatitis of suspected biliary etiology and classified
as suffering from severe disease should undergo early
endoscopic retrograde cholangiography; sphinctero-
tomy should be performed where there is biliary sludge
or stones within the common bile duct.

Prevention of septic complications

Infection of pancreatic necrosis is the most severe local
complication and the leading cause of late death in pa-
tients with acute pancreatitis. In fact, mortality associ-
ated with acute necrotizing pancreatitis is significantly
higher in infected than in sterile pancreatic necrosis. Be-
cause of this, prevention of infection of pancreatic
necrosis is one of the major therapeutic goals in acute
pancreatitis.

Translocation of bacteria from the gut is the main
source of pancreatic infection. This is supported by sev-
eral experimental studies as well as by analysis of the
flora infecting pancreatic necrosis. Most of these or-
ganisms are enteric Gram-negative bacteria, basically
Escherichia coli, as well as anaerobic organisms. Aero-
bic Gram-positive bacteria are also found, which pro-
ceed most probably from systemic foci (catheter sepsis,
respiratory infections, etc.). As a consequence, any
measure aiming to prevent infection of pancreatic
necrosis should be effective against Gram-positive and
Gram-negative aerobes as well as anaerobes.

Although infection of pancreatic necrosis becomes
clinically evident from the third to fourth week of 
disease, contamination of the necrosis occurs much
earlier, within the first 3–4 days from onset of 
disease. Therefore, measures to prevent infected 
pancreatic necrosis should be applied early, probably
within the narrow therapeutic window of acute pan-
creatitis. In addition, extrapancreatic septic foci (e.g.,
catheter sepsis, pneumonia, urinary infection) should
be treated early and efficiently in order to prevent 
bacteremia.

Together with enteral nutrition, which preserves the
gut barrier, the risk of bacterial infection in acute necro-
tizing pancreatitis may be decreased by either selective
decontamination of the gut or prophylactic systemic
antibiotics. The effect of selective gut decontamination
is unclear. A single clinical trial has shown a positive ef-
fect on morbidity and mortality, but a rather cumber-

some protocol was used and systemic antibiotics were
additionally given.

Prophylactic systemic antibiotics are nowadays the
procedure of choice to prevent infection of necrosis.
Antibiotic prophylaxis is associated with a significant
reduction of septic complications in acute necrotizing
pancreatitis. Furthermore, a metaanalysis of eight con-
trolled trials has shown that prophylactic antibiotics
also reduce mortality.

The efficacy of antibiotic prophylaxis depends on
two main factors.
• The beneficial effect is limited to patients with
demonstrated necrotizing pancreatitis. Thus, the pres-
ence of necrosis should be demonstrated by dynamic
computed tomography (CT) prior to antibiotic 
administration.
• Only broad-spectrum antibiotics capable of achiev-
ing therapeutic concentrations within the pancreas
should be used. Among them, imipenem is probably the
most appropriate. Imipenem is able to reduce the risk of
septic complications in the context of acute necrotizing
pancreatitis. Moreover, a comparative clinical trial
showed a superior prophylactic effect of imipenem
compared with fluoroquinolones. Finally, a recent 
randomized, double blind, placebo-controlled study
found no positive effect of prophylactic administration
of ciprofloxacin and metronidazole in preventing septic
complications in severe acute pancreatitis.

From a practical point of view, dynamic CT should
be performed between 48 and 72 hours from onset of
the disease only in patients classified as suffering from
severe acute pancreatitis (based on any of the prognos-
tic markers mentioned in Chapter 6). If pancreatic
necrosis is found, imipenem 500 mg q.i.d. should be ad-
ministered intravenously for at least 14 days, and as
long as failure of one or more organs persists. Because
of the risk of fungal infection, prophylactic fluconazole
is recommended for antibiotic administration that lasts
for more than 2 weeks. If, despite prophylactic anti-
biotics, infection of pancreatic necrosis is suspected
based on signs of sepsis or persistent organ failure, 
percutaneous fine-needle aspiration for Gram staining
and culture is indicated. If bacterial infection is demon-
strated, surgical necrosectomy is usually required.

Key messages for clinical practice

After assessment of the severity of the disease (see
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Chapter 6), mild acute pancreatitis requires only ade-
quate intravenous fluid substitution to avoid renal
damage, analgesics, and nothing by mouth for 2–4
days. Severe acute pancreatitis should be managed in an
intensive-care environment in order to apply intensive
monitoring and systemic support. Together with this,
three main therapeutic measures need to be applied: (i)
early enteral nutrition, (ii) early endoscopic sphinctero-
tomy for biliary etiology, and (iii) prophylactic anti-
biotics. This approach is summarized in Fig. 20.1.
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Introduction

Ideally, any definition and classification of chronic pan-
creatitis should be based on objective and reproducible
criteria readily available during routine clinical work-
up. Clinical features should reflect corresponding un-
derlying histopathologic changes, and both should be
the common consequence of specific (or at least charac-
teristic) etiopathogenic and pathophysiologic mecha-
nisms. In particular, key clinical criteria and aspects
(such as leading symptoms and signs as well as natural
history, course, and prognosis) should be associated
with distinctive diagnostic criteria as available from
imaging and functional tests, and should translate into
specific therapeutic approaches. Unfortunately, due to
several reasons outlined below, definition and classifi-
cation of chronic pancreatitis have remained difficult,
and their current practical use does not meet these 
requirements.

The first accepted definition of chronic pancreatitis,
based on clinical observations and surgical and patho-
logic findings, was suggested in 1946 by Comfort et al.
They reported the chronic progressive and/or relapsing
course of the disease, and commented on its association
with long-standing alcoholic intake, its predominant
onset in the third and fourth decades of life, and its typ-
ical complications.

The Symposium of Marseilles in 1963 defined and
classified inflammatory pancreatic diseases in detail
and created a coherent system that provided a work-
able clinical and scientific basis for the next two
decades. It was primarily based on pathologic anatomy
and on etiologic factors. Morphologically, chronic
pancreatitis was characterized as irreversible irregular

sclerosis with destruction and loss of exocrine
parenchyma. In contrast, acute pancreatitis was char-
acterized as clinical and morphologic restitution of the
pancreas if the cause of inflammation was eliminated,
and was divided into an acute and a relapsing form. It
was considered unusual for acute pancreatitis to devel-
op into chronic pancreatitis. The Marseilles classifica-
tion was focused primarily on alcohol-induced chronic
pancreatitis, but also mentioned rarer forms of chronic
pancreatitis, such as hereditary, vascular, endocrine,
metabolic, and nutritional etiologies. The entity of ob-
structive chronic pancreatitis was grouped with chron-
ic pancreatitis despite its potential reversibility. No
attempts were made to correlate anatomic and func-
tional changes, or to incorporate clinical course and
severity.

During the following two decades, important patho-
genetic, diagnostic, and therapeutic advances were
made, including longitudinal studies on the natural
course of the disease as well as the development of spec-
tacular new imaging techniques such as ultrasound,
computed tomography, and endoscopic retrograde
cholangiopancreatography, and standardized func-
tional tests. The resulting increased understanding of
mechanisms and vastly improved diagnostic approach-
es made revision of the traditional classification system
inevitable.

Hence, since the mid-1980s several symposia have
reviewed the current level of knowledge of the disease
processes from the standpoints of physicians, surgeons,
radiologists, and pathologists, and revised the classifi-
cation systems accordingly. Overall, although different
approaches were taken, neither system incorporated
the entire spectrum of criteria that had potential patho-
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mechanistic and/or clinical relevance; a few major 
components are described below.

Histopathology

Chronic pancreatitis can be defined as continuing in-
flammatory disease of the pancreas with irreversible
morphologic change in the gland’s parenchymal as well
as ductal system, which persists and/or progresses even
if the primary cause or factors are eliminated, and re-
sults in functional loss. In this context, hemochromato-
sis and cystic fibrosis are not commonly classified as
chronic pancreatitis. It has been emphasized that in ob-
structive chronic pancreatitis, characterized by dilata-
tion of the ductal system, diffuse atrophy of the acinar
parenchyma, fibrosis, and uncommonly calculi proxi-
mal to occlusion of the major duct, both structural and
functional changes tend to improve when the obstruc-
tion is removed.

Morphologically, chronic pancreatitis was charac-
terized by the Marseille classification as irregular 
sclerosis with destruction and/or loss of exocrine
parenchyma (focal, segmental, or diffuse) irrespective
of its etiology. It may be associated with varying degrees
of dilatation of the duct system, which may be local-
ized, and is usually (but not invariably) associated with
strictures. The ducts may contain eosinophilic protein
plugs and/or intraductal calcifications. Pseudocysts are
common and usually communicate with the ductal sys-
tem. All types of inflammatory cells as well edema,
necrosis, or abscess formation can be found. Compared
with the degree of acinar destruction, the islets of
Langerhans are relatively well preserved.

Overall, the second Marseilles classification provid-
ed a clearer description of the morphologic changes and
an emphasis on the irreversibility of all forms of chron-
ic pancreatitis except obstructive chronic pancreatitis.

Nevertheless, tissue specimens are generally not
available, because pancreatic biopsies are only of clini-
cal importance in the case of pancreatic tumors, despite
it being possible to obtain ultrasound-guided biopsies.
Histopathologic specimens are often nonspecific for
acute or chronic inflammation, and may reflect nonrep-
resentative sampling in cases of focal rather than dif-
fuse inflammatory gland changes. Moreover, aging per
se may induce histologic changes within the pancreas
that are difficult to distinguish from chronic pancreati-
tis. Hence, for these reasons definition of chronic pan-

creatitis based on histology has never become clinically
useful.

Etiology

The cause of pancreatitis should be elucidated whenev-
er possible because of its potential implications for fur-
ther management and prognosis.

In Western countries, 70–90% of all cases of chronic
pancreatitis are related to alcohol ingestion. The risk of
alcohol-induced pancreatitis increases logarithmically
with increasing alcohol use without any threshold
value. However, only 5–15% of heavy drinkers develop
chronic pancreatitis, suggesting important cofactor(s),
for example a diet high in fat and protein, deficiency in
antioxidants or trace elements, and, last but not least,
smoking.

There is convincing recent evidence that smoking is
not only associated with alcohol use in the majority of
patients but is also an independent etiologic and patho-
genic factor, particularly for the formation of calcifica-
tions. It is still uncertain whether mutations in the genes
for trypsinogen, serine protease inhibitor Kazal type 1
(SPINK1), or cystic fibrosis transmembrane conduc-
tance regulator (CFTR) are relevant cofactors in 
alcohol-induced chronic pancreatitis.

Tropical pancreatitis is the most common form of
chronic pancreatitis in certain areas of India, Africa,
Brazil, and Southeast Asia, and SPINK1 mutations are
crucially involved in its etiopathogenesis. Endocrine in-
sufficiency is an inevitable consequence of the disease.

Hereditary pancreatitis is an autosomal dominant
disorder associated with trypsinogen gene mutations
that carries an 80% penetrance. It is a rare disease
(about 1% of all cases of chronic pancreatitis) that pre-
sents typically in childhood or early adulthood.

Autoimmune pancreatitis is characterized by the
presence of autoantibodies, elevated levels of immu-
noglobulins, enlargement and lymphocytic infiltration
of the gland, and pancreatic duct strictures. It may be
associated with other autoimmune diseases, such as
Sjögren’s syndrome, primary biliary cirrhosis, and 
primary sclerosing cholangitis. In the small number 
of patients reported, the disease has responded to 
glucocorticoid treatment. Immune mechanisms are
also involved in pancreatitis associated with chronic 
inflammatory bowel diseases.

Obstruction of the main pancreatic duct by tumors,
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scars, cysts, or stenosis of the papilla of Vater or minor
papilla (e.g., in pancreas divisum) can produce pancre-
atitis in the parenchyma upstream of the obstruction.
Obstructive chronic pancreatitis is a separate entity of
chronic pancreatitis, because it tends to improve after
removal of the obstruction.

Idiopathic chronic pancreatitis accounts for up to
10–25% of all cases of chronic pancreatitis, but some
of these patients likely are mislabeled due to an under-
estimated alcohol input or undetected genetic abnor-
mality. Based on age at onset of the clinical symptoms,
the disease can be separated into two distinct entities:
early- and late-onset idiopathic chronic pancreatitis.
Early-onset disease becomes manifest in childhood or
adolescence, usually with severe pain. Pancreatic calci-
fications and exocrine or endocrine insufficiency are
rare at presentation, and develop slowly thereafter.
There is evidence that SPINK1 mutations may be 
involved in its genesis.

In contrast, late-onset disease presents with its first
clinical symptoms following the fifth decade, and is as-
sociated less commonly with pain but more frequently
with exocrine and endocrine insufficiency as the pre-
senting symptom.

Clinical manifestations

The Marseille classification characterized the disease
clinically by its recurrent or permanent abdominal pain
and/or permanent loss of exocrine function.

Indeed, abdominal pain is considered the dominant
clinical problem in patients with chronic pancreatitis. It
is commonly described as boring, deep, penetrating,
and localized in the epigastrium, often with radiation to
the back. Pain may increase after a meal and often be as-
sociated with nausea and vomiting. Chronic severe
pain impairs appetite and limits food intake, contribut-
ing to weight loss and malnutrition. In this way it leads
to a reduction in the quality of life, and carries a poten-
tial for narcotic analgesic addiction.

The natural history of abdominal pain (character,
timing, severity) is variable, but many studies have doc-
umented a decrease in pain (“burn out”) over time in
the majority of patients.

The strong reliance on pain as the crucial manifesta-
tion created a certain problem for the Marseille defini-
tion since a substantial group of patients with chronic

pancreatitis may have primary painless disease, or only
mild pain and the only morphologic evidence of an in-
flammatory process may be fibrosis indicating previous
inflammation, with the clinical symptoms of steator-
rhea and/or diabetes.

Nevertheless, the presence (or absence), degree, and
course of pain counts among the principal clinical 
factors describing the disease.

Function

In most cases, exocrine pancreatic insufficiency occurs
several years after the onset of chronic pancreatitis,
mostly during the second decade of clinical disease, 
due to the substantial exocrine reserve capacity of the
human pancreas. More than 90–95% of the secreting
parenchyma need to be destroyed before malab-
sorption develops. In the case of exocrine pancreatic 
insufficiency, steatorrhea (often associated with 
malabsorption of the lipid-soluble vitamins A, D, E,
and K) is generally more severe and occurs several years
before clinical malabsorption of protein or carbohy-
drates, because the pancreatic synthesis and secretion
of lipase is impaired more rapidly, its intraluminal sur-
vival is shorter due to its higher susceptibility to acidic
and proteolytic denaturation, and its luminal digestive
action is hardly compensated by nonpancreatic mecha-
nisms. Weight loss may be absent or minimal, but pa-
tients with postprandial abdominal pain and nausea
may lose weight due to fear of eating. Other patients
may increase their caloric intake to compensate for
maldigestion and stool losses. Endocrine pancreatic in-
sufficiency (diabetes mellitus) is another consequence
of long-standing destructive chronic pancreatitis.

Imaging

In contrast to the Marseille definition, the Cambridge
classification incorporated the newer imaging tests into
the heart of its diagnostic system and used them to
grade disease severity. A grading system was developed
for normal pancreas and equivocal, mild, moderate,
and severe chronic pancreatitis for each of the imaging
procedures (Table 21.1). This grading system has
proved helpful to a certain extent in assessing or com-
paring disease manifestations clinically, although it has
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remained uncertain whether it has therapeutic and
prognostic implications. In particular, in many cases
structural and functional changes are not associated,
for example ductograms or scan may be normal in pa-
tients with proven disease and the presence of function-
al insufficiency or, conversely, abnormal images may be
found but pancreatic function is unimpaired. General-
ly, the speed with which morphologic lesions and func-
tional impairment develop, as well as the length of time
before their detection by imaging and functional tests,
differ widely among patients, and are only loosely 
correlated.

Imaging abnormalities that may be diagnostic in-
clude changes within the main pancreatic duct (dilata-
tion, strictures, irregularity, pancreatic ductal stones),
side branches of the pancreatic duct (dilatation, irregu-
larity), or pancreatic parenchyma (lobularity, hypere-
choic strands, enlargement or atrophy, and others).
This has prompted a general classification of chronic
pancreatitis as either “big-duct” or “small-duct” dis-
ease. “Big-duct” disease implies substantial abnor-
malities of the main pancreatic duct, is usually

alcohol-induced, and is usually associated with func-
tional abnormalities, whereas “small-duct” disease im-
plies the absence of these findings and is less frequently
associated with exocrine and endocrine pancreatic in-
sufficiency. This distinction may have both diagnostic
and therapeutic implications. The diagnosis of “big-
duct” disease is simpler, and the treatment options may
include endoscopic or surgical decompression of the di-
lated pancreatic duct. On the other hand, the diagnosis
of “small-duct” disease may be more difficult: the roles
of endosonographic ultrasound and functional 
magnetic resonance have not been defined satisfac-
torily in a prospective controlled fashion. Treatment
may be restricted to medical therapy.

Chronic versus acute pancreatitis

The inability to clearly separate acute and chronic pan-
creatitis is generally considered to be a continuing
major problem. In the early phases of alcohol-induced
chronic pancreatitis, exacerbations closely resemble 
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Table 21.1 Grading of chronic pancreatitis by imaging methods.

Endoscopic retrograde pancreatography Ultrasound (US) or computed tomography (CT)

Normal Good-quality study visualizing the whole gland Good-quality study visualizing the whole gland 
without abnormal signs without abnormal signs

Equivocal Less than three abnormal branches One abnormal sign: main pancreatic duct
Normal main duct 2–4 mm diameter

Mild More than three abnormal branches Two or more abnormal signs: 
Normal main duct Cyst < 10 mm

Duct irregularity
Focal acute pancreatitis
Parenchymal heterogeneity
Increased echogenicity of duct wall
Contour irregularity of head/body

Moderate As above with abnormal main duct As above
Severe All of the above with at least one of: All of the above with at least one of:

Cyst > 10 mm Cyst > 10 mm
Intraductal filling defects Intraductal filling defects
Calculi/pancreatic calcifications Calculi/pancreatic calcifications
Duct obstruction (stricture) Duct obstruction (stricture)
Severe duct dilatation or irregularity Severe duct dilatation or irregularity
Contiguous organ invasion on US or CT Contiguous organ invasion on US or CT



attacks of acute pancreatitis, and in clinical practice 
it may be impossible to distinguish the two entities.
Moreover it is now generally recognized that alcohol-
induced pancreatic disease may present both as acute
pancreatitis and chronic pancreatitis with or without
acute clinical bouts, but current routine diagnostic
methods permit no distinction. Moreover, an impor-
tant criterion of chronic pancreatitis is impairment of
function, but following an acute attack decreased func-
tion may persist for a variable length of time and in
varying degrees of severity, and may be irreversible.

On the other hand, in practical terms, prospective
discrimination between acute pancreatitis and an acute
attack of a future chronic pancreatitis may be irrele-
vant, in particular because initial clinical management
is identical. Indeed, modern concepts such as the 
necrosis–fibrosis hypothesis postulate a common
mechanism: chronic pancreatitis may be the result of
repetitive attacks of focal necrotizing inflammation
and subsequent scarring and fibrosis. Thus, it may be
uncertain whether even typical acute and chronic 
pancreatitis are separate nosologic entities despite their
different manifestations, but rather may be different
syndromes of the same underlying disease.

Summary and suggestions

In any clinical setting suggestive of chronic pancreati-
tis, one should attempt to verify or exclude the diag-
nosis by utilizing available imaging and/or functional
tests. In many cases, however, it may be difficult or
even impossible to rely on a single test, and we suggest
a combination of clinical, imaging, and functional 
criteria (Table 21.2). A substantial proportion of 
patients will not match these criteria, particularly in
early disease stages prior to manifestation of coarse
structural and/or functional defects, and until future
development of more sensitive diagnostic techniques
will have to be considered as “suspected” chronic pan-
creatitis and therefore, at least transiently, may escape
diagnosis.

Once chronic pancreatitis is reasonably established,
we suggest incorporating the following aspects into the
diagnosis and description; these should be addressed in
a standardized manner, independent of their presence
or adequacy of information (Table 21.3).
1 Etiology of pancreatitis, as well as potential further
pathogenic mechanisms.

2 Dominant clinical feature or status, particularly
presence and grading of pain; presence, frequency, and
severity of attacks.
3 Functional status, particularly presence and grading
of exocrine and/or endocrine insufficiency.
4 Grading of morphologic changes on imaging, using
the Cambridge classification (Table 21.1).
5 Presence and grading of complications.

A simple standardized structure for clinical classifi-
cation is warranted for one particular reason: in con-
trast to most other major gastrointestinal diseases,
chronic pancreatitis is characterized by a striking
scarcity of large, controlled, prospective trials. As a re-
sult, we observe, with few exceptions, meager evidence
for most therapeutic concepts and recommendations.
A major reason for this unsatisfactory situation is the
poor comparability and stratification of patient co-
horts due to their nonstandardized classification (as an
obvious result of the inherent problems outlined
above). Thus, a rational, acceptable, and workable
classification would greatly improve not only practical
management but also the quality of future clinical 
research in the field of chronic pancreatitis.
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Table 21.2 Diagnosis of chronic pancreatitis by scoring
system.

Findings Score

Pancreatic calcifications 4
Typical histologic changes 4
Characteristic findings on ERCP 3
Pancreatic exocrine insufficiency 2
Attacks of pancreatits and/or chronic upper 2

abdominal pain
Diabetes mellitus 1

Diagnosis of chronic pancreatitis was established if a score of
4 or more was achieved

ERCP, endoscopic retrograde cholangiopancreatography.
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Table 21.3 Diagnosis and classification of chronic pancreatitis.

Etiopathogenesis of chronic pancreatitis
Alcohol-induced
Mutations in SPINK1, trypsinogen, or CFTR genes?

Smoking

Hereditary
Trypsinogen gene mutations

Autoimmune

Metabolic/nutritional
Hypercalcemia
Hyperparathyroidism
Acquired or inherited hypertriglyceridemia

Tropical (SPINK1 mutations)
Tropical calcific pancreatitis
Fibrocalculous pancreatic diabetes

Idiopathic
Early-onset (SPINK1 mutations)
Late-onset

Obstructive
Benign pancreatic duct obstruction

Traumatic stricture
Stricture after necrotizing pancreatitis
Sphincter of Oddi stenosis
Pancreas divisum (with inadequate accessory papilla)
Sphincter of Oddi dysfunction?
Stones
Duodenal obstruction (diverticula, duodenal wall cysts)

Malignant pancreatic duct stricture
Pancreatic, ampullary, or duodenal carcinoma

Clinical features
Grading of pain
Painless
Mild pain
Severe pain

Presence of pain
Continuous
Intermittent

Course of pain
Ameliorating
Persistent
Progressive

Grading of functional status
Exocrine insufficiency (steatorrhea)
No fecal fat excretion (< 7 g/day)
Mild fecal fat excretion (7–15 g/day) 
Severe fecal fat excretion (> 15 g/day) 

Endocrine insufficiency
None
Latent diabetes mellitus
Manifest diabetes mellitus

Grading of morphologic status by imaging (see Table 21.1)
Normal
Equivocal
Mild
Moderate
Severe

Complications
Cysts/pseudocysts with or without infections, abscesses
Portal hypertension caused by thrombosis of portal or splenic

vein
Bleeding/pseudoaneurysms
Ascites
Obstruction/stricture of the ductus pancreaticus and/or

choledochus
Pancreatic fistula
Duodenal stenosis
Pancreatic cancer
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Chronic pancreatitis is an inflammatory process that
leads to the progressive and irreversible destruction of
exocrine and endocrine glandular pancreatic tissue and
its substitution by fibrotic tissue. As a result, a series of
morphologic and functional alterations can be detected
which are responsible for the characteristic symptoms
of this disease.

This symptomatology appears according to the de-
gree of morphologic change caused by various etio-
logic factors. At the onset, when these changes are less
developed, clinical manifestations might be nonex-
istent or limited to purely dyspeptic symptoms. In con-
trast, when changes are fully established, they become
morphologically and functionally evident and symp-
toms are clearly recognizable. Thus chronic pancreati-
tis undergoes transformation of various degrees from
the onset through to the most developed stage, and this
may be divided into four stages: an initial latent or sub-
clinical period is followed by an early second stage with
inflammatory complications; the third or late period
shows exocrine pancreatic insufficiency and the fourth
is identified as the advanced or painless stage.
1 The latent or subclinical period might last from 1 to
20 years, during which patients show no symptoms but
have usually consumed large quantities of alcohol. At
this stage two subperiods might be identified: an early
stage where the small cellular alterations are reversible
and a later period of irreversible histologic changes.
Only when these histologic lesions, characteristic of
chronic pancreatitis, have caused considerable damage
do the symptoms of the disease become observable.
During this latent period, sonography and even helical
computed tomography (CT) may not guarantee a 
successful diagnosis. However, according to previous

studies, endoscopic retrograde cholangiopancreato-
graphy (ERCP) may show the equivocal changes of 
the Cambridge classification. Exocrine pancreatic
function may be normal or show a certain degree of 
hyperfunction.
2 The second period, the early stage involving inflam-
matory complications, lasts for 5 or 6 years after the
first symptoms or until the development of severe ex-
ocrine pancreatic insufficiency. Pain and inflammatory
complications like pseudocysts, stenosis of the biliary
tract, and splenic vein thrombosis are frequent. Surgery
is often needed. The histologic lesions harden and in-
crease gland size in different areas and to varying de-
grees. Pseudocysts and focal fat necrosis occur often,
whereas calculi appear less frequently. Exocrine func-
tion may show slight insufficiency or be normal. Gland
lesions and related complications may be detected by
imaging techniques.
3 The late period or period of exocrine pancreatic in-
sufficiency appears some 8 years after the initial symp-
toms. Pain persists and exocrine function decreases,
inducing steatorrhea. Surgery is required to relieve
pain.
4 The advanced or painless period marks the final
stage of the disease. Pain may have been relieved spon-
taneously or by surgery; the exocrine function of the
pancreas has totally deteriorated and usually diabetes
occurs.

In the Western world, 66–80% of cases of chronic
pancreatitis are a result of high alcohol consumption.
The remaining cases are not related to alcohol abuse
but to genetic factors favoring its development in the
early or later periods. Chronic pancreatitis may start
earlier due to a dominant genetic mutation that 
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enhances its development even in the absence of alco-
hol; in chronic pancreatitis starting later, the genetic
mutation is less dominant. All these factors make us 
believe that the success of epidemiologic research 
depends primarily on the stage of the disease at exami-
nation, because patient selection depends on the exam-
iner’s degree of suspicion of the disease, its clinical
manifestations, and the extent of morphologic and
functional lesions.

Studies of chronic pancreatitis should therefore take
into account that the disease does not always occur in
chronic alcoholics and that only 5–15% of heavy con-
sumers of alcohol develop it. The disease may appear at
any moment in a patient’s life and the lesions, depend-
ing on the stage of the disease, may be incipient and im-
possible to demonstrate since the available techniques
lack sensitivity. Epidemiologic studies should thus 
address multiple questions, such as the following.
• Are all patients with a given pathology considered?
• When can patients be considered to be suffering from
a determined pathology?
• When should the various examination techniques be
used to obtain information about a given disease in a
patient?
• Are available techniques of diagnosis sensitive
enough to identify all patients?

In the context of chronic pancreatitis, and especially
with regard to the role of alcohol as the most frequent
etiology, one should consider that alcohol consump-
tion might precede the symptoms by 10–20 years and
only after a relatively long period of consumption do
the first histologic alterations typical of the disease start
to appear. In this relatively unknown time period, pa-
tients show no symptoms until the histologic altera-
tions are sufficiently advanced. Initially, these may be
limited to purely dyspeptic discomfort. At this stage,
the investigator’s degree of suspicion of the diagnosis is
of utmost importance in initiating imaging and func-
tional tests. However, in some difficult cases, confirma-
tion of the initial suspicion remains impossible due to
the fact that diagnostic methods lack sensitivity and
specificity. In these and many other cases, the disease
cannot be diagnosed until the symptoms are suffi-
ciently evident (Fig. 22.1).

One might regard histologic changes as the gold 
standard for identification of a disease. In the case of
chronic pancreatitis, the histologic alterations in pan-
creatic structure include fibrosis and inflammation,
both of irregular distribution, and the progressive loss

of acinar cells and islets. Using a combination of these
phenomena, and their abundance, pathologists have
proposed a classification that differentiates chronic
pancreatitis into cases of minimum, moderate, and 
severe histologic changes. As expected, minimum alter-
ations are typical of the initial phase of the disease and
consist of loss of a small number of acini and their sub-
stitution by small areas of fibrosis. During the stage of
moderate changes, loss of acini is more significant and
fibrotic areas are more extensive and associated with
lymphocyte and fibroblast infiltrates. The islets of
Langerhans and intralobular ducts are relatively dis-
torted. In the advanced phase of pancreatitis, the
changes are severe and show an almost complete disap-
pearance of the typical acinar picture and of the islets,
which have been replaced by wide bands of fibrosis
completely surrounding the nerve strands. Severe 
distortions of the pancreatic duct system may also be
observed (Fig. 22.2).

However, this type of histologic classification has
manifold shortcomings. On the one hand, we lack a
well-established system that allows us to quantify the
degree of tissue damage in a sufficiently objective way.
On the other hand, the histologic changes are spread
over different areas and to various degrees. Conse-
quently, the nature of the histologic findings depends
on the zone explored. Furthermore, the typically large
areas of fibrotic tissue and its resulting toughness make
it difficult for the method of fine-needle biopsy to ex-
tract a sample representative enough to allow a satis-
factory medical report. Finally, the ethical aspects of
these methods should be considered. How may the use
of fine-needle biopsy be justified in patients who are
asymptomatic or have unspecific symptoms? The risk
involved may not be justified by an epidemiologic study
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Figure 22.1 Evolutionary stages of chronic pancreatitis from
initial alcohol consumption until diagnosis.



searching for a pathology that does not cause any dis-
comfort and whose progressive lesions may not be
avoidable, except by a recommendation to stop alcohol
consumption, advice which should be given to any
heavy drinker.

Nothing is yet known about the exact degree of his-
tologic lesions necessary for the appearance of the mor-
phologic and functional changes identified by current
diagnostic techniques nor the degree of histologic
change necessary for manifestation of the first symp-
toms of chronic pancreatitis. Consequently, epidemio-
logic research into chronic pancreatitis should take into
account three types of history of the populations evalu-
ated: asymptomatic, atypical, and typical chronic pan-
creatitis. This differentiation is of utmost importance
for establishing criteria for suspected diagnosis in inci-
dence studies designed to detect new cases of the 
disease, as well as for prevalence studies defining the
population to be studied. Another interesting aspect is
the definition of risk factors (alcohol consumption and
genetic change) leading to patient selection and diagno-
sis, since not all alcoholics, as mentioned above, 
develop chronic pancreatitis and not every case is 
alcohol-induced.

The final key aspect is evaluation of the value and ap-
plicability of the different methods used for diagnosis
of chronic pancreatitis. It is essential to evaluate the

cost–benefit relation of the various techniques and if
the discovery of chronic pancreatitis before the first
clinical manifestations benefits the patient. Helical CT
may be used as the initial imaging test for diagnosis and
determination of the severity of chronic pancreatitis,
since it is noninvasive and its sensitivity allows identifi-
cation of the disease in moderate and severe stages. It
reveals the existence of pancreatic calcifications, dila-
tion of the Wirsung duct, presence of cavities, and atro-
phy of parenchyma. In addition, previous studies show
good correlation between data obtained by CT and de-
gree of histologic change. ERCP is another technique
that allows differentiation between moderate and se-
vere stages of the disease, although it is sometimes very
difficult to establish criteria for the mild stage. Mag-
netic resonance cholangiopancreatography (MRCP) is
a noninvasive technique that does not require systema-
tic sedation and provides resolution of up to 1mm. It
produces results that can be combined with those from
CT of the parenchyma and those from ERCP of the
pancreatic duct. Nevertheless, small changes in the 
secondary ducts are not easily detected and MRCP
lacks the therapeutic potential of ERCP. Endoscopic 
ultrasonography plays an important role in the diag-
nosis of pancreatic pathology. It has good sensitivity
(resolution 1 mm), the advantage of avoiding ionized
radiation, and allows the extraction of tissue and pan-
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(a) (b)

(c) (d)

Figure 22.2 Development of the histologic
lesions of chronic pancreatitis (hematoxylin
and eosin). (a) In the central area, acini have
disappeared and been replaced by fibrotic
tissue and inflammatory cells typical of the
onset of the disease. ¥40. (b) Fibrotic zones
surround the acini and islets of Langerhans.
¥40. (c) Extensive areas of fibrosis have
substituted zones of exocrine parenchyma.
Pancreatic ductuli are large, containing
protein substance (arrow). ¥40. (d) In the
central area, there is a hypertrophied nerve
strand, completely surrounded by fibrotic
tissue and an infiltrate of inflammatory cells on
one of its edges (arrow), marking the final
stage of chronic pancreatitis. ¥100. (Courtesy
of Dr Rosa Miguel, Department of Pathology,
Hospital Clínic, Barcelona.)



creatic juice, and is therefore a very useful technique 
especially since its results can be combined with results
from imaging, pancreatic function tests, histology, and
molecular markers. Unfortunately, it depends entirely
on the experience of the examiner.

The above-mentioned tests are clearly acceptable in
cases of patients with suspected chronic pancreatitis.
However, their use in incidence and prevalence studies
of asymptomatic populations remains questionable
since the use of diagnostic methods and imaging tech-
niques such as helical CT and MRCP are expensive and
lack discriminative sensitivity. In addition, endoscopic
ultrasonography is invasive and ERCP is not free of
complications. Abdominal ultrasonography is the only
feasible technique from an economic point of view but
its diagnostic power with regard to chronic pancreatitis
is very limited in the initial stage. When examining the
methods for testing exocrine function, the same criteria
of diagnostic performance and cost should be taken
into account. The secretin–cerulein test permits early
diagnosis but, despite being the most sensitive tech-
nique, remains difficult to apply in population studies
due to its invasiveness and high cost. A further draw-
back is the enormous difference in the standardization
of technique and of normality and abnormality. Also,
the secretin–cerulein test should only be applied in
cases where there is a reasonable suspicion of the diag-
nosis. However, incidence and prevalence studies
should include populations with little or no symptoma-
tology. Among noninvasive modalities, the pancreao-
lauryl test and determination of fecal elastase may be
used for screening of suspect chronic pancreatitis 
populations since they have been very useful in cases 
of severe pancreatic exocrine insufficiency and are 
reasonably sensitive in moderate stages of the disease.
However, their efficiency remains doubtful in detection
of the initial stages.

This complex situation, involving patients generally
asymptomatic or with atypical symptoms, and diag-
nostic methods with serious limitations, results in a
lack of sufficiently reliable and veracious epidemio-
logic information. The literature on incidence and
prevalence studies of chronic pancreatitis is not very
abundant. A study in the Copenhagen area in the 1970s
states an incidence of 6.9–10 new cases per 100 000 in-
habitants per year. It should be mentioned that the re-
searchers had to make a distinction between verified
and possible chronic pancreatitis since they regarded
more than half of the cases as not plainly verified. In the

Cantabria region of Spain between 1981 and 1991, De
las Heras found an incidence of 14/100 000 and a
prevalence of 18.3 /100 000, 80% alcohol-induced,
constituting one of the highest incidences worldwide.
More recent studies have observed clear geographic
differences, ranging from 1.6 new cases per 100 000 per
year in Switzerland, 7.9 /100 000 per year in the Czech
Republic (very similar to Denmark and Germany), to
23/100 000 per year in Finland. Some studies have
found an important increase in the number of patients
with chronic pancreatitis admitted to hospitals. In the
UK, this increase came to 100% during the period
1989–90 to 1999–2000. Japan also registered an in-
crease, from 32 000 in 1994 to 42 000 in 1999, figures
which represent an increase in prevalence from 28.5 to
32.9/100 000 and in incidence from 5.4 to 5.7/100 000.
This increase in diagnosis may have happened for two
reasons: (i) the development of new diagnostic methods
and improvement of existing techniques (refinement of
equipment and growing experience of examiners); and
(ii) higher alcohol consumption.

Prevalence may also vary according to population
characteristics. Banciu et al. identified chronic pancre-
atitis in 41% of cases by performing abdominal ultra-
sonography on alcoholic patients who were originally
examined for other clinical reasons. On the other hand,
a Spanish study in the Mediterranean region evaluating
sonography and CT of 105 alcoholic patients belong-
ing to a rehabilitation program and who never dis-
played any pancreatic symptoms found that only 3.5%
showed morphologic changes of mild chronic pancre-
atitis. Nevertheless, a pancreolauryl test assessing 
exocrine pancreatic function showed that 26% of 
patients were afflicted with moderate exocrine insuffi-
ciency and 9% with steatorrhea. However, if popula-
tion studies consist of autopsy material, the percentage
may be completely different, as shown in a report by
Suda et al. In this study, 33 of 46 patients (72%) with
verified alcohol dependence, but who died of different
causes than alcoholism, showed major histologic
changes of the pancreatic gland, especially prolifera-
tion of fibrotic tissue, despite never having displayed a
symptomotology that would have led to the suspected
diagnosis of chronic pancreatitis.

These examples reinforce the view that one should
pay special attention to the existence of a latent period,
where morphologic and/or functional alterations occur
that may remain inconspicuous and not lead to the
symptomatology of chronic pancreatitis, thus prevent-
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ing a suspected diagnosis. Consequently, cases of diag-
nosed chronic pancreatitis may only be the tip of the
iceberg, mainly because there might be an invisible but
numerous population of alcoholic individuals with
pancreatic lesions but no symptomotology and who
therefore have been neither examined nor diagnosed.
Because of this, one should always be on the lookout
for the appearance of any of the possible symptoms
which might lead to the manifestation of chronic pan-
creatitis, especially since the examiner’s suspicion will
determine an early diagnosis and put an end to chronic
pancreatitis as an infrequently diagnosed disease.
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Chronic pancreatitis constitutes a major source of 
morbidity worldwide. Less than a decade ago, chronic
pancreatitis was considered an “enigmatic process 
of uncertain pathogenesis, unpredictable clinical
course, and unclear treatment.” However, remarkable
progress is being made in the understanding of the
etiopathogenesis of the chronic pancreatitis syn-
drome. The breakthrough for this advancement 
came with the application of molecular genetics to a
rare inherited form of acute and chronic pancreatitis
known as hereditary pancreatitis. These studies pro-
vided the framework for understanding the complex
genetic, environmental, and immunologic factors 
associated with susceptibility to acute pancreatitis 
and the initiation and progression toward chronic 
pancreatitis.

Etiology

Until recently, the etiology of chronic pancreatitis was
divided into three categories: alcohol, idiopathic, and
“other.” Excessive alcohol consumption was thought
to be the most common cause, accounting for 70–80%
of all cases in the Western world. About 20% of cases
were considered idiopathic pancreatitis, while the re-
maining 10% was categorized as “other” and included
cases associated with hyperparathyroidism, hyper-
triglyceridemia, duct obstruction, trauma, pancreas 
divisum, autoimmune pancreatitis, and hereditary
pancreatitis. With the discovery of pancreatitis-
associated gene mutations and the recognition that 
alcohol alone seldom causes chronic pancreatitis, a
new classification system was needed.

TIGAR-O risk factor classification

In 2001, the TIGAR-O classification system was pub-
lished. This system is based on the mechanism of injury
and addresses the risk, etiology, and complexity of
chronic pancreatitis. Multiple lines of evidence now
suggest that chronic pancreatitis is a complex disorder
that may involve the interaction of two or more envi-
ronmental or genetic factors. The TIGAR-O model ad-
dresses this potential synergistic role of multiple risk
factors in a single individual with chronic pancreatitis,
and allows one to organize and assess the level of con-
tribution of each of the interacting risk factors. In this
way, risk-reduction strategies and specific therapies can
be instituted. Although the critical information about
different forms of chronic pancreatitis is not fully avail-
able, the TIGAR-O system lays the foundation for fur-
ther advancement in the field. The major categories
include toxic–metabolic (T), idiopathic (I), genetic (G),
autoimmune (A), recurrent severe acute pancreatitis-
associated (R), and obstructive (O) mechanisms. The
TIGAR-O classification also organizes the etiologies, in
general, by prevalence.

Toxic and metabolic factors
Alcohol An association between alcohol and chronic
pancreatitis was first described by Comfort and 
colleagues more than 50 years ago. There is a general
logarithmic relationship between the risk of chronic
pancreatitis and the amount of alcohol consumed.
However, there is no apparent threshold value below
which the disease does not occur. This makes it difficult
to distinguish between low-threshold alcohol-induced
pancreatitis and idiopathic chronic pancreatitis. The
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duration of alcohol consumption is also important. In
general, prolonged alcohol intake is required for the 
development of chronic pancreatitis. In most patients,
the onset of alcoholic chronic pancreatitis occurs after
alcohol intake that exceeds 150 g/day for at least 10–15
years.

It is observed that only a minority (~ 5%) of heavy
drinkers ultimately develop chronic pancreatitis.
Therefore, alcohol consumption is not an independent
risk factor for chronic pancreatitis. Rather, it appears to
be a cofactor associated with pancreatitis only in con-
junction with a specific trigger, or other additional 
predisposing genetic or environmental factors whose
identity currently eludes us. Based on epidemiologic
studies, there is evidence of a genetic basis in alcoholic
pancreatitis. However, studies of mutations in the
major alcohol-metabolizing genes (e.g., aldehyde de-
hydrogenase), cationic trypsinogen gene, cystic fibrosis
transmembrane conductance regulator (CFTR) gene,
and human leukocyte antigen (HLA) failed to identify
an alcoholic pancreatitis-associated gene mutation.

The relationship between acute and chronic alco-
holic pancreatitis has been debated. Clinically, there is
usually an initial period of recurrent acute attacks last-
ing for several years, followed by the development of
chronic pain and functional insufficiencies. It was be-
lieved, based on studies of natural history, that at the
time of the initial attack of acute alcoholic pancreatitis
there is already histologic evidence of chronic disease.
However, the studies of Ammann and associates, as
well as the observations in families with hereditary pan-
creatitis, provide strong evidence that recurrent attacks
of acute alcoholic pancreatitis precede chronic disease.

Tobacco smoking The independent causative effect of
tobacco smoking on chronic pancreatitis has been con-
firmed in research studies, with odds ratios ranging
from 7.8 to 17.3. The exact mechanism is unknown, 
although tobacco smoking inhibits pancreatic bicar-
bonate secretion in humans. The effects of tobacco
smoking may also be potentiated by polymorphisms in
the gene for uridine 5¢-diphosphate (UDP) glucurono-
syltransferase (UGT1A7) (see below), especially the
UGT1A7*3 haplotype. The risk of pancreatitis in pa-
tients with the UGTA7*3 genotype was reported to be
associated with alcohol drinking, but since the ma-
jority of these subjects smoked, it was not possible to 
determine which of these environmental factors was 
responsible. However, this family of enzymes is respon-

sible for detoxifying complex products of tobacco
smoke, so an association with tobacco smoking is more
likely.

Idiopathic chronic pancreatitis
Idiopathic chronic pancreatitis is reported to account
for 10–30% of all cases of chronic pancreatitis. The
category of idiopathic chronic pancreatitis includes a
number of well-described symptoms and also cases
where an associated factor cannot be identified. As new
genetic, environmental, and metabolic factors are dis-
covered, the number of patients in this category is ex-
pected to diminish. Nonalcoholic chronic pancreatitis
has pathologic characteristics distinct from those of al-
coholic chronic pancreatitis, including T-lymphocytic
infiltrates around interlobular ducts resulting in ductal
obstruction and destruction and acinar atrophy and 
fibrosis.

Idiopathic chronic pancreatitis shows a bimodal pat-
tern regarding age of onset. Early-onset idiopathic pan-
creatitis has a mean age of onset of around 20 years.
Pain is the predominant feature of this disease, occur-
ring in 96% of patients, whereas pancreatic calcifica-
tions, exocrine insufficiency, or endocrine insufficiency
are extremely rare at presentation (< 10%). Late-onset
idiopathic pancreatitis has a mean age of onset of 56
years. It tends to follow a comparatively painless 
course associated with the frequent development of
pancreatic calcifications and exocrine and endocrine
insufficiency. Pfützer and associates recently found 
mutations in the gene for the serine protease inhibitor
Kazal type 1 (SPINK1) in about 25% of patients with
idiopathic chronic pancreatitis, mainly related with
early-onset disease.

Minimal-change chronic pancreatitis refers to the
syndrome of severe abdominal pain, which is presumed
to be pancreatic in origin with minimal changes on
imaging studies. Minimal-change chronic pancreatitis
is most often seen in middle-aged women.

Tropical pancreatitis is considered a type of idio-
pathic chronic pancreatitis occurring in tropical areas.
It is the most common form of chronic pancreatitis in
certain areas of India and is generally a disease of youth
and early adulthood. It is subgrouped into tropical cal-
cific pancreatitis, characterized by severe abdominal
pain and extensive pancreatic calcifications, and 
fibrocalculous pancreatic diabetes, characterized by 
diabetes mellitus as the first clinical sign. The exact 
etiology of tropical pancreatitis remains unknown.
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Rossi was the first to identify an excess of the SPINK1
N34S haplotype in tropical pancreatitis, suggesting
that excess trypsinogen activation was associated with
a component of the injury process. This was confirmed
in all forms of tropical pancreatitis, including fibrocal-
culous pancreatic diabetes, tropical calcific pancreati-
tis, and a subset of cases of non-insulin-dependent
diabetes mellitus, with the latter group possibly repre-
senting pancreatic injury without calcification. Further
major insights into the two forms of tropical pancreati-
tis are likely in the near future.

Genetic predispositions
The mutations associated with acute recurrent or
chronic pancreatitis that have been identified will be
discussed in detail later. It is important to understand
that genetic disorders can occur through mutations in
different disease-associated gene classes. Disease-
causing genes refer to dominant mutations in a single
allele that cause the disease (gain-of-function muta-
tions, e.g., R122H mutation in hereditary pancreatitis)
or to recessive mutations in both alleles of a single gene
(DF508 deletion in typical cystic fibrosis). These muta-
tions result in mendelian patterns of inheritance within
families. Susceptibility genes are genes with mutations
that alone are not disease-causing, but increase the risk
of disease and confer unique phenotypic features
(SPINK1 mutations in chronic pancreatitis). Finally,
modifier of response genes refer to mutations that alone
are not disease-causing but which alter the course of an
established disease by determining the severity and
complications (mutations in key genes of inflammatory
pathways that drive chronic inflammation and fibrosis
yet to be identified). Some modifier gene mutations may
represent relatively common polymorphisms that
under special conditions contribute to the overall 
phenotypic features of pancreatitis.

Autoimmune chronic pancreatitis
Autoimmune chronic pancreatitis is a distinct entity
characterized by the presence of autoantibodies, 
elevated levels of immunoglobulins, and unique patho-
logic features comprising a dense lymphocytic infiltrate
and ductal destruction with acinar atrophy. In 60% of
cases, it is associated with other autoimmune diseases,
such as primary sclerosing cholangitis, primary biliary
cirrhosis, autoimmune hepatitis, Sjögren’s syndrome,
and other immune-mediated inflammatory disorders.
It is important for the clinician to promptly make the 

diagnosis of autoimmune chronic pancreatitis because
it seems to respond to glucocorticosteroid treatment.

Recurrent and severe acute pancreatitis
As previously mentioned, the association between re-
current acute and chronic pancreatitis is well estab-
lished nowadays. Evidence suggests that recurrent
acute pancreatitis leads to chronic pancreatitis. The 
etiologies of recurrent acute pancreatitis and chronic
pancreatitis are impressively similar. Therefore, several
disorders characterized as causing acute pancreatitis
may lead to progression to chronic pancreatitis.

Obstructive chronic pancreatitis
Obstructive chronic pancreatitis refers to a distinct en-
tity produced by a usually single dominant narrowing
of the main pancreatic duct. It is characterized by up-
stream ductal dilation, acinar cell atrophy, and diffuse
fibrosis. A number of distinct causes can produce 
obstructive chronic pancreatitis, such as trauma,
sphincter of Oddi dysfunction, pancreas divisum, and
sequelae of acute pancreatitis. With prompt and early
treatment of the obstructive process, histologic and
functional pancreatic changes are partially or fully 
reversible.

Pathogenesis

The mechanism of development of chronic pancreatitis
has been debated for decades. Multiple disease con-
cepts have been developed through the years, with ac-
ceptance waxing and waning. In 1946, Comfort and
colleagues concluded that chronic pancreatitis was the
result of recurrent episodes of acute pancreatitis by
studying tissue specimens of patients with chronic 
relapsing pancreatitis. The consensus from the 1963
Marseille meeting supported the notion that acute pan-
creatitis could not be the cause of chronic pancreatitis
and that they represent different entities. Sarles and
other experts proposed, based on morphologic features
of pancreatic tissue, the hypothesis of ductal obstruc-
tion. Chronic alcohol consumption was predicted to
lead to secretion of pancreatic juice rich in protein and
low in bicarbonate concentration and volume. This fa-
vors the precipitation of protein and calcium crystals.
Proteinaceous plugs are one of the earliest findings in
the evolution of chronic pancreatitis. Protein plugs are
thought to obstruct ductules and cause ductal and
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parenchymal damage upstream of the obstruction.
This hypothesis focused on lithostathine, a protein that
was proposed to inhibit calcium crystal formation in
the pancreatic juice. Although the above concept has
been abandoned, it is likely that ductal plugging con-
tributes to the progression of chronic pancreatitis.
However, it is not known whether the protein precipi-
tates and ductal stones are causing pancreatic injury or
if they are markers of the underlying pathophysiologic
events.

Bordalo and colleagues suggested the toxic–
metabolic hypothesis for alcoholic pancreatitis. They
proposed that alcohol and its toxic metabolites result in
alterations of intracellular lipid metabolism and lead to
fatty regeneration of the pancreatic acini. Increased
membrane lipid peroxidation and free radical produc-
tion are seen in both animal models and human chron-
ic alcoholic pancreatitis. Braganza postulated the cause
of acute pancreatitis to be oxidative stress. Products of
hepatic “detoxification,” such as lipid peroxidation
products, toxic epoxides, and free radicals, are 
excreted in bile, reflux into the pancreatic duct, and 
induce pathologic changes by damaging the acinar cell
membranes. Ongoing oxidative stress will subsequen-
tly lead to chronic pancreatitis.

Klöppel and associates revisited the hypothesis of
Comfort and proposed the concept of necrosis–
fibrosis. On the basis of histologic findings from 
pancreatic resection specimens, it was suggested that
recurrent episodes of acute pancreatitis affect intrapan-
creatic fat deposits, resulting in areas of focal necrosis.
During the healing process, necrotic tissue is replaced
by fibrosis that eventually leads to chronic pancreatitis.
This theory had significant supporting evidence from
some natural history studies showing that the higher
the severity and frequency of acute attacks of alcoholic
pancreatitis, the more often they lead to chronic 
pancreatitis.

Sentinel acute pancreatitis event hypothesis

In 1999, Whitcomb introduced the sentinel acute pan-
creatitis event (SAPE) hypothesis that allowed many of
the key elements of divergent previous concepts and hy-
potheses to be unified. The SAPE hypothesis recognizes
the need for a sentinel event of acute pancreatitis to ini-
tiate the inflammatory process. Furthermore, multiple
risk factors are needed to sustain the inflammatory 
response that leads to progressive fibrosis.

The SAPE model was based on several observations
in alcoholic chronic pancreatitis, and later hereditary
pancreatitis. In chronic alcohol-consuming subjects the
acinar cells appear to be under metabolic and oxidative
stress. A number of factors are also commonly identi-
fied that injure the cell, including toxic products of 
alcohol metabolism and fatty acid ethyl esters. They 
result in membrane and mitochondrial injury and re-
lease of a variety of proinflammatory cytokines. De-
spite all these proinflammatory events, close study of
animals exposed to long-term alcohol treatment, as
well as most of the alcoholic patients, does not reveal
significant pancreatic fibrosis. Thus, continued oxida-
tive stress cannot cause chronic pancreatitis by itself
under otherwise normal conditions. Second, some pa-
tients with expression of the hereditary pancreatitis
gene, as well as most patients with SPINK1 mutations,
do not develop acute or chronic pancreatitis until some
point that may be years after birth. In both cases the
susceptibility is present, but a critical sentinel event ap-
pears to be necessary to “trigger” the processes causing
acute and chronic pancreatitis.

Third, a “trigger” may also be necessary to activate
stellate cells, attract T lymphocytes and monocytes,
with the latter becoming long-term resident tissue
macrophages, and promote the antiinflammatory
process. There is a strong association between injury,
chronic inflammation, and fibrosis. Pancreatic fibrosis,
the hallmark of chronic pancreatitis, is a result of stim-
ulation and proliferation of pancreatic stellate cells. Fi-
brosis appears to be promoted by transforming growth
factor (TGF)-b and other antiinflammatory cytokines.
TGF-b is an antiinflammatory cytokine that most likely
constitutes response to preexisting proinflammatory
events. A significant amount of TGF-b originates from
resident macrophages, which are present in response to
recurrent pancreatic stress, possibly aiming to suppress
proinflammatory macrophages. Areas of necrosis–
fibrosis would provide a significant proinflammatory
event, to be followed by an antiinflammatory process,
leading to fibrosis and scarring. Nonetheless, the 
necrosis–fibrosis concept cannot explain how some 
patients can progress to chronic pancreatitis with little
or no evidence of pancreatic necrosis.

At some point in time, an episode of acute pancreati-
tis is initiated. This is called the “sentinel” event since it
foresees the progression to chronic pancreatitis. The
SAPE results in activation of stellate cells and recruit-
ment of active lymphocytes and monocytes into the
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pancreas that constitute the early proinflammatory
phase. Under normal conditions, acute pancreatitis re-
solves, and the pancreas recovers. However, the antiin-
flammatory cells remain in the pancreatic parenchyma
for a long time. If there is not chronic stress present,
such as in a case of single-episode biliary pancreatitis,
the long-term resident tissue macrophages remain 
quiescent and progressively diminish in number.

If, on the contrary, chronic stress persists (i.e., the pa-
tient continues to consume alcohol) or recurrent pan-
creatitis develops, the stellate cells will remain in a state
of metabolic stress, continuing to release proinflamma-
tory cytokines and other signals. The residual anti-
inflammatory macrophages and activated stellate cells,
which constitute the later antiinflammatory phase,
have receptors that respond to the above signals and re-
lease TGF-b. This results in continuous synthesis and
deposition of collagen, fibronectin, and other matrix
proteins, leading to widespread fibrosis and chronic
pancreatitis. The role of genetic factors in this process
seems to be very important. Genetically predisposed in-
dividuals, such as persons carrying specific SPINK1/
CFTR mutations or mutations in key genes in the in-
flammatory pathways, will have a more prominent and
sustained inflammatory response and also will be much
more susceptible to the antiinflammatory cascade and
therefore progress faster to fibrosis.

Thus, the SAPE hypothesis includes elements of 
several divergent historical theories of the etiopatho-
genesis of chronic pancreatitis. The toxic–metabolic 
hypothesis, the oxidative stress hypothesis, the necrosis–
fibrosis hypothesis, even elements of the primary intra-
ductal obstruction concept, are introduced within the
SAPE hypothesis in an understandable sequence. In 
addition, the definition of chronic pancreatitis, as an
overriding syndrome of different etiologies that can
converge through ongoing long-standing inflammation
to a similar end point, is logically explained. If future ev-
idence strengthens the SAPE model further, the sentinel
event may also have clinical utility, by alerting the clini-
cian to initiate as yet undeveloped therapies targeted to
delay or prevent progression to chronic pancreatitis. 

Genetic variations associated with
chronic pancreatitis

In 1996, hereditary pancreatitis was discovered as a
gain-of-function, single-point mutation in the cationic

trypsinogen gene. Hereditary chronic pancreatitis is a
genetic disorder with high disease penetrance (80%).
Hereditary pancreatitis usually presents in childhood
with recurrent episodes of acute pancreatitis. These
episodes are clinically similar to acute pancreatitis
caused by other causes. Following repeated episodes of
acute pancreatitis about half the patients progress to
chronic pancreatitis. Studies on families with heredi-
tary pancreatitis, and subsequent studies in other types
of pancreatitis, suggest that trypsin is central to the
process of pancreatic injury and initiation of the in-
flammatory process, but that frequency, severity, and
duration of injury and the rate of progression to fibrosis
and other complications fall into the domain of envi-
ronmental factors and altered immunologic responses.
These latter two domains remain an area of active 
research.

Mutations increasing susceptibility to recurrent 
acute pancreatitis

Trypsinogen (PRSS1) mutations
The cationic trypsinogen gene, also called protease se-
rine 1 (PSSR1), has been extensively studied and found
to have a central role in hereditary pancreatitis. An
arginine (R) to histidine (H) (CGCÆCAG) substitution
was identified in 1996. In the initial reports, this muta-
tion was called R117H using the chymotrypsinogen
numbering system. Subsequently, the term “R122H”
has been accepted, based on the codon numbering sys-
tem. The R122H mutation does not seem to affect the
tertiary structure of trypsin nor alter its catalytic activ-
ity or interfere with trypsin inhibitor binding, since the
three-dimensional position of R122 is located on the
opposite surface of the trypsin molecule to the catalytic
and trypsin inhibitor binding sites. It was proposed that
the R122H mutation eliminates a “failsafe” mecha-
nism for the inactivation of trypsin. Codon 122 argi-
nine is the initial site of hydrolysis of trypsin by trypsin
itself. Substitution of histidine for arginine at this site
eliminates this initial hydrolysis site, rendering trypsin
resistant to failsafe autolysis. The discovery of an 
autolysis-resistant trypsinogen molecule in hereditary
pancreatitis associated with acute, and later chronic,
pancreatitis offers the strongest support yet in favor of
the necrosis–fibrosis hypothesis.

A second mutation in cationic trypsinogen, num-
bered N21I, was detected shortly afterwards. N21I
mutation results in a clinical syndrome of hereditary

PART I I

196



pancreatitis with a slightly delayed age of onset and less
severe clinical features in comparison to R122H muta-
tion. An AÆT transversion results in an asparagine (N)
to isoleucine (I) (AACÆATC) substitution in codon 21.
The exact molecular mechanism underlying this muta-
tion is not yet fully clarified. It is suggested that the sub-
stitution will place a hydrophobic isoleucine on the
surface of cationic trypsinogen. This will alter the sec-
ondary structure of the protein in such a way that the
critical autolysis site at codon 122 cannot be attacked
by trypsin. These two mutations are found in approxi-
mately two-thirds of the families with classical heredi-
tary pancreatitis and currently are the only mutations
for which genetic testing is recommended. They are
identified uncommonly and do not seem to constitute a
major pathogenic factor in patients with common 
causes of chronic pancreatitis, such as alcoholic or idio-
pathic pancreatitis.

No mutations have been identified in any other pan-
creatic digestive enzyme genes, including anionic
trypsinogen or mesotryspinogen, that lead to heredi-
tary pancreatitis. This should not be of great surprise.
Hereditary pancreatitis is an autosomal dominant dis-
order and it therefore occurs only with mutations that
involve a critical regulatory part of the gene product
and result in a gain-of-function mechanism. Surpris-
ingly, some individuals with the same PRSS1 mutation
will never develop acute pancreatitis at all, whereas
others progress rapidly to chronic pancreatitis. The 
incomplete disease penetrance (80%) likely reflects the
effect of environmental and other genetic modifiers and
supports the complex nature of pancreatitis.

Several new mutations have been reported within the
cationic trypsinogen gene that are associated with
acute recurrent and chronic pancreatitis, such as K23R
(22) and A16V. The growing number of pancreatitis-
associated mutations identified in the cationic trypsino-
gen gene illustrates the important role of trypsinogen in
acute recurrent and chronic pancreatitis.

Pancreatic secretory trypsin inhibitor (SPINK1)
mutations
An association between mutations in the SPINK1 gene
and idiopathic chronic pancreatitis was first reported in
2000. SPINK1, also called pancreatic secretory trypsin
inhibitor (PSTI), appears to play a key role in protecting
the pancreas from prematurely activated trypsin. It is a
56-amino acid peptide that specifically inhibits trypsin
by directly blocking the active catalytic site. A lysine

carboxyl group of SPINK1 forms a reversible covalent
bond with the catalytic serine residue of trypsin. It has
been estimated that SPINK1 is only capable of neutral-
izing about 20% of potential activated trypsinogen.
Since both cationic trypsinogen and SPINK1 are syn-
thesized within the pancreatic acinar cells, SPINK1
most likely provides the first line of defense against 
prematurely activated trypsinogen.

The SPINK1 N34S and P55S are the most commonly
found mutations, being present in about 1–2% of the
general population. This means that these mutations
are many times more prevalent than chronic pancreati-
tis (0.006% of the general population). Therefore the
risk of chronic pancreatitis in an asymptomatic indi-
vidual with a heterozygous SPINK1 mutation alone is
low (~ 1%). Unlike patients with cationic trypsinogen
R122H and N21I mutations, patients with SPINK1
mutations and pancreatic disease can present with a 
variety of phenotypes. Furthermore, the severity of 
pancreatitis appears to be similar between subjects with 
heterozygous, homozygous, or compound heterozy-
gous genotypes, suggesting that the genetics is com-
plex. The incidence of SPINK1 mutations is 15–25% in
children with idiopathic chronic pancreatitis but is re-
duced to 5–10% in adults with idiopathic or alcoholic
chronic pancreatitis. SPINK1 mutations are also asso-
ciated with alcoholic pancreatitis (6%) and occur in a
high percentage of patients with fibrocalculous pan-
creatic diabetes, a subtype of tropical pancreatitis.

SPINK1 mutations cause SPINK1 loss of function
and result in elevated trypsin levels within the pancreas.
However, if the trypsin R122H autolysis mechanism
remains intact, the trypsin activation process will fail to
progress beyond the failsafe trypsin autolysis phase.
Therefore, SPINK1 mutations alone are not sufficient
to cause pancreatic disease. Modeling and familial clus-
tering suggest that SPINK1 mutations result in proteins
with loss of function. They possibly act as susceptibility
genes by lowering the threshold for initiating pan-
creatitis and by interacting with other disease genes
such as CFTR mutations. Another suggestion is that
SPINK1 mutations are disease-modifying mutations
and act by worsening the severity of pancreatitis caused
by other genetic or environmental factors.

CFTR mutations
The CFTR gene is divided into 24 exons that code for a
single protein of 1480 amino acids. The protein forms a
cyclic adenosine monophosphate (cAMP)-dependent
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anion channel for chloride, to a lesser degree for bicar-
bonate, and other ion channels. CFTR is a critical mol-
ecule in the proper functioning of the pancreatic duct
cells and other anion-secreting epithelial cells. Loss of
function results in inability to hydrate mucus and other
macromolecules, leading to accumulation of viscid ma-
terial and inspissated glands. In the pancreas, CFTR is
located on the luminal membrane of the pancreatic
duct cell, conducts both chloride and bicarbonate, and
controls the bulk of pancreatic fluid excretion.

CFTR mutations were initially identified in 1989.
Cystic fibrosis (CF) is the most common lethal genetic
disorder of white populations, inherited as an autoso-
mal recessive disorder. Major mutations in both alleles
of the CFTR gene result in complete loss of CFTR func-
tion and the typical CF phenotype, presenting in child-
hood with progressive pulmonary disease and a cystic
fibrotic pancreas. Among CF patients, two-thirds have
a 3-bp deletion of codon 508 (DF508) that codes for
phenylalanine. Approximately 1000 other mutations
and sequence variations have been identified. The
CFTR polymorphisms have been classified based on
their functional impact on the CFTR protein. Classes
1–3 yield little or no functional protein and are consid-
ered severe mutations. Classes 4 and 5 retain more than
1% of CFTR function, are considered mild, and are
often associated with pancreatic sufficiency or atypical
CF. Class 6 does not affect chloride conductance but
rather the ability of CFTR to regulate other channels.
There are numerous silent mutations, intronic and 
exonic polymorphisms, and sequence variations with
unknown significance.

In 1998, two studies demonstrated the strong 
association between CFTR mutations and idiopathic
chronic pancreatitis. They showed approximately six
times increased frequency of CFTR mutations in 
patients with idiopathic chronic pancreatitis who had
no other evidence of CF. The CFTR mutations identi-
fied in the above reports may actually underestimate
their frequency in the setting of pancreatitis since only
limited genetic screening of the most severe CFTR
mutations was performed.

Subsequent studies involving complete DNA se-
quencing of more than 800 known CFTR mutations
reported that one-third of all patients with idiopathic
chronic pancreatitis have CFTR mutations. The ob-
served genotypes were combinations of severe and mild
CFTR mutations rather than mild and mild or severe
and severe combinations. In contrast to typical CF, mild

mutations, such as R117H or intron 8 “5T allele” vari-
ant, when combined with a severe mutation such as
DF508, result in a subclinical pancreatic-sufficient form
of CF. These individuals appear to be at increased risk
of developing recurrent acute and chronic pancreatitis
(around 80 times), but the majority with this genotype
do not develop pancreatitis. CFTR mutations seem to
act as susceptibility genes. CFTR-associated chronic
pancreatitis appears to be a complex disease with addi-
tional genetic or environmental risk factors involved
that are yet to be identified. Furthermore, as with
SPINK1 mutations, there are likely multiple different
CFTR-associated mechanisms contributing to the 
disease.

Hyperlipidemia syndromes
Acute and chronic recurrent pancreatitis have been 
reported in patients with a variety of inborn errors of
metabolism, including hyperlipidemia syndromes, as
well as various disorders of branched-chain amino 
acid degradation, homocystinuria, hemolytic disor-
ders, acute intermittent porphyria, and several amino
acid transporter defects. Some of these disease entities
are exceedingly rare. In most of these disorders, pancre-
atitis is not very common and, with the exception of
lipoprotein lipase and apolipoprotein C-II deficiency, is
not the most distressing clinical manifestation of the
underlying metabolic defect.

The association of hypertriglyceridemia (> 500 mg/
dL) and recurrent acute pancreatitis is well docu-
mented. Both lipoprotein lipase and apolipoprotein 
C-II deficiencies cause chronic hypertriglyceridemia
and bouts of pancreatitis that segregate with the 
disease gene. Furthermore, there is evidence of their as-
sociation with chronic pancreatitis in an extended
Dutch kindred with genetically deficient lipoprotein 
lipase catalytic activity and in a kindred with
apolipoprotein C-II deficiency. It appears that in the
most severe and prolonged cases of hyperlipidemia
dominated by recurrent acute pancreatitis, chronic
pancreatitis can develop rarely.

Hypercalcemia syndromes
Calcium appears to play a central role in trypsinogen
secretion and trypsin stabilization. The trypsin mol-
ecule contains a calcium-binding pocket near the R122
position. As the intracellular concentration of calcium
increases, calcium binds with trypsin within the bind-
ing pocket. This results in formation of a bond with
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R122 that subsequently limits the exposure of R122 to
other trypsin molecules and inhibits hydrolysis.

Hypercalcemia is associated with acute pancreatitis.
Another event should precede that results in pancreatic
stimulation. Only after trypsinogen is activated to
trypsin will the high calcium concentrations stabilize
and protect the trypsin molecules from autolysis. 
Subsequently, pancreatic autodigestion by trypsin and
pancreatic inflammation (pancreatitis) will follow.

The association between familial hyperparathy-
roidism and chronic pancreatitis has been described,
mainly in cases of long-standing untreated hyper-
parathyroidism. Nowadays hypercalcemia is consid-
ered a rare but accepted factor for chronic pancreatitis. 

Mutations increasing acinar cell toxicity

UPD glucuronosyltransferase gene mutations
UDP glucuronosyltransferases (UGTs) are a superfami-
ly of proteins that represent major biochemical factors
in cellular defense. UGTs act as phase II detoxifying en-
zymes capable of inactivation of dietary byproducts,
endogenous metabolites, as well as tobacco-borne tox-
icants. One of the ten major isoforms, the UGT1A7
gene is the only one expressed in high levels in the 
pancreas. The UGT1A7 gene is known to have five
common polymorphisms, which are linked as three
polymorphic UGT1A7 alleles. Recently, the role of
UGT1A7 gene polymorphisms in pancreatic diseases
was investigated. An increased risk for chronic pancre-
atitis was found in patients with the polymorphic allele
UGT1A7*3. The UGT1A7*3 haplotype results in a
low detoxification activity of UGT1A. UGT1A7*3
was significantly more common in the subgroup of pa-
tients with alcoholic pancreatitis, of whom almost
90% were smokers. There was also a trend toward
chronic pancreatitis in the nonalcoholic subjects 
who were negative for SPINK1 N34S. Thus, the low-
detoxification-activity UGT1A7*3 allele could repre-
sent a novel risk factor for pancreatic diseases, defining
the interaction of genetic predisposition and environ-
mentally induced oxidative injury.

Glutathione S-transferase null genotype
Glutathione S-transferases (GSTs) play critical roles in
providing protection against electrophiles and prod-
ucts of oxidative stress, by catalyzing the formation of
glutathione conjugates and by eliminating peroxides.
The most important polymorphisms encode a partial

gene deletion in GSTM1 and GSTT1 (null genotypes),
resulting in complete absence of GSTM1 and GSTT1
and are found in 50% and 20% of the Caucasian 
population respectively. A recent study investigated 
whether polymorphisms in GST genes modified the risk 
of chronic pancreatitis. GSTM1 null genotypes were
found significantly less commonly in alcoholic chronic
pancreatitis patients, especially young females. This
might suggest that the GSTM1 null genotype provides
protection against chronic pancreatitis in alcohol users,
particularly female alcoholics under the age of 50 years.

Mutations altering the proinflammatory or
antiinflammatory response

HLA-DRB1 0401 allele
The role of the major histocompatibility complex genes
as a genetic background in chronic pancreatitis was 
recently investigated. Among the HLA-DRB1 genes,
DRB1*04 was found to be significantly more frequent
in chronic pancreatitis patients. This might suggest a
role of HLA-DRB1*04 as a susceptibility factor in the
development of chronic pancreatitis.

Conclusions

The discovery of the genetic basis of hereditary pancre-
atitis has emerged as a new model for understanding
pancreatic diseases. Premature intrapancreatic activa-
tion of trypsin with subsequent pancreatic digestion
has been established as the molecular mechanism of
acute pancreatitis. Furthermore, the above discovery
supports the progressive link between acute and chron-
ic pancreatitis. Chronic pancreatitis arises from acute
pancreatitis-initiated inflammation.

The proposed SAPE hypothesis combines modern
features from genetic and immunologic advances with
important aspects of previous concepts on pancreatic
disease pathogenesis. The new risk factor classification
system (TIGAR-O) accommodates a risk-assessment
approach and provides the framework for future 
advancements in pathogenesis and potential treatment.

Indeed, chronic pancreatitis is a syndrome encom-
passing several complex disease mechanisms. Multiple
factors, including genetic factors (mutations in
SPINK1, CFTR, possibly UGT1A, HLA-DRB1, and
other yet-to-be-identified genes) and environmental 
factors (alcohol intake, smoking tobacco), are often 
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required for the development of chronic pancreatitis.
These factors can have a disease-causative, disease-
susceptibility, or disease-modifying role. More data 
are slowly emerging and are updating the gaps in the
framework of the TIGAR-O risk classification and
SAPE model. New methods for early diagnosis and
early genetic prognosis, as well as pathway-specific 
preventative and therapeutic strategies, are needed.
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Introduction

Chronic pancreatitis is an inflammatory condition char-
acterized by fibrosis that leads to the destruction of 
exocrine and endocrine tissue in the pancreas. Most 
patients present clinically with pain and the disease later
progresses to exocrine and endocrine insufficiency, cal-
cification, and duct dilatation. In developed countries
the disease is most commonly associated with excessive
consumption of alcohol over many years (approxi-
mately 60–70% of cases). Alcohol is therefore regarded
as the most common cause of chronic pancreatitis.
However, the factors that predispose some but not all
heavy drinkers to chronic pancreatitis remain poorly
understood. In 10–30% of patients with chronic pan-
creatitis the disease cannot be attributed to known
causative factors and these patients are labeled as hav-
ing idiopathic chronic pancreatitis. Idiopathic chronic 
pancreatitis occurs in two distinct subgroups of patients: 
(i) early-onset individuals, aged 15–30 years; and (ii) 
late-onset individuals, aged 50–70 years. These two sub-
groups have been shown to differ in severity and course
of disease progression. A less common form of idiopath-
ic chronic pancreatitis that begins in young children in
some areas of Africa and Asia is termed “tropical pan-
creatitis.” It has been subclassified either as tropical 
calcific pancreatitis or as fibrocalculous pancreatic dia-
betes, in which diabetes is the first major clinical symp-
tom. In a minority of patients, germline mutations in the
genes for cationic trypsinogen, cystic fibrosis transmem-
brane conductance regulator (CFTR), and pancreatic
secretory trypsin inhibitor (PSTI) have been associated
with familial or hereditary forms of pancreatitis.

While the diverse designation of chronic pancreatitis

as idiopathic, familial, tropical, alcoholic, or hereditary
points to multifaceted triggering events, the clinical
phenotype and disease process are remarkably similar.
As the diagnosis of pancreatitis in a clinical setting is
normally delayed beyond the initiating steps of the dis-
ease, a comprehensive analysis of the initiating mecha-
nisms and the subsequent inflammatory response is
more than difficult and only limited data on the mol-
ecular mechanisms of human disease development are
presently available. Instead, experimental animal 
models have been developed that attempt to simulate
some, if not all, characteristics of the human disease. 
It appears that chronic pancreatitis is the result of a
process that is based on individual genetic predisposi-
tion, greatly affected by nutritional and environmental
factors and contributed to by the patient’s individual
inflammatory and defensive responses.

Etiology

Various predisposing factors for chronic pancreatitis
have been identified in the past, but their impact on eti-
ology and natural disease course is still a matter of de-
bate. According to the TIGAR-O classification, the risk
factors for chronic pancreatitis can be categorized into
(i) toxic–metabolic, (ii) idiopathic, (iii) genetic, (iv) 
autoimmune, (v) recurrent and severe acute pancreati-
tis, and (vi) obstructive pancreatitis (Fig. 24.1).

Alcohol

In industrialized countries, long-term alcohol abuse 
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accounts for approximately 70% of patients with
chronic pancreatitis, with a mortality rate approaching
50% within 20–25 years due to malnutrition, severe 
infections, diabetes, alcohol- and nicotine-related dis-
eases and, most commonly forgotten, fatal accidents.
Bordalo and colleagues initially suggested that alco-
holic chronic pancreatitis is caused by the direct toxic
effects of ethanol and its metabolites and that these
would interfere with intracellular lipid metabolism and
lead to fatty degeneration of pancreatic acinar cells.
The pathologic effects of alcohol on the pancreas are,
however, difficult to study in humans. In experimental
studies, ethanol and its metabolites appear to have
complex short-term and long-term effects on acinar cell
physiology. They can cause damage to cell membranes
and affect cellular signaling pathways. Animal models,
which have been frequently used to investigate the 
effect of ethanol in vivo, have demonstrated that the
pancreatic injury induced by ethanol exposure is likely
to be multifactorial. The mechanisms seem to include
some degree of ductal hypertension, decreased pancre-
atic blood flow, oxidative stress, direct acinar cell toxicity, 
changes in protein synthesis, an enhanced inflamma-
tory response, or the stimulation of fibrosis. Acute ad-
ministration of alcohol in the rat results in increased
injury during pancreatitis induced by a combination of
pancreatic duct obstruction and hormonal hyperstimu-
lation. Rats under chronic ethanol feeding have also
more severe pancreatitis. While the generation of oxy-
gen free radicals has been clearly demonstrated in the

pancreas of rats under continuous ethanol feeding,
ethanol alone, i.e., without an additional disease-
inducing stimulus, does not cause pancreatitis. Genera-
tion of free radicals has been shown to cause depletion
of intracellular antioxidants, such as glutathione, and
accounts for subsequent oxidative damage to lipids,
proteins, and nucleic acids. Some of the toxic effects of
ethanol may therefore be secondary to its effect on lipid
metabolism and other metabolic pathways.

There is a clear dose-related risk for the development
of alcoholic pancreatitis but the disease process ap-
pears to be very extended, with an interval between the
start of continuous alcohol consumption and the clini-
cal manifestation of alcohol-induced chronic pancre-
atitis of as long as 15–20 years. Recurrent episodes of
subclinical acute pancreatitis may lead, over time, to
chronic inflammation and fibrosis. Other observations
suggest that chronic pancreatitis may also arise inde-
pendently of acute disease recurrences. Interestingly,
the correlation between alcohol consumption and
chronic pancreatitis is not strict and less than 5% 
of alcoholics develop pancreatitis as a consequence of 
excessive ethanol consumption. Why the pancreas of
some individuals is more susceptible to alcohol than
that of others and why the development of alcoholic
pancreatitis appears to follow different patterns in indi-
vidual alcoholics has prompted investigators to study
genetic predisposition in patients with pancreatitis.
Candidate genes that have been studied include alde-
hyde dehydrogenase polymorphisms, CFTR, cationic
trypsinogen, HLA antigens and others, but none of
these were found to predispose to alcoholic pan-
creatitis. While the mechanisms involved in alcoholic
pancreatitis are still being explored, much progress 
has been made in elucidating the role of gallstones in 
the pathophysiology of pancreatitis.

Gallstone-induced pancreatitis

About 150 years ago Claude Bernard discovered that
bile can cause pancreatitis when it is injected into the
pancreatic duct of laboratory animals. Since that time
many studies have been performed to elucidate the 
underlying pathophysiologic mechanisms. Today it is
firmly established that the passage of a gallstone from
the gallbladder through the biliary tract can initiate
pancreatitis, whereas gallstones that remain in the gall-
bladder do not cause pancreatitis. The various hy-
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for chronic pancreatitis, the number of patients classified as
having idiopathic chronic pancreatitis is decreasing.



potheses that were proposed to explain this association
are mostly contradictory. In 1901 Eugene Opie postu-
lated that an impairment of the pancreatic outflow due
to obstruction of the pancreatic duct causes pancreati-
tis. This initial “duct obstruction” hypothesis was
somewhat forgotten when Opie published his second
“common channel” hypothesis during the same year.
This later hypothesis predicts that an impacted gall-
stone at the papilla of Vater creates a communication
between the pancreatic and the bile duct (the said
“common channel”) through which bile flows into the
pancreatic duct and thus causes pancreatitis.

From a mechanistic point of view, Opie’s common
channel hypothesis seems rational and has become one
of the most popular theories in the field; however, con-
siderable experimental and clinical evidence is incom-
patible with its assumptions. Anatomic studies have
shown that the communication between the pancreatic
duct and the common bile duct is much too short
(< 6 mm) to permit biliary reflux into the pancreatic
duct. Therefore an impacted gallstone would most 
likely obstruct both the common bile duct and the pan-
creatic duct. Even in the event of an existing anatomic
communication, pancreatic juice would be expected to
flow into the bile duct rather than bile into the pancre-
atic duct due to the higher secretory pressure of pancre-
atic juice exceeding biliary pressure. Late in the course
of pancreatitis when necrosis is firmly established, a 
biliopancreatic reflux due to a loss of barrier function 
in the damaged pancreatic duct may well explain the
observation of a bile-stained necrotic pancreas at the
time of surgery. However, this should not be regarded
as evidence for the assumption that reflux of bile into
the pancreas is a triggering event for disease onset.

Based on these inconsistencies of the common chan-
nel hypothesis, it was proposed that the passage of a
gallstone might damage the duodenal sphincter in such
a way that sphincter insufficiency results. In turn, this
could permit duodenal content, including bile and acti-
vated pancreatic juice, to flow through the incompetent
sphincter into the pancreatic duct and induce pancre-
atitis. However, this hypothesis was shown not to be
applicable to the human situation, in which sphincter
stenosis rather than sphincter insufficiency results from
the passage of a gallstone through the papilla, and flow
of pancreatic juice into the bile duct, rather than flow of
duodenal content into the pancreas, is the consequence.
Finally, another argument against the common channel
hypothesis is that perfusion of bile through the pancre-

atic duct is completely harmless. Only an influx of in-
fected bile, which might occur after prolonged obstruc-
tion at the papilla when the pressure gradient between
the pancreatic duct (higher) and the bile duct (lower) is
reversed, may represent an aggravating factor for the
course of pancreatitis.

Taken together, the initial pathophysiologic events
that occur during the course of gallstone-induced pan-
creatitis are believed to affect the acinar cell and are
triggered, in accordance with Opie’s initial hypothesis,
by obstruction or impairment of flow from the pancre-
atic duct. Bile reflux into the pancreatic duct, either
through a common channel created by an impacted
gallstone or through an incompetent spincter caused by
the passage of a gallstone, is neither required nor likely
to occur during the initial course of pancreatitis.

Molecular aspects during pancreatic 
duct obstruction

In an animal model based on pancreatic duct obstruc-
tion the cellular events involved in gallstone-induced
pancreatitis were investigated in rodents. Intracellular
calcium release in response to hormonal stimuli was 
investigated in addition to a morphologic and bio-
chemical characterization. Under physiologic resting
conditions most cell types, including the acinar cells of
the exocrine pancreas, maintain a Ca2+ gradient across
the plasma membrane, with low intracellular Ca2+ con-
centrations (nanomolar range) facing high extra-
cellular Ca2+ concentrations (millimolar range). Many
of these cells use rapid Ca2+ release from intracellular
stores in response to external and internal stimuli as a
signaling mechanism that regulates diverse biological
events, such as growth, proliferation, locomotion, con-
traction, or the regulated secretion of exportable 
proteins. An impaired capacity to maintain the Ca2+

gradient across the plasma membrane represents a
common pathophysiologic characteristic of vascular
hypertension, malignant tumor growth, and cell dam-
age in response to some toxins. Ligation of the pancre-
atic duct in rats and mice, a condition that mimics
gallstone-induced pancreatitis in humans, induced
leukocytosis, hyperamylasemia, pancreatic edema, and
granulocyte immigration into the lungs, all of which
were not observed in bile duct-ligated controls. It also
led to significant intracellular activation of pancreatic
proteases such as trypsin, an event we discuss in more

CHAPTER 24

203



detail in the next paragraph. Whereas the resting
[Ca2+]i in isolated acini rose by 45% to 205 ± 7 nmol/L,
the acetylcholine- and cholecystokinin-stimulated 
calcium peaks as well as amylase secretion declined.
However, neither the [Ca2+]i signaling pattern nor the
amylase output in response to the Ca2+-ATPase in-
hibitor thapsigargin, nor secretin-stimulated amylase
release, were impaired by pancreatic duct ligation. At
the single-cell level, pancreatic duct ligation reduced
the percentage of cells in which physiologic secreta-
gogue stimulation was followed by a physiologic 
response (i.e., Ca2+ oscillations) and increased the 
percentage of cells with a pathologic response (i.e.,
peak-plateau or absent Ca2+ signal). Moreover, it re-
duced the frequency and amplitude of Ca2+ oscillations
as well as the capacitative Ca2+ influx in response to 
secretagogue stimulation.

To test whether these prominent changes in intra-
acinar calcium signaling not only parallel pancreatic
duct obstruction but are also directly involved in the
initiation of pancreatitis, animals were systemically
treated with the intracellular calcium chelator BAPTA-
AM. As a consequence, both the parameters of pancre-
atitis as well as intrapancreatic trypsinogen activation
induced by duct ligation were found to be signifi-
cantly reduced. These experiments suggest that pan-
creatic duct obstruction, the critical event involved in
gallstone-induced pancreatitis, rapidly changes the
physiologic response of the exocrine pancreas to a
pathologic Ca2+-signaling pattern. This pathologic
Ca2+ signaling is associated with premature digestive
enzyme activation and the onset of pancreatitis, both 
of which can be prevented by administration of an 
intracellular calcium chelator.

Autoactivation of pancreatic proteases

The exocrine pancreas, which synthesizes more protein
than any other exocrine organ, secretes digestive
proenzymes called zymogens that require proteolytic
cleavage of an activation peptide to become fully active.
After entering the small intestine, the pancreatic zymo-
gen trypsinogen is first activated to trypsin by an in-
testinal protease called enterokinase (enteropeptidase).
Activated trypsin is subsequently able to proteolyti-
cally process other pancreatic enzymes to their active
forms. Under physiologic conditions, pancreatic pro-
teases thus remain inactive during synthesis, intracellu-

lar transport, secretion from acinar cells, and transit
through the pancreatic duct. Activation only occurs
when they reach the lumen and brush border of the
small intestine. About a century ago, the pathologist
Hans Chiari suggested that the pancreas of patients
who had died during episodes of acute necrotizing pan-
creatitis “had succumbed to its own digestive prop-
erties,” and he created the term “autodigestion” to
describe the underlying pathophysiologic disease
mechanism. Many attempts have been made since then
to prove or disprove the role of premature intracellular
zymogen activation as an initial or initiating event in
the course of pancreatitis. Only recent advances in 
biochemical and molecular techniques have allowed 
investigators to address some of these questions 
conclusively.

There are several reasons why many of these studies
have been performed on animal or isolated cell models
and have not been gained directly from human pan-
creas or patients with pancreatitis.
1 Because of its anatomic localization, the pancreas is
rather inaccessible and biopsies of human pancreas are
difficult to obtain for ethical and medical reasons.
2 When patients present to hospital with the first
symptoms of acute pancreatitis, the initial stages of the
disease, where triggering events could be studied, have
already passed.
3 Investigations that address initiating pathophysio-
logic events are disturbed by the autodigestive process.
Mechanisms of premature protease activation have
therefore mostly been studied in animal and cell models
that can be experimentally controlled and which are
highly reproducible.

Pathophysiologic significance of digestive 
protease activation

Early hypotheses concerning the question of where and
how pancreatitis starts were based on autopsy studies
of patients who had died during the course of pancre-
atitis. One of these early theories suggested that peri-
pancreatic fat necrosis represents the initial event from
which all later alterations arise. This hypothesis impli-
cated pancreatic lipase, which is secreted from acinar
cells in its active form, as the culprit for pancreatic
necrosis. Another hypothesis suggested that periductal
cells represented the site of initial damage and that ex-
travasation of pancreatic juice from the ductal system is
responsible for initiating the disease. However, con-

PART I I

204



trolled studies subsequently demonstrated that the aci-
nar cell is the initial site of morphologic damage. It is
important to note that pancreatitis begins in exocrine
acinar cells, as opposed to the pancreatic ducts or some
poorly defined extracellular space, because it repre-
sents a shift from earlier mechanistic and histopatho-
logic interpretations of the disease onset.

Trypsinogen and other pancreatic proteases are 
synthesized by acinar cells as inactive proenzyme 
precursors and stored in membrane-bound zymogen
granules. After activation in the small intestine, trypsin
converts other pancreatic zymogens, such as chy-
motrypsinogen, proelastase, procarboxypeptidase, or
prophospholipase A2, to their active forms. Although
small amounts of trypsinogen are probably activated
within the pancreatic acinar cell under physiologic con-
ditions, two protective mechanisms normally prevent
cell damage from proteolytic activity.
1 PSTI, the product of the gene for serine protease 
inhibitor Kazal type 1 (SPINK1), is cosecreted with
pancreatic zymogens and may inhibit up to 20% of 
cellular trypsin activity in humans. Mutations in the
SPINK1 gene have been found associated with certain
forms of human pancreatitis, indicating that this 
protective mechanism may play a role in pancreatic
pathophysiology.
2 Cell biological experiments using living rodent acini
provided evidence that trypsin limits its own activity by
autodegradation under conditions that mimic pancre-
atitis (see below). An important discovery was that the
specific cationic trypsinogen mutations that have been
found associated with human hereditary pancreatitis
seem to stabilize trypsin against autolysis, suggesting
that autodegradation might play a protective role
against excess intrapancreatic trypsin activity.
Although experimentally not demonstrated as yet,
other pancreatic proteases might participate in a simi-
lar protective mechanism, and a different trypsin iso-
form, mesotrypsin, has been labeled a candidate for this
function in humans. This minor trypsin isoform con-
stitutes less than 5% of total secreted trypsinogens 
and, due to a GlyÆArg substitution at position 198
(GlyÆArg at position 193 in chymotrypsin number-
ing), is poorly inhibited by PSTI. However, mesotrypsin
is grossly defective not only in inhibitor binding but
also in cleaving protein substrates. A pathophysiologic
role of mesotrypsin in intracellular protease degrada-
tion and a protective function in pancreatitis is there-
fore rather unlikely.

Theoretically, premature activation of large amounts
of trypsinogen could overwhelm these protective 
mechanisms, rupture the zymogen-confining mem-
branes, and release activated proteases into the cytosol.
Moreover, the release of large amounts of calcium from
zymogen granules into the cytosol might activate 
calcium-dependent proteases such as calpains which, in
turn, would contribute to cell injury.

The apparent role of prematurely activated digestive
enzymes in the pathogenesis of pancreatitis is sup-
ported by the following observations:
1 the activity of both pancreatic trypsin and elastase
increases early in the course of experimental 
pancreatitis;
2 the activation peptides of trypsinogen and car-
boxypeptidase A1 are cleaved early in the course of
acute pancreatitis from the respective proenzyme and
are released into either the pancreatic tissue or the
serum;
3 pretreatment with a serine protease inhibitor (ga-
bexate mesylate) reduces the incidence of endoscopic
retrograde cholangiopancreatography (ERCP)-
induced pancreatitis;
4 serine protease inhibitors reduce injury in experi-
mental pancreatitis;
5 mutations in the cationic trypsinogen gene that have
been found associated with hereditary pancreatitis 
render trypsinogen either more prone to premature 
activation or more resistant to degradation by other
proteases;
6 mutations in the SPINK1 gene which might render
PSTI a less effective protease inhibitor are associated
with certain forms of chronic pancreatits.

In clinical and experimental studies it was found that
zymogen activation occurs very early in the disease
course and one study reported a biphasic pattern of
trypsin activity that reached an early peak after 1 hour
and a later second peak after several hours. This obser-
vation is interesting because it suggests that more than
one mechanism may be involved in the activation of
pancreatic zymogens and the second peak may require
the infiltration of inflammatory cells into the pancreas.
In patients who underwent ERCP, an interventional
medical procedure that requires cannulation of the
pancreatic duct and is associated with a significant
complication rate for pancreatitis, the prophylactic ad-
ministration of a low-molecular-weight protease in-
hibitor reduced the incidence of pancreatitis. While
protease inhibitors have not been found to be effective
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when used therapeutically in patients with clinically es-
tablished pancreatitis, the result of the prophylactic
study supports the conclusion that activation of pan-
creatic proteases is an inherent feature of disease onset.
Taken together these observations represent com-
pelling evidence that premature intracellular zymogen
activation plays a critical role in the early pathophysio-
logic events of pancreatitis.

Subcellular site of initial protease activation

Identification of the subcellular site where pancreatitis
begins is critical for understanding the pathophysio-
logic mechanisms involved in premature intrapan-
creatic protease activation. By using a fluorogenic
trypsin-specific substrate, trypsinogen activation after
secretagogue stimulation could be clearly localized to
the secretory compartment within acinar cells. When
subcellular fractions containing different classes of 
secretory vesicles were subjected to density gradient
centrifugation, it was found that trypsinogen activa-
tion does not initially arise in mature zymogen granules
but in membrane-bound vesicles of lesser density that
most likely correspond to immature condensing secre-
tory vacuoles. These data indicate that mature zymo-
gen granules in which digestive proteases are highly
condensed are not necessarily the primary site of this
activation. The first trypsin activity in acinar cells fol-
lowing a pathologic stimulus is clearly detectable in
membrane-bound secretory vesicles in which trypsino-
gen, as well as lysosomal enzymes (see below), are both
physiologically present.

Cathepsin B

Several lines of evidence have suggested a possible role
for the lysosomal cysteine protease cathepsin B in the
premature and intrapancreatic activation of digestive
enzymes. Observations that would support such a role
of cathepsin B include the following: (i) cathepsin B can
activate trypsinogen in vitro; (ii) during experimental
pancreatitis, cathepsin B is redistributed from its lyso-
somal compartment to a zymogen granule-enriched
subcellular compartment; and (iii) lysosomal enzymes
such as cathepsin D colocalize with digestive zymogens
in membrane-bound organelles during the early course
of experimental pancreatitis. Although the cathepsin
hypothesis seems attractive from a cell biological point
of view, it has received much criticism because some ex-

perimental observations that partly made use of lysoso-
mal protease inhibitor appeared to be incompatible
with its assumptions. In view of the limited specificity
and bioavailability of the existing inhibitors for 
lysosomal hydrolases, the cathepsin hypothesis was 
addressed in cathepsin B-deficient animals.

The most dramatic change during experimental 
pancreatitis in these animals was a more than 80% 
reduction in premature intrapancreatic trypsinogen 
activation over the course of 24 hours. This observa-
tion can be regarded as the first direct experimental 
evidence for a critical role of cathepsin B in intracellular
premature protease activation during the onset of pan-
creatitis. Surprisingly, the decrease in trypsinogen acti-
vation is not paralleled by a dramatic prevention of
pancreatic necrosis, and the systemic inflammatory re-
sponse during pancreatitis is not affected at all. This ob-
servation, and the fact that cathepsin B can activate
pancreatic digestive zymogens other than trypsinogen,
raises two important questions: (i) is trypsin activation
itself, which is clearly cathepsin B-dependent, directly
involved in acinar cell damage, and (ii) does cathepsin
B-induced activation of other digestive proteases 
ultimately cause pancreatic necrosis?

Cathepsin B is clearly present in the subcellular secre-
tory compartment of the healthy human pancreas and
in the pancreatic juice of controls and pancreatitis pa-
tients. A redistribution of cathepsin B into the secretory
compartment of the exocrine pancreas may therefore
not be required for interaction between trypsinogen
and cathepsin B because both classes of enzymes are al-
ready colocalized under physiologic conditions in the
human pancreas. On the other hand, the capacity of
cathepsin B to activate trypsinogen is not affected by
the most common trypsinogen mutations found in as-
sociation with hereditary pancreatitis. While the onset
of human pancreatitis may well involve mechanisms
that depend on cathepsin B-induced protease activa-
tion, the cause of hereditary pancreatitis cannot be 
easily reduced to an increased cathepsin-B induced 
activation of mutant trypsinogen.

Role of trypsin in premature digestive 
protease activation

In isolated pancreatic acini and lobules, experiments
using a specific cell-permeant and reversible trypsin in-
hibitor established that complete inhibition of trypsin
activity does not prevent, nor even reduce, the conver-
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sion of trypsinogen to trypsin. On the other hand, a cell-
permeant cathepsin B inhibitor prevented trypsinogen
activation completely. Inhibitor washout experiments
determined that following hormone-induced trypsino-
gen activation, 80% of the active trypsin is immedi-
ately and directly inactivated by trypsin itself. These 
experiments suggest that trypsin activity is neither re-
quired nor involved in trypsinogen activation and that
its most prominent role is apparently its own auto-
degradation. This, in turn, suggests that intracellular
trypsin activity might have a role in the defense against
other, potentially more harmful digestive proteases.
Consequently, structural alterations that impair the
function of trypsin in hereditary pancreatitis would
eliminate a protective mechanism rather than generate
a triggering event for pancreatitis. Whether these ex-
perimental observations obtained from rodent pancre-
atic acini and lobules have any relevance to human
hereditary pancreatitis is presently unknown because
human cationic trypsinogen may have different activa-
tion and degradation characteristics in vivo.

How structural changes in the cationic trypsinogen
gene caused by germline mutations can lead to the onset
of hereditary pancreatitis has also been a matter of de-
bate. Trypsin is one of the oldest known digestive en-
zymes able to activate several other digestive proteases
in the gut and in vitro. Because pancreatitis is regarded
as a disease caused by proteolytic autodigestion of the
pancreas, it seemed reasonable to assume that pancre-
atitis is caused by a trypsin-dependent protease cascade
within the pancreas itself. Trypsinogen mutations
found in association with hereditary pancreatitis
should therefore confer a gain of enzymatic function in
such a way that either mutant trypsinogen would be
more readily activated inside acinar cells or, alterna-
tively, that active trypsin would become less rapidly 
degraded. Both events would increase or extend 
enzymatic action of trypsin within the cellular environ-
ment. From a statistical point of view, however, most
hereditary disorders, including most autosomal domi-
nant diseases, are associated with loss-of-function mu-
tations that render a specific protein defective or impair
its intracellular processing or targeting. Moreover, a
total of 16 mutations in the cationic trypsinogen pro-
tein, scattered over various regions of the molecule,
have been reported to be associated with pancreatitis or
hereditary pancreatitis. It seems therefore unlikely that
such a great number of mutations located in entirely
different regions of the protease serine 1 (PRSS1) gene

would all have the same effect on trypsinogen and re-
sult in a gain of enzymatic function. A loss of enzy-
matic function in vivo would, accordingly, be a much
simpler and consistent explanation for the pathophysi-
ologic role of hereditary pancreatitis mutations. On the
other hand, several in vitro studies found that either 
facilitated trypsinogen autoactivation or extended
trypsin activity can result under defined experimental
conditions. Whether these in vitro conditions reflect the
highly compartmentalized situation under which intra-
cellular protease activation begins in vivo is presently
unknown, but these findings would favor a gain of
trypsin function as a consequence of several trypsino-
gen mutations.

Some recently reported kindreds with hereditary
pancreatitis that carry a novel R122C mutation are
very interesting with respect to a loss-of-function con-
cept. The single nucleotide exchange in these families is
located within exactly the same codon as in the most
common variety of hereditary pancreatitis (R122C vs.
R122H). Biochemical studies revealed that enteroki-
nase-induced activation, cathepsin B-induced activa-
tion, and autoactivation of Cys122 trypsinogen are
significantly reduced by 60–70% compared with the
wild-type proenzyme. Cys122 trypsinogen seems to
form mismatched disulfide bridges under intracellular
in vivo conditions, resulting in a dramatic loss of
trypsin function that cannot be compensated for by in-
creased autoactivation. Indeed, if this scenario reflects
the in vivo conditions within the pancreas, it would rep-
resent the first direct evidence from a human study for a
“loss-of-function”mutation and therefore for a poten-
tial protective role of trypsin activity in the pancreas.
Whether the gain-of-function hypothesis or the loss-of-
function hypothesis correctly explains the pathophysi-
ology of hereditary pancreatitis presently cannot be
completely resolved, short of direct access to living
human acini from carriers of PRSS1 mutations or a
transgenic animal model into which the human PRSS1
mutations have been introduced.

Trypsinogen isoforms in human pancreatitis

The human pancreas secretes three isoforms of
trypsinogen, encoded by the PRSS genes 1, 2, and 3. On
the basis of their relative electrophoretic mobility, 
the three trypsinogen species are commonly referred 
to as cationic trypsinogen, anionic trypsinogen, 
and mesotrypsinogen. Normally the cationic isoform 
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constitutes about two-thirds of the total trypsinogen
content, while anionic trypsinogen makes up appro-
ximately one-third.

A characteristic feature of human pancreatic diseases
as well as chronic alcoholism is the relatively selective
upregulation of anionic trypsinogen secretion. Even
though the two major human isoforms of trypsinogen
are about 90% identical in their primary structure,
their properties with respect to autocatalytic activation
and degradation differ significantly. Anionic trypsino-
gen (and trypsin) exhibits a markedly increased
propensity for autocatalytic degradation in compari-
son with cationic trypsinogen (and trypsin). Further-
more, acidic pH stimulates autoactivation of cationic
trypsinogen, whereas it inhibits autoactivation of 
anionic trypsinogen. The distinctly different behavior
of the two trypsinogen isoforms suggests that changes
in their ratio should have profound effects on the over-
all stability of the pancreatic trypsinogen pool and its
susceptibility to autoactivation.

Biochemical analysis of mixtures of the two
trypsinogens at different ratios and in pH and calcium
conditions indicative of physiologic or pathologic situ-
ations have provided evidence that upregulation of 
anionic trypsinogen in pancreatic disorders does not 
affect physiologic trypsinogen activation but signifi-
cantly limits trypsin generation under potentially
pathologic conditions. It seems that anionic trypsino-
gen plays a protective role in pancreatic physiology. As
a defensive mechanism, acinar cells increase secretion
of the anionic isoform in pancreatic diseases or under
toxic conditions, thereby decreasing the risk for prema-
ture trypsinogen activation inside the pancreas while
maintaining adequate trypsin function in the duo-
denum. On the other hand, the decreased abil-
ity of intrapancreatic trypsinogen to autoactivate can
be regarded as a “loss of trypsin function” which, in
this context, may play a disease-causing instead of a
safeguarding role (see discussion on the possible role of
loss of trypsin function in the onset of pancreatitis).

While these interpretations assume that total
trypsinogen levels remain constant and that only the
ratio of the two isoforms changes, in reality this is rarely
the case. In chronic pancreatitis, trypsinogen secretion
is generally decreased whereas in chronic alcoholism
total trypsinogen secretion can be significantly el-
evated. As a consequence of increased trypsinogen 
synthesis the pancreas could be more susceptible to 
inappropriate zymogen activation, and becomes so 

despite the protective effects of anionic trypsinogen. In
this context, it is noteworthy that the rare pancreatitis-
associated E79K mutation in human cationic trypsino-
gen results in a loss of function as far as autoactivation
is concerned. However, the mutant enzyme activates
anionic trypsinogen with twofold greater efficiency
than wild-type cationic trypsin. The unusual mecha-
nism of action of this mutant underscores the potential
importance of an interaction between the two 
human trypsinogen isoforms in the pathogenesis of
pancreatitis.

Role of calcium in pancreatic protease activation

Calcium is a critical intracellular second messenger in
the regulated exocytosis of digestive enzymes from the
apical pole of the acinar cell. On the other hand, cal-
cium can also directly affect the activation and stability
of trypsinogen and other proteases. These two aspects
of calcium function are both involved in the onset of
pancreatitis.

In vitro, Ca2+ is not required for trypsinogen activa-
tion by enterokinase or cathepsin B but stimulates 
autocatalytic activation of bovine cationic, rat anionic,
or human anionic trypsinogen that usually requires
high millimolar Ca2+ concentrations (2–10 mmol/L). In
contrast, autoactivation of human cationic trypsino-
gen is stimulated in the submillimolar concentration
range, while concentrations above 1 mmol/L inhibit
autoactivation. The trypsinogen activation peptide
(TAP) contains a negatively charged tetra-aspartate
motif (Asp19-Asp20-Asp21-Asp22), which together
with Lys23 forms the enterokinase recognition site.
The negative charges of the aspartate carboxylates are
believed to inhibit trypsin-induced (auto)activation,
and high Ca2+ concentrations may shield these charges
by binding to the tetra-aspartate sequence, which is
also referred to as the low-affinity Ca2+-binding site of
trypsinogen. In the case of human cationic trypsinogen,
stimulation of autoactivation already at low Ca2+ con-
centrations (EC50 ~ 15 mmol/L) appears to be a conse-
quence of Ca2+ binding to a different high-affinity
binding site (see below). The mechanism whereby high-
affinity Ca2+ binding facilitates autoactivation of
cationic trypsinogen is unclear at present.

Ca2+ is also essential for the structural integrity of
trypsinogen and trypsin. This effect of Ca2+ is mediated
by the high-affinity Ca2+ binding site (KD ~ 20 mmol/L
for human cationic trypsin, as judged by protection
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against autolysis), which is located between Glu75 and
Glu85. Binding of Ca2+ to this site is believed to induce
conformational changes that reduce the proteolytic 
accessibility of surface-exposed Arg and Lys residues
that are targets of trypsinolytic degradation. Differ-
ences in surface exposure of conserved Lys and Arg
side-chains may further contribute to a trypsin iso-
form’s specific sensitivity to autocatalytic degradation.

In acinar cells, Ca2+ is also a critical intracellular sec-
ond messenger for the regulated exocytosis of digestive
enzymes. Endocrine diseases associated with clinical
hypercalcemia are known to predispose patients to 
develop pancreatitis, presumably by decreasing the
threshold level for the onset of pancreatitis or by induc-
tion of morphologic alterations equivalent to pancre-
atitis. An elevation of acinar cytosolic free Ca2+ should
be regarded as the most probable common denomina-
tor for the onset of various clinical varieties of acute 
or chronic pancreatitis. While the requirement for 
calcium in protease activation is undisputed and high
intracellular Ca2+ concentrations are thought to rep-
resent a prerequisite for premature protease activa-
tion, Ca2+ alone seems to be insufficient to trigger this
process.

Role of pH in pancreatic protease activation

Changes in pH also have a profound impact on autoac-
tivation and autodigestion of trypsinogen. It is assumed
that the pH within the lysosomal compartment is held
between 4.5 and 5.5, whereas it is maintained between
6 and 7 in the secretory compartment. Some cytoplas-
mic vacuoles that arise during pancreatitis also appear
to be acidic. Pancreatic zymogens, as opposed to
cathepsins, are stable at very acidic pH (3.0 or 3.5) and
neither autoactivation nor autodegradation occur to
any significant degree. When pH is raised, autoactiva-
tion becomes more rapid up to a maximum at pH 5–6.
At neutral or slightly alkaline pH and in the absence of
Ca2+, the rate of autoactivation declines while auto-
degradation becomes prevalent. In the presence of 
Ca2+ (see above), autoactivation is maximal at slightly
alkaline pH with minimal autodegradation. Inside the
acinar cell the pH is regulated in a much more narrowly
controlled range than used in in vitro experiments.
Maximal as well as supramaximal stimulation of pan-
creatic acinar cells leads to a slight increase (0.1–0.3) in
intracellular pH but this process is again dependent on
the presence of intracellular Ca2+. In studies in which

the acidic pH inside the vesicular compartments of 
acinar cells was neutralized by exposure to weak cell-
permable bases, premature protease activation was
found to be blocked. On the other hand, when the 
same agents were used to neutralize the acinar cell 
compartments in vivo, experimental pancreatitis was
still found to occur and neither its onset nor its course
were affected. This indicates that the role of intracellu-
lar pH in premature zymogen activation is complex. 
A shift of intracellular pH to conditions less favorable
for premature activation of procarboxypeptidase 
and trypsinogen by trypsin may optimize the condi-
tions for premature activation by cathepsin B. In this
context it is noteworthy that activation of human
cationic trypsinogen by cathepsin B exhibits a very
sharp pH dependence in the acidic range. Between pH
4.0 and 5.2 a 100-fold decrease in activity was ob-
served, suggesting that minor changes in intravesicular
pH can have profound effects on cathepsin B-mediated
trypsinogen activation in acinar cells. Which of these
mechanisms plays the critical role in the onset or subse-
quent course of acute clinical pancreatitis will require
additional studies.

Pancreatic secretory trypsin inhibitor gene (SPINK1)

PSTI, a 56-amino acid SPINK1, is synthesized in acinar
cells as a 79-amino acid single-chain polypeptide pre-
cursor that is subsequently processed to the mature
peptide, stored in zymogen granules, and secreted into
pancreatic ducts. It is regarded as a first-line defense
system that is capable of inhibiting up to 20% of total
trypsin activity which may result from accidental pre-
mature activation of trypsinogen to trypsin within aci-
nar cells. First studies on the role of PSTI mutations in
chronic pancreatitis patients reported that some of
these patients had a point mutation in exon 3 of the
PSTI gene that leads to the substitution of an as-
paragine by serine at position 34 (N34S). Analysis of
intronic sequences showed that the N34S mutation is in
complete linkage disequilibrium with four additional
sequence variants: IVS1–37TC, IVS2+268AG,
IVS3–604GA, and IVS4–69insTTTT. Whether the
N34S amino acid exchange or its association with these
intronic mutations, which may confer splicing abnor-
malities, are causative in the context of PSTI patho-
physiology is not clear at the moment. In a number of
studies further mutations and polymorphisms have
been detected in PSTI, including a methionine to threo-
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nine exchange that destroys the start codon of PSTI
(1MT), a leucine to proline exchange in codon 14
(L14P), an aspartate to glutamine exchange in codon
50 (D50E), and a proline to serine exchange in codon
55 (P55S). Few studies have reported the frequencies of
these mutations and they seem to be fairly low in com-
parison to the N34S mutation. N34S is present at a low
level (0.4–2.5%) in the normal healthy population, but
appears to be accumulated in selected groups of chron-
ic pancreatitis patients. As a result of inconsistent selec-
tion criteria, different groups have reported N34S
mutations in 6%, 19%, 26%, or even 86% of alco-
holic, hereditary, or familial idiopathic pancreatitis 
patient groups. The considerable differences in these
study results may be related not only to the absence of 
a generally accepted terminology for “familial” or
“hereditary” and “idiopathic” pancreatitis, but could
also be explained by the fact that determination of 
frequencies in some cases may involve several family
members whereas other studies counted unrelated pa-
tients only. Independent of different reports about the
strength of this association with chronic pancreatitis,
the prevalence of N34S mutations appears to be in-
creased in pancreatitis but does not follow a clear-cut
recessive or complex inheritance trait. In hereditary
pancreatitis associated with mutations in the cationic
trypsinogen gene, studies have demonstrated that the
additional presence of SPINK1 mutations affects nei-
ther penetrance nor disease severity nor the onset of
secondary diabetes mellitus. While this does not rule
out that SPINK1 is a “weak” risk factor for the onset of
pancreatitis in general, it makes a modifier role in the
onset of hereditary pancreatitis associated with
“strong” PRSS1 mutations very unlikely.

In studies that analyzed the association of PSTI with
tropical pancreatitis, an endemic variety of pancreatitis
in Africa and Asia, several groups have reported a
strong association of N34S in populations in India and
Bangladesh. Tropical pancreatitis is a type of idiopath-
ic chronic pancreatitis of unknown etiology that can be
categorized by its clinical manifestations into either
tropical calcific pancreatitis or fibrocalculous pancre-
atic diabetes. While frequencies of the N34S mutation
in the normal control population are comparable to
previous reports from Europe and North America
(1.3%), the mutation was found in 55% and 29% of
patients with fibrocalculous pancreatic diabetes and in
20% and 36% of those with tropical calcific pancreati-
tis in Bangladesh and South India respectively.

Mutations in the PSTI gene may define a genetic pre-
disposition for pancreatitis and apparently lowers the
threshold for pancreatitis caused by other factors.
However, a biochemical analysis of the protease-
inhibiting activity of PSTI by Kuwata et al. reported 
unchanged trypsin-inhibiting function of N34S-PSTI
under both alkaline and acidic conditions. At pH 
values between 5 and 9 recombinant N34S protein had
the same inhibitory activity for trypsin as wild-type
PSTI and also a variation of calcium concentrations 
revealed no differences of N34S function. The patho-
physiology of N34S mutations may therefore follow
mechanisms other than decreased protease inhibitory
activity due to a conformational change. Instead the
predisposition to pancreatitis in N34S patients may be
caused by differences in PSTI expression levels possibly
due to splicing defects. An analysis of PSTI protein 
expression levels in N34S patients will have to clarify
this issue.

Cystic fibrosis transmembrane
conductance regulator

In the general population a large number of different,
relatively severe mutations are commonly found within
the CFTR gene. Some of these mutations involve a sin-
gle allele, whereas others are combinations of severe
and mild mutations and additional 5T alleles in intron
8, that further reduce the amount of functional CFTR.
The gene encodes a cyclic adenosine monophosphate-
sensitive chloride channel essential for normal bicar-
bonate secretion and which is expressed in epithelial
cells, such as those in the lung, biliary tract, pancreas,
and vas deferens. Typical cystic fibrosis (CF) is an auto-
somal recessive inherited disease that results from se-
vere mutations (e.g., D508) in both alleles of the CFTR
gene. Besides chronic pulmonary disorders, CF shows
multiorgan involvement and is the most common in-
herited disease of the pancreas. Children with CFTR
mutations are often born with a severely damaged fi-
brotic pancreas and pancreatic insufficiency. Observa-
tions in chronic pancreatitis patients of abnormally
increased sweat electrolyte levels and pancreatic ductal
plugging comparable to findings in CF further sug-
gested that CFTR may play a role in chronic pancreati-
tis as well. Several studies on patients with idiopathic
chronic pancreatitis subsequently confirmed an in-
creased CFTR mutation rate, which was elevated

PART I I

210



above the expected 5% carrier frequency normally 
observed in Caucasian populations. Genotypes that 
reduce CFTR protein function to 1% of its normal
value cause typical CF, characterized by pulmonary dis-
orders, pancreatic insufficiency, congenital bilateral
absence of vas deferens, and sweat test alteration.
Genotype–phenotype studies indicate that mutations
that cause severe loss of CFTR function (< 2% residual
function) are linked to pancreatic insufficiency, where-
as mutations that cause a milder loss of CFTR function
(~ 5% residual function) are classified as pancreatic-
sufficient, even though they still cause CF. Disease 
manifestation appears to depend on the amount of 
preserved CFTR function and also on a presumably
(pancreatic) tissue-specific threshold level. To date,
while more than 1000 CFTR mutations are known,
commercial tests generally detect only a few severe mu-
tations known to cause classical CF. Comprehensive
CFTR gene testing in patients with idiopathic chronic
pancreatitis will have to clarify whether the combina-
tion of specific severe/mild or of mild/mild CFTR muta-
tions in a compound heterozygous state (and
eventually also in combination with T5 alleles) repre-
sents a genetic predisposition to chronic pancreatitis.

Autoimmune chronic pancreatitis

Autoimmune pancreatitis represents a distinct form of
chronic pancreatitis. The distinction of autoimmune
pancreatitis from other forms is important because
these patients respond very well to steroid therapy. 
Autoimmune pancreatitis may be occasionally ob-
served in association with Sjögren’s syndrome, primary
biliary cirrhosis, primary sclerosing cholangitis,
Crohn’s disease, ulcerative colitis, or other immune-
mediated disorders. Histologic features consist of de-
struction of the duct and fibrotic atrophy of the acinar
tissue without calcifications. Ectors and colleagues
noted a unique pattern of inflammation that particular-
ly involved the ducts and resulted in duct obstruction
and sometimes duct destruction. Histopathologically,
an infiltration with lymphocytes, plasma cells, and 
fibrosis can be found.

Multiple autoantibodies have been detected in 
autoimmune pancreatitis, including those against 
nuclear structures, lactoferrin, carbonic anhydrase 
II, smooth muscle cells, and rheumatoid factor. The 
numbers of CD8+ and CD4+ cells are increased in 

the peripheral blood, suggesting a Th1-type immune 
response.

Inflammatory cells in 
chronic pancreatitis

Chronic inflammation is one of the characteristics of
chronic pancreatitis. Mediators involved in the recruit-
ment of inflammatory cells to the site of tissue injury are
known as chemotactic factors and are produced in
large quantities at the inflammatory site. These media-
tors, such as tumor necrosis factor-a, cytokines, and
proinflammatory and antiinflammatory interleukins,
regulate pancreatic tissue infiltration of mast cells, neu-
trophils, lymphocytes, and monocytes and initiate and
control the subsequent healing process. This inflamma-
tory response, which in some cases may lead to incom-
plete recovery from episodes of acute pancreatitis,
presumably represents the key in a disease mechanism
that controls the course of pancreatitis progression
from the acute to the chronic state. In 1999, the 
so-called sentinel acute pancreatitis event (SAPE) 
hypothesis was introduced by David Whitcomb. This
hypothesis is based on an initial “sentinel“ event that
indicates an episode of acute pancreatitis apparently
due to any triggering event. Subsequent progression to
a chronic disease state may then depend on the persis-
tent presence of antiinflammatory cells (macrophages
and activated stellate cells) that remain in the pancreat-
ic tissue for a substantial period of time and which 
normally are important in limiting the inflammatory
reaction and starting the healing process. Continued
challenge of acinar cells by alcohol or other stresses
during this period will provoke acinar cells to release
cytokines and other mediators that are then able to in-
duce, in still resident antiinflammatory cells, the pro-
duction and deposition of collagen and extracellular
matrix proteins characteristic of the fibrotic processes.
As a consequence, the severity of recurrent episodes of
acute pancreatitis may be tempered by the antiinflam-
matory response, yet the process of fibrosis is started, 
as seen in hereditary pancreatitis. While acute or 
chronic cellular stresses generally influence acinar cells
to produce cytokines, it is the presence of macrophages
and activated stellate cells, which may persist in 
pancreatic tissue only after a first “sentinel” event, that
determines disease progression according to the SAPE
hypothesis.
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Recurrent and severe pancreatitis

For a long time the relationship between acute and
chronic pancreatitis has been controversial and, under
the Marseille definition, they were thought to represent
two distinct entities assuming that acute pancreatitis
would not progress to chronic pancreatitis. However,
evidence from patients with frequent attacks of alco-
holic acute pancreatitis revealed that progression to al-
coholic chronic pancreatitis can happen rapidly and it
appears that, in at least a subset of patients, progression
from acute pancreatitis to chronic pancreatitis occurs.
Indeed, it is now well established that an association 
between acute and chronic pancreatitis exists and in
hereditary pancreatitis the majority of cases begin as re-
current acute pancreatitis. Several entities of chronic
pancreatitis may therefore manifest in the early stage as
recurrent episodes of acute pancreatitis and eventually
evolve over years into a painless stage dominated by
progressive pancreatic dysfunction and pancreatic cal-
cification. The SAPE hypothesis currently provides a
first explanation of how subsequent progression to a
chronic disease state may depend on the persistent pres-
ence and modulating activity of antiinflammatory cells
that remain in the pancreatic tissue for a substantial 
period of time.

Conclusions

Recent advances in cell biological and molecular tech-
niques have permitted investigators to address intracel-
lular pathophysiology in a much more direct manner
than was previously considered possible. Initial studies
that have employed these techniques have delivered a
number of surprising results that appear to be incom-
patible with long-standing dogmas and paradigms of
pancreatic research. Some of these insights will lead to
new and testable hypotheses that will bring us closer to
understanding the pathophysiologic mechanisms of
pancreatitis. Only progress in elucidating the intracel-
lular and molecular mechanisms involved in disease
onset and progression will permit the development of
effective strategies for the prevention and cure of this
debilitating and still somewhat enigmatic disease.
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Clinical aspects of cystic fibrosis

Cystic fibrosis (CF) is a common autosomal recessive
disorder usually found in populations of white Cau-
casian descent. The disease is characterized by progres-
sive lung disease, pancreatic dysfunction, elevated
sweat electrolytes, and male infertility. However, wide
variability in clinical expression is found among pa-
tients. Up to 20% of affected infants present at birth
with intestinal obstruction and inspissated meconium
(meconium ileus). Other patients are diagnosed with
various modes of presentation from birth to adulthood,
with considerable variability in the severity and rate of
disease progression.

Although progressive lung disease is the most com-
mon cause of mortality in CF, there is great variability
in age of onset and severity of lung disease in different
age groups. The extent of pancreatic disease also varies.
Most affected individuals suffer from pancreatic insuf-
ficiency, but up to 15% of patients possess sufficient ex-
ocrine pancreatic function to permit normal digestion
and are called pancreatic sufficient. Symptoms of 
recurrent acute or chronic pancreatitis develop in ap-
proximately 2% of CF patients diagnosed on clinical
grounds. It appears, however, that the latter symptoms
first occur in adolescence or adulthood and only in pa-
tients with pancreatic sufficiency. Presumably, patients
with pancreatic insufficiency are free of these complica-
tions because functional acinar tissue is lost in utero or
soon after birth.

Variability is also found in male infertility. Almost all
male CF patients are infertile due to congenital bilateral
absence of the vas deferens (CBAVD); occasionally,
however, fertile male patients have been reported.

Cystic fibrosis transmembrane
conductance regulator

CF is caused by mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene. The
CFTR gene spans about 190 kb at the genomic level 
and contains 27 exons. Several alternatively spliced
transcripts have been found, the most important being
one that lacks exon 9 sequences. The CFTR protein 
is a glycosylated transmembrane protein that functions
as a chloride channel. CFTR is expressed in epithelial
cells of exocrine tissues, such as the lungs, pancreas,
sweat glands, and vas deferens. Apart from its chloride
channel function CFTR also functions as a regulator of,
and is regulated by, other proteins: it regulates the 
outwardly rectifying chloride channel, inhibits the
amiloride-sensitive epithelial sodium channel, and 
influences extracellular ATP delivery and HCO3

-

transport.
Individuals inherit one CFTR gene from their father

and one CFTR gene from their mother; both genes are
called CFTR alleles. Since CF is inherited in a recessive
way, CF will develop when deleterious mutations are
found on both CFTR alleles. When a deleterious muta-
tion is found on only one CFTR allele, the individual is
called a CF carrier. About 1 in 25 Caucasians is a CF
carrier and therefore about 1 in 2500 newborns have
CF.

Before the identification of the CFTR gene, it 
was generally expected that less then 10 mutations
would occur in the gene causing CF. However, 
more than 1000 CF-causing CFTR mutations have
been identified (http://genet.sickkids.on.ca/cgi-bin/
WebObjects/MUTATION). Most mutations are point
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mutations, i.e., only one nucleotide is mutated in a
CFTR gene. A CF patient can carry either an identical
mutation on both CFTR alleles or two different muta-
tions on both CFTR alleles and is then called com-
pound heterozygous for two CFTR mutations. The
distribution of CFTR mutations differs between differ-
ent ethnic populations. The most common mutation,
F508del, reaches frequencies of about 70% in northern
European populations, whereas lower frequencies are
observed in southern European populations. Besides
F508del, other common mutations exist in most popu-
lations, each reaching frequencies of about 1–2%. Ex-
amples include the G542X, G551D, R553X, W1282X, 
and N1303K mutations. Finally, for a given ethnic pop-
ulation, ethnic-specific mutations that reach frequen-
cies of about 1–2% might exist. For most populations,
all these common mutations cover about 85–95% of all
mutant CFTR genes. The remaining group of mutant
CFTR genes in a particular population comprises rare
mutations, some of them only found in a single family.
CF-causing CFTR mutations are found in 95–99% of
the CFTR genes derived from northern European CF

patients; however, in southern European CF patients
the mutation detection rate is only about 90–95%.

Depending on the effect at the protein level, CFTR
mutations can be divided into at least five classes (Fig.
25.1). Class I mutations result in no CFTR synthesis be-
cause of mutations affecting splice sites, nonsense mu-
tations resulting in truncated CFTR proteins that are
mostly unstable and therefore degraded, and mutations
shifting the coding frame in the gene (frameshift 
deletions and insertions). Class II mutations, such as
the most common mutation F508del, result in CFTR
proteins that fail to mature and which are degraded.
Class III mutations result in CFTR proteins that 
mature and therefore reach the apical membrane of 
the cell, but which result in abnormal regulatory prop-
erties of the chloride channel. Class IV mutations result
in CFTR channels with abnormal conductive prop-
erties because of mutations in the conductivity pore. 
Finally, class V mutations result in some functional
CFTR protein. Class I, II, and III mutations are severe
mutations, whereas class IV and V mutations are mild
mutations.
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TMD1
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TMD2
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Class I Class II Class III Class IV Class V

Figure 25.1 The different classes of CFTR mutations. The
CFTR protein is a glycosylated transmembrane protein
composed of two nucleotide-binding domains (NBD1 and
NBD2), a regulatory (R) domain, and two transmembrane
domains (TMD1 and TMD2). Class I mutations result in no
CFTR synthesis; class II mutations result in CFTR proteins
that fail to mature and which are degraded so that the

glycosylated form is not observed; class III mutations result 
in CFTR proteins that mature but which result in abnormal
regulatory properties of the chloride channel; class IV
mutations result in CFTR channels having abnormal
conductive properties; and class V mutations result in some
functional CFTR protein.



Modifiers of CF disease

There is a good correlation between CFTR genotype
and CF phenotype with regard to pancreatic disease.
Most individuals homozygous for a severe mutation on
both CFTR genes are pancreatic insufficient. However,
the pulmonary phenotype can be quite variable, even
between individuals with an identical CFTR genotype,
and even between CF sibs. Other genetic factors and 
environmental factors affect the phenotype. Given the
fact that the lungs are in direct contact with the envi-
ronment, a higher number of factors influence lung dis-
ease compared with pancreatic disease. Other genetic
factors that affect lung disease are, for example, the
mannose-binding lectin protein and transforming
growth factor-b1. Nutrition, exposure to bacteria, and
therapy are examples of environmental factors affect-
ing disease.

CF-related diseases

Since identification of the gene that is defective in CF,
CFTR has also been found to be involved in other dis-
eases that share some of the symptoms seen in CF pa-
tients, such as CBAVD, disseminated bronchiectasis,
and chronic pancreatitis.

Neonatal screening programs, using measurement 
of immunoreactive trypsinogen concentration (IRT),
allow the detection of CF newborns. However, the IRT
test produces rather high false-positive and false-
negative results. In fact, in extensive retrospective 
studies of neonates having a false-positive IRT test (i.e.,
positive IRT without a CF diagnosis), an increased fre-
quency of CFTR mutations is found and a considerable
number of these patients are compound heterozygous
for a severe and mild CFTR mutation. Although they
do not present with CF, they might present with CF-
related diseases eventually.

While in the majority of CF patients a mutation is
found on both CFTR genes, a lower proportion of pa-
tients with CF-related diseases are found to carry a mu-
tation on both CFTR genes. Disease-causing mutations
are found in about 79% of the CFTR genes derived
from CBAVD patients, in about 30% of the CFTR
genes derived from patients with disseminated
bronchiectasis, and in about 20% of chronic pancreati-
tis patients. The involvement of CFTR in the latter dis-
eases is therefore more complex, multifactorial (i.e.,

involvement of other genetic and environmental 
factors), and far from unraveled.

In patients with two mutant CFTR genes, at least one
will be a mild class IV or V mutation. The most frequent
mutation conferring a mild phenotype found in these
patients is the T5 polymorphism. In the Caucasian 
population, the T5 polymorphism is found in about
21% of the CFTR genes derived from CBAVD patients,
whereas it is only found in about 5% of the CFTR genes
derived from control individuals. T5 is one of the alleles
found at the polymorphic Tn locus in intron 8 of the
CFTR gene. A stretch of 5, 7, or 9 thymidine residues is
found at this locus, hence the alleles T5, T7, and T9
(Fig. 25.2). A less-efficient splicing will occur when a
lower number of thymidines is found, resulting in
CFTR transcripts that lack exon 9 sequences (Fig.
25.3). Alternatively spliced CFTR transcripts lacking
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(TG)11–T9: TTTTGATGTGTGTGTGTGTGTGTGTGTGTTTTTTTTTAACAG
(TG)10–T9: TTTTGATGTGTGTGTGTGTGTGTGTGTTTTTTTTTAACAG
(TG)9–T9: TTTTGATGTGTGTGTGTGTGTGTGTTTTTTTTTAACAG
(TG)12–T7: TTTTGATGTGTGTGTGTGTGTGTGTGTGTGTTTTTTTAACAG
(TG)11–T7: TTTTGATGTGTGTGTGTGTGTGTGTGTGTTTTTTTAACAG
(TG)10–T7: TTTTGATGTGTGTGTGTGTGTGTGTGTTTTTTTAACAG
(TG)13–T5: TTTTGATGTGTGTGTGTGTGTGTGTGTGTGTGTTTTTAACAG
(TG)12–T5: TTTTGATGTGTGTGTGTGTGTGTGTGTGTGTTTTTAACAG
(TG)11–T5: TTTTGATGTGTGTGTGTGTGTGTGTGTGTTTTTAACAG

Figure 25.2 TGm/Tn haplotype sequences at the end of intron
8 of the CFTR gene.
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9

7
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(TG)m

9

11

10

12

13

(TG)m–Tn

9-9
10-9
11-9
10-7
11-7
12-7
11-5
12-5
13-5

Figure 25.3 Effect of particular alleles on the amount 
of functional CFTR. For different polymorphic loci (Tn
and TGm) or haplotypes (TGm-Tn), the effect of each
allele/haplotype on the amount of CFTR chloride channel
activity is shown. Decreasing amounts of functional CFTR
are obtained (shown by the triangles narrowing from top to
bottom).



exon 9 sequences are found in any individual, but the
extent varies depending on the alleles present at the Tn
locus. In individuals homozygous for a T5 allele, up to
90% of the CFTR transcripts lack exon 9. CFTR
transcripts that lack exon 9 sequences result in CFTR
proteins that do not mature. When T5 is found in 
compound heterozygosity with a severe CFTR muta-
tion, or even T5, pathology such as CBAVD might be
observed. However, not all male individuals who are
compound heterozygous for a severe CFTR mutation
and T5 develop CBAVD, such as some fathers of CF
children. The T5 polymorphism was therefore classi-
fied as a disease mutation with partial penetrance. The
partial penetrance can be explained by another genetic
factor, namely the polymorphic TGm locus in front of
the Tn locus. Different alleles can be found depending
on the number of TG repeats that are found (Fig. 25.2).
The higher the number of TG repeats, the less efficient
exon 9 splicing will be (Fig. 25.3). The T5 polymor-
phism can be found in combination with a TG11,
TG12, or TG13 allele (11, 12, or 13 TG repeats respec-
tively). In CBAVD patients, the milder TG11-T5 allele
is hardly found, while the TG12-T5 is most frequently
found. TG13-T5 is rarer but also found in CBAVD pa-
tients. It might even result in pancreatic-sufficient CF,
possibly because of additional polymorphisms that af-
fect CFTR such as V470. In individuals who are com-
pound heterozygous for a severe mutation and the T5
allele, such as fathers of CF patients, T5 is associated
with the milder TG11 allele. The fact that the allele
found at the polymorphic TGm locus determines
whether the T5 polymorphism is pathologic or benign
has been confirmed in a large international study. Fre-
quent, apparently innocent, polymorphisms can in 
particular combinations result in mutant CFTR genes.
Such mutant CFTR genes have been named polyvariant
mutant CFTR genes.

The spectrum and distribution of CFTR mutations
differ between patient groups and even control individ-
uals. For example, the F508del mutation is found at a
higher frequency in CF patients compared with pa-
tients having CBAVD, disseminated bronchiectasis, or
chronic pancreatitis. The opposite is true for other 
mutations, such as the class IV mutation R117H. The
spectrum and distribution of mutations found in CF 
patients are not suitable for calculating the frequencies
of these mutations in the general population or other
CFTR-related diseases.

It should be noted that in commercial genetic CFTR

tests, the majority of mutations tested are severe muta-
tions causing CF, such that mild mutations may not be
detected.

Idiopathic chronic pancreatitis

In the majority of patients with chronic pancreatitis,
the causative factor is long-term alcohol abuse. In
10–30% of these patients, the etiology remains un-
known and this category has been labeled idiopathic
chronic pancreatitis (ICP). Rare hereditary, obstruc-
tive, or autoimmune processes may be involved in ICP.

The observation that pancreatic lesions of CF devel-
op in utero and closely resemble those of chronic pan-
creatitis stimulated two research groups to explore a
possible relationship between CFTR mutations and
chronic pancreatitis. This led to the important finding
that about 20% of ICP patients carry at least one severe
(CF-causing) CFTR mutation, whereas in the control
population only 3–4% of individuals carry one CF-
causing CFTR mutation.

In the original studies, only the most common CFTR
mutations were screened. In a French study, the com-
plete coding region and exon–intron junctions of the
CFTR genes of 39 patients with ICP were studied.
Here, also, about 20% of ICP patients carry one CF-
causing (severe) CFTR mutation. Since each individual
carries two CFTR genes, a severe mutation is found on
about 10% of the CFTR genes derived from ICP pa-
tients. If milder mutations are included, a mutation is
found on 33% of the CFTR genes derived from ICP pa-
tients. About 15% of ICP patients are compound het-
erozygous for two mutations, one of the two being a
mild mutation. Some of these ICP patients who are
compound heterozygous for two CFTR mutations may
even show a positive sweat test, but without presenta-
tion of CF-related pulmonary symptoms. Besides the
CFTR gene, the pancreatic secretory trypsin inhibitor
(PSTI) gene and the cationic trypsinogen (PRSS1) gene
have also been found to be associated with chronic pan-
creatitis. Mutations in PSTI appear at a detection rate
of about 10% in ICP patients, and mutations in PRSS1
are occasionally found.

The fact that CFTR mutations can cause pancreatic
insufficiency in CF patients or pancreatitis only in 
pancreatic-sufficient CF patients might be explained by
the multiple functions of CFTR. It might be that the 
different properties of CFTR are responsible for the
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two disease entities. In this regard it is interesting to
note that CFTR is also involved in HCO3

- transport.
Ductal obstruction due to inspissated secretions is gen-
erally regarded as the initiating event in both CF and
chronic pancreatitis. However, this theory is under-
mined by several observations, as well as by histologic
evidence to the contrary. Sharer et al. proposed an alter-
native explanation wherby the acinar cell is a direct 
target and the damage is amplified when bicarbonate-
producing epithelium is affected in a manner that 
reduces the pH within the intraacinar space and the
lumen of ductules.

CF remains a clinical diagnosis

Once the defective CF gene was found, it was expected
that DNA tests would make the diagnosis and screen-
ing of CF straightforward. This was based on the belief
that only a limited number of mutations would exist.
However, more than 1200 mutations have been identi-
fied in the CFTR gene, which in many cases makes a di-
agnosis on the basis of a genetic test too laborious and
expensive. In routine genetic tests only the most com-
mon severe CFTR mutations are screened; these tests
detect about 90% of the CF-causing CFTR mutations.
Whenever a patient harbors mutations on both CFTR
genes and which are detected in these routine DNA
tests, a CF diagnosis can be easily made. The remaining
group of mutant CFTR genes in a particular ethnic 
population comprises rare mutations, some of them only 
found in a single family. Moreover, when one of the
more common mutations is not found, it is likely that a
mutation is present that has never previously been de-
tected in that given ethnic population. It is therefore
very hard to establish a strategy for general screening 
of CFTR mutations that allows sensitivities close to
100%, even in a well-characterized ethnic population.
The remaining mutations (10%) can only be screened
by assays that analyze the complete coding region and
exon–intron junctions of the CFTR gene, but they are
too laborious and too expensive in a routine setting.

Moreover, in some cases, a mutation cannot be iden-
tified in any CFTR gene from a patient. Particular 
mutations may not be detected because of the limita-
tions of the screening assays (e.g., deep intronic regions
and promoter regions, which are not screened in cur-
rent assays because of their huge size). The frequency of
CFTR genes in which no mutation can be identified is

about 1–2% in northern European populations but up
to 10% in southern European populations. Moreover,
CF-like disease not caused by CFTR has been reported,
and therefore it is possible that another gene might be
involved in some CF patients. Furthermore, there is the
problem of “atypical” CF patients (i.e., patients who
have only a borderline abnormal sweat test and in
whom no mutation is found on at least one CFTR
gene), which also complicates the diagnosis based on
current DNA tests. Finally, the disease phenotype, espe-
cially the pulmonary phenotype, is very variable, even
between patients with the same CFTR genotype. This
variability is explained by other genes as well as envi-
ronmental factors. This in turn makes the interpreta-
tion of genetic tests for the phenotypic outcome of the
disease very complex. It can thus be expected that in
CF-related diseases and the more common adult multi-
factorial diseases in general, genetic tests and the inter-
pretation of their results will be even more complicated
than in CF.

Despite the sophisticated molecular technology
available in genetic laboratories, CF therefore remains
a clinical diagnosis, based on the typical clinical symp-
toms of CF, being a relative of a CF patient, and/or 
having a positive sweat test. The diagnosis can then be
easily confirmed by DNA tests if the patient harbors
common mutations on both CFTR genes. However,
CFTR genetic tests allow better genetic counseling,
such as determination of the carrier status of relatives
of CF patients, prenatal diagnosis, or determination of
the carrier status of female partners of CBAVD patients
for CFTR mutations since such couples have an in-
creased risk for CF children in intracytoplasmic sperm
injection (ICSI) programs. As the human genome is fur-
ther unraveled and with improving technologies, it is
expected that DNA tests will allow quicker and more
accurate diagnosis of disease phenotypes in the future.
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Alcohol and pancreatitis

It is generally accepted that excessive alcohol con-
sumption can lead to acute and chronic pancreatitis.
Although the relationship between alcohol abuse and
pancreatic disease has been supported by many studies,
the exact mechanisms underlying the disease are not yet
fully understood. This chapter summarizes the patho-
physiologic effects of alcohol on the pancreas.

Several retrospective and prospective studies have 
investigated the incidence of alcohol-induced pan-
creatitis in cohorts of patients with acute and chronic
pancreatitis in industrialized countries. These investi-
gations demonstrated that alcohol abuse accounts for
38–94% of all cases of chronic pancreatitis. The vary-
ing results may reflect the difficulties in establishing the
diagnosis of chronic pancreatitis and in identifying the
underlying alcohol abuse. One prospective study of pa-
tients with alcoholic chronic pancreatitis demonstrated
an incidence of 8.2 cases per year and an overall preva-
lence of 27.4 cases per 100 000 individuals.

Further information regarding the frequency of 
pancreatic damage in patients with excessive alcohol
consumption was obtained in autopsy studies. These
revealed that chronic alcohol abuse does not always
lead to the clinical manifestation of pancreatic disease
but may result only in histologic changes suggestive of
chronic pancreatitis in up to 30% of individuals with
chronic alcohol abuse. Thus, chronic pancreatitis may
develop frequently in alcoholic individuals, but the
pancreatic damage often remains asymptomatic.

The epidemiologic data clearly suggest that alcohol
consumption represents an important factor for the de-
velopment of chronic pancreatitis. Most patients with

alcoholic chronic pancreatitis have a long history of
heavy alcohol consumption. In 1997 an international
conference on alcoholic chronic pancreatitis agreed to
define the disease as chronic pancreatitis which occurs
after a daily intake of ethanol equal to or greater than
80 g/day for several years. It usually requires 13–21
years of continuous alcohol abuse to develop alcohol-
induced chronic pancreatitis. One study demonstrated
that the risk of alcoholic chronic pancreatitis increases
logarithmically with higher amounts of alcohol con-
sumption. However, there appears to be no precise
threshold of toxicity below which alcoholic pancreati-
tis does not occur. In general, the individual suscepti-
bility makes it difficult to correlate the various levels 
of alcohol ingestion with disease risk. The kind of 
alcoholic beverage appears not to play a major role in
predisposing to the disease.

Several observations suggest that there are as yet
unidentified cofactors that must be present for the de-
velopment of alcoholic pancreatitis. It remains unclear
why only up to 10% of heavy alcohol drinkers ever de-
velop clinically recognized pancreatic inflammation.
Some alcoholics develop alcoholic pancreatitis, but
more present with alcoholic liver disease, and only 
a few develop both conditions. Thus, the relationship 
between alcohol consumption and the resulting 
end-organ damage appears unpredictable. The clinical
course of pancreatic disease demonstrates marked vari-
ability. Racial susceptibility may play a role, since black
patients are two to three times more likely to be hospi-
talized for pancreatitis than white patients. Finally, 
factors such as gender, diet, nutritional status, tobacco
smoking, hypertriglyceridemia, anatomy of the biliary
and pancreatic ducts, bacterial or viral infections, and
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genetic predispositions may also have significant 
impact on the development of the disease.

The majority of patients with alcoholic chronic pan-
creatitis are diagnosed between 35 and 40 years of age.
Alcoholic chronic pancreatitis usually presents with an
early phase of recurrent attacks of acute pancreatitis
that may last for several years, followed by the late
phase of the disease characterized by the development
of chronic pain, pancreatic calcifications, and exocrine
and endocrine insufficiency.

The relationship between acute and chronic 
alcoholic pancreatitis remains controversial. Studies 
in patients with an initial episode of acute alcoholic
pancreatitis revealed that these patients already
demonstrated histologic changes of chronic pancreati-
tis. In contrast, several long-term clinical studies, 
autopsy studies, recent experimental studies, and 
investigations in patients with hereditary pancreatitis
provide strong evidence that recurrent attacks of acute
pancreatitis may also lead to chronic pancreatitis. 
Indeed, one autopsy study showed that acute alco-
holic pancreatitis represented the first manifestation of
chronic pancreatitis in only about half of 247 alcoholic
patients who died of acute pancreatitis, but not in the
other half who demonstrated no signs of chronic 
pancreatic damage.

Mechanisms of ethanol-induced
pancreatic damage

Animal models of acute and chronic ethanol adminis-
tration have been developed in order to study the effects
of ethanol on the pancreas. Unfortunately, none of
them have been successful in producing acute or chron-
ic pancreatitis with alcohol administration alone. Pro-
tein plugs and sclerosis of the pancreas developed in
animals after prolonged ethanol feeding in one study.
However, these results were not reproducible by others,
and the same changes occurred even spontaneously in
control animals. Therefore, ethanol exposure has been
combined with other factors and interesting results
have been demonstrated regarding the specific effects
of ethanol on pancreatic exocrine secretion, pancreatic
blood flow, pancreatic duct permeability, zymogen 
activation, intracellular signaling, oxidative stress 
generation, and the interaction of ethanol and its
metabolites with recently identified pancreatic stellate
cells (Tables 26.1–26.4).
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Table 26.1 Major effects of acute ethanol administration 
on pancreatic exocrine secretion in studies on humans and
ethanol-fed animals.

Oral and intragastric ethanol administration increases
pancreatic bicarbonate and protein secretion

Intravenous ethanol administration reduces basal and
hormonally stimulated pancreatic bicarbonate and protein
secretion

Nonalcoholic constituents of beer may increase pancreatic
secretion

Table 26.2 Major effects of chronic ethanol administration
on pancreatic exocrine secretion in studies on humans and
ethanol-fed animals.

Human alcoholics
Basal pancreatic enzyme secretion is increased
Viscosity of the pancreatic juice is enhanced
Pancreatic juice contains a higher concentration of proteins
Pancreatic bicarbonate secretion is decreased
Enhanced ratio of trypsinogen levels to pancreatic secretory

trypsin inhibitor levels is present in pancreatic juice

Ethanol-fed animals
Diet rich in fat and protein increases the concentrations of

enzymes in pancreatic juice

Table 26.3 Major effects of acute ethanol administration on
pancreatic morphology in studies using animal models.

Ethanol administration (intragastrically, intraperitoneally,
intravenously) with physiologic stimulation
(cholecystokinin, secretin) and obstruction of the
pancreatic duct results in acute pancreatitis

Ethanol administration enhances the vulnerability of the
pancreas to acute pancreatitis and limits pancreatic
regeneration from acute pancreatitis

Ethanol administration selectively reduces pancreatic blood
flow and microcirculation

Cigarette smoke enhances ethanol-induced pancreatic
ischemia

Ethanol administration increases free oxygen radical
generation in the pancreas

Ethanol metabolites directly damage the pancreas



Pancreatic blood flow

The influence of acute ethanol application on pan-
creatic blood flow has been investigated in several 
studies. Ethanol administration may result in pancrea-
tic hypoxia, increased capillary permeability, and in-
duction of oxidative stress. A reduction of pancreatic
blood flow was achieved by intravenous infusion of
ethanol in dogs. In cats, pancreatic damage resembling
human chronic pancreatitis was created by partial pan-
creatic duct ligation. In the operated animals, basal
pancreatic blood flow was reduced to 51% of normal.
Acute ethanol administration led to a decrease in pan-
creatic blood flow in all animals. However, the magni-
tude and duration of diminished blood flow after
ethanol administration was greater in the cats with
chronic pancreatitis induced by partial pancreatic duct
ligation. In ethanol-treated rats, pancreatic hemoglo-
bin oxygen saturation was significantly decreased and
remained depressed for over an hour, whereas pancre-
atic hemoglobin content remained unaffected. Since
these parameters remained unchanged in the stomach
and kidney, a possible link between ethanol-induced 
ischemia and pancreas-specific organ damage was 
suggested. Of note, a marked reduction in pancreatic
microcirculation has been shown in human alcoholic
chronic pancreatitis as well.

Pancreatic duct obstruction and 
pancreatic duct pressure

The interaction between oral ethanol ingestion, physio-
logic stimulation of the gland with cholecystokinin
(CCK) and secretin, and obstruction of the pancreatic
duct led to acute pancreatitis in rats. Only the combina-
tion of all three factors induced pancreatic damage.
This experimental model demonstrates the importance
of pancreatic duct obstruction in the development of 
alcoholic pancreatitis.

Indeed, obstruction of the small pancreatic ducts 
is a frequent finding in human chronic pancreatitis. 
In another model, incomplete pancreatic duct obstruc-
tion was achieved by surgical intervention in dogs.
Ethanol-fed dogs without pancreatic duct obstruc-
tion demonstrated no pancreatic injury, whereas
ethanol-fed animals with pancreatic duct obstruction
showed reduced exocrine pancreatic function and his-
tologic damage comprising fibrosis, parenchymal cell
loss, and chronic inflammatory cell infiltration. In rats,
obstruction of the pancreatic duct was achieved with
Ethibloc application, a tissue adhesive that is sub-
sequently completely decomposed by the organism.
Changes such as extensive fibrosis, inflammatory 
cell infiltration, and acinar cell degeneration caused 
by application of Ethibloc alone were reversible after 
its decomposition. Interestingly, further prolonged 
alcohol administration in these rats via an intragas-
tric cannula inhibited the recovery and resulted fre-
quently in parenchymal calcifications. Pancreatic 
regeneration was less pronounced in ethanol-fed 
animals, and the calcifications remained in some 
animals. Thus, these data support the importance of
pancreatic duct obstruction during the progression 
of chronic pancreatitis.

Pancreatic duct pressure is influenced by the viscosi-
ty of pancreatic fluid, the rate of pancreatic secretion,
and the resistance to outflow within the pancreatic
duct. Sphincter of Oddi dysfunction, pancreatic duct
stones, and pancreatic strictures may increase the resis-
tance to pancreatic outflow and the pressure in the 
pancreatic duct. Two studies revealed increased basal
sphincter of Oddi and pancreatic duct pressures in pa-
tients with alcoholic chronic pancreatitis. However,
these studies included only few patients, and the signi-
ficance of sphincter dysfunction in alcoholic chronic
pancreatitis remains unclear.

PART I I

222

Table 26.4 Major effects of chronic ethanol administration
on pancreatic morphology in studies using animal models.

Dietary fat potentiates ethanol-induced pancreatic injury
Ethanol administration increases free oxygen radical

generation in the pancreas
Ethanol administration increases pancreatic acinar cell

expression and glandular content of digestive and
lysosomal enzymes

Ethanol administration decreases the number of muscarinic
receptor sites

Ethanol administration limits pancreatic regeneration after
temporary obstruction of the pancreatic duct and further
aggravates the pancreatic damage already induced

Ethanol administration sensitizes pancreatic acinar cells to
endotoxin-induced injury

Ethanol administration enhances the vulnerability of the
pancreas to pancreatitis caused by cholecystokinin
octapeptide



Nutrition in alcoholic chronic pancreatitis

The failure of most animal models of chronic alcohol
consumption to cause pancreatitis may result from the
administration of relatively less alcohol than that usu-
ally observed in humans with chronic alcohol abuse.
Thus, feeding protocols have been developed to allow
independent control over ethanol and nutrient intake
using implanted gastrostomy catheters. These models
were used to administer higher doses of alcohol. Using
this experimental approach, rats were fed continuously
with ethanol and a liquid diet containing different
amounts of fat. Sustained blood ethanol levels were
achieved, and after 1–5 months pancreatic tissue was
examined. In animals that received no ethanol or were
fed ethanol together with a low-fat diet, pancreatic his-
tology was either unremarkable or showed only mild
pancreatic damage such as steatosis. In rats receiving
ethanol together with a high-fat diet, pancreatic dam-
age was observed, such as hypogranulation and apop-
tosis of acinar cells, focal lesions of chronic pancreatitis
such as fat necrosis, mononuclear cell infiltration, fi-
brosis, acinar atrophy, and ductal dilatation. Intraduc-
tal plugs were present in up to 30% of the animals. It
was suggested that dietary fat potentiates ethanol-
induced pancreatic injury. In a similar study, rats were
fed with ethanol and either saturated or unsaturated
fat. The dose of ethanol was gradually increased as 
tolerance toward ethanol developed, thereby allowing
the administration of a higher dosage of alcohol. After
4 weeks, acinar cell atrophy, fatty infiltration of pancre-
atic acinar and islet cells, infiltration of inflammatory
cells, and focal necrosis were observed in rats from the
high-dose ethanol group that were also fed unsaturated
fat. After 8 weeks, focal fibrosis developed in this
group, and radical adducts were also significantly in-
creased. The effects were blunted by administration of
dietary saturated fat. The authors concluded that the
total amount of ethanol consumption and the type of
dietary fat represent important factors for pancreatic
damage. Further studies with regard to nutrition are
clearly necessary in human alcoholics.

Pancreatic exocrine secretion

Many studies have focused on the effects of ethanol ad-
ministration on pancreatic exocrine function. These in-
vestigations have suggested that the resulting changes

in protein and bicarbonate output cause premature ac-
tivation of zymogens or protein plug formation and
subsequent obstruction of the duct system, thereby
leading to the development of pancreatitis. The results
of these studies support both an increase and a decrease
in digestive enzyme secretion. This contradictory 
evidence is probably due to different experimental 
conditions. The exact mechanisms by which ethanol
administration alters pancreatic exocrine secretion
have not been fully revealed. The following sections
provide a short overview of the interaction of ethanol
with pancreatic exocrine secretion in the setting of
acute and chronic ethanol exposure (Tables 26.1 
and 26.2).

Acute effects of ethanol
The acute effects of ethanol in vitro have been studied
by several groups. One group showed increased basal
amylase release after ethanol exposure (0.3–1.3 mol),
and ethanol (0.6 mol) also induced inhibition of CCK-
stimulated amylase release. Later, similar findings were
observed by other groups and the inhibition of CCK-
stimulated amylase release was explained by the inhibi-
tion of CCK-stimulated Ca2+ efflux. Another study also
demonstrated that ethanol alone increased pancreatic
amylase secretion, but inhibited the sustained phase 
of amylase release that was stimulated by CCK. In 
this study ethanol increased the Ca2+ rise caused by
CCK and inhibited the CCK-stimulated Ca2+ outflux.
Changes in the Ca2+ content suggested that ethanol
may affect the calcium stimulus–secretion coupling
pathway. The precise mechanism of ethanol action on
amylase release remains to be determined.

In humans, cats, and pigs, oral or intragastric admin-
istration of ethanol has been shown to cause weak stim-
ulation of pancreatic bicarbonate and protein output
when the gastric content is allowed to enter the duode-
num. Without alcohol entering the duodenum, instilla-
tion of ethanol inhibits or does not affect pancreatic
exocrine secretion in humans, dogs, and rats. These
data suggest a modifying role for ethanol-induced gas-
tric acid secretion in changes of pancreatic secretion.
However, it later turned out that this mechanism was
most probably only true in dogs. In humans, intragas-
tric application of ethanol does not cause significant
gastric acid output and gastrin release.

The modifications of pancreatic secretion caused by
ethanol ingestion in combination with a meal have been
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studied in a few experiments. In one study, inhibition of
postprandial enzyme secretion was observed with in-
tragastric application of ethanol. However, another
study reported a mild decrease in the early postprandi-
al period followed by a significant increase in enzyme
secretion.

Intravenous administration of ethanol appears to be
the most reliable method for investigating the direct ef-
fects of alcohol on pancreatic cells in vivo. With this
route of administration, ethanol leads to a dose-
dependent inhibition of the basal and hormonally stim-
ulated pancreatic bicarbonate and enzyme output in
humans and in different animal species. Although the
inhibitory action of ethanol on pancreatic secretion has
been suggested to be a consequence of cholinergic me-
diation, this mechanism has never been proven in 
humans. Thus, the exact mechanism remains unclear.
Two studies investigated the effects of ethanol after pre-
medication with atropine, and demonstrated that
ethanol had no further inhibitory effects on pancreatic
amylase output in this setting.

Acute effects of alcoholic beverages
Alcoholic beverages contain several nonalcoholic con-
stituents that may also affect pancreatic secretion. In-
tragastric administration of beer in a dose (250 mL)
that does not alter plasma ethanol concentrations
caused a significant stimulation of basal pancreatic en-
zyme output. It was proposed that the stimulatory ef-
fect might be mediated by the hormones CCK and
gastrin. The intragastric administration of ethanol in
concentrations similar to the ethanol content of beer
(4% v/v) has no effect on pancreatic enzyme output.
Therefore, the nonalcoholic constituents might be 
responsible for the stimulatory effect of beer on pan-
creatic secretion in humans and the alcoholic fermen-
tation of glucose might be the important event that
generates the stimulatory substances in beer.

In a similar study, pancreatic enzyme output was 
determined after intragastric administration of beer
(850 mL) or wine (400 mL) in a dose that elevated 
plasma ethanol concentrations. Since the basal pan-
creatic enzyme output remained unchanged, it was 
suggested that the direct inhibitory effect of the circu-
lating ethanol in the blood may have neutralized the
stimulatory effect of the nonalcoholic components.

Meal-stimulated pancreatic enzyme output has been
shown to be inhibited by intragastric application of
beer, white wine, and gin. Plasma levels of ethanol were

elevated in these studies. Therefore, the circulating
ethanol in the blood may have again neutralized the
possible stimulatory effect of beer and wine on pancre-
atic secretion.

Chronic effects of ethanol
The effects of chronic alcohol consumption on pan-
creatic gene expression and glandular content of pan-
creatic enzymes have been studied in rats. Messenger
RNA levels for lipase, trypsinogen, chymotrypsinogen,
and cathepsin B were elevated in ethanol-fed rats, sug-
gesting that chronic ethanol consumption increases the
capacity of the pancreatic acinar cell to synthesize 
digestive and lysosomal enzymes and that these
changes might lead to an elevated susceptibility of the
pancreas to enzyme-related damage. Interestingly, an
enhanced ratio of trypsinogen levels to pancreatic 
secretory trypsin inhibitor levels was found in the pan-
creatic juice of alcohol-abusing humans. This distor-
tion of the normal ratio in favor of trypsinogen may
facilitate premature activation of pancreatic proen-
zymes within the pancreas. These studies suggest that
chronic alcohol consumption leads to changes in pan-
creatic enzyme synthesis that may increase the risk of
premature zymogen activation.

Basal pancreatic enzyme output was increased in
human alcoholics compared with nonalcoholics. The
enhanced viscosity of the pancreatic juice was corre-
lated with increased concentrations of proteins. Pan-
creatic bicarbonate secretion was significantly lower in
human alcoholics than in nonalcoholics. Since the vol-
ume of pancreatic juice was similar in control individu-
als and in subjects with chronic alcohol abuse, a true
hypersecretion of pancreatic proteins may exist in pa-
tients with excessive alcohol consumption. The basal
plasma concentrations of secretin, CCK, and gastrin 
remained unchanged in alcoholic and nonalcoholic
subjects.

In an experimental setting, the administration of a
diet rich in fat and protein resulted in an increase of the
pancreatic juice concentrations of enzymes in dogs and
rats that were fed ethanol for a prolonged period of
time. A decreased flow rate of pancreatic juice together
with protein plug formation was found in some of these
dogs.

Studies of the effects of chronic alcohol intake on the
hormonally stimulated pancreatic secretion have re-
vealed that pancreatic bicarbonate secretion remains
unaffected. However, patients with chronic alcohol
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abuse demonstrated an increase in the enzyme secre-
tion response on exogenous administration of CCK. As
already mentioned, an enhanced ratio of trypsinogen
levels to pancreatic secretory trypsin inhibitor levels
was found in the pancreatic juice from humans with
chronic alcohol abuse. This distortion of the normal
ratio between trypsinogen and its inhibitor may con-
tribute to the premature activation of pancreatic proen-
zymes within the pancreas, with an increased risk of
subsequent pancreatic autodigestion.

In summary, ethanol-induced alterations in pancre-
atic secretion may contribute to the development of 
alcoholic pancreatitis.

Zymogen activation and CCK

It has been demonstrated that supraphysiologic or 
hyperstimulatory doses (i.e., doses greater than those
that cause maximal secretion of digestive enzymes by
the pancreatic acinar cell) of CCK and its analogs such
as cerulein cause intrapancreatic zymogen activation
and pancreatitis. Supraphysiologic concentrations of
CCK also lead to retention of the active enzymes within
the acinar cells. CCK-induced pancreatitis is mild,
rapid in onset, and uniform across the gland. It enables
researchers to investigate the role of CCK in zymogen
activation and in the inflammatory response associated
with the subsequent cell injury. The transcriptional 
factor NF-kB, which plays a crucial role in cytokine
production and cellular death, has been shown to 
be activated in the early phase of CCK-induced 
pancreatitis.

Thus, several studies have investigated the effects of
ethanol administration on plasma levels of CCK. How-
ever, conflicting results have been generated. Plasma
levels of CCK remained unchanged after administra-
tion of ethanol. In contrast, when rats were exposed to
intravenous and intragastric ethanol, it resulted in a sig-
nificant but transient increase in the rate of digestive en-
zyme secretion and an increase in plasma CCK levels.
Administration of a specific CCK-A receptor antago-
nist inhibited ethanol-stimulated amylase secretion.
When the action of CCK-releasing peptide was pre-
vented by either instillation of trypsin in the duodenum
or lavage of the duodenum with saline, the increase in
plasma CCK levels and amylase secretion in response to
ethanol administration was inhibited. This observation
suggested a role for CCK-releasing peptide in the
ethanol-induced changes in amylase secretion.

In vitro and in vivo models have recently shown that
ethanol sensitizes the pancreas to CCK-induced activa-
tion of zymogens. Physiologically relevant concentra-
tions of ethanol sensitized the acinar cells to physiologic
concentrations of CCK. In an in vivo model, rats that 
received an ethanol diet for 2–6 weeks developed mor-
phologic and biochemical signs of acute pancreatitis
after administration of CCK in a dose which by itself
did not cause pancreatitis in control animals.

Although the sensitizing effect of ethanol on CCK-
induced pancreatitis has been clearly established, the
exact mechanisms are not fully understood. Since it is
known that CCK is a potent activator of NF-kB, the 
effects of ethanol on the NF-kB signaling pathway 
were studied. Incubation of acinar cells with ethanol
and acetaldehyde decreased basal NF-kB activity, but
potentiated the activation of NF-kB stimulated by 
both maximal and supramaximal doses of CCK.

The relationship between the structure of an alcohol
and its ability to sensitize the acinar cells to CCK has
also been investigated. A direct relationship between
sensitization and chain length of alcohol was demon-
strated. The mechanism of this sensitization and its 
relevance to the development of pancreatitis remains
unclear.

Toxicity of ethanol metabolites

Ethanol metabolism occurs via two major pathways:
the oxidative pathway, generating acetaldehyde, and
the nonoxidative pathway, generating fatty acid 
ethyl esters (FAEEs). The oxidation of ethanol to 
acetaldehyde is catalyzed by alcohol dehydrogenese,
cytochrome P4502E1 (CYP2E1), and catalase. The
nonoxidative pathway is catalyzed by FAEE synthases
and involves the esterification of ethanol with fatty
acids to form FAEEs. In vitro studies show that in the
pancreas the rate of oxidative metabolism of ethanol is
higher than that of nonoxidative metabolism. The 
metabolism of ethanol by pancreatic acinar cells and
pancreatic stellate cells, with subsequent generation 
of toxic metabolites, may play an important role in the
development of ethanol-induced pancreatic injury 
and has been a topic of recent research.

Acetaldehyde can cause morphologic damage to the
pancreas of rats and dogs. Acetaldehyde inhibits stimu-
lated enzyme secretion from isolated pancreatic acini,
which may be explained by interference with the bind-
ing of secretagogues to their receptors and by micro-
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tubular dysfunction affecting exocytosis from acinar
cells. The oxidation of ethanol to acetaldehyde and 
acetate alters the release of hydrogen ions and the 
intracellular redox state of the cell, which may lead 
to a number of metabolic alterations that could con-
tribute to pancreatic acinar cell injury.

Interestingly, FAEEs have been shown to induce pan-
creatic injury in vivo and in vitro. Intravenous infusion
of FAEEs was followed by an increase in pancreatic
edema formation, pancreatic trypsinogen activation,
and acinar cell vacuolization. These observations 
suggest an organ-specific toxic effect of FAEEs. An in
vitro model demonstrated destabilization of lysosomes
within pancreatic acinar cells. The toxicity of FAEEs
may be caused by their direct interaction with cellular
membranes, by a release of free acids through their 
hydrolysis, and by promotion of cholesteryl ester 
synthesis.

New insights have been gained into the specific 
signaling pathways that may be influenced by toxic
metabolites of ethanol. Recent observations have sug-
gested that the metabolism of ethanol to acetaldehyde
may be responsible for downregulation of NF-kB activ-
ity following CCK administration, whereas the meta-
bolism of ethanol by the nonoxidative pathway may 
be responsible for the stimulatory effect of ethanol on
NF-kB activation.

All aerobic organisms generate reactive oxygen
species, such as superoxide ion, hydrogen peroxide,
and hydroxyl radical, during the normal metabolism of
oxygen. Although low levels of these oxygen intermedi-
ates are indispensable for normal cellular function,
high levels are potentially toxic to cells and may lead to
protein modification, cellular membrane disruption,
destruction of nucleic acids within DNA, and mito-
chondrial damage. Therefore, it has been hypothesized
that the tissue damage during pancreatitis may also re-
sult from uncontrolled free radical activity. Of note,
ethanol consumption results in increased free radical
generation. This pathway of alcohol toxicity is well es-
tablished in the research on alcoholic liver disease. The
mechanisms responsible for oxidative stress secondary
to ethanol exposure include acetaldehyde-induced de-
pletion of reduced glutathione and the increased gener-
ation of free radicals during the metabolism of ethanol
via the CYP2E1 pathway.

Increased lipid peroxidation products have been de-
tected in pancreatic tissue from patients with chronic
pancreatitis. Patients with hereditary, idiopathic, and

alcoholic chronic pancreatitis revealed a decreased 
antioxidative capacity. Limited placebo-controlled
studies in patients with chronic pancreatitis further
support the assumption of an important role of oxida-
tive stress in chronic pancreatitis.

The possible role of oxidative stress in the develop-
ment of chronic pancreatitis has also been addressed in
studies of acute and chronic ethanol feeding in rats. In
one study, histologic examination of pancreatic tissue
revealed only mild acinar steatosis after long-term
ethanol administration, but an increase of free radical
adducts was demonstrated in pancreatic fluid secre-
tion. In other experimental investigations, elevation of
oxidative stress markers was found in pancreatic tissue
after ingestion of alcohol. Since histologic pancreatic
damage was not observed in these studies, it was sug-
gested that the elevation of oxidative stress markers 
occurs as a primary phenomenon rather than as part of
an inflammatory response. Thus, oxidative stress may
represent an important factor in alcoholic pancreatitis
that needs to be studied in future research protocols.

Pancreatic stellate cells

In the past decade, the identification of pancreatic stel-
late cells has provided important insights into the de-
velopment of pancreatic fibrosis. Fibrosis represents a
key feature of chronic pancreatitis, which is generally
characterized by a pathologic change in the composi-
tion and amount of extracellular matrix within the tis-
sue. Recent investigations have demonstrated a central
role of pancreatic stellate cells in pancreatic fibrogene-
sis. These cells have similar characteristics to hepatic
stellate cells, which are of central importance in fibrosis
of the liver. They are situated at the base of the pancre-
atic acinar cells and in a quiescent state can be identified
by the presence of vitamin A-containing lipid droplets
in the cytoplasm. Pancreatic stellate cells represent the
main cellular source of extracellular matrix proteins,
such as collagens I and III, fibronectin, and laminin. Re-
cently it has been shown that stellate cells also secrete
the enzymes known to degrade extracellular matrix,
suggesting their role in the maintenance of normal 
tissue architecture. Pancreatic stellate cells may be 
activated by ethanol. The mechanisms that cause 
pancreatic stellate cell activation by ethanol include 
direct effects of ethanol and its metabolites such as 
acetaldehyde, effects of proinflammatory cytokines 
released during ethanol-induced inflammation
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(platelet-derived growth factor, transforming growth
factor-b, tumor necrois factor-a, interleukins 1 and 6),
and effects of oxidative stress. Pancreatic stellate cells
have been shown to metabolize ethanol by the oxida-
tive pathway. The inhibition of alcohol dehydrogenese
by its specific inhibitor abolished pancreatic stellate cell
activation, suggesting a role for acetaldehyde in the 
activation process. Exposure of stellate cells to both
ethanol and acetaldehyde caused oxidative stress with-
in the cultured cells and their subsequent activation.
This activation was prevented by vitamin E.

Genetic susceptibility to 
alcoholic pancreatitis

The discovery of the genetic cause of hereditary pancre-
atitis renewed interest in possible genetic predis-
position to alcoholic chronic pancreatitis. The most
important pancreatitis-associated gene mutations are
found in the cationic trypsinogen (PRSS1) gene, the
pancreatic secretory trypsin inhibitor Kazal type 1
(SPINK1) gene, and the cystic fibrosis transmembrane
conductance regulator (CFTR) gene. Further genes that
have been hypothesized as associated with alcoholic
chronic pancreatitis represent alcohol-metabolizing
enzymes and the human leukocyte antigen (HLA)
locus.

The cationic trypsinogen mutations R122H and
N29I (in older nomenclature R117H and N21I) cause
the majority of cases of hereditary pancreatitis. The
presence of a mutation may lead to inappropriate acti-
vation of pancreatic zymogens within the pancreas.
Several studies have screened patients with alcoholic
chronic pancreatitis for cationic trypsinogen gene 
mutations but have failed to demonstrate an asso-
ciation. These results exclude hereditary pancreatitis-
associated trypsinogen mutations as a dominant factor
for the development of alcoholic chronic pancreatitis.

In the mechanistic models of pancreatic acinar cell
protection, the pancreatic secretory trypsin inhibitor
SPINK1 specifically inhibits trypsin by blocking the ac-
tive site of the molecule. SPINK1 is thought to act as the
first line of defense against prematurely activated
trypsinogen. In 2000, mutations in the SPINK1 gene
were found to be associated with familial and idio-
pathic chronic pancreatitis. The most frequent muta-
tion in the SPINK1 gene is the N34S mutation in exon 3
that changes the amino acid sequence (asparagine to

serine). Therefore several groups have investigated the
frequency of the SPINK1 N34S mutation in patients
with alcoholic pancreatitis. In one study, the N34S mu-
tation was detected in 5.8% (16/274) of patients with
alcoholic pancreatitis and in 0.8% (4/540) of the con-
trol population. Although the frequency was only
slightly elevated in patients compared with controls,
the difference was statistically significant. The other
studies reported about similar frequencies of the N34S
mutation in alcoholic patients. However, so far only
one study has compared the clinical course of the dis-
ease in two patients with the N34S mutation with the
course of the disease in patients without the mutation,
but significant differences were not found. Thus, at pre-
sent the SPINK1 N34S mutation appears not to be as-
sociated with a different clinical phenotype of alcoholic
pancreatitis.

An association with CFTR gene mutations has been
shown in patients with idiopathic chronic pancreatitis,
thus raising the possibility that CFTR mutations may
also increase the risk of pancreatitis after exposure to
alcohol. Several studies have investigated the incidence
of CFTR mutations among patients with alcoholic pan-
creatitis. By screening a subset of CFTR mutations, an
association between abnormal CFTR alleles and alco-
holic chronic pancreatitis has not been demonstrated in
most of these studies. However, recent preliminary re-
ports have revealed an increased frequency of abnor-
mal CFTR alleles in patients with alcoholic pancreatitis
by screening the entire CFTR gene Thus, further inves-
tigations of the entire CFTR gene in patients with alco-
holic chronic pancreatitis are clearly necessary.

Summary

Although it is generally accepted that chronic excessive
alcohol consumption represents a major risk factor for
the development of pancreatic inflammation, the exact
mechanisms involved in alcohol-induced pancreatic
damage are not yet fully clarified. Since only a subset 
of heavy alcohol drinkers present with clinically re-
cognized acute or chronic pancreatitis, alcohol alone
probably does not cause pancreatitis. It is likely that
several other factors act together and increase the risk
of developing alcoholic pancreatitis. Several specific 
effects of ethanol or its metabolites on the pancreas 
are known and may play a role in the pathogenesis of
pancreatitis.
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Acute ethanol administration selectively reduces
pancreatic blood flow and microcirculation. In animal
models, obstruction of the pancreatic duct results in
morphologic changes similar to human obstructive
chronic pancreatitis, and further alcohol application
suppresses pancreatic regeneration. Therefore, the de-
velopment of pancreatic duct plugs within the course of
alcoholic chronic pancreatitis may contribute to the
progression of the disease.

The changes in pancreatic exocrine secretion and the
distortion of the normal ratio between trypsinogen and
its inhibitor may facilitate the premature activation of
pancreatic proenzymes within the pancreas. Chronic
ethanol administration increases the expression of di-
gestive and lysosomal enzymes within the pancreatic
acinar cells and increases the glandular content of these
enzymes. Chronic ethanol consumption significantly
decreases pancreatic bicarbonate secretion. In addi-
tion, chronic ethanol consumption increases basal 
pancreatic enzyme output, protein concentration, and
viscosity of the pancreatic juice. Acute and chronic ex-
posure to ethanol have been been shown to sensitize the
pancreas to CCK-induced activation of zymogens and
the development of pancreatitis. Thus, changes in pan-
creatic exocrine secretion patterns may contribute to
the development of pancreatic damage.

Ethanol and its metabolites, such as acetaldehyde
and FAEEs, have direct toxic effects on pancreatic 
tissue. Several specific metabolic alterations caused 
by toxic metabolites of ethanol have been described.
Ethanol administration results in the generation of 
reactive oxygen species, and oxidative stress may play 
a central role in development of acute and chronic 
pancreatitis.

Pancreatic stellate cells represent the main source 
of extracellular matrix in pancreatic fibrosis and are 
activated directly by ethanol and its metabolite 
acetaldehyde, growth factors, inflammatory cytokines,
and oxidative stress.

Recent genetic findings have revealed major insights
into the development of nonalcoholic chronic pancre-
atitis. Therefore, genetic studies are important for 
understanding individual susceptibility to alcoholic
chronic pancreatitis.
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Introduction

The time interval between the onset of symptoms and
the diagnosis of chronic pancreatitis is unacceptably
long. There are only two studies addressing this prob-
lem. In the Denmark study, which took place between
1970 and 1979, it was found that for alcoholics, the
time interval was 30 months. In our study, we found
that the diagnosis, after the onset of symptoms, was 
delayed for 62 months. With an average delay of 55
months, the disease was detected earliest in alcoholics
and patients with pseudocysts. However, the delay was
significantly longer for nonalcoholics (81 months) and
it took a further 8–9 months to discover the disease in
patients with calcifying rather than noncalcifying 
pancreatitis. There was no gender bias. Similar or even
longer delays in diagnosis have also been found in other
benign gastrointestinal diseases, such as celiac disease
and Crohn’s disease.

Although there are no recent data available for
chronic pancreatitis, we have found that the delay has
not been significantly reduced, even though morpho-
logic procedures such as ultrasound, endoscopic 
ultrasound, computed tomography (CT), and nuclear
magnetic resonance investigations have been intro-
duced or have improved in quality.

In our experience, although there are no clear 
evidence-based data, we believe that the diagnosis of
chronic pancreatitis is delayed because it is difficult to
detect. Key clinical aspects would be useful for early di-
agnosis and subsequent treatment. This would help to
prevent or ameliorate pain and prevent the complica-
tions of the disease.

This chapter is divided into statements that ask why

it is difficult to detect the disease and which suggest
ways of improving the development of key clinical 
aspects.

Statement 1: it is difficult to detect
alcohol- induced chronic pancreatitis
because the answers given by alcoholics
can be misleading

The increased frequency of chronic pancreatitis in the
industrialized countries parallels a marked increase in
alcohol consumption. A linear relationship between 
alcohol consumption and the logarithmic risk for
chronic pancreatitis has been demonstrated. Neither
the type of alcoholic beverage nor the frequency of con-
sumption (daily or only weekends) appears to influence
the development of the disease. In contrast to the liver,
the pancreas has no threshold for alcohol toxicity, 
although pancreatic sensitivity to alcohol seems to be
greater in women than in men.

Although there is no doubt that alcohol is the major
etiologic factor behind chronic pancreatitis, it is still
unclear why the majority of heavy drinkers do not 
develop the disease. It has been hypothesized that a 
diet high in fat and protein predisposes persons with a
high alcohol consumption to pancreatitis. Both a high
(≥ 100 g/day) and a low (£ 85 g/day) consumption of fat
have been reported to be risk factors, but this has not
been confirmed in France, the USA, or Australia.

We have found that when a patient is asked how
much alcohol is consumed, the amount given is rarely
correct. Patients from the more affluent classes tend to
feel embarrassed about their intake and will give lower
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amounts. Those from poorer backgrounds may be un-
aware of how much alcohol they are drinking. In each
case, even when we know the correct amount, informa-
tion about the time when drinking started and whether
it fluctuated in intensity are rarely correct. Unlike the
measurement of hemoglobin (Hb)A1c in diabetes melli-
tus, which helps to control the treatment of the disease,
there is no reliable laboratory parameter for measuring
the amount of alcohol consumed.

Statement 2: it is difficult to detect
idiopathic chronic pancreatitis 
in nonalcoholics

In the absence of alcohol abuse, idiopathic chronic pan-
creatitis is especially difficult to diagnose, as we may
not link the signs and symptoms we observe to the dis-
ease. This form of the disease is frequent and found 
in 10–30% of patients with chronic pancreatitis. The
course is different: exocrine pancreatic insufficiency
and calcifications develop more slowly.

Furthermore, other difficulties arise because two
subgroups of chronic pancreatitis have been reported, a
juvenile and a senile form, and the courses for these dif-
fer from alcohol-induced chronic pancreatitis. At the
onset of symptoms, the juvenile form is characterized
by a mean age of about 25 years with equal sex distrib-
ution. It has a painful clinical course. Several other 
reports also seem to indicate that juvenile chronic 
pancreatitis is unusual. Manifestation of the senile
form does not become clinically evident until around
the age of 62 years. Men predominate, the clinical
course is usually painless, and vascular disease is often
present.

About 10 years ago, the Mayo Clinic group found
that patients with early-onset pancreatitis suffer a long
course of severe pain, slowly developing morphologic
and functional pancreatic damage, whereas patients
with late-onset pancreatitis have a mild and often pain-
less course. Both forms are said to differ from alcoholic
pancreatitis, with equal gender distribution and a much
slower rate of calcification.

Finally, it is not clear whether low alcohol consump-
tion may increase the risk of chronic pancreatitis.
Those patients who developed the disease after the age
of 35 and who had a low alcohol intake (< 50 g/day, 
definition of a low intake) frequently had more pain,
developed calcifications, and had more complications.

Thus, it is necessary to identify the amount of alcohol
that may affect the pancreas and to consider whether all
cases of idiopathic chronic pancreatitis may have a ge-
netic basis that was then aggravated by environmental
toxins. Future studies that include genetic analysis in
the clinical work-up may support a genetic basis for
chronic pancreatitis and its diagnosis.

Statement 3: it is difficult to detect
painless chronic pancreatitis 
when only exocrine and/or endocrine
insufficiency are present

In a large study by our group on 335 patients with
chronic pancreatitis, we found that 7% of patients were
without pain. In these cases, it is especially difficult to
suspect chronic pancreatitis when there are only two
other major manifestations of the disease, i.e., exocrine
and endocrine pancreatic insufficiency. Thus, in each
case where there is a sudden onset of diabetes mellitus
or steatorrhea, staging procedures for the imaging of
the pancreas should be performed for the detection of
pancreatic calcifications, which are not infrequent in
this form of the disease. A direct or indirect pancreatic
function test for the detection of exocrine pancreatic in-
sufficiency is also necessary. This is important, as en-
zyme substitution may prevent further complications
of chronic pancreatitis, especially osteoporosis.

Statement 4: it is difficult to detect 
drug-induced chronic pancreatitis

Although many different drugs are thought to induce
acute pancreatitis but only a few that induce chronic
pancreatitis, drug-induced chronic pancreatitis has to
be considered in those patients who are on routine med-
ication. There are some case reports on patients who
have been treated with phenacetin, antihypertensive
drugs, and anticonvulsant drugs. These reports indi-
cate that the drugs may initiate the disease. Therefore,
we need to consider the drugs taken for the treatment of
gastrointestinal and nongastrointestinal diseases by
patients who have proven chronic pancreatitis. This
will help us to establish whether there are more drugs
that may induce the disease and this knowledge can
then be applied to those patients who have unexplained
abdominal pain.

PART I I

230



Statement 5: it is difficult to detect
chronic pancreatitis in patients 
who have had radiotherapy

It has been shown in animal experiments that irradia-
tion of the pancreas leads to histologic changes and
progressive exocrine pancreatic insufficiency, compati-
ble with the findings of chronic pancreatitis. Radiation-
induced chronic pancreatitis was recognized 80 years
ago, when atrophy of the acini and degeneration and
necrosis of the duct cells of the pancreas were described
in patients who had experienced hepatic radiation in-
jury. Pancreatic fibrosis has been described in young
men who received high-dose radiation for testicular 
tumors. More recently, there have been reports of 
additional patients with chronic pancreatitis probably
due to radiation therapy. Radiotherapy for tumors in
the same area as the pancreas is thought to affect the
vascular process of the organ and this is regarded as the
underlying pathogenetic mechanism.

We are used to thinking of damage to the small and
large intestine following radiation therapy. However,
we do not consider, when patients present with abdom-

inal pain years after radiation therapy, that there may
be damage to the pancreas. This approach should be
changed.

Statement 6: it is difficult to detect
chronic pancreatitis because the signs
and symptoms are unspecific

Pain

Abdominal pain is the most common symptom of
chronic pancreatitis. However, it is difficult to differe-
niate between pain caused by pancreatic inflammation
and that caused by other abdominal conditions. Pain
may be in the left or middle upper abdomen. It some-
times radiates around the abdomen like a girdle or is 
localized in the back (Fig. 27.1).

Pain may occur independently of meals or within
30 min after a meal, thereby resembling abdominal
angina caused by celiac or mesenteric artery stenosis. In
patients with this syndrome, a high incidence of iso-
lated duct stenosis and slightly impaired pancreatic
function have been found. In this group of patients,

CHAPTER 27

231

68%

6%

39%
25%
12%

32% 50%

Figure 27.1 Major sites of pain in 311
patients with painful chronic
pancreatitis.



weight loss may be an early symptom, indicating that
patients are avoiding food in order to prevent pain.

In chronic pancreatitis, pain is often severe and tends
to be prolonged but is less intense than in acute pancre-
atitis. In some studies, about half of the patients 
described their pain as severe, while the other half 
described it as moderate or mild. Few studies have been
carried out using pain scores and/or quality-of-life
measures.

Radiation of pain to other parts of the body is poorly
understood. Some authors have used electrical stimuli
to localize the pain and the direction of its radiation.
Stimulation of the tail of the gland, for example, usually
induced pain in the left upper abdomen, whereas 
stimulation of the head usually induced it on the right.

The association between alcohol consumption and
pain in chronic pancreatitis is also unclear. Some pa-
tients drink alcohol in an effort to relieve the pancreat-
ic pain; others experience a painful attack after having
consumed alcohol. In South Africa, it has been ob-
served that painful attacks of pancreatitis usually start
about 12–48 hours after a drinking bout, i.e., the
“morning after the night before.”

In chronic pancreatitis, pain may result not only
from inflammation of the gland but also from compli-
cations of the disease, such as the incomplete or even
complete inflammatory stenosis of the duodenum, the
common bile duct, or the colon. The incidence of duo-
denal stenosis may be as high as 20% and may even 
require pancreaticoduodenectomy. The incidence of
stenosis of the common bile duct varies from 10 to
46%, whereas the incidence of colonic stenosis was
14% in one series.

Pancreatic pseudocysts can cause pain, but in acute
pancreatitis about 40% of them resolve spontaneously.
This rarely happens in chronic pancreatitis and never
when pancreatic calculi are present. Contrary to popu-
lar belief, gallstones play no part in the development of
chronic pancreatitis, although this has been questioned
recently. However, it should be noted that gallstones
are found in 6% of patients with chronic pancreatitis
and these may cause pain.

The incidence of (painful) peptic ulceration in 
chronic pancreatitis varies from 6 to 38%. Patients
with pancreatitis and relapsing abdominal pain should
therefore have a gastroscopy. In contrast, chronic 
pancreatitis should be suspected when alcoholics have
peptic ulcerations. Therefore, abdominal pain can 
indicate peptic ulcerations.

Diabetes mellitus

Diabetes-related symptoms occur more frequently in
idiopathic than in alcoholic pancreatitis. They are not
specific for chronic pancreatitis.

Weight loss

Weight loss is a frequent symptom. It may be due to a re-
duced oral intake because of fear of postprandial pain
or to severe exocrine pancreatic insufficiency. A reduc-
tion in lipase secretion will lead to diarrhea and steator-
rhea. In one-third of patients, the causes of unexplained
weight loss are found in the gastrointestinal tract and
many involve the pancreas. Thus, in any patient with
unexplained weight loss, ultrasound of the pancreas for
the detection of chronic pancreatitis and fecal fat analy-
sis for the detection of steatorrhea are useful and should
be considered.

When patients present for physical examination dur-
ing a painful attack of chronic pancreatitis, they fre-
quently, as in the case of acute pancreatitis, try to relieve
their pain by flexing the spine, by sitting forward with
the knees flexed against the chest, by squatting and
clasping the knees to the chest, or by lying on one side
with the knees flexed. Therefore, although this is not a
specific sign, chronic pancreatitis should be considered
when a patient reports that these positions relieve pain.

Skin signs are not characteristic, although erythema
ab igne (redness of the skin caused by application of hot
water bottles or electric pads to relieve pain) may be ob-
served on the abdominal wall or on the back (Fig. 27.2).
However, this sign is seen in both chronic pancreatitis
and pancreatic cancer.

Finally, during an asymptomatic period, the stan-
dard physical examination does not help to establish
the diagnosis.

Statement 7: it is difficult to detect
chronic pancreatitis because function
tests are inadequate and unreliable

To some extent, exocrine pancreatic insufficiency is
present in all cases of chronic pancreatitis. However,
this is not the only cause of exocrine pancreatic insuffi-
ciency (Table 27.1). Other reasons, especially a pancre-
atic carcinoma obstructing the pancreatic duct, have to
be considered.
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It is not the purpose of this review to summarize all
the advantages and disadvantages of the direct and 
indirect function tests used for diagnosing exocrine
pancreatic deficiency. They may be found elsewhere.
Generally speaking, the direct pancreatic function
tests, especially the gold standard, the secretin–
cholecystokinin test and its modifications, are time-
consuming, invasive, and expensive and are only used
in gastroenterologic centers. Indirect pancreatic func-
tion tests, such as serum pancreatic isoamylase and im-
munoreactive trypsin, urine tests like the pancreolauryl
test and bentiromide test, or fecal enzyme estimations

such as fecal elastase-1 and chymotrypsin, are 
neither specific nor sensitive enough to detect early
chronic pancreatitis or mild to moderate exocrine 
pancreatic insufficiency. This is a major diagnostic
problem. None of these tests are sufficiently reliable to
distinguish between pancreatogenic and nonpancre-
atogenic steatorrhea, which presents another diagnos-
tic problem. Therefore, the simpler, less expensive tests
are also less specific and less sensitive. A gold standard
test for diagnosing mild to moderate chronic exocrine
pancreatic insufficiency still has to be developed.

Steatorrhea occurs only when stimulated lipase se-
cretion is reduced to 10% or less of normal. At this
stage, it is generally believed that patients with chronic
pancreatitis have diarrhea and steatorrhea. This could
imply that fecal weight determination can replace the
unpopular and costly fecal fat estimation for diag-
nosing steatorrhea. However, this is not the case. 
A large study on fecal weight and fat estimations in 
625 patients who were being investigated for malab-
sorption showed that about 22% had steatorrhea but
did not have diarrhea (normal stool weight). Further-
more, steatorrhea cannot be reliably diagnosed by in-
spection. Thus, unpleasant fecal fat estimation is still
necessary.
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Table 27.1 Causes of exocrine pancreatic insufficiency.

Overall reduction of enzyme formation or delivery due to
Chronic pancreatitis
Acute pancreatitis (mostly short-term insufficiency)
Carcinoma obstructing the pancreatic duct
Major pancreatic resection
Pancreatic trauma (mostly short-term insufficiency)
Primary sclerosing cholangitis
Kwashiorkor
Hereditary disorders or congenital abnormalities
Cystic fibrosis
Shwachman’s syndrome

Isolated deficiency in the following enzymes
Lipase
Trypsin
Amylase

Failure of enzyme activation of the small intestine due to
enterokinase insufficiency

Figure 27.2 Patient with chronic pancreatitis and erythema
ab igne.



Statement 8: it is difficult to detect
chronic pancreatitis because
morphologic procedures are 
not always a reliable aid

It is not the purpose of this review to summarize the 
reliability of morphologic examinations performed
using endoscopic retrograde cholangiopancreato-
graphy (ERCP), magnetic resonance cholangiopancre-
atography, CT, and endoscopic ultrasound. It should be
stated that the diagnosis is highly dependent on the 
experience of the investigator. Pancreatic calcifications
can be found with any procedure and these help con-
firm the diagnosis of chronic pancreatitis. However,
calcifications can appear in the early or later stages of
the disease and may disappear during the course of the
disease. They do not indicate severe exocrine pancre-
atic insufficiency requiring pancreatic enzyme substitu-
tion. At least for ERCP, CT, and ultrasound, there is the
clear-cut Cambridge classification for diagnosing
equivocal, mild, moderate, and severe changes. How-
ever, this classification is not widely used.

It must also be noted that, after acute pancreatitis,
exocrine pancreatic insufficiency may return to nor-
mal. However, morphologic findings may persist and
these can be misinterpreted as an indicator for chronic
pancreatitis. In the case of acute pancreatitis, an ex-
ocrine pancreatic function test plus an imaging proce-
dure is recommended. This will clarify whether there
has been a full recovery or whether the patient will 
develop chronic pancreatitis.
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Introduction

Chronic pancreatitis is defined as a chronic inflamma-
tory disease that results in irreversible morphologic and
functional changes within the pancreas. In the context
of this inflammatory process, there is progressive dam-
age and loss of pancreatic parenchyma, which is re-
placed by fibrotic tissue. Although diagnosis of chronic
pancreatitis is easy in late stages of the disease using
currently available diagnostic methods, diagnosis of
early or mild chronic pancreatitis before the develop-
ment of severe morphologic changes is a difficult task.
The absence of a simple and internationally available
gold standard is still a problem. Although chronic 
pancreatitis is well defined on a histopathologic basis,
histologic confirmation is not available in the vast 
majority of patients. The diagnosis is thus usually based
on the demonstration of morphologic and functional
abnormalities of the gland by means of imaging studies
and pancreatic function tests. Imaging modalities also
play a primary role in the management of chronic pan-
creatitis. Appropriate imaging not only confirms the di-
agnosis and defines the severity of the disease, but it also
detects potential complications and assists in selecting
the most appropriate treatment among available thera-
peutic alternatives.

Transabdominal ultrasound (TUS) is frequently used
as the first imaging method for the evaluation of pa-
tients who suffer from abdominal pain, jaundice, or
even unspecific abdominal symptoms. The sensitivity
reported for TUS in chronic pancreatitis ranges from 48
to 96%. This variation reflects the morphologic spec-
trum of chronic pancreatitis, ranging from normal in
early or mild disease to grossly abnormal in severe dis-

ease. Although the sensitivity of TUS is quite low, it may
detect some severe pancreatic changes and may be use-
ful for identifying the need for subsequent images using
more expensive and accurate methods.

Endoscopic retrograde cholangiopancreatography
(ERCP) and computed tomography (CT) have long
been considered the main imaging modalities in the
evaluation of patients with suspected chronic pancre-
atitis. The severity of the disease has been classified 
according to the morphologic changes within the 
pancreatic parenchyma and ducts, as defined by the
Cambridge classification (Table 28.1). However, 
some discrepancies exist between the clinical severity 
of the inflammatory process, the degree of functional
exocrine and endocrine impairment, and the mor-
phologic changes detected by CT and ERCP.

Early diagnosis and accurate staging of chronic pan-
creatitis require accurate cross-sectional imaging with
careful protocols. Development of faster imaging sys-
tems with improved contrast resolution have enhanced
the role of magnetic resonance imaging (MRI) in 
the assessment of the pancreas and, nowadays, MRI
and magnetic resonance cholangiopancreatography
(MRCP) after secretin administration (S-MRCP), both
of which may be performed in a single session, could re-
place CT and diagnostic ERCP. MRI and MRCP are
thus increasingly accepted as the primary imaging
modalities for the diagnosis of chronic pancreatitis.
MRI combines the advantages of cross-sectional imag-
ing techniques, such as ultrasound and CT, with the
ability to visualize the pancreatic duct when MRCP is
performed (Fig. 28.1).

MRI techniques in the setting of suspected chronic
pancreatitis include evaluation of the pancreatic

28 Role of imaging methods in
diagnosing, staging, and detecting
complications of chronic pancreatitis
in clinical practice: should MRCP and
MRI replace ERCP and CT?
Carmen Villalba-Martín and J. Enrique Domínguez-Muñoz
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Table 28.1 Grading of chronic pancreatitis by imaging methods: the Cambridge classification 1983.

Endoscopic retrograde pancreatography Ultrasound (US) or computed tomography (CT)

Normal Good-quality study visualizing the whole gland Good-quality study visualizing the whole 
without abnormal signs gland without abnormal signs

Equivocal Less than three abnormal branches One of the following: 
Main pancreatic duct 2–4 mm diameter
Gland one to two times normal

Mild More than three abnormal branches Two or more abnormal signs: 
Cyst < 10 mm
Duct irregularity
Focal acute necrosis
Parenchymal heterogeneity
Increased echogenicity of duct wall
Contour irregularity of head/body

Moderate As above with abnormal main duct As above

Severe All of the above plus one or more of: All of the above plus one or more of:
Cyst > 10 mm Cyst > 10 mm
Intraductal filling defects Intraductal filling defects
Calculi/pancreatic calcification Calculi/pancreatic calcification
Duct obstruction (stricture) Duct obstruction (stricture)
Severe duct dilatation or irregularity Severe duct dilatation or irregularity
Contiguous organ invasion on US or CT Contiguous organ invasion on US or CT

parenchyma before and after intravenous administra-
tion of gadolinium, evaluation of the ductal system by
MRCP before and after intravenous secretin adminis-
tration, and the semiquantitative evaluation of ex-
ocrine pancreatic function by measuring duodenal fluid
volume after secretin stimulation.

MRI of the pancreas is optimally performed with a
high-performance gradient system (23 mT/m), using
phased-array torso coils to improve the signal-to-noise
ratio with a smaller field of view and thin slice profile.
The high-performance gradient system allows the use
of faster sequences. These technologic advances allow
breath-hold pancreatic imaging in all sequences for
evaluation of both pancreatic parenchyma and the 
pancreatic duct system.

Imaging methods that evaluate 
the pancreatic duct system: 
ERCP versus MRCP

ERCP is still considered the gold standard for the mor-
phologic diagnosis and staging of chronic pancreatitis.

Side-branch ectasia is the earliest feature of the disease.
Other findings are multifocal dilatations, strictures and
irregular contours of the main duct and side branches,
filling defects from calculi, mucinous plugs or debris,
and pseudocysts. The severity of these changes allows
staging of the disease (Table 28.1).

Although ERCP has been considered as the most sen-
sitive imaging method for detecting the early changes 
of chronic pancreatitis, it is operator-dependent, 
expensive, and invasive. The reported morbidity rate of
ERCP ranges from 1 to 7% and the mortality rate is
0.2%, although complications are clearly less frequent
in experienced hands. Other disadvantages are that
ERCP requires routine sedation, successful cannula-
tion is obtained in only 70–91% of patients, and opaci-
fication of areas proximal to obstructions is usually
limited. These problems may be overcome by the use of
MRI-based exploration of the pancreatic duct system.

MRCP has emerged as an accurate noninvasive
method for evaluating the pancreatic duct. MRCP
takes advantage of the long T2 relaxation time of pan-
creatic secretions, bile, or cystic lesions. Heavily T2-
weighted sequences show pancreatic secretions as a
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signal of very high intensity over a background of low
intensity (Fig 28.2). Because MRCP is a relatively new
imaging technique and because of ongoing advances in
software and coils, the technique is still evolving and
thus differences among institutions may occur.

Multiple magnetic resonance techniques have been
used to evaluate the pancreatic duct. Current MRCP
techniques use breath-hold single-shot turbo spin-echo
(SSTSE) T2-weighted sequences. In this context, 
both two-dimensional thick-collimation (single section) 
RARE (rapid acquisition with relaxation enhance-
ment) and three-dimensional thin-collimation (multi-
section) HASTE (half-Fourier acquisition single-shot
turbo spin-echo) sequences are obtained. Because of
anatomic variability, MRCP thick-collimation acquisi-
tions should be obtained at various angles to allow op-
timal visualization of the bile and pancreatic ducts. In

addition, three-dimensional reconstruction is possible
by using a maximum-intensity projection (MIP) algo-
rithm on the thin-collimation source images. Although
the thick-collimation and three-dimensional MIP 
images more closely resemble conventional cholan-
giopancreatograms, spatial resolution is degraded due
to volume-averaging effects, so the source images,
which provide greater spatial resolution, must be care-
fully analyzed in order to detect every filling defect and
stricture.

The normal pancreatic duct measures 2–3 mm in di-
ameter, increasing from the tail to the head, and shows
smooth margins. Complete visualization of a dilated
pancreatic duct, as in patients with chronic pancreati-
tis, is possible by MRCP in 100% of cases. However,
the normal progressive tapering of the duct toward the
tail is lost in these patients. Visualization of this alter-

*
(a) (b) (c)

(d) (e) (f)

Figure 28.1 Idiopathic severe chronic pancreatitis in a 27-
year-old man. (a) Unenhanced CT at the level of uncinate
process demonstrates a stone within the distal pancreatic
duct. (b) Unenhanced CT at the level of pancreatic body
shows a dilated main pancreatic duct. (c) MRCP in coronal
plane shows an irregular dilated main pancreatic duct and
upstream dilated side branches. (d) Unenhanced, T1-
weighted, fat-suppressed MRI demonstrates decreased signal

intensity of pancreatic parenchyma compared with normal
signal intensity of the liver (asterisk). (e) Heterogeneous and
decreased enhancement of pancreatic parenchyma during 
the arterial phase of contrast-enhanced dynamic MRI. (f)
Fibrosis-related increased enhancement of the pancreatic
parenchyma during the delayed phase of contrast-enhanced
dynamic MRI. The peak of enhancement occurs at this
delayed phase.
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ation in duct morphology may be improved by secretin
administration (Fig. 28.2). When the pancreatic duct is
not dilated, it can be visualized by MRCP in the head
and body in 97% of cases and in the tail in 83% of
cases. Secretin stimulation of pancreatic secretion sig-
nificantly increases these figures. Finally, pancreatic
side branches are not seen on MRCP unless dilated.

Imaging features of chronic pancreatitis shown by
MRCP are similar to those obtained by ERCP and in-
clude segmental dilatation of the pancreatic duct, duc-
tal strictures, dilatation of side branches, ductal filling

defects representing calculi, proteinaceous plaques or
mucinous casts, pseudocysts, and biliary duct dilata-
tion (Figs 28.1c, 28.3a, and 28.4b). In severe cases, 
the marked dilation of the duct has a “chain of lakes”
appearance.

Accuracy for detection of changes 
of chronic pancreatitis

Comparisons between MRCP and ERCP in cases 
of chronic pancreatitis have revealed agreement of

(a) (b)

Figure 28.2 Improved visualization of the Santorini duct in a
patient suffering from an early form of chronic pancreatitis.
(a) MRCP before secretin stimulation is concordant with a
pancreas divisum. (b) MRCP after secretin stimulation
demonstrates a peculiar duct of Wirsung draining into major

(a) (b) (c)

Figure 28.3 MRCP and CT features in a patient with
calcifying chronic pancreatitis. (a) Coronal, two-
dimensional, single-shot turbo spin-echo (RARE) image
shows atrophy of pancreatic gland, dilated main pancreatic
duct and side branches, and a ductal filling defect in the
pancreatic duct (arrow). Unenhanced CT images at the level

of the pancreatic body (b) and the uncinate process (c)
demonstrate the ductal filling defect to be a stone in the
pancreatic duct (arrow) and a calculus in the distal part of the
duct. See also the parenchymal calcification in the uncinate
process (arrow).

papilla (arrow), a finding that indicates persistent duct of
Santorini instead of pancreas divisum. Loss of normal
progressive tapering of the duct toward the tail can also be
seen.
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83–100% for identification of ductal dilation, 70–92%
for identification of narrowing, and 92–100% for iden-
tification of filling defects. In cases of ductal obstruc-
tion, MRCP but not ERCP is able to explore the duct on
both sides of the obstruction.

The overall sensitivity of MRCP in the detection of
chronic pancreatitis increases from 77 to 89% and the
overall negative predictive value from 84 to 98% with
the intravenous administration of secretin (S-MRCP).
This is due to the increase of stationary fluid volume
into the pancreatic ducts after secretin stimulation. S-
MRCP is performed with dynamic, breath-hold, two-

dimensional, thick-collimation RARE in the coronal
plane (Fig. 28.2). To eliminate the overlapping fluid-
containing organs, a negative oral contrast agent is
given before dynamic imaging. A set of MRCP images
must be acquired before the administration of secretin
in order to select the optimal image section. After 
intravenous administration of secretin (1 U/kg body
weight), acquisition of the optimal section is repeated
every 15–30 s for 10–15 min. Physiologically, the main
pancreatic duct dilates immediately after a bolus injec-
tion of secretin, reaches a maximum diameter after
2–5 min, and recovers gradually. The whole main 

*

(a) (b) (c)

(d) (e) (f)

Figure 28.4 CT, MRCP, and dynamic MRI in a 34 year-old
patient with pancreas divisum and severe chronic
pancreatitis. (a) Venous-phase contrast-enhanced CT shows
a pseudocyst in the neck of the pancreas (arrow). (b) Coronal
RARE image depicts main pancreatic duct entering at the
minor papilla, a pseudocyst in the body of the pancreas
(asterisk) that produces dilatation of the duct in the tail
(black arrow), and a pseudocyst at the uncinate process
(white arrow). (c) Axial T1-weighted fat-suppressed image
shows focal enlargement and significant decreased signal of
pancreatic parenchyma in the body and tail compared with
the normal size and signal intensity of parenchyma in the
pancreatic head. Note the high signal intensity of the

pseudocyst in the pancreatic neck (black arrow) due to debris
and proteinaceous contents (confirmed at surgery) compared
with the hypointensity of the pseudocyst located in the
uncinate process (white arrow). (d–f) Dynamic MRI. (d)
Unenhanced axial T1-weighted image shows the difference in
signal intensity between head and body–tail of the pancreas.
(e) On arterial-phase contrast-enhanced dynamic MRI, the
dorsal pancreas shows heterogeneous and less enhancement
than normal in the pancreatic head. (f) On delayed-phase
contrast-enhanced dynamic MRI, the dorsal pancreas
demonstrates an increased and heterogeneous enhancement
related to inflammatory fibrosis. A small cyst can also be seen
(arrow).



pancreatic duct and the side branches are visualized in
100% of cases by S-MRCP compared with 91% and
71% respectively by MRCP. In patients with functional
or organic papillary stenosis, either at the major or at
the accessory papilla, the caliber of the pancreatic duct
increases dramatically and remains enlarged even after
10 min.

Simultaneous exploration of 
exocrine pancreatic function

In contrast with ERCP, S-MRCP provides information
about exocrine pancreatic function, which may be of
interest in patients with suspected chronic pancreatitis.
Assessment of pancreatic secretory function by S-
MRCP is based on the volume of fluid output in the
duodenum. The duodenal filling volume has been grad-
ed as follows: grade 0, no fluid observed; grade 1, filling
remains limited to the duodenal bulb; grade 2, fluid fills
the duodenal bulb and partially fills the duodenum up
to the second duodenal knee; grade 3, the duodenum 
is largely filled beyond the second duodenal knee. 
Exocrine function is defined as reduced when the 
duodenal filling grade is less than 3.

Exocrine pancreatic function assessed by S-MRCP
may be normal in patients with abnormal ERCP find-
ings and vice versa, with discordant results in 27% of
cases. Follow-up of patients with abnormal S-MRCP
function test but normal ERCP findings has shown evo-
lution to overt chronic pancreatitis. These findings sug-
gest that the S-MRCP function test may be of help in the
diagnosis of chronic pancreatitis. Therefore, S-MRCP
could be more useful than ERCP since it allows evalua-
tion of both morphologic and functional changes 
during a single noninvasive procedure.

Imaging methods that evaluate
pancreatic parenchyma: CT versus MRI

Computed tomography

Spiral CT is the most widely used modality for imaging
inflammatory and neoplastic diseases of the pancreas.
This technology permits scanning of the entire pan-
creas during a single breath-hold.

A routine abdominal spiral CT without contrast
media, and after contrast injection in portal venous
phase, is commonly used for patients with known 
or suspected pancreatitis. Dual-phase scanning is 

performed when evaluating a suspected pancreatic
neoplasm and in cases where a careful evaluation of
peripancreatic arterial anatomy is required. Arterial-
phase imaging with contiguous thin overlapping 
slices can be crucial for detecting small and subtle 
noncontour-deforming neoplasms.

Three-dimensional reconstructions using multipla-
nar techniques, including MIP, shaded surface display,
and volume rendering, provide comprehensive addi-
tional information about the relationship and possible
involvement of vascular structures in the vicinity of
focal pancreatic lesions and the degree and level of dila-
tion of pancreatic and biliary ducts.

Diagnostic criteria of chronic pancreatitis using CT
are shown in Table 28.1. Although the early changes of
chronic pancreatitis are difficult to recognize on CT, the
features of advanced disease are readily recognized and
include dilation of the main pancreatic duct and its side
branches, focal or diffuse parenchymal atrophy or en-
largement, pancreatic calcifications, biliary ductal dila-
tion, alteration in peripancreatic fat or fascia, and
pseudocysts (Figs 28.1a,b, 28.3b,c, and 28.4a). While
diffuse enlargement is common in acute pancreatitis,
this finding is rare in chronic pancreatitis and parenchy-
mal atrophy is more frequently observed. Occasionally,
pancreatic enlargement can occur due to extensive 
interlobular and periductal fibrosis.

These diagnostic criteria are the same for TUS, but
CT is less operator-dependent and shows the best diag-
nostic accuracy for pancreatic calcifications, a specific
sign of advanced chronic pancreatitis. Reported sensi-
tivity of CT for chronic pancreatitis ranges from 60 to
95% depending on the severity of the disease. A nor-
mal-appearing gland on CT is frequently found in pa-
tients with early stages of chronic pancreatitis.

Rather than diagnosis, the main role of CT in 
patients with chronic pancreatitis is the detection of
complications such as inflammatory masses or pseudo-
cysts (Fig. 28.4a).

Magnetic resonance imaging

T1-weighted sequences with fat suppression images 
before and after gadolinium administration are the 
key sequences for evaluating the pancreatic parenchy-
ma by MRI. Three-dimensional, volumetric, contrast-
enhanced dynamic imaging with fat suppression allows
further three-dimensional reconstructions in MIP, and
in multiple planes, which is very useful for showing the
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relationship between the main vascular structures and
the pancreatic gland in cases of suspected pancreatic
malignancy or for preoperative planning in patients
with chronic pancreatitis. For gadolinium-DTPA-
enhanced MRI (0.1 mmol/kg), at least three-phase 
(arterial, portal, and delayed) imaging should be 
performed.

The normal pancreas is of intermediate signal 
intensity, similar to the liver, and surrounded by
retroperitoneal fat, which has high signal intensity on
in-phase T1-weighted sequences. On opposed-phase
T1-weighted sequences, a hypointense rim surround-
ing the pancreas is observed in the fat–parenchyma
borders. On the fat-suppressed T1-weighted images,
the relative signal intensity of the pancreas increases
dramatically, which allows the detection of pathologic
conditions with low signal intensity, such as fibrosis,
cysts, or malignancies. The pancreas shows a clear en-
hancement during the earlier arterial phase after intra-
venous gadolinium administration, remains highly
enhanced during the portal phase and over the first
3 min, and diminishes in signal intensity as the gadolin-
ium is washed out.

Morphologic findings of chronic pancreatitis on
MRI are analogous to those seen on CT and include 
atrophy or diffuse enlargement of the gland, focal 
enlargement, changes in signal intensity of pancreatic
parenchyma, irregular dilation of the pancreatic duct,
pancreatic calcifications seen as focal signal voids, and
chronic pseudocysts (Figs 28.1, 28.4, and 28.5).

In patients with moderate to severe chronic pan-
creatitis, the pancreatic parenchyma tends to show 
a decreased signal on fat-suppressed unenhanced 
T1-weighted images. In addition, the gland shows an
abnormal enhancement after gadolinium administra-
tion, consisting of decreased enhancement in the arteri-
al phase and increased enhancement in the late venous
phase. In this regard, measurement of pancreatic signal
intensity on gadolinium chelate dynamic MRI may be
helpful for the diagnosis of mild chronic pancreatitis,
before morphologic or signal intensity changes 
develop. The presence of a signal intensity ratio (en-
hanced/unenhanced) less than 1.7 in the arterial phase
and/or delayed peak enhancement after contrast ad-
ministration has a sensitivity of 79% and a specificity of
75% for early chronic pancreatitis, which is signifi-
cantly higher than the sensitivity of 50% obtained by
the analysis of morphologic abnormalities (Figs 28.1,
28.4 and 28.5).

PART I I

242

Complications of chronic pancreatitis:
MRI/MRCP versus CT

Both MRI and CT can detect most complications of
chronic pancreatitis, including vascular complications,
such as splenic vein thrombosis or arterial pseudo-
aneurysm, pseudocysts, or biliary dilation.

MRI seems to be better than CT in evaluating pan-
creatic pseudocysts. Differences in the signal intensity
and homogeneity of T1-weighted images allow the 
differentiation of pus, blood, necrosis, and pancreatic
fluid (Fig. 28.4). Furthermore, MRI has demonstrated
its ability to discriminate between noninfected and in-
fected cysts that contain solid debris, thus identifying
drainability. When pancreatic pseudocysts penetrate
the thoracic cavity, massive effusions in the medi-
astinum or the pleural space can occur. MRCP is able to
identify the connection between the thoracic cyst and
the pancreatic duct.

Due to the underlying fibrosis in chronic pan-
creatitis, the intrapancreatic common bile duct may 
be narrowed at the head of the pancreas. Although CT
detects biliary dilation, MRCP shows better detail of
the smooth and tapered appearance of the distal bile
duct and mild proximal duct dilatation in cases of
chronic pancreatitis, as compared with the more 
severe dilation usually seen in pancreatic malignancy
(Fig. 28.6).

Vascular complications in chronic pancreatitis 
are associated with high morbidity and mortality rates.
Venous complications include splenic or portal vein
thrombosis. Chronic pancreatitis accounts for 65% of
cases of splenic vein thrombosis, and it can lead to
varices in short gastric veins and the gastroepiploic
vein. Pseudoaneurysms, mainly involving the pancre-
aticoduodenal or splenic arteries, result from vessel
wall inflammatory involvement, and are mostly located
near to the pancreatic head or splenic hilus. The identi-
fication of an aneurysm or a pseudoaneurysm is based
classically on angiography. However, MRI is more ac-
curate in delineating the size of aneurysms, and when
dynamic MRI is performed using fat-suppressed, three-
dimensional, T1-weighted images, it is able to differen-
tiate an artery-to-pancreatic duct fistula from an
aneurysm in cases of hemosuccus pancreaticus.

Of particular interest is the differentiation between
the presence of an inflammatory mass and a superim-
posed pancreatic adenocarcinoma in a patient with
chronic pancreatitis. Because the risk of pancreatic 
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(a) (b) (c)

(d) (e)

Figure 28.5 Early chronic pancreatitis on MRI in a patient
with normal imaging on TUS and CT. (a) Coronal
pancreatogram after secretin stimulation depicts subtle
irregularity and dilatation of pancreatic duct tail (arrow). 
(b) Axial-oblique unenhanced T1-weighted fat-suppressed
image shows pancreatic atrophy. (c–e) T1-weighted fat-
suppressed contrast-enhanced dynamic MRI during the

arterial phase demonstrates (c) a signal intensity
enhanced/unenhanced ratio less than 1.7; the peak of
pancreatic parenchymal enhancement takes place during the
delayed phase (e). This pattern of enhancement reflects a
significant histologic component of fibrosis in pancreatic
parenchyma.

cancer in all forms of chronic pancreatitis is increased
from 3.8 to approximately 16 times that in the general
population, focal enlargement becomes a diagnostic
challenge. Inflammatory pancreatic mass, which is seen
as a focal enlargement of the pancreas, has been re-
ported to occur in 20% of cases of chronic pancreatitis
and typically involves the pancreatic head. It often
mimics a pancreatic malignancy and differentiation is
often difficult with any imaging method.

When chronic pancreatitis and pancreatic carcino-
ma occur together in the same patient, it may be very
difficult to make the correct diagnosis. Moreover, 
tumors are hard to differentiate from focal areas of

chronic pancreatitis. The presence of ductal calculi or
parenchymal calcification is suggestive of a benign le-
sion. Regression of calcifications in a patient previously
diagnosed with chronic pancreatitis may be a sign of 
a superimposed carcinoma. The sensitivities of ultra-
sound and CT in the differentiation of chronic pancre-
atitis and pancreatic carcinoma are 98% and 94%
respectively, with specificities of 90% and 95% respec-
tively. These figures are markedly lower when the diag-
nosis of pancreatic cancer over chronic pancreatitis is
considered.

On CT and MRI, chronic pancreatitis and pancreat-
ic carcinoma show abnormal pancreatic enhancement
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because of the presence of fibrosis. The decreased signal
intensity and contrast enhancement patterns of the 
inflammatory mass on MRI are similar to those of 
pancreatic malignancy (Fig. 28.4). Fat-suppressed,
high-resolution, T1-weighted images acquired 10 min
after administration of mangafodipir trisodium (Mn-
DPDP) (5 mmol/kg) in a slow bolus over 1–2 min are
useful for detection of lesions in some equivocal cases.

S-MRCP may also help in differentiating between in-
flammatory and malignant mass of the pancreas. The
finding of a smoothly stenotic or normal main pancre-
atic duct penetrating through the tumor is frequently
seen in inflammatory pancreatic mass and is a useful
sign for differentiating this entity from pancreatic 
malignancies.

Should MRCP and MRI replace ERCP and
CT in the morphologic evaluation of
chronic pancreatitis?

MRI is increasingly considered a major method for the
morphologic diagnosis of chronic pancreatitis due to
the development of improved techniques for MRI-
based visualization of the pancreas, the association of
intravenous administration of contrast media (i.e.,
gadolinium), and the possibility of accurate visua-
lization of the pancreatic duct system by secretin 
stimulation. Together with the usual evaluation of 

morphologic changes within the parenchyma, the com-
bination of S-MRCP with analysis of signal intensity of
the gland, both in unenhanced conditions as well as
with gadolinium enhancement, provides MRI with a
high efficacy for the diagnosis of even mild forms of
chronic pancreatitis. The simultaneous analysis of 
secretin-stimulated pancreatic outflow gives useful 
additional information on exocrine pancreatic func-
tion in these patients.

Although ERCP has long been considered the gold
standard for the morphologic diagnosis of chronic pan-
creatitis, the wide and accurate information provided
by S-MRCP and MRI, which are both performed dur-
ing the same procedure and without any risk to the 
patient, has relegated ERCP to cases in which endo-
scopic therapy is required. A similar conclusion can be
drawn with regards to CT. CT is clearly unable to detect
chronic pancreatitis unless marked morphologic
changes have already developed. Nevertheless, CT still
plays an important role in detecting complications of
the disease, aiding the diagnosis of malignant transfor-
mation, and providing surgeons with a clear map of the
gland in cases where surgical therapy is considered.
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Introduction

Chronic pancreatitis is diagnosed by imaging proce-
dures. Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is considered the gold standard because of
a consensus among pancreatologists since 1984. Endo-
scopic ultrasound (EUS), initially introduced in the
1980s to improve imaging of the pancreas, has added
significantly to the diagnosis of pancreatic cancer and
chronic pancreatitis.

Value of different imaging procedures

The criteria for diagnosis of chronic pancreatitis using
ultrasonography, computed tomography (CT), and
ERCP are listed in Table 29.1. An important drawback
of ultrasonography is its limited sensitivity for the 
diagnosis of early stages of chronic pancreatitis. CT is
more expensive but less dependent on the investigator’s
skill and experience. It has probably the highest 
accuracy in detecting pancreatic calcifications as a spe-
cific sign of advanced chronic pancreatitis. ERCP is
considered the gold standard for diagnosis and staging
of chronic pancreatitis in the absence of histology. If the
main pancreatic duct and side branches are displayed in
high detail, well-defined abnormalities of pancre-
atograms can be considered highly specific findings of
chronic pancreatitis. The accuracy of ERCP is superior
to that of transabdominal ultrasound and CT, but the
technique is invasive and needs specialized training.
The crucial point is that the available imaging methods
are focused either on the ductal system (ERCP) or on
the pancreatic parenchyma (ultrasound, CT). The gap-

ing hole between these imaging modalities is filled by
EUS.

In standard EUS, the transducer located at the tip of
an endoscope is placed into the third portion of the
duodenum and then withdrawn to allow transduode-
nal and transgastric visualization of the entire pan-
creas. Two different EUS systems are available, both
offering perfect visualization of the pancreas. Mechan-
ical probes contain an engine-driven rotating trans-
ducer offering a 360° ultrasound image. The latest
electronic sector-scanning probes with 150° sector im-
ages offer several additional features, like Doppler,
color, and power Doppler tools or the opportunity to
take EUS-guided fine needle biopsies. The ultrasound
images obtained with electronic sector-scanning
probes fits exactly the known appearance of the trans-
abdominal ultrasound view. The close proximity of the
pancreas, together with the absence of any intervening
structures (fat, bowel, gas), allows the use of high-
frequency transducers (up to 20 MHz). Therefore high-
resolution imaging of the pancreas is obtained that can
detect even subtle abnormalities in the parenchyma as
well as in the pancreatic ductal system.

Features of chronic pancreatitis on EUS

The characteristic findings detectable by EUS in pa-
tients with chronic pancreatitis were first systemati-
cally described by Wiersema (Table 29.2). Several
studies have extended our knowledge of the ductal and
parenchymal features indicative of chronic pancreati-
tis. Parenchymal features include changes in gland size
(mostly atrophic organ), cysts (Fig. 29.1), hypoechoic

29 The place of endoscopic 
ultrasound in the diagnosis of
chronic pancreatitis
Stefan Kahl and Peter Malfertheiner
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lesions (Fig. 29.2), hyperechoic, i.e., echo-rich, foci
(Fig. 29.3a,b), and strands (fibrosis), fibrosis (Fig.
29.3c) or calcifications (with shadowing) and accentu-
ation of the lobular pattern, i.e., echo-poor normal
parenchyma surrounded by hyperechoic strands (fibro-
sis) (Fig. 29.4). Ductal changes comprise dilatation of
the main pancreatic duct (Fig. 29.5) or side branches,
increased duct wall echogenicity (Fig. 29.6), and calci-
fications (Fig. 29.5). Calcifications are generally judged
to have the highest predictive value in the diagnosis of
chronic pancreatitis. Many authors have introduced a
threshold number of EUS features for diagnosing
chronic pancreatitis.

Threshold number of EUS features for
diagnosing chronic pancreatitis

There is discussion about whether the total number of
changes is more predictive than an individual criterion.
It is well accepted that in cases without any of the
above-mentioned criteria, chronic pancreatitis is un-
likely, whereas in the presence of at least five features,
chronic pancreatitis is likely even though other imaging
modalities may be normal. If less than five features are
detectable, the clinical significance of these findings is
unresolved.

A given threshold influences the sensitivity and 

Table 29.1 Cambridge criteria of chronic pancreatitis.

Stage Typical changes on ERCP Typical changes on CT and US

Normal Normal appearance of side branches and main Normal gland size, shape; homogeneous 
pancreatic duct parenchyma

Equivocal Dilatation/obstruction of less than three side branches; Normal main pancreatic duct; heterogeneous 
normal main pancreatic duct parenchyma

Mild Dilatation/obstruction of side branches (more than Normal main pancreatic duct; heterogeneous 
three); normal main pancreatic duct parenchyma, slide gland enlargement

Moderate Additional stenosis and dilatation of main pancreatic Small cysts (< 10 mm in diameter), increased 
duct echogenicity of the main pancreatic duct 

wall, dilatation of the main pancreatic duct
Severe Additional obstructions, cysts, stenosis of main Cysts (> 10 mm in diameter), stenosis of main 

pancreatic duct; calculi pancreatic duct with prestenotic dilatation; 
calculi

CT, computed tomography; ERCP, endoscopic retrograde cholangiopancreatography; US, ultrasound.

Table 29.2 Endoscopic ultrasound criteria of chronic
pancreatitis.

Parenchymal features
Gland size, cysts
Echo-poor lesions (focal areas of reduced echogenicity)
Echo-rich lesions (> 3 mm diameter)
Accentuation of lobular pattern

Ductal features
Increased duct wall echogenicity
Narrowing, dilatation (main pancreatic duct, side branches)
Calculi

Figure 29.1 Cystic lesion (ZY) with a diameter of 20 mm
adjacent to the head of the pancreas (KOPF). The echotexture
of the visible pancreatic parenchyma shows additional
features of chronic pancreatitis (echo-rich strands,
lobulation).
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(a) (b)

Figure 29.2 (a) Echo-rich pancreatic parenchyma with three
echo-poor lesions (arrows), sharply demarcated from the
surrounding parenchyma. The main pancreatic duct is
slightly dilated, with an echo-rich duct wall (V). (b) Echo-

poor lesion (V) within the echo-rich pancreatic parenchyma.
This lesion corresponds to a necrosis detected during an acute
bout of chronic pancreatitis 3 months prior to EUS
examination. PV, portal vein.

(a)

(b)

(c)

Figure 29.3 (a) Small echo-rich spots within the normal
(echo-poor) pancreatic parenchyma. (b) Echo-poor
pancreatic parenchyma with a single echo-rich lesion (V),
6 mm in diameter. There is no shadow behind the lesion,
explained by the fact that it is not yet a calcification but a

fibrous plaque, which will develop into a calcified plaque. (c)
Inhomogeneous pancreatic parenchyma with several echo-
rich (fibrotic) strands but without accentuation of the lobular
pattern.

specificity of EUS compared with other imaging proce-
dures, although selection of this threshold depends on
the purpose of the examination. In a normal population
with an average pretest probability of chronic pancre-

atitis of around 50%, a low threshold (one to two crite-
ria) will lead to a high sensitivity by lowering the speci-
ficity. If in the same population a higher threshold is
used (more than five criteria), the sensitivity will de-
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(a) (b)

Figure 29.4 (a) Accentuation of the lobular pattern: echo-
poor pancreatic parenchyma surrounded by echo-rich
strands. This figure is the counterpart to the normal ERCP
shown in Fig. 29.7a. (b) More advanced lobular pattern

corresponding to a decreasing volume of normal (echo-poor)
pancreatic parenchyma but an increase in fibrous strands
(visible as echo-rich areas).

Figure 29.5 Dilatated main pancreatic duct (diameter 9 mm)
with calcification in the duct.

Figure 29.6 Main pancreatic duct is not yet dilated, but the
duct wall has increased echogenicity (visible as echo-rich, i.e.,
white, lines at the border of the main pancreatic duct).

crease but will be combined with an increasing speci-
ficity. As EUS should be focused mainly on patients
highly likely to have chronic pancreatitis based on 
clinical data and the patient’s history, the pretest proba-
bility of chronic pancreatitis in this group is high (75–
80%). In this setting it is possible to lower the threshold
(to one feature) without any loss of specificity.

Once established, chronic pancreatitis is a lifelong
disease, but it is unknown when the first symptoms
occur. The majority of patients present with more than
three EUS features at the first examination. However,
there is a small group of patients with typical symptoms
and clinical history who present with less than three
features on EUS, probably in an early stage of the dis-

ease. In some of these patients even other imaging
modalities are still normal (Fig. 29.7a). This popula-
tion with high test probability will profit from high-
resolution imaging by EUS.

In the early stages of chronic pancreatitis, the ductal
system remains normal but the parenchymal changes
can be detected by EUS. The necrosis–fibrosis sequence
as the crucial event in the pathogenesis of chronic 
pancreatitis explains when and how focal necrosis is 
replaced by fibrotic tissue. This typically affects the
parenchyma earlier than the ductal system. Crucially,
this sequence leads to accentuation of the lobular 
pattern (Fig. 29.4a) of the pancreas: hypoechoic 
areas (representing inflamed pancreatic parenchyma)
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surrounded by hyperechoic septae (fibrotic strands).
This is by far the most frequent detectable feature 
of chronic pancreatitis on EUS. The accentuation of 
the lobular pattern has been described by several 
authors.

Age-related changes in the pancreas may affect the
diagnostic threshold in older patients (diameter of the
main pancreatic duct increases in older subjects). A
possible solution, suggested by several authors, could
be a scoring system that factors in the effects of aging.
The practice now is to adapt the threshold according to
the patient’s age: a higher threshold for older individu-
als than for younger ones. The optimal cut-off for the
diagnosis of chronic pancreatitis therefore depends on
several factors:
• pretest probability (average pretest probability vs.
high pretest probability);
• age of the patient;
• purpose of the examination (exclude vs. establish the
diagnosis of chronic pancreatitis).

Reference standards

The ability of EUS to detect subtle parenchymal
changes has raised the question of how reference stan-
dards for chronic pancreatitis should be defined. There
is no accepted agreement on an appropriate reference
standard to evaluate the EUS diagnosis of chronic pan-
creatitis. This is a major problem, especially in early
stages of the disease when only minimal changes are de-

tectable and other imaging methods are still normal.
Histology, ERCP, or natural history seem to be candi-
dates for reference standards.

Several studies have compared results of EUS with
subsequent evaluation of histology specimens after
pancreatic resection or with the findings of EUS-guided
fine needle aspiration (FNA). The major drawback of
this approach is the focal distribution of chronic pan-
creatitis within the pancreas, which would probably
lead to false-negative results. Although in published se-
ries EUS-guided FNA increased the negative predictive
value of EUS to 100% and the specificity to 64%, 
biopsies for histologic or cytologic examination are
currently restricted to scientific purposes and are not 
established in clinical routine.

EUS findings correlate extremely well with the sever-
ity of chronic pancreatitis according to the Cambridge
classification at ERCP (Table 29.1). The problem is that
there may be a number of patients with normal ERCP
but abnormal EUS. Especially in patients with a high
pretest probability of chronic pancreatitis, ERCP may
underdiagnose chronic pancreatitis due to the absence
of ductal findings in early stages. The evidence for this
comes from studies including natural history as the ref-
erence standard. Natural history is the most relevant
reference standard for early chronic pancreatitis for sci-
entific purposes and clinical routine as well. Unfortu-
nately, there are only limited data on the long-term
natural history of “mild” chronic pancreatitis diag-
nosed by EUS.

Our clinical strategy involves surveillance of patients

(a) (b)

Figure 29.7 (a) Normal ERCP in a 38-year-old man with
known history of alcohol abuse (this figure is the counterpart
to the EUS image shown in Fig. 29.4a). (b) ERCP obtained 21

months later showing ductal changes of chronic pancreatitis
involving main pancreatic duct and main duct branches in the
body and tail of the pancreas.
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positive on EUS but with normal ERCP findings (Fig.
29.7a,b). In a recently published paper, we assessed the
sensitivity of EUS in patients with high clinical suspi-
cion of chronic pancreatitis (based on clinical data).
Among 38 patients with normal ERCP but a clinical
history suggestive of chronic pancreatitis, EUS detected
parenchymal changes attributable to chronic pancre-
atitis in 84%. Confirmation that the EUS abnormalities
were related to chronic pancreatitis was obtained by
the finding of abnormalities with ERCP during a medi-
an follow-up period of 1.5 years.

Methods to improve diagnostic accuracy

Additional techniques for enhancing the diagnostic 
accuracy of EUS have been developed, but most of 
them are only used under very restricted circumstances.
Contrast agents or secretin stimulation may help im-
prove the diagnostic yield but they are far from clinical
routine and may probably never reach this level.

One of the newest developments is EUS imaging with
miniprobes that can be passed through the accessory
channel of a standard duodenoscope and then further
inserted into the main pancreatic duct. They provide
excellent high-resolution (20–30 MHz) images of 
the main pancreatic duct and small lesions within the
parenchyma. The use of these probes is increasingly

under investigation, but their role in clinical routine has
not been established yet. Initial results appear promis-
ing, especially in differentiating chronic pancreatitis
from pancreatic adenocarcinoma and for more precise
evaluation of pancreatic duct abnormalities (irregular-
ities, stenoses) depicted by ERCP.

Differentiation between benign and
malignant pancreatic tumors

In patients with pancreatic tumors and chronic pancre-
atitis, EUS has difficulty in distinguishing benign from
malignant lesions. Pancreatic tumors can be mimicked
by focal inflammation due to acute bouts of chronic
pancreatitis (Fig. 29.8). It is impossible to reliably dif-
ferentiate between benign and malignant lesions in
these cases. Several authors have attempted to find reli-
able criteria for differentiation.

Clinical role of EUS in the diagnosis of
chronic pancreatitis

EUS is highly sensitive and specific for detecting 
chronic pancreatitis. EUS is as good as ERCP in diag-
nosing chronic pancreatitis in advanced stages. In 
early stages of the disease, when the ductal system 

(a)

(b)

Figure 29.8 (a) Three weeks after acute pancreatitis: echo-
poor enlargement of the pancreatic head. Differentiation
between a solid, suspected malignant, mass and an

inflammatory tumor is impossible by only factoring the EUS
images. (b) Four months later the tumor disappeared.
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remains normal, EUS is the most sensitive of the cur-
rently available imaging procedures for the diagnosis of
chronic pancreatitis. EUS should be used in patients
with a high pretest probability (due to known 
chronic alcohol use and typical symptoms of chronic
pancreatitis).
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The ideal method for diagnosing chronic pancreatitis
would be a single, reliable, noninvasive test that 
exhibited 100% sensitivity and specificity. The test
would necessarily be able to detect early changes,
which might be subtle and heterogeneous. It should be
able to differentiate between chronic pancreatitis and
other changes in the pancreas, especially pancreatic
cancer. It would be desirable if it could recognize 
chronic pancreatitis associated with pancreatic cancer
in the same gland.

There is, of course, no such test available. In the 
absence of a single test, multiple diagnostic tools 
and techniques combined with clinical symptoms are
used to determine that a patient suffers from chronic
pancreatitis. The techniques improve constantly, es-
pecially with the increased resolution experienced 
with imaging techniques. The resolution available for
examination of histologic specimens far surpasses any
of the other techniques currently available. The mor-
phology of all the components of the pancreas can be
determined in detail by histology and electron mi-
croscopy. The specimens are available for immunocy-
tochemical investigation for the detection of specific
macromolecules. Histology is therefore a reasonable
technique to use as a baseline for confirming the pres-
ence of chronic pancreatitis, and therefore as a gold
standard against which other techniques may be 
compared.

A problem with using a histologic specimen for diag-
nosis is that histologic observation is usually possible
only late in the disease when chronic pain and/or other
complications have led to surgery. Clinical decisions
must be made based on the experience of experts using
the results from other diagnostic techniques.

Chronic pancreatitis is a progressive
disease that is considered to 
be irreversible

The pathologic changes associated with chronic pan-
creatitis eventually affect all elements of the pancreas.
The exocrine pancreas is altered more at first, but the
islets eventually succumb as well. Acinar cells are lost
or transdifferentiate. Duct cells may be lost. Extracellu-
lar fibers and substances increase. Frequently the fibro-
sis is sufficient to increase the size of the pancreas,
although the epithelial elements are decreased signi-
ficantly. The degenerative changes of chronic pan-
creatitis are generally considered to be irreversible.
Treatment is directed toward alleviation of pain and
providing substitution of pancreas-derived enzymes
and hormones as they become deficient. However,
some hope that epithelial recovery might be possible
comes from the observations that cells in acini from 
patients with chronic pancreatitis are able to divide.
Therefore, regeneration might be possible if causative
factors could be controlled.

The earliest changes that signal the beginning of
chronic pancreatitis are uncertain. They presumably
would differ somewhat depending on the etiologic 
factors involved. Genetic factors have been identified,
but the process by which they lead to development of
chronic pancreatitis remains to be determined. The
early changes that occur when alcohol is an etiologic
factor have so far only been suggested. Convincing evi-
dence has been advanced to support the progression of
acute pancreatitis to chronic pancreatitis, that necrosis
due to severe acute pancreatitis precedes the fibrosis
that constitutes one of the typical characteristics of

30 Should histology and/or 
cytology be the gold standard for 
the diagnosis of chronic pancreatitis
in clinical practice?
Dale E. Bockman



chronic pancreatitis. Cellular changes and fibrosis 
consistent with the changes observed in chronic pan-
creatitis may be observed after obstruction of the 
duct system, for example by a tumor expanding in
proximity to the main duct.

Well-developed chronic pancreatitis is
easier to diagnose than the earlier stages

It is of interest that despite the etiologic factors and 
the earliest changes that might occur, the pancreas
tends to display the same pathologic picture when
chronic pancreatitis is fully developed. Some of the
later changes in the pancreas proper or in associated
structures are not difficult to observe. Characteristic
“pancreatic pain” accompanied by the presence of 
pancreatic stones detected by X-ray provides strong 
diagnostic evidence. The presence of pancreatic
pseudocysts detectable by a number of techniques 
provides significant evidence.

The gold standard for detecting chronic pancreatitis
in the clinical setting has been endoscopic retrograde
pancreatography. Alterations in the main and accesso-
ry pancreatic ducts and in tributaries of these ducts are
frequently detectable in the early and intermediate
stages of chronic pancreatitis.

Variations in the echoes generated through ultra-
sonography are detectable when fibrosis is well devel-
oped and the parenchyma of the gland has been
significantly affected. Endoscopic ultrasonography
may offer enhanced resolution useful in the detection of
alterations. However, early changes tend not to be uni-
form throughout the pancreas, and the relative quanti-
ty of parenchyma and intervening connective tissue
may not be sufficient to produce reliable diagnostic 
information.

Regressive changes involving 
epithelial cells are a characteristic of
chronic pancreatitis

Histologic sections of well-developed chronic pancre-
atitis commonly exhibit duct-like strands or groups of
epithelial cells that exist within a sea of connective tis-
sue (Fig. 30.1). This represents a great change from the
normal pancreas in which the epithelial component is
dominant whereas the connective tissue is limited to
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miniscule quantities separating acini, with larger quan-
tities around interlobular and large ducts as well as
larger blood vessels. Much of this epithelial component
is composed of altered acinar cells and of cells that 
resemble ductular cells. It is not unusual for pancre-
atic islets, surrounded by connective tissue, to exist 
separately from acinar and ductular tissue.

The histologic picture of chronic pancreatitis is pro-
duced by the loss of exocrine epithelium plus the trans-
differentiation of acinar cells to ductular cells. Some
acinar cells die by apoptosis. Other acinar cells contin-
ue to live, but their morphology and function is altered.
The continuity of the lumens that begin within the aci-
nar unit and continue into ducts is lost, sealing off seg-
ments of the lobules. The acinar cells are unable to
maintain their fully differentiated state. They lose the
ability to synthesize and store zymogen granules. The
height of acinar cells lessens, and there is a concomitant
increase in the diameter of acinar lumens. Acinar cells
therefore take on the characteristics of ductular cells.
The result is the appearance of tubular complexes,
which are collections of tubules composed of rediffer-
entiated acinar cells plus preexisting ductular and cen-
troacinar cells. These collections have been erroneously

Figure 30.1 Histologic section from the pancreas of a patient
with chronic pancreatitis. Although the disease is well
advanced, the epithelial component continues to degrade.
Some of the parenchyma seems, at first glance, to be ductules
composed solely of ductal cells. Upon closer examination,
however, it is obvious that acinar cells are being altered and
are a part of the tubule. Clusters of altering acini are present
in the upper left and lower right of the picture. These
epithelial structures exist within a vastly expanded
connective tissue. Fibrosis characteristically progresses as
chronic pancreatitis progresses.



pancreatitis. It is present primarily in ductules and cen-
troacinar cells in normal pancreas but in chronic pan-
creatitis is present in all ducts and ductules, and in some
acinar cells. TGF-b plays a key role in the modulation of
fibroblasts or stellate cells into myofibroblasts.

TGF-b precursor is detected in inflammatory cells in
chronic pancreatitis. Latent TGF-b may be activated by
the increased amounts of plasmin produced by the acti-
vation of plasminogen. Transgenic mice overexpress-
ing TGF-b in b cells of the islets of Langerhans have
massive fibrosis of the pancreas, characterized by 
enhanced proliferation of fibroblasts and progressive
accumulation of extracellular matrix.

The end result of TGF-b activity is increased deposi-
tion of extracellular matrix, including collagen, inhibit-
ed epithelial cell proliferation, and decreased activity of
matrix metalloproteases, which degrade collagen. Fi-
brosis thus results from the net effect of increased pro-
duction of collagen fibers coupled with a decrease in
their breakdown. The laying down of collagen and as-
sociated compounds may be mediated by connective
tissue growth factor.

Inflammation is present as chronic
pancreatitis develops

Inflammation is part of the pathologic process and 
likely causes some of the changes in addition to reacting
to them. Chronic inflammation is a common charac-
teristic of chronic pancreatitis (Figs 30.2 and 30.3).
Lymphoid cells predominate, but macrophages, 
plasma cells, and granulocytes are usually present as
well. Inflammation and fibrosis (and perhaps proli-
feration and redifferentiation) are intimately linked.
Macrophages, lymphoid cells, and platelets are sources
of molecules that regulate cells and influence the com-
position of the extracellular matrix. CD8+CD103+ T
cells analogous to intestinal intraepithelial lympho-
cytes infiltrate the pancreas in chronic pancreatitis.
Sources of the fibrosis-promoting factor TGF-b
include T cells and natural killer cells in addition to
macrophages and platelets. Upregulation of messenger
RNA encoding collagen type I and TGF-b occurs paral-
lel to infiltration of mononuclear cells in experimen-
tally induced pancreatitis in rats. In the pancreas of
transgenic mice overexpressing TGF-b, macrophages
and neutrophils invade the pancreas and acinar cell
proliferation is inhibited.
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interpreted as resulting from ductular proliferation,
unlikely in this regressive disease.

Fibrosis develops progressively,
frequently increasing the size of 
the pancreas

Collagen fibers, fibroblasts, and myofibroblasts are
major elements that comprise the fibrosis. Myofibro-
blasts, which differentiate from fibroblasts and pancre-
atic stellate cells as part of the fibrotic process, are
detectable by immunohistologic localization of the
smooth muscle a-actin that accumulates in their cyto-
plasm (Fig. 30.2).

There is considerable evidence that transforming
growth factor (TGF)-b is involved directly in fibrosis,
causing increased production of collagen and other 
extracellular products while inhibiting the breakdown
of the extracellular matrix. Some inflammatory cells
are sources of TGF-b, demonstrating an intimate rela-
tionship between two of the major characteristics of
chronic pancreatitis. TGF-b is elevated in chronic 

Figure 30.2 Histologic section of the pancreas from a patient
with chronic pancreatitis. Some of the characteristics of
chronic pancreatitis, including epithelial changes,
inflammation, and fibrosis, are demonstrated. The section
has been processed to localize smooth muscle a-actin,
identifying myofibroblasts, which appear black. Production
of myofibroblasts is part of the process of fibrosis. A
collection of chronic inflammatory cells (inflammation) is
close to altered epithelium and a pancreatic nerve. The
normal morphology of the pancreas is lost.
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Large pancreatic ducts lose 
their integrity

Pancreatic ducts are constructed in such a way as to
form a barrier between the contents of the lumen and
the surrounding structures. A continuous layer of 
epithelial cells joined by tight junctions borders the
lumen. A continuous basal lamina parallels the basal
surfaces of the epithelial cells. Beneath the basal lami-
na, in nonpathologic ducts, an extracellular matrix
with scattered microvasculature forms an outer wall.

Ducts from patients with chronic pancreatitis 
frequently display significant changes. Epithelial cells
are damaged and areas of the epithelial layer may be
missing (Fig. 30.4), diminishing the barrier function.
Basal lamina is missing in some areas. In these areas the
barrier between lumen and underlying connective 
tissue is completely absent. Inflammatory cells, includ-
ing plasma cells, are concentrated in the connective 
tissue wall. Inflammatory cells sometimes migrate into
the lumen and may be collected from pancreatic juice.

Capillaries are increased in number and size. They are
packed with erythrocytes and inflammatory cells.

These changes provide clear explanations for the in-
crease in immunoglobulins and other substances, such
as lactoferrin and TGF-b, in the pancreatic juice of pa-
tients with chronic pancreatitis. TGF-b is detectable in
pure pancreatic juice from a majority of patients with
chronic pancreatitis, whereas it is unusual in those
without the disease.

Pancreatic nerves increase in number
and size

Pain is a common symptom of chronic pancreatitis. His-
tologic specimens from patients with well-developed
chronic pancreatitis commonly contain prominent
nerves running through the fibrosis. The nerves are
more obvious than in the normal pancreas because they
have enlarged individually and there are more of them.

Figure 30.3 Inflammatory foci are sometimes closely
associated with pancreatic nerves in patients with chronic
pancreatitis. In this histologic section from a patient with
chronic pancreatitis, a nerve is surrounded by fibrosis.
Normal pancreatic parenchyma is missing. A focus of chronic
inflammatory cells lies adjacent to the nerve. The section has
been stained to identify natural killer cells, which appear
black. The perineurial barrier, which normally provides a
specialized microenvironment for the nerve fibers inside, may
be damaged by the inflammatory process, as may the nerve
fibers. It has been proposed that this is one of the mechanisms
for generation of chronic pain in chronic pancreatitis.

PC

PC
RBCs RBCs

BLBL
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Lumen of duct

Immunoglobulins
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Figure 30.4 Major pancreatic ducts may be damaged in
chronic pancreatitis. The normally continuous epithelial
barrier is interrupted, allowing exchange of a number of
products between the lumen and the underlying extracellular
matrix. Groups of epithelial cells are lost, and the basal
lamina (BL) is breached. Enlarged blood vessels contain
packed erythrocytes (RBCs). Inflammatory cells populate 
the subepithelial connective tissue. The most populous are
lymphocytes, but plasma cells (PC) and granulocytes are 
also found. These alterations are correlated with increased
immunoglobulins and TGF-b in pancreatic juice.
Inflammatory cells may enter the lumen and be contained in
pancreatic juice.



Collections of inflammatory cells are isolated in 
fibrotic areas and located adjacent to pancreatic
parenchyma and nerves (Fig. 30.3). In some cases the
inflammatory process has clearly affected the integrity
of nerves. Pancreatic nerves are mixed, mainly un-
myelinated nerves that are isolated from the surround-
ing tissue by a perineurium. This arrangement provides
a specialized microenvironment for the multiple nerve
fibers contained within. The inflammatory process
sometimes damages the perineurium, eliminating the
specialized microenvironment and allowing biological-
ly active materials to penetrate into the nerve. Nerve
fibers may be damaged. Inflammatory cells invade the
nerve. It is logical that this chronic inflammation is one
of the mechanisms for the generation of chronic pain in
patients with chronic pancreatitis. This pathologic
damage to the nerve is more severe than other methods
by which nerve impulses might be generated. The 
presence of biologically active material and noxious
substances produced by the inflammatory process can
stimulate nerves without physically damaging them.

Percutaneous biopsy of the pancreas can
detect chronic pancreatitis

Percutaneous biopsy is an alternate to study of histo-
logic sections acquired by biopsy through a laparo-
tomy. Cytology or microhistology may be used to study
the retrieved specimens. The quantity of cells or tissue
available for examination varies with the size of 
the needle and the number of times the percutaneous
biopsy is taken from each pancreas. This quantity will
obviously be less than in a routine surgical biopsy.

The needle can be guided with the help of ultrasound
or computed tomography. Collecting data from both
the biopsy and the guiding technology improves the di-
agnostic capability. As with other techniques, the early
and intermediate stages are more difficult to detect with
certainty.

The heterogeneous nature of the early stages of
chronic pancreatitis, combined with the reduced sam-
pling volume of a needle biopsy, reduce the likelihood
that the requisite cytologic or histologic criteria are
found. However, combinations of this technique have
been used successfully by a number of investigators
with positive results.

Finding cytologic evidence of pancreatic cancer is
quite possible using this approach, providing an impor-

tant diagnosis. On the other hand, lack of evidence of
cancer would not rule it out, even if histologic charac-
teristics of chronic pancreatitis were evident.

Until a histologic specimen is available,
multiple techniques aid diagnosis

It is generally easier to reach agreement about the diag-
nosis of chronic pancreatitis using histologic sections
than using imaging techniques such as magnetic 
resonance imaging or ultrasonography. Histologic 
procedures and histopathologic expertise are generally
more widely available than endoscopic ultrasound or
direct pancreatic function tests. In the absence of a 
histologic/cytologic specimen, clinical observations
and tests must be used.

Clinical criteria are detectable at different stages of
the disease, and the presence of multiple symptoms or
results enhance confidence in the diagnosis. Pain is a
frequent first indication to the patient and is a common
symptom. Steatorrhea and diabetes are late indicators.
A variety of imaging techniques can detect complica-
tions such as pseudocysts, pancreatic stones, and duo-
denal obstruction.

The traditional clinical gold standard for the initial
diagnosis of chronic pancreatitis is endoscopic retro-
grade pancreatography because it has been more sensi-
tive than computed tomography or ultrasonography.
Duct strictures and dilatation are detected. Endoscopic
retrograde pancreatography is especially useful for de-
tecting mild to moderate changes, indicating that the
duct system may be affected relatively early in the dis-
ease. For the present, however, the histologic specimen
must remain the ultimate gold standard with which the
results of other techniques are compared.
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Because histology is usually not available for the diag-
nosis of chronic pancreatitis, this is based on the
demonstration of the morphologic and/or functional
changes that typically develop over time in the course of
the disease. Exocrine pancreatic function is impaired
progressively as chronic pancreatitis develops. Thus,
exocrine pancreatic dysfunction refers to a mild, mod-
erate, or severe reduction of exocrine pancreatic func-
tion. Finally, pancreatic function becomes insufficient
to maintain normal digestive processes. Exocrine 
pancreatic insufficiency thus refers to the presence of
maldigestion and malabsorption of nutrients as a con-
sequence of primarily and/or secondarily impaired ex-
ocrine pancreatic function. Thus the terms “exocrine
pancreatic insufficiency” and “severe exocrine pan-
creatic dysfunction” are synonymous.

Exocrine pancreatic dysfunction is a frequent finding
not only in chronic pancreatitis but also in most other
diseases of the exocrine and endocrine pancreas, i.e.,
cystic fibrosis, pancreatic tumors, after acute necrotiz-
ing pancreatitis and insulin-dependent diabetes 
mellitus. In addition, secondary exocrine pancreatic
dysfunction frequently develops after gastrointestinal
surgery (partial or total gastrectomy, duodenectomy).

Functional evaluation of the exocrine pancreas may
be important for supporting the diagnosis of pancreatic
disease in cases of inconclusive morphologic findings
on imaging methods. However, the most relevant role
for functional evaluation of the pancreas is the detec-
tion of primary or secondary pancreatic insufficiency in
patients with known pancreatic disease or after gas-

trointestinal surgery in order to aid in the indication of
enzyme substitution therapy and to control the efficacy
of this therapy.

Exocrine pancreatic function may be evaluated by
means of direct methods requiring duodenal intubation
and noninvasive indirect methods (Table 31.1). The
clinical usefulness of each of the available methods is
related to factors like diagnostic accuracy, applicability
to clinical routine, and cost. Direct pancreatic function
tests, mainly the secretin–cholecystokinin test, are the
gold standard for evaluation of exocrine pancreatic
function. However, these tests are invasive, cumber-
some, time-consuming, and expensive and thus limited
to some specialized centers. Indirect pancreatic func-
tion tests are more easily applicable to clinical routine
and therefore more widely used. Among these are oral
and breath tests that, together with fecal fat quantifica-
tion, evaluate the digestive ability of the exocrine 
pancreas, and fecal tests that measure the activity or
concentration of pancreatic enzymes in feces. The sen-
sitivity and specificity of these indirect tests are variable
and lower than those of the direct tests. Since the infor-
mation provided by each test is different, it is important
to select the optimal test to be performed in each clinical
situation.

In patients with clinical suspicion of chronic pancre-
atitis but normal imaging, only the secretin–cerulein
test is sufficiently sensitive to support the diagnosis of
the disease. The development of endoscopic ultra-
sonography, which has a very high sensitivity for the 
diagnosis of chronic pancreatitis, has further limited

31 Pancreatic function tests for
diagnosis and staging of chronic
pancreatitis, cystic fibrosis, and
exocrine pancreatic insufficiency of
other etiologies: which tests are
necessary and how should they be
performed in clinical routine?
J. Enrique Domínguez-Muñoz
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the clinical usefulness of direct pancreatic function
tests. Conversely, the diagnosis of primary or 
secondary exocrine pancreatic insufficiency and, in this
context, the indication for or control of the efficacy of
enzyme substitution therapy require a test able to detect
maldigestion. It is easy to understand that in these two
clinical situations the test to be used should have a very
different sensitivity, highest in the former case, lowest
in the latter (Fig. 31.1). In transitional situations, tests
with an intermediate sensitivity may be useful for the
screening of chronic pancreatitis in patients with a
compatible clinical picture and for the long-term 
follow-up of patients with known chronic pancreatitis
(Fig. 31.1).

Direct tests

Invasive pancreatic function tests are based on the di-
rect measurement of pancreatic enzymes and bicarbon-
ate output in samples of duodenal juice obtained after
stimulation of the gland by intravenous administration
of secretin and cholecystokinin (CCK) or cerulein 
(secretin–cholecystokinin test). Simple stimulation by
intravenous secretin (secretin test) is used in the 
so-called endoscopic test, which is based on the mea-
surement of bicarbonate concentration in endoscopy-
guided aspirates of duodenal juice (see below). Finally,
endogenous stimulation by a test meal (Lundh test) is
no longer used because of a lower diagnostic accuracy.

Since direct pancreatic function tests are invasive,
cumbersome, time-consuming, nonstandardized, and
expensive, and since the development of novel sensitive
imaging methods (i.e., endoscopic ultrasonography)
has markedly improved the diagnosis of chronic pan-
creatitis, the usefulness of the secretin–cholecystokinin
test is nowadays limited to its use as gold standard in
the validation of new pancreatic function tests.

Secretin–cholecystokinin test

Method
The secretin–cholecystokinin test protocol differs
among centers. A double-lumen nasoduodenal tube
should be placed for constant aspiration of gastric juice
and complete and fractionated collection of duodenal
juice on ice during continuous intravenous infusion of
secretin and CCK or cerulein. The protocol recom-
mended by our group is summarized in Fig. 31.2. 
Despite duodenal juice being continuously aspirated,
collection may be incomplete. The amount of juice lost
toward the jejunum may be calculated by constant duo-
denal perfusion of a nonabsorbable dilution marker,
usually polyethylene glycol. However, this requires a
triple-lumen tube and further complicates the perfor-
mance of the test.

An additional problem is the variable inactivation of
pancreatic enzymes within the collected duodenal juice
despite the use of antiproteases and collection on ice.
This may be overcome by the single quantification of
zinc instead of bicarbonate and enzymes. Zinc secre-
tion is linked to pancreatic proteases; it is easily quan-
tifiable and very stable in duodenal juice. Our group
has recently demonstrated that the secretin–cerulein
test based on single quantification of zinc output is as

Table 31.1 Pancreatic function tests.

Direct tests
Secretin–cholecystokinin test
Endoscopic test

Indirect tests
Fecal fat quantification
Fecal levels of pancreatic enzymes
NBT-PABA test
Pancreolauryl test
Amino acid consumption test
Breath tests (13C-labeled substrates)
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•  Diagnosis of chronic pancreatitis in cases of
inconclusive morphologic changes

•  Sereening of chronic pancreatitis in patients
with compatible clinical symptoms

•  Long-term follow-up of patients with known
chronic pancreatitis

•  Diagnosis of primary or secondary pancreatic
insufficiency

•  Indication for and control of the efficacy of oral
enzyme substitution therapy

Figure 31.1 Indications for evaluation of exocrine pancreatic
function. The sensitivity of the function test to be used varies
according to the indication.
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accurate as the test based on quantification of bicar-
bonate and enzymes for evaluation of exocrine pan-
creatic function.

Interpretation
The secretin–cholecystokinin test allows classification
of the severity of exocrine pancreatic dysfunction
(Table 31.2). The sensitivity and specificity of this test
for the diagnosis of chronic pancreatitis both exceed
90% (Table 31.3).

Endoscopic test

The endoscopic pancreatic function test has been devel-
oped in order to avoid the problems associated with the
secretin–cholecystokinin test, i.e., intubation, dura-
tion, and clinical applicability. It is based on the 
measurement of bicarbonate concentration and/or
pancreatic enzyme activity in samples of duodenal juice
obtained during upper gastrointestinal endoscopy after
intravenous secretin stimulation.

Method
The protocol for the endoscopic pancreatic function
test is based on the following four steps.

1 Standard endoscopy to the descending duodenum
with the patient under conscious sedation.
2 Intravenous administration of secretin (1 U/kg or
0.2 mg/kg).
3 Endoscopic duodenal fluid collection at 0, 15, 30,
45, and 60 min after secretin injection. A short version
of the test is based on the collection of duodenal juice
for only 10 min.
4 Fluid analysis for bicarbonate concentration and/or
pancreatic enzyme activity.

Interpretation
The peak bicarbonate concentration over 60 min is
lower in patients with advanced chronic pancreatitis
than in those with abdominal pain of extrapancreatic
origin. Measurement of lipolytic activity in duodenal
juice collected for 10 min after intravenous secretin is
also significantly lower in patients with chronic pancre-
atitis compared with patients with normal pancreas,
but it is not accurate enough for routine clinical use.

Calculation of bicarbonate and enzyme output

Quantification of volume, bicarbonate concentration, and
amylase, lipase and protease (trypsin, chymotrypsin,

and/or elastase) activities

Overnight fasting

Placement of a double-lumen tube under
fluoroscopic control, with the tip at the

ligament of Treitz

Continuous aspiration of gastric and duodenal juice

Continuous intravenous infusion of secretin
(1U/kg per hour) and cerulein (100ng/kg per hour)

over 90min

Sampling of duodenal juice in 10-min aliquots over the
last 60min of hormone infusion

Figure 31.2 Secretin–cerulein test protocol.

Table 31.2 Severity of exocrine pancreatic dysfunction based
on the secretin–cholecystokinin test.

Normal Normal output of enzymes and 
bicarbonate

Mild dysfunction Secretion of enzymes and 
bicarbonate ≥ 75% of the lower 
limit of normal

Moderate dysfunction Secretion of enzymes and 
bicarbonate 30–75% of the 
lower limit of normal

Severe dysfunction Secretion of enzymes and 
bicarbonate < 30% of the lower 
limit of normal

Table 31.3 Mean accuracy of exocrine pancreatic function
tests for the diagnosis of chronic pancreatitis.

Sensitivity (%) Specificity (%)

Secretin–cholecystokinin 90 94
test

Fecal chymotrypsin 57 88
Fecal elastase 70 85
Optimized serum 82 90

pancreolauryl test



Although the endoscopic pancreatic function test is a
promising procedure, it is far from being the current
standard. Whether the peak bicarbonate concentra-
tion, instead of output over time, is a reliable marker of
exocrine pancreatic function is questionable. In fact,
most experts in this field support bicarbonate and 
enzyme output and not concentration as the most 
reliable marker of exocrine pancreatic function. This is
due to the inverse relationship between bicarbonate
concentration and rate of juice secretion in response to
secretin. In addition, the endoscopic pancreatic func-
tion test requires the endoscope to be maintained in the
duodenum for 1 hour, which is at least as uncomfort-
able for patients as nasoduodenal tubing. Because of
this, pharmacologic conscious sedation is required in
the context of the endoscopic test, although the effect of
these drugs on exocrine pancreatic function has not
been specifically evaluated. All these facts hinder the
clinical usefulness of the endoscopic pancreatic func-
tion test.

Indirect tests

Indirect tests evaluate exocrine pancreatic function by
quantifying either the digestive ability of the gland or
levels of pancreatic enzymes in feces (Table 31.1). From
a methodologic point of view, these tests can thus be
classified as oral tests and fecal tests. In oral tests, a 
substrate is orally given together with a test meal. 
Pancreatic enzymes hydrolyze the substrate within the
duodenum; the released metabolites are absorbed from
the gut and can then be measured in serum, urine, or
breath. Oral tests include the pancreolauryl test and
different breath tests, mainly using 13C-labeled sub-
strates. Other tests like the NBT-PABA test and the
amino acid consumption test are no longer commer-
cially available and/or have insufficient diagnostic ac-
curacy to be recommended for clinical use.

Several extrapancreatic factors are known to limit
the accuracy of oral pancreatic function tests, mainly
those interfering with normal digestion (slow gastric
emptying rate, decreased bile acid secretion) and in-
testinal absorption (intestinal diseases) as well as those
affecting the elimination of digestion products (renal
insufficiency). Variability in gastric rate can be avoided
to some extent by administration of metoclopramide or
any other prokineticum in the context of the test. The
potential negative role of renal disturbances is avoided

by the quantification of digestion products in serum 
instead of urine.

Fecal tests are based on the quantification of pan-
creatic enzyme concentration (elastase) or activity
(chymotrypsin) in feces. Enzymes are deactivated and
diluted or concentrated to a variable degree during 
intestinal passage, which must be taken into account
when interpreting test results. Exocrine pancreatic
function can also be measured indirectly in feces by
means of fecal fat quantification. The amount of fat
eliminated within the feces indirectly reflects fat diges-
tion and therefore pancreatic lipase secretion.

Fecal tests

Fecal fat quantification
Fecal fat quantification using the classical Van de
Kamer test is the gold standard for the diagnosis of
steatorrhea. However, this test has several important
disadvantages that limit its clinical applicability. Pa-
tients must eat a standard diet containing 80–120 g of
fat daily for five consecutive days. This is an important
handicap since the majority of patients with chronic
pancreatitis are alcoholics and thus have limited com-
pliance. Furthermore, patients should collect the total
amount of feces produced over the last 3 days of the
diet. Again this is not easy for alcoholic patients. A 3-
day collection is needed to reduce errors and variability
that may occur if a shorter collection period is used.

Patient compliance is not the only limitation of fecal
fat quantification; so is the handling of stool samples 
in the laboratory. Stool samples collected over 3 days
must be first homogenized and then processed man-
ually, making this test unpleasant and cumbersome. A
new methodology based on near-infrared reflectance
analysis (NIRA) has greatly simplified the quantifica-
tion of fat in stool and thus could make feasible the
wide application of this test in clinical routine. Never-
theless, the difficulties associated with patient com-
pliance remain the same.

Method In our laboratory, patients are instructed to
eat a diet containing 92 g of fat for 5 days. Stool from
the last three consecutive days is collected in three dif-
ferent containers. The daily amount of fat excreted
(g/day) is quantified based on fat concentration meas-
ured by NIRA (g/100 g stool) and the total weight of 
the stool on each day. The mean of the three values 
obtained is considered as the result.
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Interpretation Following the test protocol described
above, a fecal fat excretion below 7.5 g/day is consid-
ered normal. Fat maldigestion indicating exocrine pan-
creatic insufficiency is defined by a fecal fat excretion
greater than 7.5 g/day. Interpretation of the test may be
improved by keeping a record of all dietary intake over
the 5-day period. In this way, fat intake can be deter-
mined and thus the fractional fat absorption can be cal-
culated. It should be noted that fecal fat quantification
is a nonspecific pancreatic function test since any other
cause of maldigestion (i.e., obstructive jaundice) or
malabsorption (i.e., sprue, Crohn’s disease) may also
induce abnormal fecal fat excretion.

Fecal chymotrypsin activity
Quantification of fecal chymotrypsin is a simple test
and easy to apply to the clinical routine. This test is
based on the enzymatic quantification of chymotrypsin
activity in an isolated small stool sample. Because of
this, fecal chymotrypsin has been widely introduced in
clinical routine as an exocrine pancreatic function test.
However, chymotrypsin is variably inactivated during
intestinal passage in such a way that fecal chymotrypsin
activity does not accurately reflect pancreatic secretion
of the enzyme. In addition, dilution of the enzyme in 
patients with diarrhea of any etiology will also decrease
the fecal activity of the enzyme.

Because of this, and in order to maintain adequate
specificity of the test, a low cut-off (3 U/g of stool) is
generally accepted as the definition of an abnormal test.
Patients with fecal chymotrypsin activity of less than
3 U/g of stool are thus considered as suffering from ex-
ocrine pancreatic dysfunction, although the sensitivity
obtained with the test is too low to recommend it for
clinical practice. In fact, the test is not able to detect a
single case of mild exocrine pancreatic dysfunction,
and can only detect slightly more than half of those 
patients with moderate or severe dysfunction (Table
31.3).

Last but not least, orally administered exogenous
pancreatic enzymes as a treatment for exocrine pan-
creatic insufficiency interact with the determination 
of chymotrypsin in stool and thus this therapy should
be interrupted for at least the 48 hours preceding 
stool sample collection. This is not always easy to 
accomplish for patients with exocrine pancreatic 
insufficiency.

In conclusion, and after taking into consideration all
the aspects mentioned above, fecal chymotrypsin quan-

tification should no longer be considered adequate 
for evaluating exocrine pancreatic function in clinical
routine.

Fecal elastase concentration
Compared with chymotrypsin, pancreatic elastase is
highly stable during gastrointestinal transit and the
fecal concentration of this enzyme correlates signifi-
cantly with the amount of enzyme secreted by the ex-
ocrine pancreas. Furthermore, since the methodology
used to quantify this enzyme is based on human-
specific monoclonal antibodies, oral enzyme substitu-
tion therapy does not interfere with the test. Therefore,
interruption of this therapy previous to stool collection
is not needed, which is an important advantage.

Method Quantification of fecal elastase is performed
in a single small stool sample by a specific enzyme 
immunoassay.

Interpretation A fecal elastase concentration higher
than 200 mg/g is considered normal. Concentrations
lower than 50 mg/g are related to exocrine pancreatic
insufficiency. Although fecal elastase quantification is
not sensitive enough to detect patients with mild ex-
ocrine pancreatic dysfunction, its sensitivity in cases of
moderate to severe dysfunction is very high, reaching
values close to 100%. The specificity of fecal elastase 
is also high, only limited by dilution in cases of watery
diarrhea.

Fecal elastase based on the use of human-specific
monoclonal antibodies is therefore an excellent test for
the diagnosis of exocrine pancreatic dysfunction in the
context of chronic pancreatitis. Since this test is easy to
apply to the clinical routine, it may be used as a first 
step in the study of patients with clinically suspected
chronic pancreatic disease and for the follow-up of 
patients with known chronic pancreatitis. In situations
of secondary exocrine pancreatic dysfunction (i.e.,
after gastrointestinal surgery), fecal elastase is useful
for evaluating pancreatic secretion but not for detect-
ing maldigestion.

Oral tests

Pancreolauryl test
Fluorescein dilaurate is administered orally together
with a standardized breakfast. A pancreas-specific 
cholesterol ester hydrolase acts on this compound 
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and water-soluble fluorescein is released and absorbed
from the gut. Fluorescein can thus be measured in
serum or urine after renal excretion. The advantage of
this test is that it is easily applicable to the clinical 
routine and can be used not only for supporting the 
diagnosis of chronic pancreatitis but also for the 
follow-up of patients with this disease. The major dis-
advantages of the test are the limiting factors of oral
tests described above and a limited sensitivity for the
early diagnosis of chronic pancreatitis.

Method The standard test requires collection of urine
over 10 hours after the ingestion of the standard break-
fast and fluorescein dilaurate. The diuresis should be in-
creased by the ingestion of at least 1500 mL of water
during the test. In order to compensate for the variable
intestinal absorption and renal excretion of the sub-
strate, the test should be repeated 3 days later by giving
fluorescein sodium as substrate. On both test days,
urine fluorescein concentration is measured.

Repetition of the test is not necessary if fluorescein
concentration is measured in serum. Our group has op-
timized the serum pancreolauryl test by administering
intravenous metoclopramide just after the ingestion 
of the test meal in order to avoid potential problems 
related to gastric emptying. In addition, intravenous
administration of secretin just before ingestion of the
test meal significantly increases the sensitivity of the test
by inducing a washout of stored pancreatic enzymes 
accumulated overnight. Finally, we have optimized the
measurement of serum fluorescein concentration. The
optimized serum pancreolauryl test protocol is summa-
rized in Fig. 31.3. Potential adverse effects of metoclo-
pramide and secretin present very rarely after a single
dose. In our experience, transient mouth dryness is ob-
served occasionally after metoclopramide administra-
tion. A few patients suffer from nausea after secretin,
which can be prevented by slow injection of the drug
(over 2–3 min).

Interpretation Results of the urine pancreolauryl test
are expressed as the quotient between the urine fluores-
cein concentration at day 1 (when fluorescein dilaurate
is given as substrate) and that at day 2 (when fluorescein
sodium is given as substrate). A quotient is considered
as normal if higher than 30 and abnormal if lower than
20. Values between 20 and 30 are inconclusive.

The peak serum fluorescein concentration is consid-
ered as the result of the serum test. A peak greater than

PART I I

264

4.5 mg/mL indicates normal exocrine pancreatic func-
tion. Mild to moderate exocrine pancreatic dysfunc-
tion is defined by a peak between 2.5 and 4.5 mg/mL.
A result below 2.5 mg/mL is observed in patients with
severe pancreatic dysfunction.

The accuracy of the optimized serum pancreolauryl
test is much higher than the accuracy of the standard
test in urine (Table 31.3). The sensitivity of the opti-
mized serum test for the diagnosis of mild exocrine pan-
creatic dysfunction is 75%, and for moderate or severe
dysfunction is 100%. False-positive results can be ob-
tained in patients with gastrointestinal extrapancreatic
diseases leading to maldigestion of fluorescein dilau-
rate (e.g., partial gastric resection with Billroth II anas-
tomosis, obstructive jaundice) or to malabsorption of
released fluorescein (e.g., sprue).

13C-substrate breath tests
Several substrates, mainly 13C-labeled, have been used
to evaluate exocrine pancreatic function by means of
breath tests. In these tests, the labeled substrate is given
orally together with a test meal. After intraduodenal
hydrolysis of the substrate by specific pancreatic en-
zymes, 13C-marked metabolites are released, absorbed
from the gut, and metabolized within the liver. As a con-
sequence of hepatic metabolism, 13CO2 is released and

Overnight fast

Placement of an indwelling cannula in an antecubital vein

Take basal blood sample (10mL)

Intravenous administration of secretin (1U/kg body
weight) over 2–3 min

Ingestion of the test meal (40 g of white bread, 20g of
butter, 200mL of tea) together with 1mmol fluorescein
dilaurate spread on the bread together with the butter

Intravenous metoclopramide administration (10 mg)

Take blood samples (5mL each) at 120, 150, 180 and
240min after test meal ingestion

Measurement of serum fluorescein concentration
in all samples

Figure 31.3 Optimized serum pancreolauryl test protocol.
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thereafter eliminated with expired air (Fig. 31.4). The
amount of 13CO2 expired, which indirectly reflects ex-
ocrine pancreatic function, can be measured by means
of mass spectrometry or infrared analysis.

Most substrates used in breath tests, among them
mixed 13C-triglyceride, cholesteryl 13C-octanoate, 13C-
hiolein, and 13C-triolein, are hydrolyzed by pancreatic
lipase. In this way pancreatic function breath tests
should be seen as fat digestion tests and thus considered
as an alternative to fecal fat quantification.

The only breath test that has been optimized is the
mixed 13C-triglyceride (13C-MTG) breath test. In our
experience, this is the optimal substrate for the diagno-
sis of fat maldigestion and thus the 13C-MTG breath
test has been developed as a simple alternative to fecal
fat quantification.

Method According to the protocol developed by our
group, a total of 250 mg of 13C-MTG is spread on a
solid test meal containing 16 g of fat. Before the meal
(basal sample) and in 30-min intervals for 6 hours after
ingestion of the meal, breath samples are collected in
10-mL tubes. A single dose of a prokineticum (i.e.,
metoclopramide) is given orally 20–30 min before the
meal in order to avoid potential problems related to
gastric emptying. The amount of 13CO2 in breath 
samples is measured by mass spectrometry. The result
of the test is expressed as the total amount of recovered
13CO2 over the 6 hours.

Interpretation A 13CO2 below 58% indicates the pres-

ence of fat maldigestion, with a sensitivity and specific-
ity higher than 90%. The test is also highly accurate 
for the diagnosis of maldigestion in clinical situations
of secondary exocrine pancreatic insufficiency, such 
as partial or total gastrectomy or duodenectomy.

The 13C-MTG breath test is a simple, noninvasive,
and accurate method for the diagnosis of exocrine pan-
creatic insufficiency. It is easily applicable to the clinical
routine and can be repeated as often as necessary. In this
way, the utility of the test is not only limited to the diag-
nosis of exocrine pancreatic insufficiency but can also
be extended to control of the efficacy of oral enzyme
substitution therapy in these patients. Therefore, the
13C-MTG breath test may play a relevant role in the
management of patients with maldigestion secondary
to chronic pancreatitis, cystic fibrosis, pancreatic can-
cer, and after acute necrotizing pancreatitis or gastric or
duodenal surgery.

Summary

A wide variety of tests are nowadays available for 
the evaluation of exocrine pancreatic function. The 
secretin–cholecystokinin test is still the gold standard,
but its use is presently limited to the evaluation of new
function tests in specialized centers. Quantification of
pancreatic zinc output as a single marker may simplify
the clinical applicability of this direct test.

The optimized serum pancreolauryl test is the most
sensitive tubuless pancreatic function test and probably

13C-substrate

13CO2

13CO2

13C-metabolites
Figure 31.4 Basis of pancreatic
function breath tests.
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the most appropriate for the screening of chronic pan-
creatitis in patients with clinical suspicion of the dis-
ease. The urine pancreolauryl test can no longer be
recommended because of its low sensitivity and the
need to repeat the test twice three days apart.

Fecal elastase quantification is the most adequate
fecal test. It is clearly more accurate than fecal chy-
motrypsin for evaluation of exocrine pancreatic func-
tion and is easy to apply to the clinical routine.
Therefore, fecal elastase may be applied as a first step in
the study of patients with suspected chronic pancreati-
tis and to aid in the differential diagnosis of chronic 
diarrhea. Fecal chymotrypsin activity is a nonsensi-
tive pancreatic function test and can no longer be 
considered for clinical routine.

The 13C-MTG breath test appears to be an accurate
alternative to fecal fat quantification for the diagnosis
of maldigestion of any etiology. This is a simple and
noninvasive method, easily applicable to the clinical
routine, that can be repeated as frequently as needed
and that is useful for the diagnosis of maldigestion as
well as for optimization of enzyme substitution therapy
in patients with primary or secondary exocrine pan-
creatic insufficiency.
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In the initial stages of chronic pancreatitis, which 
generally last about 5 or 6 years, the disease is charac-
terized by attacks of abdominal pain that recur at vari-
able intervals during which the patient is pain-free.
When the disease is more advanced, the pain tends to
disappear, either spontaneously or following surgery,
but other symptoms or complications may develop that
can alter the course of the disease. In this chapter 
we discuss the role of the physician in management of
this disease, particularly as regards follow-up and 
complications.

What to do in the follow-up

The clinical onset of chronic pancreatitis most com-
monly occurs when the patient is in his thirties or for-
ties. A typical patient with chronic pancreatitis is a male
who is employed in a job that requires heavy labor 
and who generally (70–80% of cases) drinks alcohol 
to excess. In Italy, alcohol is by far the most frequent 
etiologic factor, present in 75–80% of patients with
chronic pancreatitis who have an average daily con-
sumption of 120–140 g of pure alcohol. Thus, the first
and most important task for the physician is to con-
vince the patient to stop drinking alcohol, informing
him that if he does not do so there is little or no chance
that his condition will improve, and that he may well
also develop unpleasant complications. It should also
be explained that if he ceases to drink, the attacks may
become less frequent and eventually disappear. Unfor-
tunately, not all patients quit drinking, some resuming
once a painful attack has subsided (Table 32.1).

A majority of individuals with chronic pancreatitis

also smoke, and so another duty of the physician is to
persuade the patient to quit this habit as well, even
though it has not been clearly demonstrated that smok-
ing has a pathogenetic role in chronic pancreatitis or
that it can negatively influence progression of the 
disease.

Pain, the most important symptom in chronic pan-
creatitis, particularly in its initial stage, must be care-
fully assessed and monitored in each patient. If the
frequency and intensity of the painful attacks are re-
duced by cessation of alcohol ingestion, the attacks are
likely to eventually disappear, generally within the first
5 or 6 years of the disease; for these patients, surgical 
intervention is not indicated. Among our patients,
roughly 50% fall into this category. If, on the contrary,
the frequency and intensity of the painful attacks in-
crease or remain high, surgery or, for a few selected 
patients, endoscopic intervention should certainly be
considered, which is the case for about 50% of our 
patients. For most of the patients who undergo surgery, 
this generally occurs within 5 or 6 years of clinical onset.

It is important to study exocrine and endocrine pan-
creatic function from the initial stages of the disease,
both to support the clinical diagnosis of chronic pan-
creatitis and to guide its treatment. In studies that uti-
lized duodenal intubation and prolonged maximal
pancreatic stimulation, we showed that exocrine pan-
creatic function is impaired in almost all patients with
chronic pancreatitis, starting in the initial stages of the
disease, at which point the functional impairment is
generally mild or moderate. Although duodenal intu-
bation is the more sensitive means of assessing exocrine
pancreatic function, it is time-consuming and trouble-
some and is no longer used in clinical practice. At pre-

32 Follow-up of patients with chronic
pancreatitis: what to do and which
complications can be expected
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not stop drinking, often do not keep their scheduled 
appointments but may show up only after an attack 
of severe pain.

In the nonalcoholic forms of chronic pancreatitis
(about 20–30% of cases), the most important measure
is to determine the cause of the disease and to eliminate
it, which usually leads to improvement in the clinical
picture. With regard to the follow- up, the measures are
essentially the same as those for alcoholic pancreatitis.

The patient with advanced chronic pancreatitis, who
has had the disease for longer than 5 or 6 years, gener-
ally presents with different clinical problems. In the ma-
jority of studies on chronic pancreatitis, it is reported
that pain, the principal clinical manifestation in the
early stages of the disease, is generally no longer present
in the more advanced stages. The patient may have had
surgery for the pancreatitis, or the pain may have 
resolved on its own. Those for whom pain continues 
to be a significant problem are generally either those
who continue to drink, and for these patients it is diffi-
cult to find a definitive solution for the pain, or they are
patients who have developed a complication, most
often a pseudocyst. We should mention, however, that
in one study pain has been reported to be frequent even
in advanced stages of the disease.

In the advanced stages of chronic pancreatitis, gener-
ally after 8–10 years from clinical onset, exocrine 
pancreatic insufficiency may become severe (< 10% of
normal enzyme production) and steatorrhea develops,
necessitating the administration of pancreatic extracts.
It is very important to establish the correct daily dose of
the extracts, which must be adequate to prevent the loss
of fat in the feces; a dose of 30 000 U per meal is gener-
ally sufficient. If steatorrhea does not disappear com-
pletely, this dose can be increased. In patients with
gastric acid hypersecretion it can be helpful to adminis-
ter H2 blocking agents or proton pump inhibitors with
the extracts in order to prevent their inactivation by
gastric acid. Steatorrhea develops in about 50–60% of
patients with advanced chronic pancreatitis.

In advanced stages of chronic pancreatitis, usually
after 7 or 8 years from clinical onset, diabetes can de-
velop as a result of the destruction of islet cells by pan-
creatic fibrosis. It usually starts in a mild form that is
treatable with oral antidiabetic agents or low doses of
insulin but often progresses to a more severe form with
higher insulin requirements. The complications of dia-
betes due to chronic pancreatitis are similar to those of
primary diabetes. In particular, we studied the fre-
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sent, it has been substituted by indirect tests of pancre-
atic function that often show normal results when 
the chronic pancreatitis is mild. We now use the fecal
elastase test, which has good sensitivity particularly 
in patients who have moderate or severe pancreatic 
insufficiency.

Patients who have mild or moderate pancreatic 
insufficiency do not have steatorrhea and therefore do
not require the use of pancreatic extracts. However,
some authors have advocated the use of extracts in 
patients with mild to moderate insufficiency as well, 
for the purpose of preventing attacks of pain. In this 
regard, various studies have been carried out but the re-
sults have been conflicting, possibly due to the different
types of enzyme preparations that have been used. The
preparations that seemed to be useful in preventing at-
tacks of pain were those administered in tablet form.

Endocrine pancreatic function is generally normal in
the initial phases of chronic pancreatitis and clinically
evident diabetes usually appears in the advanced stages
of the disease, generally 8–10 years after onset. Thus, in
the early stages of the disease blood glucose determina-
tion and a glucose tolerance test every 6–12 months are
generally sufficient for monitoring endocrine function.

For optimal management of patients with chronic
pancreatitis, especially in the initial stages of the dis-
ease, it is essential to have frequent follow-up visits, at
least once every 6 or 12 months. This serves to monitor
the frequency of episodes of pain as well as the appear-
ance of other disturbances, and especially to determine
whether the patient has stopped drinking. Many pa-
tients quit drinking alcohol and these same individuals
generally keep their appointments for follow-up visits.
Others, who are typically heavier drinkers and who do

Table 32.1 What to do in follow-up.

Ascertain whether the patient has stopped drinking
In nonalcoholic forms, determine the cause and eliminate it
Evaluate pain; if the attacks are frequent, consider surgery or,

in select patients, endoscopy
Assess exocrine and endocrine pancreatic function; if

impaired, treat accordingly
Assess for complications and treat accordingly
Activity limitations and dietetic rules: this is pertinent mainly

to patients with severe steatorrhea or advanced diabetes
Arrange for check-up visits at least every 6–12 months, when

possible, with a specialist in pancreatic diseases



quency of diabetic retinopathy in chronic pancreatitis
and found that it is similar to that of patients with type
I diabetes. Diabetes develops in about 50–60% of 
patients with advanced chronic pancreatitis.

Another task for the physician responsible for pa-
tients with chronic pancreatitis is to educate them re-
garding their diet. Prior to onset of the disease these
patients are often hearty eaters and drinkers. In the
early stages of the disease, when steatorrhea and dia-
betes are not yet present, there is no need for particular
dietetic measures; it is important, however, that the diet
be well balanced and that it meets the nutritional needs
of the individual. It is generally advised to reduce fat 
intake, although there is no clear evidence that this is
useful. Obviously, if there is decreased glucose toler-
ance, carbohydrate and sugar intake should be re-
duced. In more advanced stages of the disease, when
steatorrhea may be present, the diet should be hyper-
caloric but, other than a reduction of fat intake, the 
patient should not be subjected to other restrictions 
unless diabetes is also present.

Regarding restrictions on activity, none should be
imposed except in the case of patients who have severe
steatorrhea or advanced diabetes; if their job entails
heavy labor, they should be advised to seek less 
strenuous employment.

Complications

Of the various complications that can develop in the
course of chronic pancreatitis, pseudocysts and steno-
sis (generally mild) of the retropancreatic portion of the
common bile duct are the most frequent. Several less
common ones can also be encountered (Table 32.2).

Pancreatic pseudocysts

Pseudocysts most commonly develop during the initial
stages of chronic pancreatitis; their reported frequency
varies from study to study, but they are fairly frequent,
occurring in about 25–30% of cases. In surgical series
their frequency is higher (about 50–60%). Most often
pseudocysts present as a single lesion, but sometimes
two or more can be seen; their size is variable, they are
often symptomatic (persistent pain being the most 
frequent symptom), and they are occasionally com-
plicated by rupture or infection. In our experience, in
the great majority of cases the pseudocysts derive from
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dilated ducts, and thus are true cysts; as they dilate, 
the epithelial lining can be lost, at which point they no
longer appear to be true cysts. Among our patients with
chronic pancreatitis, postnecrotic pseudocysts are rare,
the main reason being that we see few patients (about
10%) who have had an acute necrotic attack.

As far as treatment is concerned, if the pseudocysts
are asymptomatic and without complications they can
be left untreated, but repeat ultrasound is recom-
mended every 6–12 months to control their size. If they
become painful or develop a complication, treatment
becomes obligatory. Years ago the only treatment 
available was surgery; more recently this has been
abandoned in favor of endoscopic intervention.

Another possibility in the treatment of painful
pseudocysts in chronic pancreatitis is the administra-
tion of octreotide, a synthetic analog of somatostatin,
which causes the cysts to shrink and eventually disap-
pear. We have shown that this treatment (100 mg every
8 hours) is effective mainly when the cysts do not com-
municate with the Wirsung duct and if the drug is ad-
ministered when their size is increasing. When these
criteria are met, the pain disappears completely and 
definitively after 3–4 days of octreotide treatment, 
as the cysts begin to shrink in size; the cysts then dis-
appear completely after 6–8 weeks of treatment.

We would like to point out that size alone is not an
indication for treatment. Although it has been a guiding
principle that cysts of greater than 5–6 cm in diameter
should be treated, we feel that if the cysts are asympto-
matic treatment is not necessary, regardless of their

Table 32.2 Complications, associated diseases, and
mortality in chronic pancreatitis.

Pancreatic pseudocysts 25–30%
Stenosis (usually mild) of the retropancreatic 40–50%

common bile duct
Pancreatic cancer 1–3%
Extrapancreatic cancer 10–15%
Splenic vein thrombosis 2–5%
Pseudoaneurysm 2–3%
Duodenal obstruction 4–5%
Pancreatic fistula 2–3%
Pancreatic abscess 2–3%
Alcoholic liver diseases 25–40%
Cardiovascular diseases 20–30%

Mortality 20–35%



size. We have followed several patients whose cysts
have been larger than 5 or 6 cm and stable in size for
many years, during which they have also been pain-
free; we believe that intervention is not necessary in
these cases. Generally speaking, once cysts are treated
they are no longer problematic.

Stenosis of the retropancreatic common bile duct

Stenosis of the distal portion of the common bile duct is
a complication seen in both initial and advanced stages
of chronic pancreatitis and can be observed in up to
40–50% of cases; it is generally mild and does not ob-
struct the flow of bile. The stenosis is caused by pancre-
atic fibrosis in the area of the duct. It can contribute to a
generally mild and transient (lasting 3–10 days) form of
jaundice that can occur during attacks of pain, when
the already stenotic bile duct is compressed by pancre-
atic edema. This transient jaundice during attacks of
abdominal pain occurs in about 30–40% of cases.

In about 5–10% of the patients with chronic pancre-
atitis the jaundice persists and requires treatment. It is
due to complete obstruction of the retropancreatic
common bile duct, most often by pancreatic fibrosis, 
although sometimes it is due to compression of the 
duct by a cyst of the pancreatic head or, more rarely, by
cancers of the pancreatic head, which can complicate
chronic pancreatitis. In these cases, it is necessary to
perform a choledochojejunostomy. A stent is some-
times placed endoscopically, but these tend to become
occluded, and the procedure is often complicated by the
development of cholangitis; for this reason, it should
only be used in carefully selected cases, such as in pa-
tients awaiting surgery or in those who present a high
surgical risk.

Pancreatic cancer

Many studies have been published on the risk of pan-
creatic cancer in patients with chronic pancreatitis, but
results have been conflicting: some have concluded that
there is a risk, others that there is not or that it is very
low. We believe that chronic pancreatitis is a risk factor
for pancreatic cancer but that this risk is low, on the
order of 1–3%. Lowenfels et al. reported a cumulative
risk of pancreatic cancer in subjects with chronic 
pancreatitis who were followed for 10 and 20 years
after the diagnosis of pancreatitis of 1.8 and 4% 
respectively.

The risk of pancreatic cancer has been reported to be
very much higher in patients with hereditary chronic
pancreatitis. Lowenfels et al. have shown that the esti-
mated cumulative risk of pancreatic cancer to age 70
years in patients with this disease approaches 40%.

Extrapancreatic cancer

Patients with chronic pancreatitis have a high incidence
(10–15%) of extrapancreatic cancer, the commonest
sites being the upper and lower airways as well as the
gastrointestinal tract. The reason for this increased 
incidence is not clear, but the abuse of tobacco and 
alcohol in these patients is thought to be responsible.

Splenic vein thrombosis

While splenic vein thrombosis is well known as a com-
plication of chronic pancreatitis, its incidence is not.
Bradley reported an incidence of 2% among his pa-
tients with this disease. In our experience, the incidence
has been a little higher (about 5%). Thrombosis of the
splenic vein is due to involvement of the vein by the
chronic inflammatory process in the pancreas. It can 
result in the development of gastric or esophageal
varices; although there are no precise data regarding
the frequency with which these varices bleed, the 
percentage is generally low.

Pseudoaneurysm

This is a rare complication of chronic pancreatitis, seen
in about 2–3% of cases. It usually occurs in association
with pancreatic pseudocysts, the mechanism of forma-
tion being erosion of an expanding pseudocyst into a
nearby artery. The vessels most commonly involved are
the splenic, gastroduodenal, pancreaticoduodenal, and
hepatic arteries. Pancreatic pseudoaneurysms cause
bleeding that may be slow and intermittent or acute and
massive. Treatment is necessary even if they are not ac-
tively bleeding because untreated pseudoaneurysms
have a very high mortality rate. Bleeding can be suc-
cessfully controlled by arteriographic transcatheter
embolization or surgery.

Duodenal obstruction

This complication occurs in about 4–5% of patients
with chronic pancreatitis. It is generally due to marked
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fibrosis of the head of the pancreas that involves the
duodenum or to a pseudocyst; treatment consists of
surgery for the former and endoscopic drainage or sur-
gical treatment for the latter.

Pancreatic fistula

Pancreatic fistulas are a rare complication of chronic
pancreatitis (2–3%). External fistulas generally 
develop after surgical procedures on the pancreas or
after attacks of necrotic pancreatitis. Internal pan-
creatic fistulas are generally due to rupture of the main
pancreatic duct or leakage from a pseudocyst. The
main complications of internal fistulas are pancreatic
ascites or pleural effusions.

Treatment consists of fasting, parenteral nutrition,
octreotide (100 mg every 8 hours), or endoscopic stent
placement; if the fistula persists surgery is indicated.

Pancreatic abscess

This is a rare complication that involves only about
2–3% of patients with chronic pancreatitis. The ab-
scess often develops at the site of a previous pseudocyst.
Treatment with antibiotics is generally unsuccessful,
leaving surgery as the only viable alternative.

Alcoholic liver disease

Based on clinical studies, it was long believed that in pa-
tients with chronic alcoholic pancreatitis the damage
from alcohol was limited to the pancreas and that liver
involvement was rare. However, with histologic studies
of the liver we and others have shown that a high per-
centage of these patients have alcoholic damage to the
liver as well. In particular, in a study done on surgical
biopsies of the liver taken from 50 patients with chronic
alcoholic pancreatitis undergoing surgery for pancre-
atitis, we showed that 22 (44%) had associated 
alcoholic liver disease; of these 22, 13 had alcoholic 
hepatitis, 7 cirrhosis, and 2 steatosis. The percentage 
of alcoholic liver disease in this series of patients 
was similar to that found in the general alcoholic 
population.

We have seen that patients with chronic alcoholic
pancreatitis who develop hepatic disease are most often
those who drink larger quantities of alcohol (> 200 g of
pure alcohol daily) and for a longer period of time (> 20
years). It is therefore important that patients with

chronic alcoholic pancreatitis, especially those whose
alcohol consumption is to the above-described extent,
are periodically monitored with liver function and
imaging tests for early recognition and timely treat-
ment of any associated liver disease.

Cardiovascular lesions

Several investigators have reported an increased 
frequency of vascular lesions in patients with chronic
pancreatitis, but while some have assumed that this 
was simply a coincidence, others have suggested that a
causal relationship may exist. In a study of 54 patients
with chronic pancreatitis (mean age 44 years, range
26–66), we found evidence of vascular involvement in
18 (33%) of the patients and in 5 (9%) of the controls.
In particular, we found electrocardiographic signs of
coronary artery disease in eight patients, as well as 
peripheral signs and symptoms of obliterative athero-
sclerotic disease in the lower extremities in 12 patients.
No significant differences in the prevalence of the major
vascular risk factors were noted between patients with
vascular lesions and those without, or between the pa-
tients and the control subjects.

In another study, we showed that in 57 patients with
chronic pancreatitis there was radiologic evidence of
aortic calcification in 35 (41.4%), but only in 12 of 40
(30%) smoker controls. Interestingly, these patients
had a mean age of 44 years (range 26–59), whereas in
the general population aortic calcifications are rarely
seen in persons under the age of 50–60 years. None of
these patients with chronic pancreatitis had conditions
associated with atherosclerosis, such as diabetes, 
arterial hypertension, obesity, or hyperlipidemia. It
should be mentioned that aortic calcification is associ-
ated with a marked increase in risk of death by cardio-
vascular disease. These two studies indicate that,
compared with the general population, patients with
chronic pancreatitis have more frequent cardiovascu-
lar lesions and the lesions tend to develop at an earlier
age; the reason for these findings is not clear.

Mortality

All the studies published on mortality in chronic pan-
creatitis have concluded that it is high. Ammann et al. in
their study of 245 patients with chronic pancreatitis 
reported that 86 (35%) died; the mean age at death 
was 54 years in 54 patients with alcoholic pancreatitis
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and 66 years in 32 with nonalcoholic pancreatitis. In a
study by Levy et al. of 240 patients with chronic pan-
creatitis, of whom 210 were drinkers, it was reported
that after a mean of 20 years from the clinical onset of
the disease, 57 patients (23.7%) were dead and that the
average age at the time of death was 52 years.

The mortality rate for chronic alcoholic pancreatitis
is higher than it is for idiopathic or other forms of
chronic pancreatitis; as would be expected, among 
patients with alcoholic pancreatitis the mortality rate 
is higher for those who continue to drink. The main
causes of death for these patients are cardiovascular
disease, hepatic cirrhosis, extrapancreatic or pan-
creatic cancer, postoperative complications, com-
plications of chronic pancreatitis or of diabetes, and
alcoholism. In general, less than 20% of deaths are 
directly related to chronic pancreatitis.
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Introduction

Chronic pancreatitis is an inflammatory, often painful dis-
ease of the exocrine pancreas that leads to exocrine insuf-
ficiency. Its incidence is about 8.2 new cases per 100000
inhabitants per year in western Europe. Complications
encountered in chronic pancreatitis include biliary
(10–30%) and duodenal (10–25%) obstruction and, as
the disease progresses, maldigestion and diabetes mellitus.

However, the most disturbing complication of chronic
pancreatitis is abdominal pain. Surgical management is
often indicated in cases with medically intractable pain
and this has also repercussions on the economic manage-
ment of these patients. Three typical pain profiles that
occur during the evolution of chronic pancreatitis have
been described: (i) repeated episodes of acute pancreati-
tis (acinar necrosis) in early stages; (ii) spontaneous last-
ing pain relief in association with severe pancreatic
dysfunction in the late stage of uncomplicated chronic
pancreatitis; and (iii) persistent severe pain (or frequent
recurrent episodes of pain) usually in association with
local complications such as pseudocysts, ductal hyper-
tension or extrapancreatic complications such as partial
obstruction of the common bile duct, peptic ulcer, and
opiate addiction. Clearly, the actual pathophysiology of
abdominal pain remains elusive and several hypotheses
have been postulated over the last few years.

At present, pancreatic and extrapancreatic mecha-
nisms are implicated in the development of pain in
chronic pancreatitis.

Pancreatic causes of pain

Acute inflammation of the pancreas

Acute inflammation is readily apparent when there is

severe abdominal pain and tenderness, elevation of
serum amylase and lipase, and evidence of acute pan-
creatic inflammation on computed tomography. The
causes are likely to be the same as for inflammation 
associated with acute pancreatitis, involving activated
enzymes and other injurious substances.

Increased pressure in the pancreatic ducts and tissue

Intrapancreatic ductal pressure might be related to
pancreatic secretion itself and to the presence of an ob-
struction in the pancreatic duct. Therefore, many inves-
tigators have related the origin of pain to increased
pressure in the pancreatic ducts and tissue. This ductal
hypertension hypothesis as an explanation for pain in
chronic pancreatitis is derived from observations that
decompression of a dilated pancreatic duct or pseudo-
cyst frequently relieves pain in patients with chronic
pancreatitis. Pancreatic enzyme supplementation may
also relieve pain in some patients with chronic pan-
creatitis. It is believed that the beneficial effect of pan-
creatic enzymes is explained by regulation involving
cholecystokinin-mediated feedback between pancreat-
ic exocrine secretion and the activity of proteases in 
the lumen of the small intestine. According to this 
hypothesis, administration of enzymes reduces hyper-
cholecystokininemia in patients with chronic pancre-
atitis, thus resulting in less stimulation of the pancreas
and subsequently lowered intraductal pressure and
pain. Interestingly, different studies have shown that
progressive pancreatic insufficiency, which appears
several years after the first diagnosis, is often associated
with a reduction in, and sometimes complete relief of,
pain in patients with chronic pancreatitis, thus indicat-
ing that disease progression might “burn out” the pan-
creas itself, as mentioned before. In contrast, we have to 

33 Conservative treatment of pain in
chronic pancreatitis: guidelines for
clinical routine
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consider that often pain in chronic pancreatitis is not
related to the consumption of food, and even pain 
intensity, radiation, and duration are not constant. In
addition, other studies have calculated that around
30% of the patients treated with decompressive
surgery exhibit recurrent attacks of pain. On one hand,
when patients are pain-free after surgery, this could
often be due to the reduction of alcohol ingestion or to
progressive pancreatic insufficiency. At present, the 
relationship between pancreatic parenchymal pressure
and pain in chronic pancreatitis is still controversial.

Neurogenic inflammation

Recent concepts have focused on the possible involve-
ment of the nervous system in chronic pain and the in-
flammatory process in chronic pancreatitis. Supporting
this fascinating hypothesis, Keith et al. postulated that
neural and perineural alteration might be important in
the pathogenesis of pain in chronic pancreatitis. They
demonstrated that pain severity correlated with the 
duration of alcohol consumption, pancreatic calcifica-
tion and, more interestingly, with the percentage of
eosinophil number in the perineural infiltrate, but not
with duct dilatation.

A subsequent study demonstrated that there is an 
increase in both number and diameter of pancreatic
nerve fibers in the course of chronic pancreatitis 
compared with normal pancreas. Also, there is an 
altered pattern of intrinsic and possibly extrinsic 
innervation of the pancreas in chronic pancreatitis,
leading to upregulation of neuropeptides such as sub-
stance P and calcitonin gene-related peptide. Because
both of these peptides are generally regarded as pain
transmitters, these findings provided evidence that
changes in pancreatic nerves themselves might be in-
volved in the long-lasting pain syndrome in chronic
pancreatitis.

Another interesting finding of these studies was the
observation of close contacts between neuronal struc-
tures and immune cells in chronically inflamed pan-
creas, which led to the concept that neuroimmune
mechanisms play a role in the pathogenesis of chronic
pancreatitis and the accompanying abdominal pain. To
confirm this interesting hypothesis, in a subsequent 
report the presence of growth-associated protein
(GAP)-43, an established marker of neuronal plasticity,
correlated with individual pain scores in patients with
chronic pancreatitis.

Extrapancreatic causes of pain

Bile duct stenosis and duodenal stenosis due to exten-
sive pancreatic fibrosis and inflammation are often 
considered putative extrapancreatic causes of pain.
However, only a few authors are in accordance with
this belief. Recently, Becker and Mischke described a
pathologic condition named “groove pancreatitis” in
19.5% of 600 patients with chronic pancreatitis. This
form of chronic pancreatitis is characterized by the for-
mation of a scar plate between the head of the pancreas
and the duodenum. Scars in the groove lead to compli-
cations also determined by the topography: distur-
bance in the motility of the duodenum, stenosis of the
duodenum, and tubular stenosis of the common bile
duct, which occasionally leads to obstructive jaundice.
These alterations might be responsible for several
symptoms present in chronic pancreatitis and also for
postprandial pain, probably due to compression of 
several critical structures, such as nerves and ganglia, 
present between the pancreatic head and the duodenum.

Characteristics of pain in 
chronic pancreatitis

Pain is the leading symptom in chronic pancreatitis and
should be treated to improve quality of life and to pre-
vent excessive weight loss in these patients. Pain can be
mild, moderate, or severe and increase or decrease over
time. Multifactorial elements are involved and this may
explain why all patients do not respond to the same
treatment modality.

Pain in chronic pancreatitis is usually elicited by the
activation of specific nociceptive receptors (nocicep-
tors) and is thus referred to as nociceptive pain. How-
ever, it may also result from injury to sensory fibers or
from damage to the central nervous system itself (neuro-
pathic pain). Inflammation due to neural activity is
called neurogenic inflammation. In healthy conditions,
nociceptors in the pancreas are silent and are not 
activated by noxious stimulation. In chronic pancreati-
tis, however, inflammation, ischemia, elevated pres-
sures, and release of substances such as prostaglandins,
bradykinin, leukotrienes, and substance P sensitize no-
ciceptors to the generation of action potentials and in-
duce nociceptive pain. In addition, pain is also based on
neuropathic changes such as proliferation of unmyeli-
nated nerve fibers, destruction of the perineurium, neur-
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al edema, and damage to nerve fibers. Thus, nociceptive
pain and neurogenic inflammation in chronic pancreati-
tis provide the rationale for medical, analgesic, and 
antiinflammatory treatment. In the beginning, patients
should be examined for obvious abnormalities and 
extrapancreatic causes of pain. Surgical intervention
should seriously be considered if long-term use of potent
opioids is required for pain relief, before the develop-
ment of narcotic addiction. In addition, surgery is 
recommended if pain no longer responds to analgesics
or if complications in adjacent organs occur.

Conservative treatment of pain

Abstinence from alcohol

The first step in managing pain in chronic pancreatitis
consists of the complete avoidance of alcohol. Alcohol
abstinence can achieve pain relief in up to 50% of pa-
tients, but its effect seems to be restricted to patients
with mild or moderate disease.

Analgesics

The treatment of pain in chronic pancreatitis is per-
formed according to the three-step ladder of the World
Health Organization for the relief of cancer pain (Fig.
33.1). The first step is for mild to moderate pain and
consists of nonopioid analgesics. The second step is for
moderate to severe pain and a nonopioid analgesic is

combined with a mild opioid, which is titrated until
pain relief is satisfactory. The third step is for severe
pain and requires the use of a potent opioid such as
morphine. Adjuvant drugs like tricyclic antidepres-
sants may be used at each step on the ladder. However,
as already mentioned above, when pain treatment 
in chronic pancreatitis requires the long-term use 
of potent opioids, surgical intervention should be 
considered.

Although the application of reasonable levels of
analgesics is the first-line therapy for pain in chronic
pancreatitis, there are no randomized studies compar-
ing different drugs for pain therapy in chronic pancre-
atitis. Regular application of analgesic drugs should be
preferred to drug intake on demand in order to provide
consistent analgesia. Pain intensity should be regularly
estimated by visual analog scale and the lowest drug
dose for sufficient pain relief prescribed. Pain therapy
should be coordinated and provided by one physician
to avoid overprescription and to reduce the risk of
abuse or addiction.

Acetaminophen (paracetamol) and metamizol
According to a consensus report from the German 
Society of Gastroenterology, acetaminophen or
metamizol are the drugs of first choice for pain treat-
ment in chronic pancreatitis. Acetaminophen is a drug
with good analgesic and antipyretic properties and
minimal adverse effects. In particular, no relevant gas-
trointestinal adverse effects of the drug in the recom-

Step 1

Step 2

Step 3

Step 4

Nonopioid Analgesic

Acetaminophen
Metamizol
NSAIDs

Selective COX-2
inhibitors

Mild opioids

Tramadol
Tilidin/naloxone

(Dihydro)codeine
Dextropropoxyphene

Adjuvant drugs (tricyclic antidepressants, anticonvulsants, and steroids)
Physiotherapy, psychotherapy

Surgery
and other
interventional
procedures

Potent opioids

Morphine
Buprenorphine

Transdermal patches
of fentanyl and
buprenorphine

Change in opioids or application mode
Treatment of opioid-induced advevse effects

Neurolytic
procedures

Figure 33.1 World Health
Organization analgesic ladder for
cancer pain adapted for pain
management in chronic pancreatitis.
COX, cyclooxygenase; NSAIDs,
nonsteroidal antiinflammatory drugs.
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mended dose is known. Acetaminophen may also have
synergistic effects with other nonopioid analgesics.

Metamizol has potent analgesic and antipyretic 
effects and is the standard nonopioid analgesic in 
many countries. In addition to its analgesic properties,
metamizol also has spasmolytic effects, which can be
beneficial for pain treatment in chronic pancreatitis. A
major adverse effect of metamizol is the risk of agranulo-
cytosis. Because of this, metamizol is not approved in the
USA and UK. When metamizol is used on a regular basis,
a white blood cell count has to be performed regularly.

Unfortunately, acetaminophen and metamizol have
only weak inhibitory activity against cyclooxygenase
(COX) and therefore possess no antiinflammatory 
effects. Since inflammation is a major cause of the 
nociceptive and neuropathic pain during chronic 
pancreatitis, antiinflammatory analgesic agents may be
beneficial under these conditions.

Nonsteroidal antiinflammatory drugs
Nonsteroidal antiinflammatory drugs (NSAIDs), with
the exception of aspirin, inhibit COX-1 and COX-2 in
a reversible manner and thus provide consistent analge-
sia and antiinflammatory action. In addition, they have
antipyretic properties. NSAIDs are recommended as
first-line drugs for the treatment of nociceptive pain
(Table 33.1).

Although the inhibition of inflammation by NSAIDs
is an attractive hypothesis because (neurogenic) inflam-
mation is a key pathogenic factor in chronic pancreati-
tis, there are no studies confirming the superiority of
antiinflammatory analgesics in chronic pancreatitis.
Therefore, the potential adverse effects of NSAID 
treatment must be balanced with the potential benefits.
The adverse effects of NSAIDs range from trivial, such
as skin irritation or dyspepsia, to life-threatening, such
as gastric ulceration and renal toxicity. In addition 

Table 33.1 Drug overview for the management of pain in chronic pancreatitis.

Dosing interval Maximum 
Drug class Generic name Single dose (mg) (hours) dosage (mg) COX-2 selectivity*

Nonacidic nonopioid Acetaminophen 500–1000 6 4000 (6000)
analgesic Metamizol 500–1000 6 4000 (6000)

Acidic nonopioid Diclofenac 50–100 8–12 150–200 4
analgesic/NSAIDs Ibuprofen 400–800 6–8 2400 0.4

Naproxen 250–500 12 1000 0.3

Selective COX-2 Celecoxib 100–200–400 12 800 9
inhibitors Rofecoxib 12.5–25–50† 24 50 80

Valdocoxib 20–40–80† 24 80

Mild opioids Tramadol/(retard) 50–100/(100) 6/(8–12) 400
Tilidin/(retard) 50–200/(50–100) 8/(12) 600

Potent opioids Morphine/(retard) 5–10/(10) 4/(8–12) As required
Buprenorphine 0.2–0.4 6–8 4–5 Partial m agonist
Transdermal fentanyl 25–50 mg/hour (48)–72
Transdermal 35–52.5 mg/hour 72

buprenorphine

Tricyclic Amitriptyline 25–50–100 24 In the evening Sedating
antidepressants Clomipramine 20–50–100 24 In the morning Mild stimulating

Anticonvulsants Gabapentin 300–800 8 2400–(3600) Start with low dosage
Carbamazepine 200–400 6–8 1200–(1600) Sedating

* The 80% inhibitory concentration ratios of COX-2 relative to COX-1 in human whole blood assays (Warner et al. 1999).
† Highest dosage only approved for treatment of acute pain.
COX, cyclooxygenase; NSAIDs, nonsteroidal antiinflammatory drugs.



to direct nephrotoxicity, patients with reduced
glomerular filtration rate (especially when already 
taking diuretics), cirrhosis, and heart failure may be 
seriously affected by NSAIDs. Risk factors for gas-
trointestinal bleeding include old age, cirrhosis, and 
coagulation and platelet disorders. Thus, due to these
adverse effects of NSAIDs, acetaminophen or metami-
zol may be the safer drugs for long-term use in chronic
pancreatitis, at least in at-risk patients. If NSAIDs are
used on a regular basis, proton pump inhibitors should
be added.

COX-2 inhibitors
Recent data demonstrate that COX-2 is overexpressed
in chronic pancreatitis and correlates with the stage of
disease and diabetes mellitus. These data point to the
treatment of pain in chronic pancreatitis with selective
COX-2 inhibitors such as celecoxib, rofecoxib, and
valdecoxib. However, the contribution of the constitu-
tive COX-1 enzyme to pronociceptive pools of
prostaglandins should not be discounted. Therefore,
under certain conditions COX-2-selective drugs are
suspected to be less analgesic than unselective COX in-
hibitors such as diclofenac. In addition, treatment with
COX-2-selective analgesics turned out to be a double-
edged sword. Although studies indicate a lower inci-
dence of ulcer complications/symptomatic ulcers and a
decreased rate of lower gastrointestinal clinical events
with coxib treatment of rheumatoid arthritis compared
with nonselective NSAIDs, the total incidence of non-
gastrointestinal serious adverse events was increased.
In particular, renal adverse events, blood pressure, an-
nualized myocardial infarction rate, and mortality
were higher with coxib use. Thus, the potential benefits
of COX-2-selective inhibitors have to be weighed
against potential harm. Because gastric ulcer complica-
tions are only reduced but not eliminated by selective
COX-2 inhibitors, proton pump inhibitors cannot al-
ways be omitted when patients are treated with these
drugs. At present, COX-2 inhibitors are not approved
for pain treatment in chronic pancreatitis.

Opioids

If no sufficient pain relief is achieved by nonopioid
analgesics, mild opioids should be added (Table 33.1).
Treatment with opioids can be started with immediate-
release formulations in order to titrate the opioid, and
later can be continued with depot preparations to 

reduce the frequency of administration. Nausea and
vomiting either settle with time or can be treated with
standard antiemetics. In case of constipation laxatives
may be prescribed.

Morphine is the standard potent opioid. However,
injection of morphine increases constriction of the
sphincter of Oddi, resulting in a 10–15 fold elevation in
pressure in the common bile duct. This may worsen
pain symptoms in chronic pancreatitis. In contrast, 
fentanyl is much less likely to cause this problem and
buprenorphine has no undesireable effect on the biliary
tract. Transdermal fentanyl and buprenorphine are 
effectively absorbed from a patch by the transdermal
route, with a long duration of onset and offset suitable
for providing stable blood levels over days.

Adjuvant drugs

Patients with chronic pancreatitis may often be 
depressed due to their pain syndrome. In addition, 
tricyclic antidepressants are classical drugs for treat-
ment of neuropathic pain. Therefore, the addition of
tricyclic antidepressants as adjuvant therapy is helpful
in many cases. Depending on the patient’s condition, 
either a sedating (amitriptyline) or a mild stimulating
(clomipramine) tricyclic antidepressant has to be 
prescribed.

According to recent data for treatment of pain in dia-
betic neuropathy, anticonvulsants are now frequently
recommended as drugs of first choice for neuropathic
pain. In particular, gabapentin is now widely used 
for this indication. Gabapentin should be started in 
low doses such as 100mg t.i.d. and daily increased to
300mg t.i.d. or higher.

Secretory inhibition

Inhibition of gastric acid secretion by proton pump in-
hibitors such as omeprazole and pantoprazole leads to
a higher duodenal pH and might therefore lessen 
stimulus-driven pancreatic secretion. In addition, 
patients with chronic pancreatitis show an enhanced
risk of duodenal ulcer formation. Although no formal
studies have demonstrated the effectiveness of proton
pump inhibitors, they are used in many institutions 
especially when NSAIDs are used, because this ap-
proach is relatively easy and safe.

As mentioned above, application of high-dose pan-
creatic enzymes reduces hypercholecystokininemia in
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patients with chronic pancreatitis and thus may reduce
pancreatic secretion and pain. Six studies and one
metaanalysis investigating the effects of pancreatic en-
zyme therapy for pain in chronic pancreatitis have been
performed, with controversial results. Only two studies
using enzyme preparations in tablet form, which are be-
lieved to release pancreatic enzymes in the duodenum,
showed a benefit. Thus, the role of pancreatic enzymes
in reducing pain in chronic pancreatitis remains con-
troversial. However, because high-dose pancreatic 
enzyme therapy carries only minor risks and may some-
times be helpful in pain management in chronic pan-
creatitis, a 6–8 week trial with preparations releasing
enzymes in the duodenum seems to be worth trying.

Octreotide, a somatostatin analog, strongly inhibits
pancreatic secretion. Although some patients may
show some pain relief with high doses of octreotide,
most patients do not. Since octreotide injections are
painful and expensive and the effects very controver-
sial, octreotide is not recommended for general use in
chronic pancreatitis.

Other treatment options

The pancreas is innervated by sympathetic, parasym-
pathetic, motor, and sensory fibers. The sensory fibers
transmitting pain travel from the pancreas without
synapsing in the splanchnic nerves to the dorsal root,
transversing the celiac plexus and the sympathetic
chain. Thus, blocking these nerve fibers anywhere
along this path may theoretically provide pain relief in
chronic pancreatitis.

Celiac plexus block is achieved with 25mL of 50%
alcohol on each side, which should be preceded by a
positive diagnostic block with long-acting local anes-
thetics at least 1 day before. However, the results of this
procedure have been disappointing. Leung et al. found
that 12 of 23 patients with chronic pancreatitis had 
initially complete, and six patients partial, pain relief
with celiac plexus block. However, the mean pain-free
interval was only 2 months and repeated blocks were
ineffective.

The role of transcutaneous electrical nerve stimula-
tion, often used in other pain syndromes, is not yet 
determined for pain in chronic pancreatitis. In cases 
of severe pain in chronic pancreatitis which do not 
respond to medical or surgical therapy, celiac plexus
block or transthoracic splanchniectomy or individual
therapeutic options such as epidural local anesthetics

or intrathecal administration of opioids via a subcuta-
neous infusion pump should be discussed. However,
conservative treatment is not always successful in pa-
tients with chronic pancreatitis. Pain that significantly
reduces the quality of life, especially if it requires mor-
phine on a regular basis, may represent an indication
for surgical treatment. Surgery for chronic pancreatitis
is indicated in patients with pain refractory to medical
measures. It can be performed with low mortality 
and morbidity and pain relief is achieved in the vast 
majority of patients.

Conclusions

For decades, physicians have been trying different ap-
proaches to the problem of pain in chronic pancreatitis.
There is still disagreement about the mechanisms that
contribute to the generation of pain and about the best
method of managing pain in chronic pancreatitis.

Earlier pain hypotheses, for example those postulat-
ing increased intraductal and intraparenchymal pres-
sure or postprandial pancreatic hyperstimulation by
decreased enzyme secretion and insufficient function-
ing of the so-called negative feedback mechanism, are
now seriously questioned as reliable explanations of
abdominal pain in patients with chronic pancreatitis.

In the last 10 years we have learned about the role of
altered nerve patterns in the inflamed pancreas and the
overproduction of different neuromediators in the 
enlarged pancreatic nerves. In the light of these con-
siderations, it is now clear that we must explore the
pathophysiology of pain generation in order to develop
new drugs to control pain in chronic pancreatitis. In ad-
dition, the lack of a good animal model of chronic pan-
creatitis remains a limiting factor in understanding the
complete cascade of event that generate and sustain the
long-lasting pain syndrome in the natural history of
chronic pancreatitis.

Based on current knowledge there are no gold 
standards for the therapy of chronic pancreatic pain. A
multidisciplinary approach based on individual pain
history is recommended.
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Chronic pancreatitis is a progressive disease without a
curative treatment. Therapeutic efforts have therefore
centered on palliative treatment of pain, which is 
present in about 90% of cases. Abdominal pain is the
predominant symptom of chronic pancreatitis that 
initially brings most of the patients to the physician’s 
attention.

The typical epigastric pain radiating to the back is
common, but any type of abdominal pain may occur.
Pain is often worsened by eating or by the supine posi-
tion. The pain presents a heterogeneous pattern, from
relapsing episodes to persistent pain of varying inten-
sity. The usual pattern is initial episodes of acute 
abdominal pain and recurrent episodes of acute “non-
biliary” pancreatitis; with progression of the disease
the attacks become more frequent and severe, ultima-
tely culminating in continuous pain requiring narcotic
analgesic and frequent hospital admissions. In some
patients the pain improves with time, particularly dur-
ing the end stage of the disease, which often coincides
with deterioration of pancreatic function. A small pro-
portion of patients have painless disease or minimal
pain throughout the course of their illness, and in these
the clinical emphasis is usually on endocrine or 
exocrine insufficiency.

Pathogenesis of pain in 
chronic pancreatitis

The pathogenesis of pancreatic pain is often multifac-
torial and may vary at different stages of the disease, 
explaining why not all patients respond to the same
treatment. These factors may include the following.

• Increased pancreatic parenchymal pressures (compart-
ment syndrome) secondary to increased ductal pressure
resulting from outflow obstruction caused by strictures,
pancreatic stone, or compressing pseudocyst and to re-
duced parenchymal compliance caused by fibrosis.
• Inflammatory infiltration with fibrotic encasement
of sensory nerves, and a neuropathy characterized by
both increased number and size of intrapancreatic sen-
sory nerves and by inflammatory injury to the nerve
sheaths allowing exposure of the neural elements to
toxic substances such as activated pancreatic enzymes,
calcitonin gene-related peptide, and substance P.
• Pancreatic ischemia secondary to lack of compliance
of the pancreatic gland that impairs blood flow leading
to hypoxia and acidosis.
• Release of oxygen-derived free radicals associated
with a round cell inflammatory response and tissue
damage. Oxidative stress is responsible for mediating
pain especially during acute exacerbations of chronic
pancreatitis.
• Complications such as pseudocysts.

Endoscopic treatment of pain in 
chronic pancreatitis

The history of the endoscopic management of chronic
pancreatitis begins in November 1976, when Cremer
performed the first pancreatic sphincterotomy to treat
an impacted pancreatic stone in the major papilla that
was causing acute cholangitis. Subsequent historical
steps in this field include pancreatic stenting in 1985
and extracorporeal shock-wave lithotripsy (ESWL) for
pancreatic stones in 1987.

34 Endoscopic treatment of pain in
chronic pancreatitis: really useful or
only feasible?
Guido Costamagna and Andrea Tringali



When major pain episodes due to chronic pancreati-
tis cannot be controlled by acceptable maintenance
analgesics, intervals of narcotics, or reasonable and
brief period of hospitalization, interventional therapy
can be justified. Whether immediate treatment can
change the natural history of progressive loss of ex-
ocrine and endocrine function is still not known, even
though experimental and clinical evidence suggests
that early ductal decompression may be beneficial in
modulating the outcome of chronic pancreatitis.

Selection of candidates for endoscopic pancreatic
duct drainage

In addition to standard laboratory tests and routine
plain films of the pancreatic area for detection of 
pancreatic calcifications, magnetic resonance imaging
(MRI) is currently the noninvasive modality of choice
for selection of patients who might benefit from 
endoscopic treatment. Intravenous administration of
secretin, which stimulates the secretion of fluid and 
bicarbonate, enhances visualization of the pancreatic
ducts and acts as an endogenous contrast medium, a
technique known as secretin-enhanced magnetic reso-
nance cholangiopancreatography (S-MRCP). It gives
appropriate information on the presence of downstream
ductal obstruction or a cystic lesion and on pancreatic
exocrine function by quantification of duodenal filling.

S-MRCP provides a diagnostic pancreatogram with
which to identify those patients with a single obstruc-
tion in the head of the pancreas caused by an impacted
ductal stone or a fibrotic stricture (or both). Those cases
with Cremer type IV chronic pancreatitis are the best
candidates for endotherapy.

Pancreatic sphincterotomy

Endoscopic pancreatic sphincterotomy is generally
performed as the first step toward improving access to
the pancreatic duct before pancreatic stone extraction
or endoprosthesis insertion. Minor papilla sphinctero-
tomy may be needed in up to 20% of patients in cases of
dominant dorsal duct anatomy (complete or incom-
plete pancreas divisum or ansa pancreatica). In a subset
of patients, pancreatic sphincterotomy by itself may be
sufficient to resolve papillary stenosis causing upstream
dilatation and/or to extract small nonobstructive pan-
creatic stones.

The early complication rate of pancreatic sphinc-
terotomy seems to be lower in chronic pancreatitis than
in other indications, perhaps because of the periductal
fibrosis and limited amounts of nearby acinar tissue as-
sociated with chronic pancreatitis. Early complications
occur in 4.1–16% of cases and include the exacerbation
of mild pancreatitis (1.8–9%), bleeding (1.3–3.6%),
cholangitis (0–4.3%) and, in rare cases, retroduodenal
perforation (0.6%).

Endoscopic manometry using a variety of techniques
has yielded conflicting results when sphincter of Oddi
and main pancreatic duct pressures in patients with
chronic pancreatitis were compared with controls. In
patients with chronic pancreatitis, sphincter of Oddi
function varied from normal to gross disturbances of
basal and phasic contractions. Laugier and colleagues
observed a significantly increased pressure response of
the sphincter of Oddi and pancreatic duct to secretin
stimulation in patients with early disease when com-
pared with advanced disease associated with pan-
creatic duct dilatation. These changes may be
construed as evidence of increased volume responses
with early disease. The role of increased viscosity of
pancreatic juice in chronic pancreatitis and the hypoth-
esis that protein plugs may impact on the sphincter
leading to obstruction and pain is yet to be confirmed. 

The results of pancreatic sphincterotomy alone in the
treatment of chronic pancreatitis was retrospectively
assessed in 55 patients followed for a median time of 
16 months (range 3–52): 34 patients (62%) reported
significant improvement in their pain assessed using a
numeric rating scale (P < 0.01).

Endoscopic treatment could be regarded as the initial
management of choice for patients with early-onset
(before the age of 35) idiopathic chronic pancreatitis. 
In our clinic, 11 patients with pain due to early-onset
chronic pancreatitis were treated by endoscopic
sphincterotomy (major and/or minor papilla) and
stone extraction. One patient had a dominant pancre-
atic duct stricture on the head and underwent pan-
creatic stenting; the other cases were treated by
pancreatic sphincterotomy (major and/or minor papil-
la) with or without stone extraction after ESWL. Seven
patients (64%) remained free of pain relapses after a
mean follow-up of 6.5 years (range 3–9.5). Causes of
recurrent pain included stenosis of the pancreatic
sphincterotomy, new pancreatic stricture formation,
pancreatic stone migration, and pancreatic stent 
occlusion. All these complications were successfully 

CHAPTER 34

281



retreated endoscopically. The frequency of hospitaliza-
tion before and 1, 3, and 6 years after endoscopic treat-
ment was significantly reduced. 

In selected cases, such as early stage of chronic pan-
creatitis and early-onset idiopathic chronic pan-
creatitis, pancreatic sphincterotomy in the absence of
pancreatic duct stricture and dilation can be proposed
as a treatment for reducing the frequency of pain and
recurrence of pancreatitis. Patients with an attack of
“nonbiliary” pancreatitis are studied with S-MRCP
and those who show signs of initial chronic pancreatitis
(side-branch dilation, tortuous pancreatic duct) under-
go clinical follow-up. In cases of a second attack of pan-
creatitis within 1–2 years pancreatic sphincterotomy
can be proposed.

ESWL of pancreatic stones

Approximately one-third of patients with chronic pan-
creatitis have pancreatic stones and half of these will
have the main portion of their stone burden within the
main duct in the pancreatic head or body. Successful en-
doscopic stone extraction after pancreatic sphinctero-
tomy depends on the size (< 10 mm), number (< 3), and
pancreatic location (head or body) of the stones, and

may not be possible if strictures are present or if the
stones are impacted in the ductal wall. ESWL is neces-
sary to fragment stones prior to endoscopic extraction
in 36–44% of patients with chronic pancreatitis.

ESWL-related complications (organ damage or
acute pancreatitis) are rare (0–12.5%) and mortality
was absent in the largest published series and in our ex-
perience (300 pancreatic ESWL). Mild adverse effects
of ESWL include petechiae on the skin in the area of
shock-wave penetration, and in the gastric antrum.

The best fragmentation of pancreatic stones is ob-
tained using a two-dimensional radiologic targeting
system under conscious sedation or general anesthesia.
In two series where ultrasound was used to localize 
the stones, the fragmentation rate was much lower. In
cases where calcified pancreatic stones are present, 
radiologic targeting is easy and ESWL can be per-
formed as a first procedure before therapeutic endo-
scopic retrograde cholangiopancreatography (ERCP).
Results from the literature show that ESWL and en-
dotherapy achieve stone fragmentation in 54–100% of
cases, complete duct clearance in 44–74%, and com-
plete or partial pain relief in 48–85% after a mean 
follow-up of 7–40 months; surgery is necessary due to
persistence or recurrence of pain in 3–20% of patients
(Table 34.1).
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Table 34.1 Results of extracorporeal shock-wave lithotripsy (ESWL) and endotherapy for chronic calcific pancreatitis.

Complete Complete or Need for
No. of Fragmentation clearance partial pain surgery Mean follow-up

Study Year patients (%) (%) relief (%) (%) (months)

ESWL and endotherapy
Delhaye 1992 123 99 59 85 8 14
Schneider 1994 50 86 60 62 12 20
Johanns 1996 35 100 46 83 14 23
Costamagna et al. 1997 35 100 74 72 3 27
Adamek et al. 1999 80 54 ND 76 10 40
Brand et al. 2000 48 60 44 82 4 7
Farnbacher et al. 2002 125 85 64 48* 13 29
Kozarek et al. 2002 40 100 ND 80 20 30

ESWL alone
Ohara 1996 32 100 75 86 3 44
Karasawa 2002 10 NA NA NA NA 12

* Patients with complete pain relief during follow-up.
NA, not addressed.



Early outcome of pancreatic ESWL in combination
with interventional endoscopy has been prospectively
evaluated. After a mean follow-up of 7 months, there
was a significant decrease in pancreatic duct diameter
(P < 0.001) and pain score (P < 0.0001); weight gain 
occurred in 68% of patients and several quality-of-
life scores improved significantly. Improvement in 
pain score was also correlated with weight gain, de-
crease in pancreatic duct diameter, and nonalcoholic
etiology.

A large retrospective study analyzed 114 patients
with pancreatic stones treated by ESWL and endother-
apy. The authors assessed the criteria for success of
treatment and univariate analysis showed that middle-
aged patients, an early stage of chronic pancreatitis,
and distal location of stones were significantly asso-
ciated with a higher rate of treatment success and pain
relief. Stones located in the pancreatic tail are usually
less symptomatic because of frequent parenchymal at-
rophy. A statistically significant decrease in pain score
(P = 0.001), yearly hospitalizations for pancreatitis
(P = 0.001), and monthly use of narcotic medications
was found after a mean follow-up of 2.4 years in 
another retrospective study focused on ESWL and 
endotherapy for chronic pancreatitis.

For patients with calcified stones but without a tight
stricture and with residual exocrine function as shown
on diagnostic S-MRCP, ESWL alone is a possible first-
line treatment, endotherapy being considered in cases
where this approach is not successful. The hypothesis is
that after ESWL, pancreatic juice and fragments can
pass spontaneously through the intact sphincter with
relief of ductal obstruction. Two Japanese groups have
examined the results of this approach, with preliminary
results similar to those of ESWL in association with 
endotherapy.

Much of the available information on ESWL and en-
dotherapy for the treatment of pain in chronic pancre-
atitis come from retrospective studies. New prospective
trials are warranted to confirm the good results of 
pancreatic ESWL.

Pancreatic stenting

The main indication for endoscopic placement of a
pancreatic stent in chronic pancreatitis is the presence
of a dominant ductal stricture, defined as high grade of
narrowing with one of the following characteristics:

• induction of pancreatic duct dilation (≥ 6 mm);
• prevention of contrast medium outflow alongside a 
6 Fr nasopancreatic catheter;
• pain during perfusion of nasopancreatic catheter
with saline.
Where there is persistence of pain after placement of a
well-functioning pancreatic stent, ductal hypertension
is not likely to be the cause of pancreatic pain and other
causes must be investigated. Clinical results of pancre-
atic stenting are also a good predictive factor for the
outcome of derivative surgery.

Early complications of pancreatic stenting in chronic
pancreatitis include acute pancreatitis (3.9–39%) and
bleeding (3.9%). Late complications include stent clog-
ging (20%), stent migration (10%), pain recurrence or
bouts of pancreatitis, and possibly infection. Technical
success of pancreatic stenting in the course of ERCP is
high (96–100%), with immediate pain relief in 82–94%
of cases; this improvement lasts for 6 months in 74% of
treated patients. Results are summarized in Table 34.2.

Mean pancreatic stent patency is 12 months (range
2–38) and symptomatic stent exchange is suggested in-
stead of prophylactic therapy. In fact pancreatic stents,
even when clogged, may function as a wick around
which pancreatic juice can drain, sometimes for years.
After stent removal, morphologic resolution of the
pancreatic stricture is uncommon, but improvement of
pain can be obtained even without stricture calibration.
For example, after stent removal in 29/93 patients
(53%) after a mean period of stenting of 15.7 months,
73% of these patients remained pain-free without a
stent during a mean follow-up of 3.8 years.

As described for pancreatic sphincterotomy and
ESWL, pancreatic stenting is also more effective in the
treatment of pain in chronic pancreatitis especially in
cases with a shorter history of symptomatic chronic
pancreatitis. Thus early endoscopic ductal drainage in
chronic pancreatitis is advisable. When endoscopic
treatment of pain in chronic pancreatitis is not effective
or the need for stent exchange becomes too frequent,
surgery is the alternative treatment.

Recently, a prospective randomized trial compared
the outcome of endotherapy and surgery in the treat-
ment of chronic pancreatitis. Initial success rates were
similar for both groups, but at 5-year follow-up com-
plete absence of pain was more frequent after surgery
(37% vs. 14%) while the rate of partial relief was simi-
lar (49% vs. 51%). Increase in body weight was greater
by 20–25% in the surgical group, while new-onset dia-
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betes developed with similar frequency in both groups.
According to these data, surgery is superior to en-
dotherapy for long-term pain reduction in patients
with painful chronic pancreatitis. Because of its low de-
gree of invasiveness, endotherapy can be offered as a
first-line treatment, with surgery being performed in
cases of failure or recurrence. 

New technique: 
EUS-guided pancreaticogastrostomy

In cases of obstruction or rupture of the main pancreatic
duct or when surgical reconstruction precludes access 
to the duodenal papillae, a new technique has been 
described for draining the pancreatic duct through an
endoscopically created fistula to the digestive tract,
under echographic and fluoroscopic guidance. The 
endoscopically created pancreaticogastrostomy is en-
larged by balloon dilatation or a diathermic sheath, and
kept open by a 6–10 Fr stent. Three of four patients with
chronic pancreatitis treated by endoscopic ultrasound
(EUS)-guided pancreaticogastrostomy had satisfactory
relief of pain at a median follow-up of 1 year. Results of
this technique are preliminary but promising. Future
wider experience in tertiary centers specialized in bil-
iopancreatic therapeutic endoscopy are expected.

Endoscopic drainage of 
pancreatic pseudocyst

In the setting of chronic pancreatitis, symptomatic 

pseudocysts are commonly seen in association with
stones or strictures and these also need to be addressed. 
Pancreatic pseudocysts may complicate the course of
chronic pancreatitis in 20–40% of cases, and less than
10% will resolve spontaneously. 

Pseudocysts communicating with the main pan-
creatic duct are amenable to transpapillary drainage. 
In the absence of a communication with the pancreatic
duct, transmural drainage (cystgastrostomy or cyst-
duodenostomy) can be performed under endoscopic
control where there is visible bulging of the pseudocyst
into the wall of the stomach or duodenum. With the 
advent of large-channel linear echoendoscopes, trans-
mural drainage is feasible even in the absence of
pseudocyst bulging when the gut lumen is more than
1 cm away from the pseudocyst.

The indications for pseudocyst drainage are the pres-
ence of pain, cyst enlargement, or complications (gas-
trointestinal and biliary obstruction, vascular occlusion,
spontaneous infection, fistula formation with pleural
cavity or adjacent viscera). Complex pseudocysts that
are multiseptated, associated with necrosis, or asso-
ciated with a totally disrupted main pancreatic duct are
less amenable to endoscopic management. Asympto-
matic pseudocysts can be safely observed with careful
follow-up using computed tomography (CT) or MRI.

Pain related to pseudocysts can be relieved after 
endoscopic drainage with satisfactory results: clinical
resolution of the cyst was observed in 86% of 
patients after transmural drainage and 84% of patients
treated with transpapillary drainage. Complications of
pseudocyst drainage are present in 10% of patients. En-
doscopic cystenterostomy is associated with a higher
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Table 34.2 Results of stent therapy of main pancreatic duct strictures in chronic pancreatitis.

Mean Need
Stent stent Stricture for Mean

No. of diameter Early pain patency resolution surgery follow-up
Study Year patients (Fr) relief (%) (months) (%) (%) (months)

Cremer et al. 1991 75 10 94 12 9 15 37
Binmoeller et al. 1995 93 5–7–10 74 6 NA 26 58
Ponchon et al. 1995 23 10 74 NA* 48 15 14
Smits et al. 1995 49 10 82 NA† NA 6 34

* Planned stent exchange every 2 months.
† Elective stent removal after a median time of 6 months.
NA, not addressed.



complication rate than transpapillary drainage. The
major complications reported are bleeding, retroperi-
toneal leakage, and infection.

Endoscopic drainage of the pancreatic
duct in chronic calcifiyng pancreatitis

Figures 34.1–34.5 show the stages in endoscopic
drainage of the pancreatic duct to alleviate chronic 
calcifying pancreatitis.

EUS-guided celiac plexus
block/neurolysis

Pancreatic pain is predominantly transmitted through

the celiac plexus and the splanchnic nerve. Celiac 
ganglion injection with alcohol or steroids has been
performed percutaneously under CT guidance or 
sonographically (EUS) for patients still suffering after
successful surgical or endoscopic drainage of the pan-
creatic duct, indicating that the mechanism of pain in
these patients is not related to ductal obstruction. The
role of EUS-guided celiac ganglion block is similar to
percutaneous celiac block but it has the advantage of
not having to traverse the aorta or the lumbar muscula-
ture with its associated risk (paraplegia) and discom-
fort. In addition, bacteria within the stomach may be
translocated into the retroperitoneum during endo-
scopic transgastric blocks.

Injection of anesthetics and/or corticosteroids for
temporary block is termed celiac plexus block (CPB)
while injection of absolute ethanol that permanently
destroys the plexus is called celiac plexus neurolysis
(CPN). EUS-guided CPB /CPN was described in 1996;
the procedure can be performed in 10 min under con-
scious sedation.

A prospective randomized comparison of EUS- and
percutaneous CT-guided CPB for managing the pain of
chronic pancreatitis showed that EUS-guided CPB pro-
vided more persistent pain relief than CT-guided block
and was the preferred technique among the subjects
studied. The effect of EUS-guided CPB with bupivacaine
and triamcinolone has been prospectively assessed in 90
patients with chronic pancreatitis and pain unrespon-
sive to current treatment options. Benefit was limited:
significant pain relief was obtained in 55% of patients
after 4 and 8 weeks of follow-up; persistent pain relief
beyond 12 and 24 weeks was observed in 26% and 10%
of patients, respectively. Three patients (3%) experi-
enced diarrhea after EUS-guided CPB that resolved
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Figure 34.1 Magnetic resonance cholangiopancreatography
shows marked dilation of the main pancreatic duct with
obstructive stone in the head.

Figure 34.2 Radiograph shows
pancreatic calcifications before (left)
and after (right) extracorporeal shock-
wave lithotripsy.



spontaneously within 7 days; one patient (1%) devel-
oped a peripancreatic abscess successfully treated with
antibiotics. Procedure-related mortality was absent.

EUS-guided CPB and CPN provide transient pain 
relief in chronic pancreatitis and can be considered 
a therapy of last resort. Surgical videothoracoscopic
splanchnicectomy in chronic pancreatitis is a new 
technique that provides long-lasting results compared
with EUS-guided CPB. In a series of 44 patients who 
underwent videothoracoscopic splanchnicectomy,

there was a 46% cumulative rate of pain relief 4 years
after treatment.

Conclusions

During the natural history of chronic pancreatitis the
duration of pain-free intervals is unpredictable and
may last from weeks to many months, making it diffi-
cult to assess the value of different modalities of pain
therapy. The management of pain in chronic pancreati-
tis is a team approach; the gastroenterologist, surgeon,
endoscopist, radiologist, and psychiatrist are members
of the team at various times.

Endoscopic management of chronic pancreatitis is
safe, feasible, minimally invasive, often effective for
years, and can be repeated. It should be applied as a
first-line approach to improve the clinical condition of
patients with this chronic disease. The best results are
obtained when endoscopic treatment is performed
early in the course of chronic pancreatitis. Proper pa-
tient selection, adequate expertise, and a supporting
multidisciplinary infrastructure are essential.

A recent large multicenter study retrospectively as-
sessed the long-term outcome in 1018 patients with
chronic pancreatitis who had received endoscopic pan-
creatic ductal drainage in several large-volume centers.
During a mean follow-up period of 5 years, 23% of the
patients underwent surgery and 16% were still receiv-
ing endotherapy. After surgical drainage, 10% of the
patients continued to receive endotherapy. Pancreatic
exocrine and endocrine functions were not positively
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Figure 34.5 After placement of a 10 Fr pancreatic stent
contrast medium is completely drained.

Figure 34.3 Stone extraction with a Dormia basket.

Figure 34.4 Pancreatic stricture in the head of the pancreas
without outflow of contrast medium.



affected by endoscopic therapy. The long-term success
of endotherapy was 86% in the entire group. Overall,
on an intention-to-treat basis, 65% of the patients in
this large series with painful chronic pancreatitis at 
initial presentation can be expected to be completely or 
nearly free of pain after 5 years, without needing surgery 

Thus chronic pancreatitis has become a good candi-
date for endotherapy as an effective treatment for the
relief of pain.
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Exocrine pancreatic insufficiency with maldigestion is
a major consequence of chronic pancreatitis. The prob-
ability of exocrine pancreatic insufficiency increases
with time so that around 50% of patients with chronic
pancreatitis develop exocrine pancreatic insufficiency
at a median of 10–12 years from onset of the disease. 
By definition, exocrine pancreatic insufficiency is 
associated with maldigestion. Milder forms should 
be called “exocrine pancreatic dysfunction.” Chronic 
diarrhea secondary to maldigestion is often the only
symptom of chronic pancreatitis in the absence of 
pain. However, since exocrine pancreatic insufficiency
develops slowly over time, patients tend to adapt their
diet progressively, so that diarrhea is frequently not 
evident. Similarly weight loss is not marked with 
adequate nutritional support. Based on this, pancreatic
function tests should always be carried out to detect 
or confirm maldigestion in patients with chronic 
pancreatitis.

The main clinical consequence of exocrine pancre-
atic insufficiency is fat maldigestion and steatorrhea.
This is caused by the following.
• Studies on the fate of endogenously secreted pan-
creatic enzymes during gastrointestinal transit have
demonstrated that lipase is the most unstable pan-
creatic enzyme. Most amylase activity and more than
20% of the protease activity produced by the pancreas
and secreted into the duodenum is still present within
the terminal ileum. Conversely, only 1% of lipase 
activity is still detectable at that intestinal level. This is
because lipase is highly sensitive to proteolytic activity:
it is hydrolyzed within the intestinal lumen by trypsin
and, mainly, chymotrypsin.

• Lipase also suffers irreversible inactivation at acidic
pH. This is frequently the pH found within the duode-
num in patients with exocrine pancreatic insufficiency
due to low pancreatic bicarbonate secretion.
• Compared with what occurs with amylase and pro-
teases, the luminal digestive action of lipase is mini-
mally compensated by nonpancreatic mechanisms (i.e.,
gastric lipase).
• The impairment of lipase secretion in the context of
chronic pancreatitis occurs earlier than other enzymes.

Together with abdominal cramps and the typical
characteristics of fatty stools associated with steator-
rhea (loose, greasy, foul-smelling voluminous stools
that are difficult to flush), which are not always 
evident because patients tend to limit fat ingestion, 
fat maldigestion causes several important clinical 
disturbances:
• fat maldigestion is the main cause of weight loss in
patients with exocrine pancreatic insufficiency;
• circulating levels of micronutrients and vitamins are
deficient in patients with fat maldigestion, among them
magnesium, calcium, essential fatty acids, and vitamins
A, D, E, and K;
• plasma levels of high-density lipoprotein C,
apolipoprotein A-I, and lipoprotein A are also reduced,
which has been related to an increased risk of cardio-
vascular events in patients with chronic pancreatitis.

The basis of the therapy of maldigestion in patients
with chronic pancreatitis and exocrine pancreatic 
insufficiency consists of the oral administration of 
exogenous pancreatic enzymes. Together with this, 
diet has classically played an important role that 
nowadays should be reconsidered.

35 Management of maldigestion 
in chronic pancreatitis: 
a practical protocol
J. Enrique Domínguez-Muñoz



Which patients should be treated?

It is generally accepted that patients presenting with
weight loss and those with symptoms associated with
steatorrhea should be treated with dietary modifica-
tions and/or pancreatic enzyme supplements. The indi-
cation for treatment in patients with asymptomatic
steatorrhea is strongly debated. Most authors maintain
that dietary modifications and administration of 
exogenous pancreatic enzymes are unnecessary in
asymptomatic patients. However, development of 
micronutrient and vitamin deficiency is independent 
of the presence of symptoms. In fact, circulating levels
of fat-soluble vitamins are frequently low in asympto-
matic patients with exocrine pancreatic insufficiency.
Based on this and in order to prevent potentially 
relevant nutritional deficits, pancreatic enzyme sub-
stitution therapy should be prescribed in every patient
with demonstrated exocrine pancreatic insufficiency
and steatorrhea, independent of the presence or 
absence of associated symptoms.

Dietary modifications in 
the management of exocrine 
pancreatic insufficiency

Classically, the initial approach to patients with fat
maldigestion was to restrict fat intake. The degree of 
restriction should be enough to abolish steatorrhea,
and generally the intake of less than 20 g of fat daily was
recommended. Medical therapy was limited to patients
who continue to suffer from steatorrhea following 
dietary restrictions. This approach can no longer be
supported.

Restriction of fat intake is linked to insufficient in-
take of fat-soluble vitamins, which are also malab-
sorbed as a consequence of fat maldigestion secondary
to chronic pancreatitis. Because of exocrine pancreatic
insufficiency, the potential vitamin deficiency is mini-
mally compensated by oral vitamin supplements.
Moreover, it has been demonstrated in an experimental
model of exocrine pancreatic insufficiency in dogs that
the coefficient of fat absorption, i.e., the proportion of
ingested fat that is digested and absorbed, increases
when oral enzyme supplements are added to a fat-
enriched diet. However, the proportion of fat absorbed
is lower when oral pancreatic enzymes are added to a
low-fat diet.

As a consequence, dietary modifications are not rec-
ommended for the treatment of fat maldigestion. Only
meals leading to abdominal pain or dyspeptic symp-
toms should be avoided. Cessation of alcohol intake is
a general rule in patients with chronic pancreatitis. This
has been associated with pain relief in a proportion of
patients and, furthermore, some studies have suggested
an increase in gastric lipase activity after alcohol absti-
nence. Whether this increase in gastric lipase activity is
enough to prevent fat maldigestion and steatorrhea in
some patients is questionable.

Medium-chain triglycerides, which are directly 
absorbed by the intestinal mucosa, can be useful for
providing extra calories in patients with weight loss
and a poor response to oral pancreatic enzymes. 
Furthermore, medium-chain triglycerides may be help-
ful in reducing steatorrhea in patients with an insuf-
ficient response to the medical therapy of exocrine
pancreatic insufficiency.

Finally, patients with exocrine pancreatic insufficien-
cy may require supplements of fat-soluble vitamins,
among them retinol, calcidiol, a-tocopherol, and vita-
min K.

Oral pancreatic enzyme supplements:
how to obtain optimal 
therapeutic efficacy

The functional reserve of the exocrine pancreas is so
important that fat maldigestion with steatorrhea does
not occur until lipase secretion falls below 10% of nor-
mal. This means that 30 000 U of active lipase secreted
postprandially within the duodenum are sufficient to
guarantee fairly normal fat digestion and absorption.
In terms of therapy, exogenous pancreatic supplements
should be given orally in a dose and manner to ensure
that at least 30 000 U of active lipase reach the duode-
num together with meals. Several in vitro studies in the
USA and Europe have shown that 1 U lipase equals 3 U
of the US Pharmacopeia (USP) or European Pharma-
copoeia (Eur.P) preparations, which are the units used
in commercial pancreatic enzyme extracts. That means
that 90 000 USP or Eur.P units of lipase should reach
the duodenum in an active form to prevent steatorrhea
in patients with exocrine pancreatic insufficiency.

Three main problems may prevent elimination of
steatorrhea (Fig. 35.1).
• Pancreatic lipase is markedly acid sensitive and is 
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irreversibly inactivated at pH 4.0 or lower. Therefore,
orally administered lipase may be inactivated in 
the gastric cavity and be ineffective in preventing 
steatorrhea.
• Gastric emptying of pancreatic enzyme preparations
should occur in parallel with gastric emptying of meals
in order to ensure an optimal mixture within the duo-
denum. Pancreatic enzyme preparations frequently 
exhibit slow gastric emptying, leading to insufficient
mixing with meals and low efficacy for the treatment of
fat maldigestion.
• Pancreatic lipase suffers proteolytic inactivation in
the intestinal lumen, mainly mediated by chy-
motrypsin. This, together with the effect of gastric acid,
explains why only 8% of the lipase given orally reaches
the duodenum in an active form and is able to exert its
digestive activity. Therefore, a huge amount of lipase
(around 1 million USP or Eur.P units) should be given
orally together with meals in order to guarantee around
90 000 USP/Eur.P units in an active form within the
duodenum.

Current commercially available enzyme prepara-
tions in the form of enteric-coated mini-microspheres
avoid acid-mediated lipase inactivation and ensure gas-
tric emptying of the enzymes in parallel with nutrients.
In addition, these preparations include a very low
amount of chymotrypsin in order to minimize prote-
olytic inactivation of lipase (Fig. 35.1). Based on this,
there is nowadays no real place for nonenteric-coated
enzymes in the management of exocrine pancreatic 
insufficiency secondary to chronic pancreatitis. How-
ever, nonenteric-coated enzyme preparations may be

useful in patients who are achlorhydric because of
chronic atrophic gastritis or previous gastric surgery.

Despite the use of these modern commercial prepara-
tions, some factors may still prevent total elimination
of steatorrhea (Fig. 35.2).
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Figure 35.1 (a) Fate of exogenous
pancreatic enzymes during
gastrointestinal transit preventing
elimination of steatorrhea. (b)
Solutions for improving the efficacy 
of enzyme supplements in the
management of exocrine pancreatic
insufficiency.

Bicarbonate
secretion

Bile salts
precipitation

Compliance dose of enzymes

Bacterial
overgrowth

Lipase release

Figure 35.2 Factors preventing total elimination of
steatorrhea in patients with exocrine pancreatic insufficiency
during therapy with enteric-coated pancreatic enzymes in the
form of mini-microspheres.



• Patient compliance is a key factor in the management
of exocrine pancreatic insufficiency with oral pan-
creatic enzymes. Patients should understand the impor-
tance of the therapy and the correct administration
schedule. In this sense, very recent clinical studies sup-
port the view that oral pancreatic enzymes should best
be taken during a meal (one-quarter of the dose at the
beginning of the meal, half of the dose during the meal,
and the remaining quarter at the end of the meal).
• The prescribed dose of pancreatic enzymes should be
high enough. Since some endogenous lipase secretion is
usually preserved, a dose of 20 000–40 000 USP/Eur.P
units of lipase in the form of enteric-coated mini-
microspheres per meal is an adequate dose in a large
proportion of patients. However, doses up to 80 000 U
of lipase per meal are not infrequently needed.
• The abnormally low pancreatic secretion of bicar-
bonate that occurs in the context of advanced chronic
pancreatitis with exocrine pancreatic insufficiency is
associated with a limited buffer effect in the duodenal
lumen. Because of this, a pH higher than 5.0, which is
required for active lipase to be released from enteric-
coated preparations, is not reached in distal segments
of the small intestine.
• An acidic intestinal pH also leads to bile salt precipi-
tation, which contributes to fat malabsorption.
• Up to 40% of patients with chronic pancreatitis have
concomitant intestinal bacterial overgrowth. This is
probably due to the known asynchrony between 
interdigestive gastrointestinal motility and pancreatic
secretion that frequently occurs in patients with 
chronic pancreatitis. Bacterial overgrowth may con-
tribute to maldigestion and malabsorption in patients
with exocrine pancreatic insufficiency.

The first step to guarantee optimal efficacy of oral
pancreatic enzymes in the management of exocrine
pancreatic insufficiency is to confirm that patients take
enzymes properly. Secondly, the dose of enzymes may
be increased up to 80 000 USP/Eur.P units of lipase per
meal. In cases in which this high dosage does not pre-
vent steatorrhea, inhibition of gastric acid secretion
may be of help. Finally, bacterial overgrowth should be
considered in nonresponders (see Fig. 35.3).

Therapeutic role of the inhibition of
gastric acid secretion

As mentioned above, gastric acid secretion may prevent

release of active lipase from enteric-coated granules
within proximal segments of the small intestine. More-
over, an intraduodenal acidic pH, which is present up to
2 hours postprandially in patients with exocrine pan-
creatic insufficiency, leads to bile salt precipitation.
Both effects may prevent total elimination of steator-
rhea in patients treated with adequate doses of exoge-
nous pancreatic enzymes in the form of enteric-coated
mini-microspheres.

Several clinical trials have demonstrated that inhibi-
tion of gastric acid secretion with H2-receptor antago-
nists and proton pump inhibitors (PPIs) improves the
efficacy of oral pancreatic enzyme substitution therapy.
Other authors have not confirmed this finding. Some
important aspects should be taken into account in
order to obtain a positive effect on fat maldigestion by
inhibiting gastric acid secretion in patients treated with
enteric-coated pancreatic enzymes.
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Oral pancreatic enzyme supplements in the form of
enteric-coated mini-microspheres

(20 000–40 000 USP/Eur.P units of lipase/meal)

Check compliance
Increase enzyme dose up to 80 000 USp/Eur.P units of

lipase/meal

Inhibition of gastric acid secretion
(standard dose of a proton pump inhibitor once a day or t.i.d.)

Test for bacterial overgrowth
and treat if positive

Replace dietary fat by medium-chain triglycerides

Figure 35.3 A practical guide for treating exocrine
pancreatic insufficiency secondary to chronic pancreatitis.



• A maintained pH of 5.0 or higher is required to 
release lipase, as well as to avoid acid-mediated lipase
inactivation and to ensure optimal lipolytic activity 
and amount of bile acids in micellar phase mixed 
with meals. This pH can be obtained in most patients 
by the administration of standard doses of a PPI 
once daily, at least 30 min before breakfast. In a pro-
portion of patients, this single dose does not main-
tain its efficacy at the evening meal. In these cases, a
double-dose PPI (before breakfast and dinner) may be
required.
• Despite the use of an appropriate dose of PPI, an 
adequate amount of exogenous lipase is mandatory. It
should be remembered that a dose of 90 000 USP/Eur.P
units of lipase is required to correct fat malabsorption.
This dose may to some extent be lower in patients with
some pancreatic secretion.

Figure 35.3 summarizes the aspects mentioned
above in a guide for treating exocrine pancreatic insuf-
ficiency in chronic pancreatitis in clinical practice.

How to control the efficacy of oral
pancreatic enzyme substitution therapy

The efficacy of therapy of exocrine pancreatic insuffi-
ciency is usually evaluated by means of the clinical 
response, in terms of improvement of diarrhea, weight
gain, or absence of further weight loss. However, we
have recently demonstrated that most patients with 
adequate clinical control of exocrine pancreatic 
insufficiency with oral enzyme substitution therapy
have abnormally low circulating levels of nutritional
parameters, mainly fat-soluble vitamins. In addition,
around one-third of patients have an abnormally low
body mass index.

Fecal fat quantification during therapy is the gold
standard for evaluating the effect of oral pancreatic en-
zymes in patients with fat maldigestion. However, this
method requires patients to consume a diet containing
around 100 g of fat daily for 5 days and to collect the
total amount of feces produced over the last 3 days,
which is not easy for most patients. In addition, feces
should be processed in the laboratory, which is cumber-
some and unpleasant.

As an alternative, our group has recently developed 
a breath test using 13C-mixed triglyceride as substrate
and an optimized solid test meal. The orally adminis-
tered 13C-labeled substrate is digested by endoge-

nous and exogenous pancreatic lipase, absorbed, and
metabolized in the liver. As a consequence, 13CO2 is
released and exhaled in the breath, where it can be 
measured by mass spectrometry. The amount of 
13CO2 exhaled is directly related to the amount of fat
digested and absorbed. This simple and noninvasive
test, which can be easily applied to clinical routine, has
shown high accuracy for the evaluation of the efficacy
of oral pancreatic enzyme substitution therapy in 
patients with fat maldigestion secondary to chronic
pancreatitis.
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Introduction

Cystic fibrosis (CF) is one of the most common genetic
illnesses in Caucasians. In 1989 the location of the 
mutated gene responsible for this disease was found to
be on chromosome 7. The gene responsible for CF en-
codes a cell transmembrane conductance regulator pre-
sent in the exocrine glands and is known as the cystic
fibrosis transmembrane regulator (CFTR) gene. This
gene is organized in 27 exons and more than 1000 
mutations causing different forms of the disease are
currently known. CF is a hereditary autosomic reces-
sive disease with an incidence of approximately one
case per 2500 live births in Caucasians. Recent data re-
ported in Spain have estimated the incidence of CF to be
1 per 5300 live births.

Classical cystic fibrosis

The criteria defining classical CF were published by the
Cystic Fibrosis Consensus Panel in 1998 and include
the presence of one or more characteristic phenotypic
features (chronic sinopulmonary disease, gastrointesti-
nal and nutritional abnormalities, salt-loss syndrome,
and obstructive azoospermia due to congenital bilater-
al absence of vas deferens), a history of CF in a sibling,
or a positive newborn screening test result plus labora-
tory evidence of a CFTR abnormality (elevated sweat
chloride concentration, identification of mutations in
each CFTR gene known to cause CF, or abnormal nasal
epithelial potential difference).

The atypical forms of the disease are generally due to
the presence of a slight mutation and the clinical mani-

festation is that of isolated azoospermia due to congen-
tial bilateral absence of vas deferens, several pul-
monary diseases (disseminated bronchiectasis, diffuse
panbronchiolitis, aspergillosis), and other digestive
manifestations such as sclerosing cholangitis and
chronic pancreatitis. Several studies have reported
CFTR mutations in 30–37% of patients with chronic
idiopathic pancreatitis and in 0–10% of patients with
chronic alcoholic pancreatitis. The estimated risk of de-
veloping pancreatitis in patients with two CFTR muta-
tions is much higher than that in the general population
and increases extraordinarily when also associated
with a mutation in the serine protease inhibitor Kazal
type 1 (SPINK1) gene.

Malnutrition

The increase in life expectancy of patients with classical
CF over the last two decades is spectacular. This has
been due particularly to the advances in the treatment
of respiratory complications and malnutrition. Respi-
ratory function has been improved as a consequence 
of the strategy used in the antibiotic treatment of 
infections, especially in patients presenting with colo-
nization by Staphylococcus aureus, Haemophilus
influenzae, or Pseudomonas aeruginosa in whom early
antibiotic treatment is currently recommended.

Malnutrition is directly related to worse prognosis
for the disease. Good nutrition is known to reduce the
incidence of respiratory infections and improves the
quality of life. The cause of malnutrition is multifactor-
ial, although pancreatic insufficiency is considered to
be a fundamental factor. In patients with CF there is an
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imbalance between energy needs and calorie intake. On
the one hand, it is known that energetic needs are in-
creased mainly due to respiratory disease. On the other,
calorie intake is reduced mainly because of malabsorp-
tion and maldigestion produced by pancreatic insuffi-
ciency and lower intestinal permeability to nutrients
but also because of the restrictive diets indicated by
physicians, anorexia, gastroesophageal reflux, and the
liver involvement presented by some patients.

Nutritional deficiency may vary, with patients pre-
senting with a range of symptoms, from depletion of fat
deposits to severe protein malnutrition. The nutritional
objective in these patients is to establish a positive ener-
getic balance, minimizing losses and improving energy
intake.

Pancreatic insufficiency

There is a good correlation between the genotype–
phenotype and pancreatic involvement. Thus, the pres-
ence of two severe mutations produces pancreatic 
insufficiency in most patients, whereas a genotype 
with one or two slight mutations leads to preserved
pancreatic function in most cases.

In recent years the prevalence of CF has shown an im-
portant rise in adult patients and this is due to not only
to the greater life expectancy of the patients diagnosed
during childhood but also to the diagnosis of adult pa-
tients because of better knowledge of the disease. Be-
tween 80 and 90% of the patients diagnosed with CF
during childhood present with pancreatic insufficiency.
However, this percentage falls to 16% when the diagno-
sis of the disease is made during adulthood. During
childhood, improvement of the nutritional state favors
adequate growth and development, decreases respirato-
ry infections and, in general, increases the life expectan-
cy of these patients. This is why treatment of pancreatic
insufficiency in children is of particular importance.

Treatment of pancreatic insufficiency is based on the
administration of pancreatic enzymes as oral supple-
ments during meals. Deficits of amylase and trypsin are
partially compensated by the patient’s own metabo-
lism; moreover, these enzymes are also stable in the
commercial preparations used, which are obtained
from the pancreas of the pig. Lipase, however, is more
difficult to substitute. The production of salivary and
gastric lipase is scarce and pig lipase is irreversibly in-
activated by the action of gastric and duodenal acid,

similar to what occurs with human lipase. It has 
also been demonstrated that pig lipase is hydrolyzed 
in the small intestine by the action of trypsin and
chemotrypsin.

In patients with CF the production of bicarbonate is
particulary decreased. The CFTR protein is expressed
in the apical membrane of proximal duct epithelial cells
and mainly regulates the chloride channel, although
some evidence has shown that alteration of CFTR also
modifies the function of other channels such as that 
of bicarbonate. In fact, all patients with CF exhibit a 
reduction in the pancreatic secretion of bicarbonate 
regardless of pancreatic function.

At present, some enzymatic preparations are in the
form of mini-microspheres (< 1.2 mm) that facilitate
gastric emptying together with food. These microcap-
sules have an enteric coating that allows release of the
enzymes only when the pH of the medium is greater
than 5.5. These modifications facilitate enzyme func-
tion but, as previously mentioned, the duodenal pH of
many patients with CF continues to be acid because of
the lack of bicarbonate and this explains the subse-
quent lack of release of the enzymes in the duodenum
and areas proximal to the jejunum, which is where ab-
sorption takes place. Thus, the delay in enzyme release
may contribute to intraluminal maldigestion.

It is because of these limitations that, on occasions
when levels of fecal fat are very high, treatment with
pancreatic enzymes is able to reduce but not abolish
steatorrhea. In this situation it is not difficult to under-
stand why, in an attempt to provide better nutrition to
patients, particularly children with CF, the dose of en-
zymes administered at each meal was increased; that is,
until 1994, when the first cases of fibrosing colono-
pathy were diagnosed.

Fibrosing colonopathy

Fibrosing colonpathy has been recognized as a iatro-
genic complication in CF. Since 1994, more than 80
cases have been described around the world, mainly
limited to childhood cases, although several adult 
patients have recently been reported.

This complication of CF has been clinically charac-
terized by persistent abdominal pain accompanied by
intestinal subocclusion and, less frequently, bloody
stools or chylous ascites. Radiologic study of the colon
shows the presence of short or long stenosis which, on
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occasions, may involve all the colon and even the end of
the small intestine. Anatomopathologic study of surgi-
cal specimens has demonstrated that the external diam-
eter of the colon is normal but the lumen is stenosed due
to an extensive band of fibrosis in the lamina propria
and the submucosa, with loss of muscularis mucosa
and infiltration by chronic inflammatory cells (occa-
sionally eosinophils) in the lamina propria (Table
36.1). Neither granulomas nor fistulas or transmural
fissures, such as those observed in Crohn’s disease, are
found.

Initially, many predisposing factors were considered,
such as a history of meconium ileus, previous surgery,
corticoid treatment, treatment of pancreatic insuffi-
ciency with capsules of high enzymatic content, or a 
direct toxic action of the enteric coating of these 
capsules.

In a case–control study from 1990 to 1994, FitzSim-
mons and colleagues collected data from 114 centers 
of CF in the USA; 29 patients had been diagnosed with
fibrosing colonopathy (all with surgical intervention)
and 105 patients with CF and pancreatic insufficiency
but without symptoms of colonopathy were used as
controls. The study demonstrated that the mean dose of
lipase used in treatment of the patients with fibrosing
colonopathy was 2.6-fold greater than that used in the
controls. Over the 12 months prior to diagnosis the
mean lipase dose given to the fibrosing colonopathy 
patients was 50 046 U/kg body weight per day (corre-
sponding to 12 512 U/kg per meal) whereas the mean 
lipase dose given to the controls was 18 985 U/kg 
per day (corresponding to 4746 U/kg per meal), and a
very close relationship was found beween high dose 
of lipase and fibrosing colonopathy. These data have
been confirmed in all the patients diagnosed in other
countries.

Treatment of pancreatic insufficiency

Enzyme dosage should be individualized for each 
patient, although initially it is advisable to follow the
recommendations of the US Cystic Fibrosis Foundation
suggested in a consensus conference in 1995. Overall,
these recommendations are based on the restriction of
lipase, with the recommended lipase doses being
2000–4000 U per 120 mL of formula or breast milk in
infants, 1000 U/kg per meal in children under the age of
4 years, and 500 U/kg per meal in children over 4 years
of age. Half the dose recommended for meals should be
used for snacks. In adults the approximate dose is that
recommended for children over the age of 4 years, tak-
ing into account the greater body weight of adults and
the fact that the diet of adults usually includes a lower
fat content than that of children. In addition, it is very
important to remember never to surpass the maximum
lipase dose of 2500 U/kg per meal in order to avoid the
development of fibrosing colonopathy.

With respect to the dose of lipase required, Stevens
and colleagues reported that all the children they 
studied who were given a lipase dose of more than
6000 U/kg per meal were systematically administered a
reduced dose of 2000 U. The clinical evolution and the
nutritional status of these patients were followed over 1
year. Reduction in the dose of lipase produced no
changes in either height or weight, demonstrating that
high doses of lipase are not necessary for adequate 
nutrition and development.

Another important point to take into account is that
no study has demonstrated any beneficial effect of pan-
creatic enzyme treatment in patients with CF without
pancreatic insufficiency and thus their administration
is not justified.

Follow-up

The dosage of enzymes is adjusted according to clinical
and biochemical response, with an increase in dosage
(up to the limits mentioned) if necessary. The disappear-
ance of discomfort and abdominal distension, reduction
in the number of depositions, and increase in weight 
and height of children and adolescents are evaluated on
follow-up. Biochemical control of treatment efficacy is
based on the determination of nutritional parameters
(such as albumin) and fecal fat excretion (performed to
calculate the coefficient of fat absorption).
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Table 36.1 Characteristics of fibrosing colonopathy.

Clinical picture: persistent abdominal pain
Radiology: short or long colon stenosis
Pathologic anatomy:

Severe submucosal fibrosis
Loss of muscularis mucosa
Infiltration by chronic inflammatory cells in the lamina

propria
Treatment: surgery



In cases of poor response to treatment, other causes
should be ruled out (Table 36.2). The first point is to 
ensure treatment compliance, particularly when the 
patient is an adolescent and does not wish to gain
weight. Occasionally, as mentioned above, there may
be greater duodenal acidity that impedes correct release
of the enzymatic preparation. These patients may bene-
fit from concomitant treatment with a proton pump in-
hibitor. Lastly, other diseases may cause steatorrhea
and these may be associated with CF such as, in order of
importance, bacterial overgrowth, parasitic infection
(Giardia lamblia), inflammatory bowel disease (espe-
cially Crohn’s disease), or celiac disease. Suspicion of
one of these diseases should be confirmed by, respec-
tively, a glucose breath test, the study of parasites in
stool, or colonoscopy with ileoscopy or jejunal biopsy.

To ensure good nutritional status in these patients
adequate food intake should be indicated that covers
120–150% of their recommended daily requirements,
with 30–40% of the calories being obtained from fats.
Periodic controls should be carried out to assess serum
levels of the liposoluble vitamins, mainly A and E, with
the administration of vitamin supplements if necessary.
In cases of severe malnutrition, nutritional support
with supplements or the placement of enteral nutrition
is recommended with the addition of pancreatic 
enzymes.
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Table 36.2 Cause of lack of response to treatment.

Poor treatment compliance
Low intraluminal pH
Concomitant diseases

Bacterial overgrowth
Parasite infection
Intestinal inflammatory disease
Celiac disease
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Exocrine pancreatic function after
gastrointestinal surgery

The most important role of the stomach, apart from 
initiating digestion through the action of pepsin and
hydrochloric acid, is to provide the duodenum with 
nutrient particles small enough (< 2 mm) and at the 
optimum rate to facilitate the digestive action of bilio-
pancreatic secretions and duodenal enzymes and the
absorption of digestion products. Gastric emptying is
controlled by fundic distension, antral contractility,
and pyloric motor activity. Two main reflexes coordi-
nate these functions: antro-fundic reflexes (fundic dis-
tension in response to the presence of nutrients in the
antrum) and duodeno-gastric reflexes (fundic disten-
sion and inhibition of antral motility in response to the
presence of nutrients in the duodenum). Only when nu-
trient particles become smaller than 2 mm are they able
to pass through the pylorus and advance into the duo-
denum in a slow and progressive way, making possible
the digestive action of pancreatic secretion. Pancreatic
secretion is stimulated by fundic distension (vagal 
stimulus) and release of cholecystokinin (CCK) (hor-
monal stimulus). CCK is released in response to CCK-
releasing peptide, which is produced by the duodenal
mucosa in response to the presence of nutrients, 
basically lipids, in the lumen (Fig. 37.1).

Alteration of any of these mechanisms due to
anatomic changes after gastric, duodenal, and/or pan-
creatic surgery involves alterations in the digestive
process.

Changes in digestive physiology after total or 
partial gastrectomy

Total or partial gastric resection eliminates the control
that the stomach exerts on the arrival of nutrients in the
duodenum with regard to both emptying rate and 
particle size. Antral resection is succeeded by the 
following.
• Loss of the antro-fundic reflex hinders the accommo-
dation of nutrients in the gastric cavity and eliminates
vagally mediated pancreatic stimulation.
• Loss of food-grinding capacity results in nutrient
particles of a size not easy to digest by pancreatic and
biliary secretions.
• The absence of a pylorus allows large particles,
which cannot be properly digested, to pass into the in-
testinal lumen.
• In the case of Billroth II anastomosis, the duodenum
is excluded from the transit of nutrients, making ade-
quate release of CCK impossible and therefore redu-
cing postprandial hormonal pancreatic stimulation. 
• In the case of Billroth II anastomosis, there is also a
lack of coordination between the arrival of nutrients
and biliopancreatic secretion into the jejunum, so that
it is impossible to achieve a correct mixture of nutrients
and digestive enzymes.

All this explains the existence of secondary exocrine
pancreatic insufficiency in patients after total or partial
gastrectomy. There is also a marked reduction in exoge-
nously stimulated pancreatic secretion (by intravenous
secretin and cerulein), with a decrease of 74–92% in en-
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zyme and bicarbonate secretion with respect to levels
prior to surgery. These facts define the existence of a
primary postsurgical pancreatic insufficiency probably
secondary to surgical denervation. All these alterations
explain the presence of maldigestion in gastrectomized
patients.

Changes in digestive physiology after 
cephalic duodenopancreatectomy

In addition to the changes secondary to partial gastrec-
tomy, duodenal resection hinders normal postprandial
secretion of CCK, so that even though nutrients in the
jejunum are able to stimulate pancreatic secretion,
postprandial stimulation of this secretion is clearly 
decreased. Duodenectomy abolishes the fine control
mechanism of gastric emptying, stimulation of bilio-
pancreatic secretions, and the mixing of nutrient parti-
cles with digestive enzymes. This mixing is incomplete
and occurs in distal segments of the gut, where the area
for digestion and thus nutrient absorption are reduced.

Resection of the head of the pancreas induces an even
more significant decrease in gland secretion. However,
cephalic duodenopancreatectomy with preservation of
the pylorus maintains the integrity of the antro-fundic
reflex and therefore of exocrine pancreatic secretion
mediated by the vagus. The antral function of grinding
particles and the pyloric function of filtering large par-
ticles are also maintained. Even so, 64% of patients 
develop maldigestion with steatorrhea after this 
intervention (Table 37.1).

The development of bacterial overgrowth, due to the
creation of an excluded upper jejunal loop and to 
reduction of gastric acid secretion, may contribute to
the development of maldigestion after gastric and/or
duodenopancreatic surgery.

Another important factor in the pathogenesis of
maldigestion associated with gastrointestinal and pan-
creatic surgery is the negative feedback on pancreatic
secretion mediated by the presence of nutrients in the
ileum. As a consequence of all the aforementioned
mechanisms, a significant quantity of nutrients reaches
the ileal lumen, which activates contraregulatory
mechanisms and inhibits pancreatic secretion, thereby
aggravating maldigestion in such patients.
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Figure 37.1 Control mechanism of postprandial exocrine
pancreatic function. CCK, cholecystokinin; CCK-RP,
cholecystokinin-releasing peptide.

Table 37.1 Frequency of steatorrhea in patients after surgical procedures on the pancreatic gland as reported in the literature.

Frequency of steatorrhea Frequency of steatorrhea
Surgical procedure before surgery (%) after surgery (%)

Duodenopancreatectomy (Whipple) 5 55
Pylorus-preserving duodenopancreatectomy 4 64
Distal resection (40–80%) 3 19
Distal resection (80–95%) 9 38
Pancreaticojejunostomy 19 33



Changes in digestive physiology after distal
pancreatic resection and after derivative surgery
(lateral pancreatojejunostomy)

Resection of the distal pancreas does not affect gastro-
duodenal control of gastric emptying, biliopancreatic
secretion, and nutrient mixing with digestive enzymes.
However, loss of pancreatic parenchyma induces a
diminution in the secretory capacity of the gland which,
logically, depends on the extent of the resection: gland
resections of less than 80% induce steatorrhea in only
20% of cases, whereas resections greater than 80% in-
duce steatorrhea in around 40% of cases (Table 37.1). 

Lateral pancreatojejunostomy constitutes a model of
pancreatic–digestive asynchrony without gland or gas-
trointestinal resection. In these cases, even though the
procedure does not alter gastroduodenal physiology or
achieve pancreatic resection, the fact that pancreatic se-
cretions drain directly into the jejunal loop produces
maldigestion, with steatorrhea in one-third of these 
patients.

Evaluation of pancreatic function after pancreatic
and gastrointestinal surgery

In operated patients it is essential to adopt a global 
approach to the digestive process, in order to determine
the necessity for enzyme substitution treatment and to
control its efficacy. In this sense, the optimized pancreo-
lauryl test is probably too sensitive: almost every pa-
tient with partial or total gastrectomy and all patients
with cephalic duodenopancreatectomy have an altered
result in this test. In this group of operated patients, per-
forming a direct test such as the secretin–cerulein test
entails important methodologic problems, basically
because of the difficulty of placing the probe correctly
and the absence of method standardization. This is why
fecal elastase quantification may be the best option in
these patients. Fecal fat quantification, measured by the
van de Kamer standard method or the newer near-
infrared analysis, seems to be satisfactory in this set-
ting. Our group has recently developed an optimized
breath test with mixed triglyceride labeled with 13C for
the diagnosis of exocrine pancreatic insufficiency in
chronic pancreatitis and in patients after gastrointesti-
nal surgery, which shows great sensitivity and speci-
ficity compared with the classic fecal fat quantification.
It is therefore a good alternative and easier to perform
in clinical practice.

Treatment of maldigestion after gastrointestinal
and/or pancreatic surgery

Every operated patient with fecal fat excretion greater
than 15 g/day should be treated with oral pancreatic en-
zymes. There is also no discussion about the necessity
of treating patients with a smaller degree of steatorrhea
but with associated symptoms (weight loss, diarrhea,
or dyspeptic symptoms). However, the necessity of
treating patients with asymptomatic steatorrhea
(< 15 g/day) is not clear. In our experience, substitution
treatment is recommended because of the harmlessness
of pancreatic enzymes and the high risk of developing
nutritional deficits (liposoluble vitamins, trace ele-
ments) even if patients remain asymptomatic. There-
fore, the majority of patients with partial or total
gastrectomy, or with derivative or resective pancreatic
surgery, should receive enzyme substitution treatment.

There are few studies comparing different enzyme
preparations in patients after gastrointestinal and/or 
pancreatic surgical procedures. Enteric-coated pancrea-
tic enzymes have proved to be effective in reducing
steatorrhea in patients who undergo classic cephalic
duodenopancreatectomy (Whipple’s procedure) but
less so in cases of preservation of pylorus or duodenum.
In cases of stomach integrity, association with a proton
pump inhibitor may be useful in increasing treatment
efficacy. Patients suspected of having rapid intestinal
transit, but who continue to exhibit steatorrhea despite
correct substitution treatment, may benefit from drugs
such as loperamide, which decreases intestinal transit
time. The doses of enzymes required to treat fat
maldigestion in surgical patients are similar to those
employed in chronic pancreatitis. An important point
is the optimization of substitution treatment by select-
ing the optimal dose of oral pancreatic enzymes. The
classic method is by means of fecal fat quantification,
using the same diagnostic methods described above
(van de Kamer test, near-infrared analysis). Another 
alternative is the optimized breath test with mixed
triglyceride, which is easier to apply in clinical routine.
Figure 37.2 summarizes a protocol for the treatment of
these patients.

Exocrine pancreatic function in 
diabetes mellitus

Endocrine and exocrine pancreatic tissues are closely
related, both physiologically and anatomically. Patho-
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logic conditions in exocrine tissue can induce alter-
ations in endocrine function and vice versa. In diabetic
patients, the pancreas is usually smaller, mainly related
to involution of the exocrine pancreas. In patients 
suffering from juvenile diabetes, the pancreas is usually
atrophic and fibrotic, with fatty infiltration and loss of
acinar cells. Changes in exocrine tissue seem to be more
pronounced in insulin-dependent diabetes mellitus
(IDDM). In fact, nearly 50% of diabetic patients have
pancreatic fibrosis and pathologic findings are more
than twice as frequent as in controls.

Functional changes in exocrine pancreas in 
diabetes mellitus

There are several studies demonstrating impairment of
pancreatic function in diabetic patients. Early reports
in patients with diabetes mellitus suggested that ex-
ocrine pancreatic insufficiency occurred in both IDDM
and noninsulin-dependent diabetes mellitus (NIDDM)
(Table 37.2). Impairment of exocrine secretion diag-

nosed by secretin–cerulein test has been reported in
40–80% of cases.

The availability of an easily manageable pancreatic
function test, such as the fecal elastase-1 test, promoted
further research. These studies revealed that a signifi-
cant number of patients with both types of diabetes
have reduced fecal elastase-1. One study of over 400 
diabetic patients showed impairment of exocrine 
pancreatic function (measured by fecal elastase) in
59% of NIDDM patients and also in 59% of IDDM 
patients. The largest study, including 536 patients 
with matched controls, showed that 11.8% of NIDDM 
patients had fecal elastase-1 levels below 100 mg/g
compared with 3.8% of controls. Even though this test
has poor sensitivity for mild exocrine pancreatic in-
sufficiency, about 10% of patients had reduced fecal
elastase levels characteristic of severe exocrine pan-
creatic insufficiency. In cases of NIDDM, exocrine 
pancreatic dysfunction seems to be less frequent than 
in IDDM, but is still much more frequent than in 
controls.
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Figure 37.2 Algorithm for the
treatment of steatorrhea in patients
after gastric resection and/or
duodenopancreatectomy.



Pathophysiologic concepts for exocrine dysfunction
in diabetes mellitus

There are several hypotheses to explain these findings,
the most important being the following:
• a deficit of insulin, which can induce atrophy of the
gland;
• islet hormones have regulatory functions for 
exocrine tissue, and this may be impaired in patients
suffering from diabetes mellitus;
• autonomic neuropathy may lead to impaired entero-
pathic reflexes, inducing pancreatic dysfunction;
• diabetic microangiopathy produces ischemic lesions,
leading to pancreatic fibrosis and exocrine atrophy.
Even so, all these alterations do not satisfactorily 
explain the changes found in the pancreas of diabetic
patients.

Other pathogenic concepts involve an autoimmune
process (presence of autoantibodies against exocrine
tissue) or viral infection leading to pancreatic gland de-
struction. All these hypotheses are under discussion as
it is impossible at present to establish the exact mecha-
nism that explains the pathogenesis of exocrine 
dysfunction and diabetes mellitus.

Management of exocrine pancreatic insufficiency in
diabetic patients

The clinical spectrum seen in patients presenting with
exocrine pancreatic insufficiency and diabetes mellitus

is highly variable. It is frequent to find patients with
some difficulties controlling glucose levels, with high
levels of glycosylated hemoglobin, and requiring con-
tinuous modifications of insulin treatment, due to ab-
normal and variable absorption of different nutrients.
Severe diabetic ketoacidosis or hypoglycemic coma has
been described in relation to exocrine pancreatic insuf-
ficiency. However, in other cases it is possible to find the
characteristic clinical picture of steatorrhea with diar-
rhea and noxious fatty stools, weight loss, and several
other clinical manifestations related to malnutrition.

The methods used to study and evaluate pancreatic
function in diabetic patients do not differ from those
used in chronic pancreatitis or in cases of gastrointesti-
nal and pancreatic surgery. It is possible to evaluate
pancreatic function by studying pancreatic enzymes in
feces, mainly pancreatic elastase, which is highly stable
in the intestinal lumen, with concentrations in stool up
to five times higher than in pancreatic secretions. 
Enzyme concentration is measured by enzme-linked
immunosorbent assay (ELISA), without the problems
related to potential inactivation of the enzyme during
intestinal transit. The accuracy of this test in diagnosing
pancreatic insufficiency is higher than the fecal chy-
motrypsin test. Because of its high efficacy and nonin-
vasiveness, this test should be considered as the best
option for detecting exocrine pancreatic insufficiency
in this group of diabetic patients. Nevertheless, it must
be taken into account that the fecal elastase test has not
been validated for diabetic patients. Fecal fat quantifi-
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No. of Patients with pancreatic
Study patients dysfunction (%) Test used

IDDM
Frier (1976) 20 80 Secretin–CCK
Lankisch et al. (1982) 53 43 Secretin–CCK
Hardt (2000) 114* 57 Fecal elastase
Rathmann (2001) 112 26 Fecal elastase

NIDDM
Hardt (2000) 114* 35 Fecal elastase
Icks (2001) 544 12 Fecal elastase

Table 37.2 Impairment of exocrine pancreatic function in diabetes mellitus.

CCK, cholecystokinin; IDDM, insulin-dependent diabetes mellitus; NIDDM,
noninsulin-dependent diabetes mellitus.
* Includes total (both IDDM and NIDDM).



cation for diagnosing steatorrhea is also very impor-
tant, because it enables precise control of substitution
treatment with oral pancreatic enzymes. The optimized
breath test with 13C-labeled mixed triglycerides, men-
tioned above, is another alternative, permitting the
evaluation of exocrine pancreatic function in a rapid
noninvasive way with high accuracy, enabling its use in
controlling substitution treatment.

The oral pancreatic enzymes used in this group of 
patients do not differ from the ones used in the treat-
ment of pancreatic insufficiency secondary to chronic
pancreatitis.

Based on all the aforementioned aspects, treatment
with oral pancreatic enzymes in diabetic patients with
proven exocrine pancreatic insufficiency should lead to
an increase in body weight and normalization of nutri-
tional status, with better management of glycemic
homeostasis. In young patients, normalization of 
general development could also be attained. However,
there are no data supporting enzyme supplementation
in all diabetic patients regardless of their exocrine 
pancreatic function. It is very important that in diabet-
ic patients suspected of suffering from exocrine pan-
creatic insufficiency, a minimal diagnostic work-up be
employed to detect other causes of diarrhea.

Exocrine pancreatic function in AIDS

Intestinal malabsorption of nutrients has been reported
in symptomatic human immunodeficiency virus (HIV)
infection, in both adults and children. In these patients
the intestinal mucosa is damaged, frequently showing
villous atrophy and crypt hypertrophy. Although these
findings may partially explain the malabsorption 
syndrome, morphologic changes in small intestinal 
mucosa often appear insufficient to explain severe 
malabsorption in HIV-infected patients. Another 
important point in this context may be an exocrine 
pancreatic insufficiency related, somehow, to pancreat-
ic involvement. An autopsy study in HIV-infected chil-
dren showed pancreatic abnormality in about 85% of
cases, without any clear clinical manifestation of 
pancreatic disease, suggesting primary pancreatic in-
volvement in HIV syndrome. Functional studies have
demonstrated a high incidence of abnormalities in
HIV-infected patients. Few papers have been published
evaluating pancreatic function and fat absorption in
HIV-infected patients. Some of these studies used the

tyrosil-p-aminobenzoic acid (PABA) test, showing a
low percentage (10%) of patients with mild exocrine
pancreatic insufficiency. More recently, newer studies
have evaluated pancreatic function by applying more
sensitive tests, such as fecal elastase concentration. One
of these, which included 35 patients, showed that at
least half of HIV-infected patients had some degree of
pancreatic dysfunction. Overall, steatorrhea has been
found in up to 26% of HIV-infected children and in up
to 71% of adults. Generally, not less than 30% of pa-
tients have steatorrhea because of pancreatic dysfunc-
tion. However, the pathogenesis of steatorrhea in
HIV-infected patients is probably multifactorial; in
fact, intestinal malabsorption constitutes a determin-
ing factor of steatorrhea. Consequently, some patients
had fat malabsorption due mainly to intestinal 
problems; however, these patients may have had a 
concomitant pancreatic insufficiency that worsened
maldigestion.

It is difficult to establish the best test to evaluate 
exocrine pancreatic insufficiency in HIV-infected 
patients, mainly due to the unknown pathogenesis 
of malabsorption syndrome in these patients. In fact,
there are only a few published data about the routine
use of functional tests in these patients, using the PABA
and fecal elastase tests. It would be useful to evaluate
the alternatives of fecal fat quantification and breath
test with mixed triglycerides, the only problem being
that they can be altered by damaged intestinal mucosa.

The oral pancreatic enzymes used for treatment in
HIV-infected patients do not differ much from the ones
used in other cases of exocrine pancreatic insufficiency.
Supplementation therapy with oral pancreatic enzymes
has shown to reduce, or even abolish, fat malabsorp-
tion in HIV-infected patients. One published study
demonstrated that during treatment, steatocrit values
decrease significantly. It has recently been demonstrat-
ed that the severity of steatorrhea and improvement in
fat absorption with substitution treatment are related
to the severity of HIV disease. Thus, the more severe the
clinical condition, the more severe the steatorrhea and
the greater the improvement in fat absorption on pan-
creatic enzyme treatment. The efficacy of substitution
treatment was not limited to patients with pancreatic
dysfunction, so that oral pancreatic enzymes probably
also modify the intestinal environment producing, for
instance, a direct effect against bacterial overgrowth,
with a positive effect on intestinal absorption.

In relation to symptoms derived from maldigestion,
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pancreatic enzyme supplementation therapy may re-
duce stool fat loss, but only cures diarrhea in a minority
of cases. Thus, pancreatic supplementation therapy
may be useful in reducing stool fat loss, but only cures
diarrhea in a minority of cases.

Finally, it must be remembered that the introduction
of the new highly active antiretroviral therapy, which
has been shown to significantly improve intestinal
function in HIV-infected patients, may change the 
management of these patients, and the effectiveness 
of pancreatic enzyme treatment would then have to 
be reevaluated.
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Chronic pancreatitis is a benign inflammatory process
of the pancreas characterized by progressive destruc-
tion of the gland with increasing fibrosis and distur-
bance of exocrine and endocrine function as a result of
chronic inflammation. Chronic pancreatitis is associat-
ed with a mortality rate that approaches 50% within
20–25 years. Approximately 15–20% of patients die of
complications associated with the disease, and most of
the remaining deaths are due to factors such as trauma,
malnutrition, infection, or tobacco abuse, which are
frequently present among chronic alcoholics.

Chronic pancreatitis is not primarily a surgical dis-
ease. Nevertheless, surgeons will find themselves con-
fronted by patients referred to them in the hope that
there is surgical help for the agonizing symptoms of this
disease. The predominant symptom of chronic pancre-
atitis is intractable upper abdominal pain, which 
affects over 85% of patients. Refractory to analgesics,
pain persists in 85% and 55% of conservatively man-
aged patients 5 and 10 years after diagnosis respective-
ly. Other symptoms of chronic pancreatitis are those
associated with exocrine and endocrine insufficiency.
Exocrine pancreatic insufficiency occurs 10–20 years
after onset of the disease and causes steatorrhea, 
malabsorption, weight loss, and subsequently cachex-
ia. Manifestation of endocrine insufficiency with non-
insulin- or insulin-dependent diabetes mellitus occurs
later since the endocrine pancreas is more resistant to
damage. Furthermore, chronic pancreatitis is frequent-
ly associated with disease-related complications of the
organs neighboring the pancreas. These complications
arise from either pseudocysts or an inflammatory pan-
creatic mass, which is often localized in the head of the
pancreas. Such a mass may lead to compression of the

portal or splenic vein, obstruction of the duodenum,
stenosis of the common bile duct, and obstruction of
the main pancreatic duct.

The adequate treatment of patients with chronic
pancreatitis mandates an interdisciplinary approach of
general physicians, gastroenterologists, and surgeons.
The aim of this chapter is to clarify when and why in the
course of chronic pancreatitis the general physician or
the gastroenterologist should refer their patient to a
surgeon to optimize therapy. The surgical procedures
available for the treatment of this disease are outlined
accordingly.

Indications for surgery

The treatment of chronic pancreatitis is primarily the
field of general physicians and gastroenterologists,
with severe abdominal pain as the domain of conserva-
tive measures. However, it is well known that as many
as 50% of all patients with chronic pancreatitis will 
ultimately require surgical treatment, because conser-
vative medical treatment cannot halt the progression of
pain, exocrine and endocrine insufficiency, or pancre-
atitis-associated complications. It is when medical
treatment fails that many patients are finally referred to
the surgeon. At this time, patients are often addicted to
narcotics, with their general and nutritional condition
widely deteriorated. There are reports that surgery can
have a positive influence on the progression of the dis-
ease, postponing the final “burn-out” of the pancreas
which is characterized by exocrine and endocrine insuf-
ficiency. The concept of waiting for the final “burn-
out,” which in some cases may be associated with a
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decrease of pain, should no longer be a desirable treat-
ment modality, since the morbidity and mortality of
pancreatic surgery have decreased substantially in the
last decades. Therefore, treatment of chronic pancre-
atitis should include an interdisciplinary approach to
ensure optimized conservative treatment, endoscopic
and interventional procedures, and surgery.

Surgery in chronic pancreatitis has to be directed at
the following main objectives:
• to ameliorate pain;
• to treat local complications;
• to preserve or improve exocrine and endocrine 
function.
The indications for surgery in chronic pancreatitis are
listed in Table 38.1 and are discussed in detail in the 
following section. The surgical interventions and, most
importantly in the evaluation of treatment strategies,
their long-term results, are outlined accordingly.

Pain

Severe abdominal pain is the dominant clinical symp-
tom of chronic pancreatitis and the single most im-
portant indication for treatment of patients with this
condition. Pain significantly affects quality of life, leads
to drug addiction, and results in malnutrition because
the patient is afraid to eat. The exact pathogenesis of
pain in chronic pancreatitis is still not known, although
various hypotheses based on pathomorphologic 
findings have been established. Two in particular are
compelling. First, the duct pressure–pain hypothesis

proposes that increased intraductal and intraparenchy-
mal pressure due to distal compression or stenosis of
the pancreatic duct causes pain. The second, which in-
corporates the increasing evidence from molecular bio-
logical and genetic research in recent years, proposes
the concept of alterations in pancreatic nerves due to a
persistent inflammatory process. Based on these mech-
anisms, two types of surgical intervention have been es-
tablished: drainage and resection procedures. Recently,
newer surgical approaches in chronic pancreatitis have
been designed that combine the principles of these two
techniques.

Patients with intractable pain not responding to
medical treatment who are referred to a surgeon should
first be considered for a drainage procedure in an at-
tempt to preserve exocrine and endocrine pancreatic
function. Pancreatic ducts identified as larger than
7 mm in diameter by endoscopic retrograde cholan-
giopancreatography (ERCP) or magnetic resonance
cholangiopancreatography (MRCP) are amendable to
successful decompression by an internal drainage oper-
ation. This approach is based on the assumption that
pain relief is obtained by drainage of the dilated main
pancreatic duct, thereby decreasing intrapancreatic
ductal and parenchymal pressure. Lateral pancreatico-
jejunostomy, described by Puestow and Gillesby and
subsequently modified by Partington and Rochelle, be-
came the first surgical treatment widely considered to
be effective for pain in chronic pancreatitis. This tech-
nique is associated with very low operative morbidity
and mortality, and preserves endocrine and exocrine
function. Unfortunately, while short-term pain relief is
achieved in 80–90%, only 50–60% of patients remain
pain-free at 5 years after operation. Therefore, lateral
pancreaticojejunostomy should only be applied when a
concomitant inflammatory mass in the pancreatic head
cannot be detected. Otherwise, this mass, which is fre-
quently associated with neuropathic changes and with
alterations in organs neighboring the pancreas, may
compromise adequate drainage of the main pancreatic
duct in the long term and may result in the failure of the
drainage procedure.

Patients with pain whose ducts are not dilated are not
considered good candidates for drainage procedures.
In these patients, resection procedures were started in
the 1960s, assuming that pain is caused by the inflam-
matory process in the pancreas. Initially, distal pancre-
atectomies were performed with poor results regarding
pain relief. Later, distal subtotal resections (95% of the

CHAPTER 38

307

Table 38.1 Indications for surgery in chronic pancreatitis.

Intractable pain
Complications of fibrosis/pancreatic mass on neighboring

structures
Pancreatic duct stenosis
Biliary obstruction
Duodenal obstruction
Splenic and/or portal vein obstruction
Colonic obstruction

Complications of pseudocysts
Persistent or symptomatic pseudocysts
Pancreatic ascites and/or pleural effusion
Pancreatic fistula

Suspicion of pancreatic carcinoma



pancreas) were more effective for pain but rendered
most patients diabetic. Today, the presence of a large
pseudocyst in the tail, or the presence of a predominant
inflammatory mass in the left pancreas, are the only 
indications for pancreatic left resection with good 
outcomes.

In patients with pancreatic head complications, the
classical Whipple resection (pancreaticoduodenecto-
my), successfully performed first by Walter Kausch in
1909 and later reintroduced and further developed by
Allen Oldfather Whipple, then became the standard
operation in chronic pancreatitis for many years. Al-
though the Whipple resection provides pain relief in up
to 85% of patients, long-term results, especially with
regard to quality of life, are poor. Postoperative diges-
tive dysfunction, including gastric dumping, diarrhea,
peptic ulcer, and dyspeptic complaints, may originate
in the extended resection of organs not affected by the
inflammatory process (lesser part of the stomach, duo-
denum and upper part of jejunum, and extrahepatic
bile duct). Preserving the stomach, pylorus, and first
part of the duodenum, the pylorus-preserving pancre-
aticoduodenectomy protects against gastric dumping,
bile reflux, and marginal ulceration, and has provided
better postoperative quality of life in some studies. Un-
fortunately, this technique is associated with postoper-
ative delayed gastric emptying in 30–50% of patient.
Keeping in mind that both the classical Whipple 
operation and the pylorus-preserving pancreaticoduo-

denectomy were originally designed to treat malignant
disease, surgical approaches better suited for the treat-
ment of chronic pancreatitis have been introduced in
recent years.

Taking note of the drawbacks of existing surgical
techniques for chronic pancreatitis, the duodenum-
preserving pancreatic head resection was introduced by
Beger et al. in 1972 (Fig. 38.1). By subtotal resection of
the pancreatic head and by preserving the body and tail
of the pancreas, pylorus, duodenum, and extrahepatic
bile ducts, this operation preserves the normal anatomy
of the upper gut and the normal passage of food
through the stomach and the duodenum. The intention
of the operation is to treat only the enlarged pancreatic
head and to preserve the duodenum, with its crucial
role in the regulation of digestion and glucose metabo-
lism. This operation is indicated in patients suffering
from intractable pain in combination with an inflam-
matory mass in the head of the pancreas, common bile
duct obstruction, pancreatic duct obstruction, and/or
obstruction of the retropancreatic vessels. In the hands
of an experienced surgeon, this procedure is character-
ized by low morbidity and mortality (perioperative
mortality almost nil), effective long-term pain relief in
more than 80% of patients after a median of 5 years’
follow-up, and low incidence rate of endocrine 
insufficiency.

Combining the two surgical principles of drainage
and organ-preserving resection, Frey and Smith intro-
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(a) (b)

Figure 38.1 Duodenum-preserving
pancreatic head resection according to
the Beger technique. (a) After resection
of the chronically inflamed pancreatic
head. (b) After reconstruction with a
jejunal Roux-Y-loop with two
anastomoses: (i) end-to-side
pancreaticojejunal anastomosis, and
(ii) side-to-side pancreaticojejunal
anastomosis.



duced a modification of the duodenum-preserving 
pancreatic head resection: longitudinal pancreaticoje-
junostomy with a local pancreatic head resection. This
procedure seems comparable to the Beger operation. A
randomized trial demonstrated comparable results
concerning pain relief, control of complications in ad-
jacent organs, postoperative quality of life, and preser-
vation of exocrine and endocrine pancreatic function.
The only difference found was a significantly lower
postoperative morbidity with the Frey procedure.
Therefore, both procedures are similarly effective and
safe in the treatment of chronic pancreatitis.

By trying to combine the advantages of the Beger and
the Frey procedures, Büchler and coworkers described
a modified technique that allows resection of the pan-
creatic head without transection of the gland over the
superior mesenteric vein (Fig. 38.2). Leaving behind
only a thin bridge of pancreatic tissue in the dorsal as-
pect of the gland, the risk of bleeding complications can
be minimized (advantageous in patients with portal hy-
pertension), whereas radical excision of the pancreatic
head with opening of the common bile duct (if neces-
sary) can still be performed. In cases of multiple steno-
sis in the left-sided main pancreatic duct, a longitudinal
incision of the duct with reconstruction by a longitudi-
nal pancreaticojejunostomy can be added. Future
prospective trials have to evaluate the long-term results
of this modified technique.

Pancreatic duct stenosis

With respect to pancreatic duct morphology, ERCP or
MRCP identifies two groups of chronic pancreatitis:
normal/small-duct disease (2–5 mm) and large-duct
disease (> 7 mm). The various forms of drainage proce-
dures for large-duct pancreatitis have been described
above. In small-duct disease, drainage procedures are
not applicable, since the whole pancreas is infested by
fibrosis and scarring. These patients are candidates for
pancreatic resection. In most patients, the disease 
is most severe in the head of the pancreas. Surgical 
options include the Whipple procedure with or without
preservation of the pylorus or the various techniques 
of duodenum-preserving pancreatic head resection.
Izbicki and coworkers have recently described a tech-
nique combining drainage and local resection to treat
the small-duct form of chronic pancreatitis. A longitu-
dinal V-shaped excision of the ventral pancreas 
followed by drainage of the secondary and tertiary
branches using longitudinal pancreaticojejunostomy
has shown promising results in a small patient group.
However, long-term results are not available yet.

Patients with pancreatic duct obstruction caused by
an ampullary stenosis, strictures, or duct stones are
often subjected to endoscopic transpapillary stenting.
There are numerous reports suggesting that stents
within the pancreatic duct relieve pain associated with
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(a) (b)

Figure 38.2 Duodenum-preserving
pancreatic head resection according to
the Bern technique. (a) After resection
of the chronically inflamed pancreatic
head, without cutting the gland in the
isthmus. (b) After reconstruction with a
jejunal Roux-Y-loop with side-to-side
pancreaticojejunal anastomosis,
including the bile duct.



chronic pancreatitis in the majority of patients. Others
have shown limited benefit, with the need for addition-
al surgery after stenting in 24% of patients or no bene-
fit. However, since studies were not prospective,
randomized, or blinded, valid data are missing. There-
fore, prolonged stenting of the pancreatic duct in
chronic pancreatitis should only be performed in 
specialized centers and in the setting of a clinical trial.

Biliary obstruction

Biliary obstruction in association with pain is the second
most common indication for surgery, occurring in more
than one-third of patients with advanced chronic pan-
creatitis. Unlike the abrupt cutoff as in malignant dis-
ease, common bile duct obstruction in chronic
pancreatitis is characterized by a long tapered stricture,
and almost always involves its intrapancreatic portion.
Obstruction is usually due to fibrotic changes in the
head of the pancreas extending into the wall of the duct,
rather than to pressure by a pseudocyst. The earliest bio-
chemical manifestation is the elevation of alkaline phos-
phatase and later the presence of jaundice. In the later
course of the disease, jaundice is fixed and does not fluc-
tuate or disappear. Such patients are at risk of cholangi-
tis and, in the long term, of secondary biliary cirrhosis.

Endoscopic transpapillary drainage by means of a
plastic stent may often be applied as the primary treat-
ment of common bile duct stenosis associated with
jaundice, although common bile duct stenting is suc-
cessful in less than 30% of patients. In the long run,
surgical procedures are necessary in those patients with
persisting stenosis after stent removal. Repeated stent
changes in the prolonged course of this benign disease
are associated with numerous hospital admissions and
encounter substantial morbidity.

Surgical therapy in patients with biliary obstruction
has to address both the obstructed duct and the inflam-
matory process in the head of the pancreas. Overlook-
ing a fibrotic stenosis of the bile duct is a pitfall when
decompression or resection of a pancreatic pseudocyst
or an inflammatory mass that has been blamed for the
biliary compression is performed without a concurrent
drainage procedure for the common bile duct. In 
patients with biliary obstruction, the duodenum-
preserving pancreatic head resection, as described by
Beger and adapted by Büchler, is perfectly suited to deal
with the morphologic changes including the bile duct
and the head of the pancreas. Procedures encouraging a

bilioenteric bypass (e.g., hepaticojejunostomy utilizing
a Roux-en-Y loop) will not suffice to achieve long-
lasting pain relief, since resection of the underlying
pain-inducing inflammatory process is not performed.

Duodenal obstruction

Symptomatic duodenal or biliary obstruction develops
in 5–10% of patients with chronic pancreatitis. As pub-
lished in a series of 58 patients by Warshaw, duodenal
obstruction occurs almost exclusively in patients with
large-duct disease and not in the small-duct form of
chronic pancreatitis. Again, obstruction may be caused
by a pseudocyst in the head of the pancreas or by direct
spread of the fibroinflammatory process. Fibrotic and
possibly ischemic changes in the duodenal wall, result-
ing in irreversible stenosis, are relatively rare. Impor-
tantly, other entities of duodenal stenosis, as caused by
peptic ulcer disease for example, have to be excluded 
by endoscopy. Treatment of the duodenal stenosis can
be directed at relieving the obstruction either by de-
compression of the pseudocyst or, most simply, by the
creation of a gastrojejunostomy. However, since duo-
denal obstruction is rarely an isolated complication in
chronic pancreatitis, a resection procedure including
the mass or pseudocyst in the pancreatic head appears
to provide the optimal solution in many cases.

Splenic and/or portal vein obstruction

In about 7–10% of patients with chronic pancreatitis,
the portal or splenic vein is involved in the morphologic
changes of the pancreas. As a result of inflammation,
pseudocyst growth, or pancreatic mass formation, 
the compression or complete occlusion of the portal
vein will result in thrombosis, portal hypertension, 
cavernous transformation of peripancreatic veins, and
esophageal varices that may bleed. Whereas mild to
moderate degrees of portal venous obstruction may be
an indication for decompression (usually as part of an
operation directed against other mechanical complica-
tions), such an operation is prohibitively hemorrhagic
if there is complete thrombosis of the vein. For this rea-
son, portal or superior mesenteric vein thrombosis with
portal hypertension and cavernous transformation of
the peripancreatic veins creates irremediable difficul-
ties for pancreatic surgery, thus making complete resec-
tion of the pancreatic head dangerous and almost
impossible. Some surgeons consider portal hyperten-
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sion to be a contraindication to any procedure on the
pancreas itself. However, performing a pancreatic head
resection as described by Büchler with preservation of
the dorsal aspect of pancreas, the risk of bleeding from
the enlarged retropancreatic vessels is minimized.

In contrast, thrombosis confined to the splenic vein is
no contraindication for surgery, since this is associated
with a form of “segmental portal hypertension” that
just creates gastric or esophageal varices. Splenectomy
in these patients is effective in eliminating the risk of
bleeding from these varices.

Colonic obstruction

Colonic obstruction by a pancreatic mass or pseudo-
cyst is a rare complication of chronic pancreatitis. The
obstruction may mimic colonic carcinoma but this can
readily be excluded by colonoscopy. Bradley has pub-
lished a series of 34 patients with strictures of the trans-
verse colon and the splenic flexure, and concluded that
when fibrosis and ischemia have caused irreversible
mural changes and chronic ileus, this can only be re-
lieved by segmental resection of the affected colon with
end-to-end anastomosis. In cases of obstruction caused
by pseudocysts, drainage procedures will result in relief
of the narrowed colonic passage.

Persistent or symptomatic pseudocysts

Pancreatic pseudocysts are collections of pancreatic 
secretions surrounded by a nonepithelial-lined fibrous
wall of granulation tissue. They develop in approxi-
mately 10–20% of patients with chronic pancreatitis.
Pseudocysts may be asymptomatic and may resolve
spontaneously. Enlarging pseudocysts, pseudocysts
larger than 4–6 cm, or symptomatic pseudocysts inher-
it an increased risk of hemorrhage, rupture, infection,
or compression of neighboring structures if left un-
treated. Rupture of pseudocysts or intracystic hemor-
rhage has been estimated to occur in 5–7% of patients,
and can cause peritonitis or major intraabdominal or
gastrointestinal bleeding, respectively. Massive hemor-
rhage into a pseudocyst, often from a branch of a
splenic artery, requires emergency angiography and
therapeutic embolization, followed by semielective 
operation with either resection or suture ligation of the
bleeding point. Associated morbidity and mortality
(bleeding accounts for 40–80% of deaths from chronic
pseudocysts) exceeds by far the risks of elective surgery.

Therefore, elective surgery is generally the therapy of
choice for patients with symptomatic pseudocysts or
pseudocysts larger than 4–6 cm in diameter.

Surgical treatment options include internal drainage,
external drainage, or resection procedures. The type of
internal drainage depends on the location of the
pseudocyst. Options include cystogastrostomy, cysto-
duodenostomy, and Roux-en-Y cystojejunostomy. For
cysts located in the tail of the pancreas, distal pancrea-
tectomy is often the best solution as long as functional
pancreatic tissue can be spared. However, simple cyst
drainage or cyst resection may not remove the underly-
ing morphologic changes in the chronic inflamed pan-
creas. Thus, the remaining pancreatic duct obstruction
or persisting pain may require additional drainage 
procedures or even resection.

Internal or external drainage may also be achieved
endoscopically or in some form of interventional
drainage. A transpapillary stent or the creation of a
transgastric or transduodenal fistula by means of a
plastic stent may be an alternative to surgical proce-
dures. These interventional procedures are often per-
formed repeatedly, even before the patient is seen by a
surgeon. Recurrence of pseudocysts in these patients is
high, and endoscopic procedures are not without risk.
Most importantly, transendoscopic drainage assumes
adherence between pseudocyst and the adjacent seg-
ment of intestine, which is present in only about 40% of
cases. In the absence of such inflammatory adherence,
separation of pseudocyst and enteric stoma may result
in a high-risk, activated pancreaticoenteric fistula.
Using external drainage by means of an indwelling
catheter placed into the pseudocyst, resolution has
been described for as many as 70% of cases when
drainage exceeded 1 week. However, external drainage
of pseudocysts may result in repeated infections or 
pancreatic fistula. Taking into account the increasing
numbers of cystic neoplasms of the pancreas in recent
reports, these interventional procedures carry the risk
of draining a semimalignant or malignant cystic tumor
that would otherwise have very good long-term sur-
vival rates when treated by radical resection. Using in-
ternal or external drainage techniques, it is imperative
to ensure that the cystic structure to be drained is truly a
pseudocyst and not a cystic neoplasm.

Pancreatic ascites and pleural effusion

Pancreatic juice can leak into the peritoneum from a
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ruptured duct or pseudocyst, resulting in pancreatic as-
cites, or it can track into the pleural space, causing a
pancreaticopleural fistula with pancreatic hydrotho-
rax. Either one is a rare but significant complication in
chronic pancreatitis, and both carry a mortality rate of
around 20% if not treated adequately. The diagnosis is
made by ultrasonography, paracentesis or thoracente-
sis (showing raised amylase and protein levels), and
ERCP for the localization of the leak. Nonoperative
methods, including repeated aspiration, parenteral 
nutrition, and the administration of octreotide to 
minimize pancreatic secretion, should be given a
chance for about 2 weeks to cure patients. If pancreatic
ascites persists, endoscopic or surgical intervention is
indicated. Endoscopic stenting may offer a good alter-
native to surgery when the leak can accurately be local-
ized by ERCP. However, most of these patients are
treated surgically by anastomosis of a defunctionalized
Roux-en-Y jejunal loop to the site of the fistula or by
segmental pancreatic resection or left resection.

Pancreatic fistula

External pancreatic fistula most commonly occurs after
pancreatic surgery or percutaneous external drainage of
a pseudocyst, but is an unusual complication in the nat-
ural course of chronic pancreatitis. Pancreatic fistula
must be suspected when clear fluid containing high 
concentrations of amylase drains from a cutaneous 
orifice after pancreatic intervention. Fistulas may drain
up to 1 L of fluid per day. Most fistulas close sponta-
neously, providing that the general guidelines for the
management of external gastrointestinal fistulas are fol-
lowed. Octreotide can be used to decrease the volume of
fistula drainage. However, there is no substantial proof
that octreotide hastens the spontaneous closure of pan-
creatic fistulas. In cases where there is ductal obstruc-
tion between the site of the leak and the duodenum,
surgery may be required to achieve fistula healing. This
is most easily accomplished by a Roux-en-Y anastomo-
sis with the jejunum over the opening where the leakage
originates, a segmental pancreatic resection with both-
sided anastomosis, or left resection if indicated.

Suspicion of malignancy

Confirming previous studies, recent reports indicate
that pancreatic cancer develops in 2–3% of patients
within 10 years and in roughly 4% within 20 years of

diagnosis of chronic pancreatitis. The dilemma in
chronic pancreatitis is the inability to exclude carcino-
ma preoperatively, even when modern imaging tech-
niques like computed tomography, magnetic resonance
imaging (MRI), or endoscopic ultrasound are applied.
ERCP, in combination with toothbrush cytology, may
be of value in some cases, with a sensitivity and speci-
ficity of toothbrush cytology of 20–25% and nearly
100% respectively. However, a stricture of the pancre-
atic duct of more than 10 mm, in the absence of ectatic
side branches, should always suggest the presence of a
malignant process. Also, fine-needle biopsy of a pan-
creatic process may add only limited information due
to false-negative results, particularly when there is the
problem of distinguishing a chronic inflammatory
process associated with a pseudocyst from a cystic neo-
plasm of the pancreas. Furthermore, fine-needle aspira-
tion is controversial because of possible tumor spread.
Reflecting this problem, in many prospective series
published on chronic pancreatitis, approximately
5–15% of patients were operated on because of the sus-
picion of carcinoma or inability to exclude a malignant
origin of morphologic changes in the pancreas. To date,
in about 95% of cases with chronic pancreatitis the di-
agnosis should be clear as a result of a careful work-up
(including an all-in-one MRI), with a remaining risk of
concomitant cancer in only 5% of patients. However, a
surgeon’s level of suspicion must always remain high as
a pseudocyst or an inflammatory mass can masquerade
as pancreatic carcinoma.

Timing of surgery

Almost no controversy exists about the timing of
surgery in patients who present with local complica-
tions associated with chronic pancreatitis. Apart from
complications due to pseudocysts, which may be 
observed for a few weeks in the hope of spontaneous
resolution, surgery should be performed when 
complications are arising or are symptomatic. Endo-
scopic or interventional techniques may be of some
help in the preoperative phase necessary to schedule the
operation, for example in patients who present with se-
vere jaundice and cholangitis due to biliary obstruction
or in patients with bleeding from varices due to 
(segmental) portal hypertension. Surgery should not 
be delayed unnecessarily if there is the suspicion of 
malignancy in the chronic inflamed pancreas. In most
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other patients with chronic pancreatitis, however, the
timing of surgery remains controversial.

The optimal timing of surgery in patients suffering
severe pain is unclear. Pain may subside in the later
course of chronic pancreatitis when the gland is global-
ly insufficient (“burn-out” pancreas). Ammann et al.
suggested that this may occur after a median time of 4.5
years from onset of symptoms. However, this expecta-
tion does not apply to the 50% of patients with persis-
tently severe pain. Also Lankisch et al. confirmed a
significant reduction of pain over time but found that
more than 50% of patients still had significant pain
after 10 years of observation. Despite exocrine insuffi-
ciency requiring enzyme replacement, 54% of alco-
holics and 73% of nonalcoholics still experienced
attacks of pain, and there was no reduction in pain with
the development of endocrine insufficiency. In contrast,
substantial long-term pain relief has been achieved by
surgical intervention directed against an inflammatory
mass or an enlarged pancreatic duct system. In a recent
prospective long-term study (postoperative follow-up
of 12.7 years), pain was definitely relieved by a single
(drainage) procedure in approximately two-thirds of
patients. Since these techniques are associated with low
perioperative morbidity and mortality rates, surgical
intervention should not only be regarded as the last 
opportunity to relieve intractable pain.

Recent studies suggest that the frequency of acute ex-
acerbations in chronic pancreatitis can also be signifi-
cantly reduced by surgery. In a study by Nealon et al.
the mean rate of acute exacerbations was around six to
seven events per year before surgery compared with one
to two events per year after surgery. A similar finding
was demonstrated in one of the largest single-center 
experiences ever published that included 504 patients
with chronic pancreatitis who underwent duodenum-
preserving pancreatic head resection. The frequency of
hospital admissions for acute episodes decreased from
5.4 per patient before surgery to 2.7 after surgery.
These results suggest that by changing the natural
course of the disease, early surgical intervention is 
advantageous in the treatment of recurrent pain in
chronic pancreatitis.

There is some evidence that surgery may also retard
the progression of exocrine and endocrine insufficiency
in chronic pancreatitis. In a series of 143 patients with
chronic pancreatitis, deterioration of pancreatic func-
tion was slower in patients with dilated ducts treated by
pancreatic duct drainage than in those with small-duct

disease treated nonoperatively. However, since this 
effect may also be due to differences in the patient 
population, this aspect is controversial. Based on 
recent publications, an interdisciplinary approach is
recommended to define an individual treatment con-
cept in patients with chronic pancreatitis. With regard
to pancreatitis-associated complications, these may
occur early or late in the disease progression. The opti-
mal timing of surgery has to be defined accordingly.
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Chronic pancreatitis is an irreversible patchy inflam-
mation of the pancreatic tissue that progresses to 
fibrosis due to duct changes subsequent to the 
necrotic–inflammatory processes in the pancreas. In 
industrialized countries, chronic alcoholic pancreatitis
is the most frequent etiology; in Asian countries, the 
nutritional tropical pancreatitis prevails (Table 39.1).
From a pathomorphologic point of view, patients with
an inflammatory mass in the head of the pancreas fre-
quently show focal necrotic lesions, small pseudocystic
cavities, calcifications of the pancreatic parenchyma,
and duct stones in the head area. Considering the head
of the pancreas as the pacemaker, but not the cause, of
chronic pancreatitis, the inflammatory mass in the head
of the gland is the result of a variety of factors deriving
from the anatomy (Table 39.2). In epidemiologic terms,
chronic pancreatitis is a risk factor for the development
of ductal pancreatic cancer. In the subset of patients suf-
fering from chronic pancreatitis with an inflammatory
mass, ductal pancreatic cancer was found in the pan-
creatic head in 6% of patients undergoing pancreatic
head resection for long-lasting chronic pancreatitis (see
Fig. 39.1).

In addition to the main abdominal symptoms of
chronic pancreatitis, such as exocrine insufficiency
and, in 20–40% of patients, endocrine insufficiency,
pain is the decisive symptom, causing discomfort 
and limitations in daily life. Pain is considered to 
be a multifactorial process in chronic pancreatitis. 
Ductal and tissue hypertension, as well as chronic pan-
creatitis-associated neuritis with perineural inflamma-
tion and increased sensory neurotransmitters in the
tissue–nerve environment, are the main factors (see 
Fig. 39.2).

Indications for surgery

The most important clinically relevant local complica-
tion in patients with chronic pancreatitis is stenosis 
of the main pancreatic duct, frequently caused by pan-
creatic duct stones. On the basis of investigations with
endoscopic retrograde cholangiopancreatography
(ERCP), common bile duct stenosis in the intrapancre-
atic segment of the duct is observed in about every 
second patient. One-third of these patients suffer some
degree of cholestasis and around 15% develop clinical
jaundice. Pseudocystic lesions are frequent in chronic
pancreatitis; however, the indication for surgical
drainage is mandatory in persistent large pseudocystic
lesions not responding to interventional or endoscopic
drainage. Severe duodenal stenosis has been document-
ed in about 5–10%; portal vein compression, some-
times with the consequence of portal vein and/or
splenic vein thrombosis, is observed in 12–20% of pa-
tients (Table 39.3). A difficult indication for surgery is
inflammatory mass in the head of the pancreas which is
not discriminable from a malignant process. Patients
who suffer daily pain with the need for analgesic treat-
ment should have surgical treatment (Table 39.4; see
also Fig. 39.3).

There are three surgical principles for treatment:
duct drainage, local excision of the pancreatic head
using duodenum-preserving pancreatic head resection,
and the major surgical procedure pylorus-preserving
head resection. Only a minority of patients benefit from
total pancreatectomy, in cases where exocrine and en-
docrine insufficiency are found in combination with a
severe pain syndrome without an inflammatory mass in
the head of the pancreas. The Whipple procedure, a 
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Table 39.1 Etiology of chronic pancreatitis.

Alcoholic (60–90%)
Idiopathic (20%)
Hereditary (< 10%)
Tropical
Associated with hyperparathyroidism
Pancreas divisum (< 1%)

Table 39.2 Head of the pancreas is the pacemaker of chronic
pancreatitis: factors likely to be involved in causing
inflammatory mass of the pancreatic head (IMH).

Anatomy of the pancreatic head: 40–50% of the pancreatic
tissue

Embryologically two parts: dorsal and ventral pancreas
Two ductal systems with different drainage capacities: duct of

Santorini, duct of Wirsung
Pancreas divisum
Development of IMH has been observed combined with a

marked alteration of the ducts up to the confluence
(“knee”) of the ducts

Papilla–duct connections
Pancreaticobiliary maljunctions

Table 39.3 Chronic pancreatitis: frequency of local
complications.

Results in the Authors’
literature experience*

Common bile  23% (Frey 1990) 43%
duct stenosis

Main pancreatic < 90% (Nagai 1989) 20%
duct stones

Pseudocysts 40–60% (Grace 1993) 32%
Necroses 49% (Amman 1996) 9%
Obstruction of 0.8% (Frey 1990) 23%

duodenum
Portal vein and  10–20% (Warshaw 1997) 16%

superior
mesenteric vein,
splenic vein
obstruction/
thrombosis

* Department of General Surgery, University of Ulm,
Germany, 1972–1998.

Table 39.4 Surgical options in chronic pancreatitis.

Duct drainage
Partington–Rochelle procedure
Coring-out modification of Frey
Gastrointestinal drainage of pseudocysts

Local resection
Duodenum-preserving pancreatic head resection
Spleen-preserving left resection

Major resection
Pylorus-preserving head resection
Total pancreatectomy

Historical
Whipple resection
Bypass procedure
Sphincteroplasty
Resection of splanchnic nerves

bypass operation, or sphincteroplasty are historical. A
Whipple resection of the pancreatic head is an
overtreatment of this benign disease and results in long-
lasting disadvantages regarding maintenance of en-
docrine function and late morbidity. In case of a
suspected malignancy, a pylorus-preserving head resec-
tion is indicated. The most frequently used duct
drainage procedure is pancreatic duct drainage accord-
ing to Partington–Rochelle, with a duct opening from
the prepapillary area of both papillas up to the tail of
the pancreas. The coring-out technique, described by
Frey as a modification of the Partington–Rochelle/Frey
procedure, removes a minor part of the ventral pan-
creas, but is different from duodenum-preserving 
pancreatic head resection, which results in subtotal re-
section of the pancreatic head.

The aims of surgical treatment for chronic pancreati-
tis are (i) pain relief, (ii) control of pancreatitis-associ-
ated complications of adjacent tissue, (iii) preservation
of exocrine and endocrine pancreatic function, (iv) so-
cial and occupational rehabilitation, and (v) improve-
ment of quality of life. The frequency of the surgical
techniques currently used in the first author’s institu-
tion are given in Table 39.5.



Drainage procedure

Pancreatic duct drainage using the Partington–
Rochelle modification of the Puestow technique results
in a ventral incision of the dilated main pancreatic duct.
A drainage procedure is most beneficial in patients with
chronic pancreatitis who have a dilated main pancrea-
tic duct without multiple stenosis of the side branches
and who lack an inflammatory mass in the head of the
pancreas. A critical point of the Partington–Rochelle
modification is the excision of the ventral pancreatic
tissue in the head of the pancreas at the level of the
prepapillary ducts. The Frey modification of coring-out
is similar to the Partington–Rochelle drainage proce-
dure. The excised tissue has a wet weight of about 5 g.
The Izbicki–Frey modification of the coring-out tech-
nique is equivalent to a duodenum-preserving subtotal
head resection if the coring-out results in subtotal 
excision of the pancreatic head tissue. Long-lasting
pain relief after pancreatic duct drainage using the 
Partington–Rochelle procedure (i.e., pancreaticoje-
junostomy) is achieved in only about 50% of patients.
The figures given in Table 39.6 show that in patients un-
dergoing a duct drainage procedure, 20% failed to gain
relief from pain while 25% suffered further pain but a
little less than preoperatively. Failure to control pain
with the use of a duct drainage procedure is caused by
tissue changes outside the duct system, mostly in 
patients with chronic pancreatitis and an inflammatory
process in the head of the pancreas. Duct drainage into
the jejunum is an inadequate treatment in these cases. It
has been demonstrated that reappearance of pain after
a duct drainage procedure is caused by an inflamma-
tory mass; resection of this mass leads to a long-lasting

pain-free status and improvement of the quality of life if
the head of the pancreas is resected in a second surgical
procedure. Furthermore, lateral duct-to-jejunum 
anastomosis is ineffective in chronic pancreatitis with
side-duct stenosis through the pancreas.

Duodenum-preserving pancreatic 
head resection

The rationale for duodenum-preserving pancreatic
head resection in chronic pancreatitis is removal of the
main inflammatory process, considered to be the pace-
maker of the disease, while preserving the upper gas-
trointestinal tract. The surgical procedure preserves the
stomach, duodenum, and biliary tree. Preservation of
the duodenum is superior to Whipple-type resection,
which includes duodenectomy. Preservation of the
duodenum has been shown to be very important 
because the duodenum is essential for the regulation 
of glucose metabolism and gastric emptying.

The duodenum-preserving head resection is based on
two principal steps: (i) subtotal resection of the pancre-
atic head with removal of the inflammatory mass, while
preserving the duodenum, extrahepatic common bile
duct, gallbladder, and stomach, as well as the pancrea-
tic parenchyma to a large extent; and (ii) restoration of
the flow of pancreatic juice from the left pancreas, in-
cluding neck, body, and tail, to the upper gastrointesti-
nal tract by the use of a Roux-en-Y excluded upper
jejunal loop. There are three technical steps in the pro-
cedure, starting with exposure of the head of the pan-
creas (Fig. 39.1). After tunneling of the pancreatic neck
ventrally to the portal vein along the portal groove,
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Table 39.5 Surgery in chronic pancreatitis: Ulm experience
(905 patients).

Duct drainage: 121 patients (13%)
Left resection: 83 patients (9%)
Duodenal-preserving pancreatic head resection*: 548 patients

(61%)
Pylorus-preserving head resection: 78 patients (9%)
Kausch–Whipple: 12 patients (1%)
Others: 63 patients (7%)

* Department of General Surgery, Free University of Berlin,
November 1972 to April 1982, and Department of General
Surgery, University of Ulm, May 1982 to September 2000.

Table 39.6 Pain relief after pancreatic duct drainage by
pancreaticojejunostomy: results after more than 5 years of
follow-up of 582 patients.*

Complete pain relief in 55%
Pain, but improved in 25%
Failure of pain control in 20%
Unsatisfactory long-term results in 25 + 20 = 45%

* Sources: Leger (1974), White (1979), Prinz
(1981), Morrow (1984), Bradley (1987), Drake
(1999), Greenie (1990), Wilson (1992), Adams
(1994), Kestens (1996), Gonzales (1997), Shama
(1998), Sidhu (2001).



transection of the pancreas along the duodenal border
of the portal vein is performed. After transection of the
pancreas, the pancreatic head and the duodenum are
rotated by 90° to a ventral–dorsal position (Fig. 39.2).
Subtotal resection of the pancreatic head along the in-
trapancreatic segment of the common bile duct leads in
most cases to decompression of the narrowed common
bile duct without opening the duct. The wet weight of
an operative specimen after subtotal head resection
with duodenum-preserving head resection is between
25 and 45 g; in 54 patients, the median was 28 g. After
completion of the subtotal resection, a shell-like rest of
the pancreatic head along the duodenal C-line is pre-
served. The dorsal pancreaticoduodenal arteries are
preserved, whereas in most cases the ventral branch of
the gastroduodenal artery has to be ligated. To restore
flow of pancreatic juice into the upper intestine, a jeju-
nal loop is separated and interposed (Fig. 39.3). Two
pancreatic anastomoses have to be performed. In cases
with stenosis of the common bile duct, due to inflam-
mation of the duct wall, an additional internal biliary
anastomosis between the bile duct and jejunal loop has
to be carried out (Fig. 39.4). In cases with a biliary anas-
tomosis, three connections to the jejunal loop are estab-
lished: two pancreatic and one biliary anastomoses. In
patients with multiple stenosis and dilatation of the
main pancreatic duct in the body and tail, a side-to-side
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Figure 39.1 Duodenum-preserving pancreatic head
resection: the first step is transection of the neck of the
pancreas; resection line is along the mass of the pancreatic
head.

Figure 39.2 Duodenum-preserving pancreatic head
resection: dorsal view of the pancreas. The dorsal capsule of
the head of the pancreas is preserved. The dorsal
pancreaticoduodenal arcades are intact.

Figure 39.3 Duodenum-preserving head resection:
reconstruction with a jejunal loop.
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Figure 39.4 Duodenum-preserving pancreatic head resection
with intrapancreatic stenosis of the common bile duct:
additional biliary drainage into the jejunal loop has to be
performed.

Table 39.7 Duodenum-preserving pancreatic head resection
in chronic pancreatitis: early postoperative results (504
patients).*

Hospitalization (postoperative):  14.5 (7–87) days
Relaparotomy: 28 patients (5.6%)
Hospital mortality: 4 patients (0.8%)

* Department of General Surgery, Free University
of Berlin, November 1972 to April 1982, and
Department of General Surgery, University of
Ulm, May 1982 to December 1998.

Figure 39.5 Multiple stenosis of the main pancreatic duct in
the body and tail: duodenum-preserving pancreatic head
resection is combined with a pancreaticojejunostomoses
lateral-lateral.

anastomosis has to be performed additionally (Fig.
39.5). Early postoperative results after duodenum-pre-
serving head resection in chronic pancreatitis are given
in Table 39.7.

Using the duodenum-preserving head resection, con-
trol of pain is achieved in about 90% of patients in the
late follow-up (Table 39.8). With regard to endocrine
function, the duodenum-preserving head resection re-
sults in improvement of glucose metabolism in 8–15%
of patients. In the long-term follow-up, however, an 

Table 39.8 Late postoperative pain after duodenum-preserving pancreatic head resection in chronic pancreatitis (Beger 1999).

* Median years of follow-up.

Late postoperative follow-up

1984 1988 1997
2.0 years* 3.6 years* 5.7 years*
57 patients 109 patients 303 patients

Pain-free 92.8% 89% 91.3%
Continuing abdominal pain 7.2% 11% 8.7%
Abdominal complaints — 12% 12%
Hospitalization due to attacks of pancreatitis 14% 11% 9%



increase in insulin-dependent diabetes occurs; after a
median follow-up of 5.7 years, about 50% of patients
are diabetic (Table 39.9). Table 39.10 shows the results
of randomized clinical trials that compared duodenum-
preserving pancreatic head resection with pylorus-
preserving (Kausch–Whipple) resection and with the
Izbicki–Frey modification.Duodenum-preserving head
resection is superior or equal to the other procedures

with regard to postoperative morbidity, postoperative
maintenance of glucose metabolism, delay of gastric
emptying, and low level of rehospitalization, as well as
restoration of quality of life. In the long-term outcome
after surgical treatment, it has been convincingly
demonstrated that in a small group of patients the 
Partington–Rochelle procedure (i.e., duct drainage
procedure) using the modification of Izbicki–Frey 
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Table 39.9 Duodenum-preserving pancreatic head resection changes the natural course of chronic pancreatitis.

1972–83 1972–87 1972–94 1982–96
58 patients* 128 patients† 298 patients‡ 368 patients§

Follow-up 2.8 years (median) 3.6 years 6.0 years 5.7 years (median)
57 patients 109 patients 258 patients 303 patients

Follow-up rate 100% 96% 87% 94%
Pain-free 93% 89% 88% 91%
Continuing abdominal pain 7% 11% 12% 9%
Hospitalization for acute episode 14% 11% 10% 9%
Late death rate 3.6% 4.7% 8.9% 13%
Endocrine functions improved 15.8% 5.5% 11%
Professional rehabilitation 89% 67% 63% 69%
Quality of life/Karnorfsky 80–100 82%

* November 1972 to October 1983.
† November 1972 to December 1987.
‡ November 1972 to December 1994.
§ May 1982 to October 1996.

Table 39.10 Duodenum-preserving pancreatic head resection (DPPHR) versus Whipple resection in chronic pancreatitis: results
of randomized trials.

Study Procedures compared Results

Buechler et al. (1995) DPPHR vs. pylorus-preserving DPPHR much superior with regard to postoperative
Whipple resection morbidity, glucose  metabolism, gastric emptying,

and rehospitalization
Klempa et al. (1995) DPPHR vs. Whipple resection DPPHR superior with regard to postoperative 

morbidity, glucose metabolism, and rehospitalization
Izbicki et al. (1995) DPPHR vs. Beger–Frey DPPHR* Both methods equal with regard to pain control, 

glucose metabolism, postoperative morbidity, and 
quality of life

Izbicki et al. (1998) Frey DPPHR* vs. pylorus-preserving DPPHR superior with regard to postoperative 
Whipple resection morbidity, gastric emptying, and quality of life

Witzigmann et al. (2003) DPPHR vs. Whipple resection DPPHR superior with regard to postoperative 
morbidity, maintenance of endocrine function, 
rehospitalization, and quality of life

* Frey, modified by Izbicki.



delays deterioration of function (Table 39.10). 
Duodenum-preserving pancreatic head resection is the
surgical technique of choice in patients suffering chron-
ic pancreatitis with an inflammatory mass in the head.

Pylorus-preserving pancreatic head
resection in chronic pancreatitis

A complete pancreatic head resection is mandatory in
chronic pancreatitis suspected to be associated with
pancreatic cancer. In patients suffering long-lasting
chronic pancreatitis, a malignant lesion is observed 
in 4–6%. The cancer risk in chronic pancreatitis is 
predicted to be increased 16-fold after 20 years.

The criteria for malignancy inlude the double-duct
sign and continuously increasing CA-19-9 and/or CEA
in the peripheral blood after biliary stenting of jaun-
diced patients. Most suggestive of cancer is positive
cancer cell staining of biopsy material or of intraopera-
tively obtained frozen sections. Infiltration of the portal
or superior mesenteric vein wall develops rarely in
chronic pancreatitis but is more frequent in cancer. 
Increased mutations of K-ras, p53, p16, and DPC4 can
be used as markers of carcinogenic process in the 
pancreas.

Conclusion

In chronic pancreatitis complicated by medically 
intractable pain, common bile duct stenosis, main 
pancreatic duct stenosis, portal vein compression, 
and duodenal stenosis, and in pancreas divisum, the 
application of duodenum-preserving pancreatic head
resection with or without lateral duct drainage offers
the benefits of low postoperative morbidity, pain-free
status in 90% of patients, reduction in pancreatitis-re-
lated hospitalization to less than 5%, postoperative
maintenance of endocrine status, professional rehabili-
tation in more than 60% of patients, and significant im-
provement in quality of life. In patients with main
pancreatic duct dilatation without multiple main- and
side-duct stenoses and without an inflammatory mass
in the head, a Partington–Rochelle procedure or a Frey
modification is the first choice for surgical treatment. In
patients with a mass in the head of the pancreas, sus-
pected to be an association of chronic pancreatitis with
pancreatic cancer, a pylorus-preserving resection has to

be performed once the diagnosis is confirmed by posi-
tive frozen section.
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Introduction

Pancreatic pseudocysts are chronic inflammatory fluid
collections associated with pancreatitis. Pseudocysts
are the most common complication of acute and chron-
ic pancreatitis and nearly one-third of patients with
pancreatitis will develop a pseudocyst. Because the
fluid cavities are not lined with an epithelium, they are
not true cysts. The cavities are instead lined with a 
reactive granulation tissue that surrounds a collection
of enzyme-rich fluid, debris, and necrotic tissue.

The treatment of pancreatic pseudocysts is highly
variable, ranging from observation to surgical
drainage. Drainage procedures via radiologic or endo-
scopic approaches are also an important option. An 
understanding of the pathogenesis of pseudocysts 
associated with chronic pancreatitis will aid the 
clinician in the selection of proper treatment.

Pathophysiology of pancreatic fluid
collections and pseudocysts

Pseudocysts associated with chronic pancreatitis

Pseudocysts are chronic fluid collections that consist of
pancreatic secretions and inflammatory debris and
contain large concentrations of active proteolytic 
enzymes. The fluid collections may develop after an
episode of acute pancreatitis or insidiously in the set-
ting of chronic pancreatitis. Small pancreatic pseudo-
cysts are usually intrapancreatic and have a thin wall.
Large pseudocysts may be so large that they occupy
areas remote from the pancreas. The histologic features

of pseudocyst walls are similar in all types of pseudo-
cysts, consisting of fibrosis and inflammatory tissue.
Most pancreatic pseudocysts originate from large or
small leaks from the ductal system and this feature can
be demonstrated with endoscopic retrograde cholan-
giopancreatography (ERCP).

Focal fluid collections arising in the setting 
of acute pancreatitis

Acute peripancreatic fluid collections commonly arise
during episodes of acute pancreatitis. The fluid collec-
tions may accumulate as a result of ductal disruptions
or the liquefaction of necrotic pancreatic tissue. Simple
fluid collections as a result of ductal leaks are usually
unilocular and filled with pancreatic secretions that
contain high concentrations of enzymes. Early in the
formation of these fluid collections, the fluid is not well
contained in the peripancreatic space and may spread
throughout the peritoneal and retroperitoneal spaces.
Early fluid collections located adjacent to organs such
as the stomach, colon, liver, and mesentery are the
source of older mature pseudocysts. Chronic fluid col-
lections are contained by thick walls of fibrotic inflam-
matory tissue that often include the serosa of adjacent
organs.

Complex fluid collections often originate from pan-
creatic tissue necrosis during acute pancreatitis. These
focal fluid collections or phlegmons contain semisolid
debris, inflammatory fluid, and high concentrations of
pancreatic enzymes and can be divided into loculations
by fibrotic septations. Complex fluid collections are
particularly prone to infection and often require 
sampling and drainage.
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Focal fluid collections arising from a duct leak

Leakage and accumulation of fluid from a disrupted
pancreatic duct may occur without evidence of pancre-
atitis or tissue necrosis. Most commonly, simple leaks
take place in the postoperative setting when an incom-
plete anastomosis breaks down and allows the escape
of fluid from a duct. Nonsurgical injuries such as ab-
dominal trauma and endoscopic instrumentation may
also be responsible for ductal defects. These fluid 
collections are often unilocular and respond readily to
closure of ductal defects.

Clinical manifestations

Most pancreatic pseudocysts cause mild symptoms.
The most common symptom is early satiety and 
distension; these symptoms occur in 76–94% of 
patients. In general, the size of the pseudocyst and 
the duration of the clinical course are the most impor-
tant predictors of symptoms. With large pseudocysts, 
there may be a palpable fullness or mass that is sensed
by the patient or an examining physician. However,
small pseudocysts and pseudocysts located behind 
the stomach or in the retroperitoneum are rarely 
detected by physical examination. Related to gastric
compression, weight loss is observed in 20% of 
patients and is a result of poor intake as well as
maldigestion. Jaundice, as manifest by icterus, dark
urine, pruritus, and acholic stools, may be noted in
10% of patients. The onset of jaundice is usually 
slow, as a result of bile duct compression by the pseudo-
cyst or the inflamed pancreas itself. Fever is unusual in
chronic uncomplicated pseudocysts and its presence
should raise the suspicion of an occult infection of a
pseudocyst.

Pain from distension and compression

Gastric compression and poor emptying is commonly
observed in large pseudocysts located in the head of the
pancreas. Patients often complain of early satiety, nau-
sea, and vomiting, particularly after meals. Duodenal
obstruction may arise from the presence of the pancre-
atic pseudocyst or the fibrotic process in the pancreas.
Large pseudocysts in the body and tail of the pancreas
may also compress the stomach and cause early satiety.
After attempted drainage, pseudocysts may dissect into

the gastric wall and cause an intramural inflammatory
process.

Bleeding

Acute or chronic gastrointestinal bleeding from a vari-
ety of sources is seen in 10–20% of patients with chron-
ic pseudocysts. The most serious potential source of
bleeding is from gastric varices that arise from splenic
vein thrombosis. However, bleeding from varices that
arise from splenic vein obstruction is unusual. A com-
mon associated lesion is portal hypertensive gastropa-
thy, which may cause chronic gastrointestinal bleeding
from the stomach.

Occasionally, bleeding may originate from within
the pseudocyst cavity or necrotic pancreatic tissue.
Since bleeding in a pseudocyst cavity usually originates
from an arterial source, the bleeding may result in sud-
den and massive distension of the pseudocyst. Bleeding
from pseudoaneurysms is the most common cause of
significant bleeding and may be responsible for bleed-
ing within pancreatic tissue as well as within the
pseudocyst cavity. Spontaneous bleeding into a
pseudocyst and communication with the main pancre-
atic duct results in hemosuccus pancreaticus, a rare
form of upper gastrointestinal bleeding associated with
pseudocysts. Blood-filled pseudocysts may also rupture
into the stomach and cause bleeding within the lumen
of the stomach. There are reports of hemobilia as a 
result of bleeding from a pseudocyst and subsequent
erosion into the bile duct. Lower gastrointestinal 
bleeding may result from spontaneous erosion of a
pseudocyst into the colon.

Infection

Infection of pseudocysts usually takes place within the
protein-rich fluid of the pseudocyst cavity. Infections
may be mild and transient, but more commonly are 
severe and result in a sepsis syndrome. Spontaneous 
infections are caused by proliferation of enteric 
organisms in the protein-rich fluid of the pseudocyst.
Instrumentation combined with inadequate drainage
may result in infection of a pseudocyst, particularly if
there is necrotic tissue present within the pseudocyst
cavity. Patients with an infected pseudocyst will present
with abdominal pain, fever, or sepsis. Computed to-
mography (CT) may reveal the presence of air in the
pseudocyst cavity, a highly specific sign of infection.
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Similar findings have been reported with transabdomi-
nal ultrasound. Percutaneous CT- or ultrasound-
guided aspirations are used to sample fluid for culture
and Gram staining. False-positive diagnostic fluid 
aspirations with Gram stains are rare. In selected pa-
tients with signs of infection, aspiration studies reveal
evidence of infection in more than 30% of patients. 
Despite the use of CT-guided aspiration for the diagno-
sis of early pancreatic pseudocyst abscess, the long-
term mortality rate of treated pancreatic abscesses
remains significant at 17%. Severe systemic infections
occur when infected fluid communicates with the peri-
toneal cavity or the bloodstream, often in the setting of
pancreatic necrosis. Long-term percutaneous drainage
of infected pseudocysts is successful in 60–70% of pa-
tients but is less successful if the infection is associated
with areas of tissue necrosis and complex infected fluid
collections. Drainage of multiple infected fluid collec-
tions requires prolonged hospitalization and a combi-
nation of surgery and percutaneous drainage. The
initial treatment of infected pseudocysts and fluid col-
lections is percutaneous drainage, followed by surgery
in patients with a poor response to drainage. Long-term
use of external catheters for drainage is often compli-
cated by the development of a cutaneous–pancreatic
fistula. Endoscopic drainage of infected pseudocysts
using ERCP avoids the complications of fistula forma-
tion but may contribute to the introduction of bacteria
into a pseudocyst cavity. Internal drainage of infected
pseudocysts has also been performed using endoscopic
ultrasound (EUS) guidance and the approach avoids
the risk of fistula formation. EUS-guided drainage of 
infected pseudocysts may be improved by prolonged
drainage using nasocystic drains placed across the 
gastric wall. Surgical drainage of infected pseuodocysts
should be performed in patients not responding to en-
doscopic or radiologic drainage therapy. Despite these
aggressive therapeutic approaches, the mortality rate
of treated infected pseudocysts remains quite high
(~ 10%).

Vascular injury associated with pseudocysts

Splenic vein thrombosis, the common vascular injury
associated with pseudocysts, occurs in about 13% of
patients with pseudocysts, particularly when the
pseudocyst is located in the body or tail of the pancreas
and is associated with chronic pancreatitis. The throm-
bosis presumably occurs in the lumen of the splenic vein

compressed by the pancreas and/or the pseudocyst.
Splenic vein thrombosis will also result in dilation of
the short gastric veins, splenomegaly, and the forma-
tion of gastric varices. There are few symptoms related
to this complication, except for the occasional bleeding
from gastric varices and portal hypertensive gastropa-
thy. At times, the patient with a pseudocyst may present
solely with splenomegaly found on physical examina-
tion or hypersplenism. On rare occasions, splenic vein
thrombosis may be complicated by extension of the
thrombus into the portal vein.

Thrombocytopenia and leukopenia may arise from
“hypersplenism,” but it is rare for the patient to present
with any symptoms relating to sequestration of
platelets and white blood cells. The treatment of splenic
vein thrombosis, splenectomy, is indicated in those 
patients with complications such as bleeding. The 
long-term results of splenectomy for the treatment of
recurrent gastric variceal bleeding is excellent and is the
treatment of choice.

Pseudoaneuryms are potentially the most lethal com-
plication of chronic pancreatitis and pseudocysts. These
focal inflammatory weaknesses of an arterial wall most
commonly occur in the splenic and gastroduodenal 
arteries. The low-attenuation lesions are readily seen on
cross-sectional imaging studies as dilated fluid-filled
structures and may be confused with pancreatic fluid
collections. The average size of pseudoaneurysms that
require intervention is quite large, nearly 14 cm. How-
ever, the use of Doppler ultrasound and EUS can readily
differentiate between fluid collections and pseudo-
aneurysms. EUS with color Doppler may also diagnose
ruptured pseudoaneurysms. Prospective studies have
demonstrated that 10% of patients with pancreatic
pseudocysts have pseudoaneurysms as demonstrated by
angiography. Pseudoaneurysms are the most common
source of bleeding in pancreatic pseudocyst cavities.
The treatment of bleeding from pseudoaneurysms in-
cludes surgical resection and angiographic techniques.
Surgical techniques for the control of acute bleeding
from pseudoaneurysms consist of arterial ligation and
surgical resection. The reported surgical mortality rate
for the control of bleeding from a pseudoaneurysm is
high (> 10%). The angiographic control of bleeding
from pseudoaneurysms consists of arterial emboliza-
tion and is successful in 40–50% of patients with acute
bleeding. Percutaneous arterial embolization may 
be used prophylactically to prevent bleeding from
pseudoaneurysms.
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Pancreatic biliary duct obstruction

Obstruction of the pancreatic biliary ducts is relatively
common, particularly when the pseudocyst is located
within the head of the pancreas. Local compression is
the most common cause of ductal obstruction, al-
though direct fibrotic involvement of the ducts is occa-
sionally seen. Obstruction of the distal bile duct with
resulting obstructive jaundice is the most common sce-
nario. Although the degree of obstruction of the bile
duct may be impressive, it is rare for the patient’s symp-
toms to be related to biliary obstruction. Drainage of a
pseudocyst associated with bile duct compression re-
solves the obstruction of the duct, particularly the bile
duct. With long-term obstruction of the pancreatic bil-
iary ducts, stones, sludge, and debris will commonly ac-
cumulate and may be responsible for episodes of
cholangitis.

Diagnostic testing

Ultrasound/CT

Pseudocysts are readily seen with CT and appear as
low-attenuation lesions within or adjacent to the 
pancreas (Fig. 40.1). Chronic pseudocysts are most

commonly round in shape and surrounded by a thick
dense wall. Large pseudocysts may appear in the medi-
astinum or pelvis, or involve the mesentery. Prominent
vessels, as depicted with color Doppler, adjacent to the
pseudocyst wall are common and may represent para-
gastric varices and thrombosis of the splenic vein. 
Although pseudocysts are most commonly unilocular,
fibrotic strands within the cavity may cause multiple
septations, commonly encountered in patients with
postpancreatitis, complex fluid collections. The
pseudocyst cavity may also contain debris, blood, or in-
fections that appear as high-attenuation areas within
the fluid-filled cavity. It may be difficult to distinguish
between pseudocysts and true pancreatic mucinous
cysts associated with malignancy without the use of 
aspiration fluid analysis. Choledochocysts, as they 
appear on CT, may also be confused with pancreatic
pseudocysts.

ERCP

Pancreatography in the setting of a pseudocyst often re-
veals a diffusely abnormal duct with changes of chron-
ic pancreatitis evident. The main pancreatic duct may
be partially or completely obstructed by compression
of the pseudocyst. In more than half of patients, the
pseudocyst will fill with contrast during retrograde
pancreatography. Pancreatic ductal leaks are common
and may originate from the pancreatic duct or may be
small and originate from a secondary radicle. A normal
pancreatogram should suggest the possibility of a cystic
neoplasm rather than a pseudocyst. Retrograde injec-
tion of contrast into a pseudocyst may result in infec-
tion of the pseudocyst. Contamination of a pseudocyst
cavity may be prevented by the use of antibiotics and
minimizing the amount of contrast injected.

EUS

Using EUS, pseudocysts appear as anechoic fluid-filled
structures adjacent to the upper gastrointestinal tract
and pancreas (Fig. 40.2). Fluid collections associated
with acute pancreatitis will not be surrounded with a
wall, whereas pseudocysts are often surrounded by a
thick hyperechoic rim. Calcifications in a cyst wall are
highly suggestive of a mucinous cystadenoma rather
than a pseudocyst. Within the pseudocyst cavity, EUS
will readily demonstrate the presence of fluid. Debris in
the dependent portion of the cavity is common and may
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Figure 40.1 Computed tomography scan of a pancreatic
pseudocyst in the body of the pancreas.



represent blood, infection, or necrotic material. Color
Doppler of the wall often reveals multiple prominent
vessels, including paragastric varices. EUS-directed
fine-needle aspiration (FNA) with cyst fluid analysis
will differentiate between pseudocysts and neoplastic
cysts in more than 90% of patients.

Cyst aspiration

FNA of pseudocysts is performed for diagnostic or
therapeutic purposes using CT/ultrasound or EUS for
guidance. Since pseudocysts may be confused with true
cysts of the pancreas in nearly 20% of patients, aspira-
tion is performed to differentiate between pseudocysts
and a wide variety of benign and malignant cystic neo-
plasms of the pancreas. If infection of a pseudocyst is
suspected, the cyst should be aspirated for culture.

FNA of pseudocysts can be performed with a variety
of techniques. The most common approach is to use
CT/ultrasound guidance. A needle is placed through
the abdominal wall and into the cystic cavity; small
amounts of fluid are aspirated for cytology and tumor
markers such as carcinoembryonic antigen (CEA). EUS
can also be used to guide aspiration through the gastric
or duodenal wall and is ideal for small cystic lesions.
The aspirated fluid from a cystic lesion is examined 
cytologically for evidence of inflammatory cells. The
presence of pigmented histiocytes is diagnostic of a

pseudocyst, but this finding may be absent in a signifi-
cant number of patients with a pseudocyst. If there 
is cytologic evidence of epithelial cells with the cyst
fluid, this should raise the suspicion of a cystic 
neoplasm rather than a pseudocyst. The presence of
granulocytes in the aspirated fluid is suggestive of an
acute infection. A high concentration of amylase in as-
pirated fluid is predictive of a connection with the main
pancreatic duct and helps confirm the diagnosis of a
pseudocyst.

The cytologic analysis of a cystic lesion may not pro-
vide diagnostic material because of the low cellularity
of cyst fluid. Cyst fluid tumor markers are often used to
assist in differentiating between pseudocysts and cystic
neoplasms. CEA is the most commonly used marker 
because mucinous cystic neoplasms secrete CEA into
cystic fluid, whereas pseudocysts should have relatively
low levels of CEA.

If there is any concern about an infected pseudocyst,
the aspirated fluid should be sent for culture and 
sensitivity. Although Gram-negative enteric organisms
are the most common organism, occasionally Gram-
positive bacteria may infect a pseudocyst. Viral and
mycobacterial infections of pseudocysts are very rare
but Candida species may infect secondarily.

Treatment

Natural history

Small pseudocysts of less than 4 cm in diameter often
resolve spontaneously and are rarely associated with
clinical symptoms. In long-term observation studies,
9% of patients experience a complication of a pseudo-
cyst. Spontaneous resolution of pseudocysts takes
place through drainage into the gastrointestinal tract or
the pancreatic duct. Of pseudocysts less than 6 cm,
40% will require drainage because of complications or
persistence. Small pseudocysts located in the tail of the
pancreas and arising from acute biliary pancreatitis
have a very high rate of spontaneous drainage. In a
large series, the overall mortality of pseudocyst
drainage by any method was 9–14%. Prior to drainage,
it is critical to confirm the diagnosis of a pseudocyst
using fluid analysis and cytology. Mistakenly diag-
nosed pseudocysts that are drained with percutaneous
drainage often do not resolve and may harbor occult
malignancy.
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Figure 40.2 Endoscopic ultrasound image of a thick-walled
pancreatic pseudocyst.



Drainage

Pancreatic pseudocysts may be drained using a variety
of approaches. Simple, one-time aspiration of pseudo-
cysts rarely provides lasting resolution because of com-
munication with the pancreatic ductal system. External
drainage using CT/ultrasound guidance is the most
common approach and should include the use of
Doppler or contrast injection to order to differentiate
between pockets of fluid and vascular structures. With
CT/ultrasound guidance, a single pigtail drainage
catheter is placed percutaneously into the fluid cavity
and fluid is drained into an external collection system
carried by the patient (Fig. 40.3). The short-term suc-
cess rate for this relatively simple technique is very high
(> 90%). Patients with communicating pseudocysts, as
evidenced by high concentration of amylase in cyst
fluid, and pancreatic duct strictures should not have
percutaneous drainage because of the high risk of 
prolonged drained and fistula formation. Acutely ill 
patients with evidence of infection in the pseudocyst
should be urgently aspirated and drained under ultra-
sound guidance at the bedside. Long-term success rates
of external drainage are much lower than immediate
success rates and a significant percentage of patients
with external drainage will require surgical drainage.
However, the placement of an external drain will not
interfere with surgical drainage or excision if external
drainage is not successful. The placement of the
catheter across the stomach reduces the risk of subse-
quent external fistula formation and allows for subse-

quent transgastric stenting. Peripancreatic fluid collec-
tions complicated by infection are also easily drained
with CT-guided catheters and external drainage.
Pseudocyst fluid drained externally is collected over an
average of 3 weeks into an external collection bag.
When the drainage output becomes minimal, the
catheter is removed. Contrast injection into the cyst 
cavity will demonstrate the size of the cavity and this
finding can be used to monitor the progress of the
chronic drainage. This technique is highly successful at
resolving pseudocysts, but is plagued by infections and
the need for an external bag. The average duration of
external drainage is 24 days.

Surgical drainage of pseudocysts is performed by
providing a large anastomosis between the pseudocyst
wall and the stomach or small bowel. The anastomosis
should be placed in the most dependent portion of the
cystic cavity in order to maximize the chances of com-
plete drainage. The cyst-gastrostomy or -enterostomy
usually remains patent and functional for several
months. ERCP is often performed prior to surgical
drainage in order to evaluate the main pancreatic duct
for evidence of strictures, fistula, and leaks. Surgical
drainage is probably the best approach when the
pseudocyst is complicated by areas of necrosis or infec-
tion, or involves adjacent organs such as the spleen.
However, maturation of a pseudocyst wall over 4–6
weeks allows the formation of a thick wall that will 
provide a more secure anastomosis. Cyst-gastrostomy
is the easiest approach and requires less operating time
than cyst-jejunostomy. However, the risk of bleeding is
greater with cyst-gastrostomy. A jejunal anastomosis is
indicated in giant pseudocysts because drainage with a
cyst-gastrostomy is often inadequate and the recur-
rence rate is quite high. An alternative to a cyst anasto-
mosis is a longitudinal pancreaticojejunostomy, which
has been reported to provide high rates of successful
drainage and with fewer complications such as anasto-
motic bleeding. Pancreaticojejunostomy can be per-
formed if there is an associated pancreatic duct
diameter of more than 7mm and is more likely to be
successful if there is communication between the
pseudocyst cavity and the main pancreatic duct. When
the pseudocyst has resolved, the low output of fluid al-
lows spontaneous closing of the anastomosis. Old re-
ports of surgical drainage suggested high mortality and
complication rates. More recent series report overall
success rates for surgical drainage of 90%, with major
complication rates of 9% and recurrence rates of 3%.
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Figure 40.3 Percutaneous drainage of a pancreatic
pseudocyst.



Laparoscopic techniques are being developed that
will enable the surgeon to provide internal drainage
and resection of necrotic tissue. However, these tech-
niques are also associated with similar complications as
reported with endoscopic drainage, i.e., cyst wall
bleeding and postoperative cyst infection. If areas of
pancreatic necrosis are encountered during the laparo-
scopic procedure, laparoscopy may enable surgeons to
noninvasively remove areas of necrotic tissue.

Endoscopic drainage is the newest approach for the
eradication of pseudocysts. It is used most commonly
for uncomplicated unilocular pseudocysts. Drainage is
accomplished either with a transpapillary approach
with ERCP or with direct endoscopic drainage across
the stomach or duodenal wall. A transpapillary ap-
proach with drainage is used when the pseudocyst com-
municates with the main pancreatic duct, usually in the
head of the pancreas. The transpapillary approach has
also proven successful in the drainage of infected
pseudocysts or pseudocysts associated with strictures
or leaks of the main pancreatic duct. The transgastric or
duodenal approach is used when the pseudocyst is di-
rectly adjacent to the gastroduodenal wall. EUS is used
to determine the size, location, and thickness of the
pseudocyst wall (Fig. 40.2). A wall thickness of more
than 1 cm or the presence of large intervening vessels or
varices on EUS precludes the possibility of endoscopic
drainage. Endoscopic-guided drainage may be per-
formed using direct endoscopic or EUS imaging. With
the presence of a visible bulge in the wall of the stomach
or the duodenum, endoscopic drainage is successful by
the placement of transmural catheters or stents (Fig.
40.4). EUS guidance is required if a bulge is not evident
during the endoscopic evaluation prior to drainage.
One-step EUS-directed drainage is now possible with
pseudocyst drainage catheters that can be used in 
therapeutic echoendoscopes. This approach has
proven highly successful and may be feasible for infect-
ed pseudocysts. Recently, endoscopic drainage of
necrotic pancreatic tissue through an endoscopic cyst-
gastrostomy has been reported in three patients. The
success rate within 3 months of endoscopic drainage 
is reported to be more than 80%, with lower rates re-
ported with alcoholic pancreatic disease. The improve-
ment in endoscopic skills necessary for the successful
performance of pseudocyst drainage takes place over
about 20 cases and results in significant decreases in
complications and the length of hospital stay. Overall,
the complication rate of elective endoscopic drainage is

about 13%, with success rates of more than 90% and
recurrence rates of 10–20%.

Conclusions

Small asymptomatic pseudocysts associated with
chronic pancreatitis should be monitored. If there is
any question about the diagnosis or the presence of an
infection, cyst aspiration should be performed. Simple,
chronic, uninfected, unilocular pseudocysts should be
drained endoscopically when the expertise is available;
otherwise this type of pseudocyst should be drained 
radiologically with an external drainage catheter. 
Complex, postnecrotic, multilocular pseudocysts
should be managed with surgical drainage and/or 
resection.
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Figure 40.4 Endoscopic gastric bulge as a result of a
pancreatic pseudocyst.
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Introduction

Pancreatic adenocarcinoma is the fourth leading cause
of tumor deaths in men and the fifth leading cause 
in women, with 95% of all pancreatic malignancies
being ductal adenocarcinomas. The 5-year survival
rate of only 1–5% is one of the worst for any tumor.
Thus it is of utmost importance to identify risk groups
since only early diagnosis allows the chance of a cura-
tive resection. Among the potential risk factors, only
nicotine has been clearly identified. A diet high in fat
and calories seems to add some risk. According to a
case–control study from northern Italy, attributable
risks were 14% for tobacco smoking, 14% for high
consumption of meat, and 12% for low consumption
of fruit. The authors speculate that almost one-fourth
of all cases of pancreatic carcinoma could be prevented
by a healthy lifestyle. It is likely that a combination 
of factors, most of them associated with relatively 
small risk enhancements, may be responsible for the
pathogenesis.

Furthermore, chronic inflammation of the pancreas
(i.e., chronic pancreatitis) has been identified as a risk
factor. This has been especially documented in chronic
hereditary pancreatitis, a disease with early onset of in-
flammation; 5–10% of all cases of pancreatic cancer
may be inherited. It will be a major challenge to identi-
fy these genetic alterations. In a population-based
case–control study based on direct interviews with 526
incident cases and 2153 population controls, the fol-
lowing risk factors were identified: elevated body mass
index (BMI) when combined with elevated caloric in-
take; diabetes mellitus (hyperinsulinemia); first-degree
relatives; family history of colon, endometrial, ovary,

and breast cancer; smoking; possibly heavy alcohol use
in blacks.

I discuss the significance of various risk factors that
have been proposed to play a role in the pathogenesis of
pancreatic carcinoma.

Incidence

The incidence rate in industrialized Western countries
is about 8–12/100 000 inhabitants and still increas-
ing in some countries. In Europe the incidence is 
higher in northern and central Europe compared with 
southern Europe. In the USA, there is a geographic 
cluster of pancreatic cancers in areas of Louisiana 
and Mississippi. However, the factors responsible for
clustering have not been identified. The rate for pancre-
atic cancers in the USA seems to be higher in urban
areas and in counties with many residents of Scandina-
vian and East European descent. In all countries inci-
dence almost equals mortality. The incidence rate
between the ages of 40 and 44 is 19/100 000 and be-
tween the ages of 75 to 79 is 43/100 000 per year. Thus,
the increase in incidence may be due to an increased
lifespan. In the USA, the incidence and mortality of
pancreatic cancer increased for several decades earlier
in this century but have tended to level off in the last 25
years.

Rates seem to be higher in blacks than in whites and
higher in men than in women. However, smoking may
be a confounding factor. In the district of Malmö in
Sweden, the incidence is higher for men than for
women in all age groups above 44 years. No change in
incidence over time was observed for men. In older and
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middle-aged women there was a significant increase
observed.

Risk factors

Chronic pancreatitis

Any type of chronic pancreatitis (i.e., alcohol-
induced, tropical, hereditary) confers an increased
risk of developing pancreatic carcinoma (Table 41.1).
The duration of exposure to inflammation seems to be
the major factor involved in the transition from a 
benign to malignant condition. According to case–
control studies, the relative risk of developing pancre-
atic carcinoma in chronic pancreatitis varies from 2.3
to 18.5. In a prospective single-center cohort of almost
440 consecutive patients and a median follow-up of
9.2 years, four cases (1.1%) of pancreatic adenocarci-
noma were observed in 3437 patient-years. The ex-
pected number of cases was 0.15% (standardized
incidence ratio (SIR) 26.7). In most cases of pancre-
atic cancer in alcohol-induced chronic pancreatitis,
smoking has to be considered as an important con-
founding factor.

The early diagnosis of pancreatic carcinoma in pa-
tients with chronic pancreatitis remains an unsolved
problem. Despite the fact that K-ras mutations play a
crucial role in the pathogenesis of pancreatic cancer, se-
quential determinations of this oncogene in pancreatic
juice of patients with chronic pancreatitis does not
allow a definite diagnosis. Some patients with chronic
pancreatitis carry K-ras mutations yet do not develop
carcinoma.

Diabetes mellitus

There is an association between diabetes and an 
elevated risk of pancreatic cancer (Table 41.1). Dia-
betes may be due to pancreatic damage caused by the
cancer or to insulin resistance. However, preexisting
long-term type II diabetes also seems to increase the 
risk of pancreatic carcinoma. One interpretation of
these findings is that insulin might act as a promoter 
for pancreatic carcinogenesis. Human pancreatic ade-
nocarcinomas express insulin receptors that can stimu-
late mitosis. Furthermore, high insulin levels could
indirectly promote pancreatic carcinogenesis via in-
sulin-like growth factor (IGF)-I released from the liver.

Dietary effects on pathogenesis might be partly mediat-
ed via insulin. However, in some studies the risk of 
developing pancreatic cancer declined with time after
primary diagnosis of diabetes mellitus. One might 
speculate that this decrease is due to the loss of hyperin-
sulinemia in early type II diabetes. Another explanation
is that in most cases diabetes is an early symptom of
cancer or preneoplastic lesions. In a well-conducted
case–control study from Italy, diabetes did not increase
the risk of pancreatic cancer. Thus, in many cases of 
diabetes and pancreatic cancer, cancer might be the
cause of diabetes and not vice versa. Especially in 
cases of atypical diabetes, i.e., lack of family history 
of diabetes, absence of obesity, and rapid progression
to insulin dependence, one should consider pan-
creatic cancer. Further epidemiologic studies should
differentiate between type I (insulin-dependent) and
type II diabetes when evaluating the risk of pancreatic
cancer.

Physical activity and body weight

Obesity, height, and physical activity might be related
to the risk of pancreatic cancer. In 32 687 subjects,
physical activity and BMI were not associated with
pancreatic cancer mortality. The authors had reported
similar findings some years earlier. However, insulin re-
sistance is associated with anthropometric factors and
physical activity. In a population-based case–control
study from Canada, men with a BMI greater than
28.3 kg/m2 were at increased risk of pancreatic cancer
(adjusted odds ratio (OR) 1.90; 95% confidence inter-
val (CI) 1.08–3.359). Decrease of weight in women and
moderate and strenuous physical activity in men might
reduce the risk. Thus, insulin resistance could be an 
etiologic factor in the pathogenesis of pancreatic 
cancer. In two US cohort studies conducted by mailed
questionnaire with 10–20 years of follow-up, individu-
als with a BMI of at least 30 kg/m2 had an elevated risk
of pancreatic cancer compared with those with a BMI
of less than 23 kg/m2. An inverse relation was reported
for moderate activity. According to these two studies,
obesity significantly increased the risk of pancreatic
cancer and physical activity appears to decrease the risk
in those who are overweight. Obesity seems to con-
tribute to the higher risk of this disease among blacks
than among whites in the USA, particularly among
women.
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Table 41.1 Preexisting illnesses and the risk of pancreatic cancer.

Study Study design Risk

Asthma
Stolzenberg-Solomon et al. Cohort analysis of 172 subjects who developed Increased

(2002) pancreatic cancer 1985–97. Median 10.2 years 
follow-up among 29 048 male smokers, 50–69
years old

Diabetes
Stolzenberg-Solomon Cohort analysis of 172 subjects who developed Increased

et al. (2002) pancreatic cancer 1985–97. Median 10.2 years 
follow-up among 29 048 male smokers, 50–69
years old

Fischer (2001) Metaanalysis, English literature, 1970–99 Diabetes of at least 5 years: increased risk
Silverman et al. (1999) Population-based case–control study: 484 cases Significant positive trend in risk with

vs. 2099 controls, interview increasing years prior to diagnosis of
cancer

Wideroff et al. (1997) Discharge records of 109 581 individuals Increased risk: SIR 2.1 (CI 1.9–2.4) with
hospitalized with diagnosis of diabetes 1977–89 a follow-up time of 1–4 years. SIR
linked with national cancer registry records declined to 1.3 (CI 1.1–1.6) after 5–9
through 1993 years of follow-up

Lee et al. (1996) Retrospective study: 282 inpatients with Increased risk: OR 2.84
pancreatic cancer vs. 282 controls

Everhart & Wright (1995) Metaanalysis: published studies between 1975 Elevated risk: RR of pancreatic cancer for
and 1994; 20 of 30 case control and cohort diabetics relative to nondiabetics 2.1
studies met inclusion criteria, i.e., diabetes at (CI 1.6–2.8)
least 1 year prior to cancer, RR calculation
possible

La Vecchia et al. (1994) Case–control study, northern Italy, 1983–92: 9991 Risk increased: RR 2.1 (CI 1.5–2.9). RR 
patients below age 75 with incident, for pancreatic cancer declined from
histologically confirmed neoplasms including 3.2 in the first 5 years after diagnosis of
362 of the pancreas vs. 7834 subjects in hospital diabetes to 2.3 at 5–9 years after
for acute, nonneoplastic, nonmetabolic disorders diagnosis and to 1.3 (CI 0.7–2.3) at 10 

or more years after diagnosis
Gullo et al. (1994) 720 patients with pancreatic cancer vs. controls Diabetes in 22.8% of pancreatic cancer

from 14 Italian centers patients vs. 8.3% of controls; 56.1% 
diabetes diagnosed either
concomitantly with the cancer (40.2%) 
or within 2 years before the diagnosis 
of cancer (15.9%)

Noninsulin-dependent diabetes mellitus
Balkau et al. (1993) 6988 working men aged 44–55 years. Follow-up After exclusion of deaths during the first

17 years. 312 diabetic subjects 5 years of follow-up, RR in diabetic vs. 
normoglycemic men 4.9 (CI 1.3–18) 
after adjustment for age and tobacco 
consumption

Jain et al. (1991) Case–control study, Toronto: 249 cancers vs. Increased risk: history of diabetes within
505 controls 5 years

Continued
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Table 41.1 Continued

Study Study design Risk

Gallstones
Post cholecystectomy
Schernhammer et al. (2002) Prospective study: 104 856 women, 48 928 men. No increased risk

16 years of follow-up.
Silverman et al. (1999) Population-based case–control study: 484 cases, Cholecystectomy at least 20 years ago: 

2099 controls, interview 70% increased risk
Chow et al. (1999) Population-based cohort study in Denmark. Gallstones: no risk 

Discharge diagnosis of gallstones 1977–89. Cholecystectomy: risks at 5 or more
60 176 patients, follow-up until death or 1993 years of follow-up elevated for 

cancers of ampulla of Vater (SIR 2.0, 
CI 1.0–3.7) and pancreas (SIR 1.3, CI 
1.1–1.6)

Schattner et al. (1997) Retrospective case–control study. Abdominal 37 patients with pancreatic cancer had
ultrasound of 100 consecutive cases of cholelithiasis (37%) compared with 23
pancreatic cancer and that of 140 age- and (16%) of the control group (P < 0.001)
gender-matched controls

Ekbom et al. (1996) Population-based cohort: 62 615 patients with 261 pancreatic cancers vs. 216.8 
cholecystectomy. Follow-up for pancreatic and expected, SIR 1.20 (CI 1.06–1.37)
periampullary cancer up to 23 years

Post papillotomy
Karlson et al. (1997) 992 patients followed by linkage to the Swedish No increased risk

Death Registry and the Swedish Cancer Registry

Post gastrectomy
Tascilar et al. (2002) Multivariate and person-year analysis: cohort of Increased risk of 1.8 (CI 1.3–2.6) 5–59

2633 patients years postoperatively
Heberg et al. (1997) Necropsy-based case–control study No relation
Mack et al. (1986) Case–control study, Los Angeles: 490 cases, Strong association between pancreas

working age vs. 420 controls. Home interviews: cancer and history of subtotal
occupation, smoking, food, beverage gastrectomy at any past time
consumption, medical history 

Helicobacter pylori
Stolzenberg-Solomon Nested case–control study: 29 133 male Finnish Seroprevalence of H. pylori 82% vs. 73%

et al. (2001) smokers, age 50–69 years in controls. OR 1.87 (CI 1.05–3.34)

Malignancies
Neugut et al. (1995) Data from Surveillance, Epidemiology, and Risk of second primary cancer was

End results for the period from 1 January 1973 elevated after: 
to 31 December 1990. Observed number of (a) lung cancer for men (RR 1.3) and
cases divided by the expected number women (RR 2.5)

(b) head and neck cancer in women 
(RR 1.8)

(c) bladder cancer in women (RR 1.5), 
related to smoking?

(d) prostate cancer (RR 1.2)
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Table 41.1 Continued

Study Study design Risk

Melanoma (without family history)
Schenk et al. (1998) Patients identified from Surveillance, Nearly twofold increased risk of

Epidemiology, and End Results program of the subsequent carcinoma of the
National Cancer Institute: 43 781 patients with pancreas in patients diagnosed with
melanoma malignant melanoma before age 50 

years, SIR 1.76 (CI 0.80–3.34). 
Greatest risk occurred in young 
white females, SIR 2.27 (CI 0.73–5.30)

Chronic pancreatitis
Any type
Talamini et al. (1999) 715 cases of chronic pancreatitis with a median Significant increase in incidence of both

follow-up of 10 years extrapancreatic cancer (SIR 1.5, CI 1.1
–2.0; P < 0.003) and pancreatic cancer 
(SIR 18.5, CI 10–30; P < 0.0001).
Smoking contributes to increased risk

Karlson et al. (1997) Swedish Inpatient Register with diagnosis of Excess risks for pancreatic cancer in all
pancreatitis 1965–83. Recurrent pancreatitis, subcohorts. Risk declined with time!
n = 7328; chronic pancreatitis, n = 4546. Persistent excess risk after 10 years
Follow-up through record linkage to nationwide restricted to patients with associated
Swedish Cancer Register, Death Register, and alcohol abuse (SIR 3.8, CI 1.5–7.9)
Migration Register

Fernandez et al. (1995) Hospital-based case–control study, northern Italy, Risk of pancreatic cancer higher (RR 
1983–92, 362 cancer cases, 1408 controls, 6.9) 5 or more years after diagnosis of
structured interview pancreatitis than in the first 4 years

(RR 2.1). Tobacco and alcohol may be
confounding factors

Ekbom et al. (1994) Data collected from all inpatient medical SIR 2.2 (CI 1.6–2.9). Absence of an
institutions in Sweden 1965–83. Population- increased risk 10 years or more after
based cohort of 7956 patients with at least one first discharge for pancreatitis argues
discharge diagnosis of pancreatitis. Follow-up to against a causal relationship. Smoking
19 years is a confounding factor

Lowenfels et al. (1993) Multicenter historical cohort study, 2015 subjects SIR 26.3 (CI 19.9–34.2). Cumulative
with chronic pancreatitis, recruited from clinical risk of pancreatic cancer in subjects
centers in six countries. 56 cancers during mean followed for at least 2 years increased
follow-up of 7.4 years. Expected cases adjusted steadily, and 10 and 20 years after
for age and sex: 2.13 diagnosis of pancreatitis it was 1.8%

Hereditary pancreatitis
Lowenfels et al. (1997) Longitudinal study. Initial criteria: early age Compared with expected number of0.15,

(£ 30 years) at onset of symptoms, positive 8 pancreatic adenocarcinomas 
family history, absence of other causes developed during 8531 person-years of 

follow-up. SIR 53 (CI 23–105)

Tropical pancreatitis
Chari et al. (1994) 185 patients from the Diabetes Research Center Six deaths (25%) from cancer of the

in Madras, India. Follow-up for an average of pancreas. Average age at onset of
4.5 years pancreatic cancer 45.6 ± 7.3 years,

considerably younger than for Western
populations

CI, 95% confidence interval; OR, odds ratio; RR, relative risk; SIR, standardized incidence ratio.



Smoking

It has been known for many years that smoking confers
an important risk factor for pancreatic cancer. Many
well-defined case–control studies confirm that smoking
increases the risk of pancreatic cancer (Table 41.2). 
According to a study using a computer model, the 
numbers of new pancreatic cancer patients in the EU up
to 2015 could be reduced by 15% if all smokers discon-
tinued the habit immediately. Since one-fourth of all
cases seem to be attributable to smoking, prevention of
up to 25% of all pancreatic cancers by cessation 
of smoking is discussed. However, in one study a de-
crease of risk was only observed more than 10 years
after quitting.

Diet

According to case–control studies, meat and choles-
terol are thought to slightly elevate the risk of pancreat-
ic carcinoma. Heterocyclic amines and polycyclic
aromatic hydrocarbons produced during the cooking
of meat seem to be the responsible pathogenetic factors.
In an Italian case–control study, pancreatic cancer risk
was directly associated with consumption of meat (OR
1.43), liver (OR 1.43), and ham and sausages (OR
1.64), and inversely associated with consumption of
fresh fruit (OR 0.59), fish (OR 0.65), and olive oil (OR
0.58). However, there are methodologic limitations of
many descriptive and case–control studies. Thus, defi-
nite statements regarding the risk or benefit of any diet
are not possible (Table 41.3).

Coffee

It is amazing how many epidemiologic studies have 
investigated the potential association between coffee
and pancreatic cancer (Table 41.3). Obviously, the sci-
entific community, as a major coffee consumer, was
shocked by an early study published in a leading scien-
tific journal that confirmed the risk association. How-
ever, this association could not be verified by most of
the subsequent studies, except for an eventual risk 
of drinking more than three cups of coffee per day
(Table 41.3).

Alcohol

Most studies have not detected an association between

alcohol consumption and the risk of pancreatic cancer
(Table 41.3). In a retrospective cohort based on 
the Swedish Inpatient Register, alcoholics had only 
a modest 40% excess risk of pancreatic cancer. The 
excess risk for pancreatic cancer among alcoholics is
small and is influenced by the confounding factor of
smoking.

Occupational and environmental risk factors

For all occupational risk factors studied, especially
chlorinated hydrocarbons, there may be only a weak
association with pancreatic cancer (Table 41.4). Inter-
actions between environmental and occupational
agents, lifestyle factors, and genetic susceptibility al-
ways remain a possibility. Thus, there is no convincing
evidence to support specific environmental causes in
most cases of pancreatic cancer.

Genes

The genetic alterations that develop during pancreatic
carcinogenesis are increasingly understood. Acquired
mutations have been identified in the oncogenes K-ras
and HER2/neu, and in the tumor-suppressor genes
p16, p53, SMAD4, and BRCA2. Several familial syn-
dromes with known genetic defects have been implic-
ated, but the majority of familial cases result from as yet
undefined genes. Thus, the inherited genetic defects in
familial pancreatic carcinoma are still not known. The
pattern of inheritance is mostly autosomal dominant.
In about 35% of families, additional tumor types such
as melanoma and breast and prostate cancer can occur.
There seems to be evidence for involvement of a major
gene in the etiology of pancreatic cancer that influences
“age at onset” of pancreatic cancer more than “suscep-
tibility.” According to a segregation analysis of 287
families that used an “age-at-onset” model, approxi-
mately 7% of the population appears to be at high risk
of pancreatic cancer.

Pancreatic cancer is associated with several genetic
syndromes, including hereditary breast cancer
(BRCA2), familial atypical multiple mole melanoma
syndrome (CDKN2A (p16) germline mutation),
Peutz–Jeghers syndrome, von Hippel–Lindau disease,
and hereditary nonpolyposis colorectal cancer. For ex-
ample, according to a cohort study of 11 847 individu-
als from 699 families segregating a BRCA1 mutation,
mutation carriers were at a statistically significantly 
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Table 41.2 Smoking and the risk of pancreatic cancer.

Study Study design Risk

Cigarettes
Lin et al. (2002) Prospective cohort study, 110 792 inhabitants RR for current smokers: 1.6 (CI 0.95–2.6)

in males; 1.7 (CI 0.84–3.3) in females
Stolzenberg-Solomon Prospective study, 27 111 male smokers aged Increased risk (highest compared with 

et al. (2001) 50–69 years lowest quintile, cigarettes per day: HR 
1.82; CI 1.10, 3.03; P-trend 0.05)

Ciu et al. (2001) Population-based case–control study Increased risk. Males: OR 1.8 (CI 1.2–2.8).
Females: OR 2.1 (CI 1.4 – 3.1)

Nilsen et al. (2000) Health screening survey in a county in Norway: Twofold increased risk among current
31 000 men, 32 374 women initially free from smokers. Dose–response association:
cancer. 12 years of follow-up number of cigarettes (P for trend, 0.02) 

and number of pack-years (P for trend, 
0.02 for men and 0.01 for women)

Villeneuve et al. (2000) Direct questionnaire data 76% of the cases: Increased risk. Males with 35 or more
583 pancreatic cancers vs. 4813 controls cigarette pack-years: OR 1.46 (CI 

1.00–2.14). Women reporting at least 23 
cigarette pack-years of smoking: OR 
1.84 (CI 1.25–2.69)

Harnack et al. (1997) Prospective cohort study of 33 976 postmenopausal Elevated risk: < 20 pack-years and > 20 or
Iowa women more pack-years of smoking exposure: 

1.14 (CI 0.53–2.45) and 1.92 (CI 
1.12–2.30) times more likely to develop 
pancreatic cancer than nonsmokers

Partanen et al. (1997) Population-based case–control study Increased risk
Fuchs et al. (1996) 118 339 women aged 30–55 years, 49 428 men Multivariate RR for current smokers: 2.5

aged 40–75 years without cancer, 2 116 229 (CI 1.7–3.6). Proportion of cancers
person-years of follow-up, pancreatic cancer attributable to smoking: 25%
diagnosed in 186 participants

Lee et al. (1996) Retrospective study 282 inpatients with pancreatic OR increased with level of smoking
cancer vs. 282 age- and sex-matched controls

Ji et al. (1995) Case–control study: 451 vs. 1552 controls. Interview Increased risk: men OR 1.6 (CI 1.1–2.2); 
women OR 1.4 (CI 0.9–2.4). ORs 
increased with number of cigarettes 
smoked per day and with duration of 
smoking

Silverman et al. (1994) Population-based case–control study 1986–89 in 70% increased risk, positive trend in risk
Atlanta, Detroit, and 10 counties in New Jersey. with increasing duration of smoking
Direct interviews. 526 case patients vs. 2153
controls, aged 30–79 years

Friedman & van den Exploratory case–control study. People with Increased risk: cigarette smoking, diabetes
Eeden (1993) multiphasic health check-ups in San Francisco Bay mellitus, higher levels of serum iron,

Area: 452 developed pancreatic cancer vs. 2687 iron saturation, body weight
controls

Continued
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Table 41.2 Continued

Study Study design Risk

Ghadirian et al. (1991) Population-based case–control study, Quebec: Smoking: OR 3.76 (CI 1.80–7.83). 
179 cancers vs. 239 controls Smokers in the highest quintile of 

number of cigarettes: OR 5.15 vs. 3.99 
for exsmokers

Howe et al. (1991) Population-based case–control study, Toronto: Risk increased. Dose–response
249 cancers vs. 505 controls. Lifetime history of relationship with RR of 1.88, 4.61, 6.52 
smoking for tertiles of consumption for current 

cigarette smokers. Rapid decrease after 
quitting

Bueno de Mesquita Population-based case–control study, Netherlands: Positive dose–response effect of lifetime
et al. (1991) 176 cases vs. 487 controls. Interviewer- number of total cigarettes, i.e., nonfilter

administered questionnaire: 58% interviewed and filter, OR 1.00, 1.35, 1.40
directly

Farrow et al. (1990) Population-based case–control study, New Mexico: Current smokers: OR 3.2 (CI 1.8–5.7)
148 cases vs. 188 controls. Interview cases or
wives

Olsen et al. (1990) Case–control study, Minneapolis-St Paul area: OR for two packs or more of cigarettes
212 cases vs. 220 controls. Family members per day: 3.92. OR for four or more drinks
interviewed about the subject’s use of cigarettes, per day: 2.69. Coffee: no risk factor.
alcohol, coffee, and other dietary factors in the Positive trend for beef and pork
2 years prior to death consumption. Negative trend for 

cruciferous vegetables
Falk et al. (1988) Hospital-based case–control study, Louisiana: Current smokers: twofold risk associated

363 cases vs. 1234 controls with moderate (16–25 cigarettes per day) 
and heavy (≥ 26 cigarettes per day) 
smoking. Ex-smokers: no risk

Wynder et al. (1986) Hospital-based case–control study of individuals Cigarette smoking: increased risk in both
aged 20–80 years in 18 hospitals, USA. Males: sexes
127 cases vs. 371 controls. Females: 111 vs. 325

Mack et al. (1986) Case–control study, Los Angeles: 490 cases, Risk increased. Effect disappeared after a
working age vs. 420 controls. Home interviews: decade of nonsmoking. No association
occupation, smoking, food, beverage with past consumption, medical history
consumption of tea, carbonated beverages, beer, spirits, coffee

Heuch et al. (1983) Prospective study, Norway: 16 713 individuals, Positive association: chewing of tobacco,
63 cases occurred use of snuff. Weaker association: cigarette 

smoking. No association: pipe smoking 
or coffee drinking

MacMahon et al. (1981) Case–control study: 369 patients with Weak positive association: cigarette 
histologically proved cancer vs. 644 control smoking
patients. Interview about use of tobacco, alcohol, No association: cigars, pipe tobacco,
tea, coffee alcoholic beverages, tea. Strong 

association: smoking and weight
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Table 41.2 Continued

Study Study design Risk

Ogren et al. (1996) 35 000 men and women below 55 years of age Weight gain > 10 kg since the age of 30: OR
participated in a general health examination, 1.8 (CI 0.9–3.6)
1974–92. Record linkage with the Cause of Death
Register and the National Cancer Register

Weiss & Benarde (1983) Temporal trends between pancreatic cancer 
prevalence related to temporal trend in 
cigarette smoking in USA 1920–78

Moolgavkar & Stevens Difference in male and female rates in
(1981) pancreatic cancer attributable to 

differences in smoking habits. Observed 
increase in mortality due to dramatic 
increase among smokers. Mortality rate 
among nonsmokers increased only slowly

Cigars
Shapiro et al. (2000) Prospective cohort of 137 243 US men; 12 years No increased risk if smoke is not inhaled

follow-up
Farrow et al. (1990) Population-based case–control study, New No risk: pipe tobacco, cigars, chewing

Mexico: 148 cases vs. 188 controls. Interview tobacco
cases or wives

Cessation of smoking
Mulder et al. (2002) Computer simulation model, Markov multistate Reduced

type

Cessation of smoking for more than 5 years
Nilsen et al. (2000) Health screening survey in a county in Norway: No increased risk

31 000 men, 32 374 women initially free from
cancer; 12 years of follow-up

Fuchs et al. (1996) Less than 10 years, risk equals that of
nonsmokers

Silverman et al. (1994) Population-based case–control study 1986–89 Stopped smoking for more than 10 years:
in Atlanta, Detroit, and 10 counties in New 30% reduction in risk
Jersey, direct interviews, 526 case patients vs. Quitters of 10 years or less: no risk
2153 controls, aged 30–79 years reduction

Bueno de Mesquita Population-based case–control study, Netherlands: Risk after quitting 15 years or more
et al. (1991) 176 cases vs. 487 controls. Interviewer- examined in the low-smoking group

administered questionnaire: 58% interviewed only: no different from nonsmokers
directly

CI, 95% confidence interval; HR, hazard ratio; OR, odds ratio; RR, relative risk.
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Table 41.3 Dietary risk factors and pancreatic cancer.

Study Study design Risk

Alcohol
Lin et al. (2002) Prospective cohort study, 110 792 subjects No effect
Michaud et al. (2001) Semiquantitative food-frequency questionnaires No effect

(1986 Health Professionals Follow-Up Study and
1980 Nurses’ Health Study), follow-up
questionnaires

Villeneuve et al. (2000) Direct questionnaire data 76% of the cases: 583 No effect
pancreatic cancers, 4813 controls

Kato et al. (1992) Prospective study of 6701 American men of Japanese Risk of upper digestive tract cancers was 
ancestry living in Hawaii increased even among heavy alcohol

drinkers who were nonsmokers, RR 8.6 
(CI 2.1–36.0)

Bueno de Mesquita Population-based case–control study, 1984–88, No increased risk: alcohol, coffee, tea
et al. (1992) Netherlands: 176 pancreatic cancers vs. 487

controls
Ghadirian et al. (1991) Population-based case–control study, Quebec: 179 Alcohol: lower risk

cancers vs. 239 controls
Heuch et al. (1983) Prospective study, Norway, 16 713 individuals, 63 Strongest positive association: alcohol

cases occurred (RR 5.4)

Beer vs. wine vs. spirits
Bouchardy et al. (1990) Pooled analysis of three case–control studies, Italy, No increased risk

France, Switzerland: 494 cases vs. 1704 controls

Blacks vs. whites
Silverman et al. (1995) Population-based case–control study, direct Increased risk: > 57 drinks/week

interviews with 307 white, 179 black incident Blacks: OR 2.2 (CI 0.9–5.6)
cases, 1164 white, 945 black controls Whites: OR 1.4 (CI 0.6–3.2)

Compared with whites, blacks had higher 
ORs associated with heavy alcohol 
drinking

Coffee
Lin et al. (2002) Prospective cohort study, 110 792 subjects No effect
Michaud et al. (2001) Semiquantitative food-frequency questionnaires No effect

(1986 Health Professionals Follow-Up Study and
1980 Nurses’ Health Study), follow-up
questionnaires

Villeneuve et al. (2000) Direct questionnaire data 76% of the cases: 583 No effect
pancreatic cancers, 4813 controls

Porta et al. (1999) Case–case study Ki-ras mutations in tumors: 77.7%. 
Mutations more common among 
regular coffee drinkers: 82.0% vs. 
55.6%, P = 0.018. Dose relation 
between Ki-ras mutation and number of 
cups of coffee per week

Soler et al. (1998) Case–control study 1983–92 in northern Italy No effect
on 362 patients with histologically confirmed,
incident cancers of the pancreas, and 1552 controls

Harnack et al. (1997) Prospective cohort study of 33 976 Elevated risk for those who drank > 17.5
postmenopausal Iowa women cups of coffee per week compared with 

those who consumed < 7 cups per week
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Table 41.3 Continued

Study Study design Risk

Gullo et al. (1995) Case–control study: 570 pancreatic cancers vs. Increased risk for those who drank > 3 cups
570 controls; 14 centers in Italy of coffee per day: OR 2.53 (CI 1.53–4.18)

Partanen et al. (1995) Data on coffee consumption 20 years prior to No association
diagnosis of cancer obtained from the next of
kin of 662 cases of pancreas cancer and 1770
reference (stomach, colon, and rectum) cancers

Stensvold et al. (1994) 10-year complete follow-up of 21 735 men and No association
21 238 women aged 35–54 years in Norway

Lyon et al. (1992) Population-based case–control study: 149 from Increased risk: coffee drinkers (OR 
proxy respondents pancreatic cancers vs. 363 controls. 

Information 2.38), cigarette smokers 
(OR 2.27). Risk higher for users of 
decaffeinated coffee than users of 
regular coffee

Jain et al. (1991) Case–control study, Toronto: 249 cancers vs. No association for coffee and alcohol
505 controls

Ghadirian et al. (1991) Population-based case–control study, Quebec: Coffee: lower risk when consumed
179 cancers vs. 239 controls with meals, not on empty stomach

Clavel et al. (1989) Hospital-based case–control study, France: 161 No association between tobacco or alcohol
cases vs. 268 controls consumption. Coffee consumption 

associated with increased risk with two 
or more cups per day vs. less: RR 2.27
(CI 1.11–4.64) and RR 1.45 (CI 
0.82–2.55) among females and males 
respectively

La Vecchia et al. (1987) Hospital-based case–control study, northern Italy: No association with duration of consumption
150 cancers vs. 605 controls of coffee, decaffeinated coffee or tea

Nomura et al. (1986) Prospective cohort study: 7355 men clinically No increased risk
examined, 1965–68; 21 pancreas cancers
developed

Binstock et al. (1983) Relationship of per-capita coffee imports, total Bivariate partial correlation coefficients 
dietary fat, saturated fat, cholesterol, tobacco, of coffee with pancreatic cancer 
cigarettes, national income, 1957–65 to mortality: significant (one-tailed) in 11
age-adjusted pancreatic cancer death rates of of 12 analyses, borderline significant
men and women from 22 countries, 1971–74 in two-way ANOVA (two-tailed)

Wynder et al. (1983) Case–control study, USA: 275 cases vs. 7994 No association
controls. Interview

Benarde & Weiss (1982) Per-capita consumption of coffee and
pancreatic cancer mortality in USA since 
1950: temporal association, 10-year lag. 
Cigarette smoking: confounding factor

MacMahon et al. (1981) Case–control study: 369 patients with Coffee consumption in both sexes.
histologically proved cancer vs. 644 control Dose–response relation. RR after
patients. Interview about use of tobacco, alcohol, adjustment for cigarette smoking: up 
tea, coffee to two cups of coffee per day, 1.8 (CI 

1.0–3.0); three or more cups per day, 
2.7 (CI 1.6–4.7)

Decaffeinated coffee
Wynder et al. (1986) Hospital-based case–control study of individuals No increased risk

aged 20–80 years in 18 hospitals, USA. Males: 127
cases vs. 371 controls. Females: 111 vs. 325

Continued
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Table 41.3 Continued

Study Study design Risk

Fat
Saturated fat
Stolzenberg-Solomon Prospective study, 27 111 male smokers aged Elevation: HR 1.60; CI 0.96, 2.64; P trend

et al. (2002) 50–69 years 0.02
Binstock et al. (1983) Relationship of per-capita coffee imports, total Significantly related in univariate analyses,

dietary fat, saturated fat, cholesterol, tobacco, and in 11 of 12 bivariate partial 
cigarettes, national income, 1957–65 to correlation analyses; in ANOVA,
age-adjusted pancreatic cancer death rates of significance borderline in 10 of 12
men and women from 22 countries, 1971–74 analyses

Butter, margarine
La Vecchia et al. (1997) Case–control study: 362 pancreatic cancer cases No effect

and 1502 controls

Fat from all sources
Lyon et al. (1993) Case–control study: 149 cases vs. 363 controls, Utah Increased risk: in men OR 3.41 (CI 1.59–

7.29); in women, fat from nonmeat and 
nondairy sources increased OR for 
upper tertile, 3.44 (CI 1.35–8.78). High 
levels of intake of red meat, chicken, fish, 
and dairy foods did not increase risk

Meat
Saturated fat
Michaud et al. (2003) Prospective, 18 years, mailed questionnaire No effect

Grilled red meat, method of meat preparation
Anderson et al. (2002) Case–control study OR increased: 2.19
Ohba et al. (1996) Community-based case–control study: 141 cases, Meat and animal viscera increased risk

282 controls

Smoked meat
Ghadirian et al. (1995) Population-based case–control study of pancreatic Smoked meat: RR 4.68 (CI 2.05–10.69)

cancer and nutrition among the Francophone
population of Montreal: 179 cases, 239 controls

Protein
Farrow et al. (1990) Population-based case–control study, New Risk increased with increasing protein

Mexico: 148 cases vs. 188 controls intake. No association between
pancreatic cancer risk and intake of total 
fat, saturated fat, cholesterol, w-3 fatty 
acids, or vitamins A, C

Salt
Ghadirian et al. (1995) Population-based case–control study of pancreatic High consumption of salt: RR 4.28 (CI

cancer and nutrition among the Francophone 2.20–8.36)
population of Montreal: 179 cases, 239 controls 

Various
Ghadirian et al. (1995) Population-based case–control study of pancreatic Dehydrated food: RR 3.10 (CI 1.55–6.22).

cancer and nutrition among the Francophone Fried food: RR 3.84 (CI 1.74–8.48)
population of Montreal: 179 cases, 239 controls Refined sugar: RR 2.81 (CI 0.94–8.45)
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Table 41.3 Continued

Study Study design Risk

Ji et al. (1995) Case–control study in Shanghai: 451 vs 1552 No association: preserved animal foods, 
fresh red meat, organ meat, poultry

Risk increased: preserved vegetables, deep 
fried, grilled, cured, or smoked foods

Baghurst et al. (1991) Case–control study, South Australia: 104 cancers Food items consumed more by cases than
vs. 253 controls. Quantitative food-frequency controls: boiled eggs, omelettes, sweet,
questionnaire, 179 items, about diet 1 year prior fatty items. RR for the highest quartile
to diagnosis of cholesterol 3.19 (CI 1.58–6.47)

Bueno de Mesquita Case–control study, Netherlands: 164 cancers vs. Increased risk: high consumption of eggs,
et al. (1991) 480 controls. Semi-quantitative food-frequency fish, low consumption of vegetables

questionnaire about diet 1 year prior to diagnosis.
Half the cases directly interviewed

Zatonski et al. (1991) Case–control study, south-west Poland: 110 Increased risk: cholesterol, RR 1.90, 3.77,
cancers vs. 190 controls. Diet history 4.31 for the 3 upper quartiles compared

with the lowest
Howe et al. (1990) Case–control study, Toronto: 249 cases vs. 505 Positive association with total caloric

controls intake, RR 2.39 (CI 1.18–4.83) 
(highest vs. lowest quartile). Inverse 
associations with fiber from fruit, 
vegetable, cereal sources

Mills et al. (1988) Prospective study among 34 000 California Compared with all US whites, 
Seventh-day Adventists, 1976–83; 40 deaths Adventists have decreased risk of 
from pancreas cancer occurred pancreas cancer, SMR 72 for men, 90 

for women, not statistically significant
Norell et al. (1986) Population-based case–control study, Sweden: Risk increased: higher consumption of

99 cases vs. 138 population controls vs. 163 fried, grilled meat, RR 1.7 (CI 1.1–2.7)
hospital controls for weekly intake; RR 13.4 (CI 2.4–

74.7) for associations found with 
other fried or grilled foods, not with 
meat other than fried or grilled

Risk increased with the intake of 
margarine, RR 9.7 (CI 3.1–30.2)

No excess risk associated with high intake 
of butter

Low risk associated with frequent 
consumption of fruits, vegetables, 
particularly carrots, RR 0.3 (CI 0.2–0.7) 
citrus fruits, RR 0.5 (CI 0.3–0.9)

No associations: coffee, artificial 
sweeteners, alcohol consumption

Threefold increase in risk: smoking 
at least one pack of cigarettes daily

Gold et al. (1985) Case–control study, Baltimore: 201 cancers vs. Increased risk: white bread
201 hospital and nonhospital controls Decreased risk: raw fruits, vegetables, diet 

soda, white wine
No association: coffee

Durbec et al. (1983) Retrospective study: 69 cancer patients vs. 199 RR increases with fat and alcohol intake.
normal subjects interviewed No association with protein intake.

Decreased risk: carbohydrate intake and
duration of alcohol consumption

ANOVA, analysis of variance; CI, 95% confidence interval; HR, hazard ratio; OR, odds ratio; RR, relative risk; SMR,
standardized mortality ratio.
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Table 41.4 Occupational, medical, and environmental risk factors for pancreatic cancer.

Study Study design Risk

Acrylamide
Marsh et al. (1999) Cohort of 8508 workers with potential exposure Significant 2.26-fold risk (CI 1.03–4.29)

to acrylamide with cumulative exposure to acrylamide
> 0.3 mg/m3.years. No exposure–response 
relation

Aluminum polycyclic aromatic hydrocarbons
Romundstad et al. (2000) Cancer incidence 1953–96 among 11 103 men Higher incidence, no dose correlation
Ronneberg et al. (1999) employed for more than 3 years

Cadmium
Schwartz et al. (2000) Metaanalysis SMR 166; CI 98–280; P = 0.059

Chlorinated hydrocarbon solvents
Ojajarvi et al. (2001) Metaanalysis, 1969–98 Weak excesses: trichloroethylene, MRR 1.24; 

polychlorinated biphenyls, MRR 1.37; 
methylene chloride, MRR 1.42; vinyl 
chloride, MRR 1.17; carbon 
tetrachloroethylene, MRR 3.08; 
chlorohydrin, MRR 4.92

No risk: tetrachloride

Organochlorine pesticides
Clary & Ritz (2003) Pesticide reporting system for residents of Elevated for long-term residents in areas with

high-use areas: pancreatic cancer vs. random highest dose
controls

Hoppin et al. (2000) Serum from 108 pancreatic cancer cases and 82 Polychlorinated biphenyls (PCBs) and
controls aged 32–85 years transnonachlor: significantly greater among 

cases than controls. Subjects in the highest 
tertile of PCBs (≥ 360 ng/g lipid): OR 4.2

Pesticides, fungicides, and herbicides
Ji et al. (2001) Case–control study Increased risk: ORs of 1.3 and 1.4 for low

and moderate/high exposure to pesticides
Fungicides: OR 1.5
Herbicides: OR 1.6

Alguacil et al. (2000) Direct interview with patient; 164 pancreatic For each type of pesticide group: moderately
cancer cases increased ORs in the high-intensity 

category. Highest for arsenical pesticides 
(OR 3.4, CI 0.9–12.0). ORs for aniline 
derivatives, dyes, and organic pigments: 
higher for high-intensity exposure

Chromium: medium/high level of exposure
Weiderpass et al. (2003) Cohort including all female workers born RR of exposure 1.8 (CI 1.0–3.1)

1906–45

DDT (Ethylan and DDD)
Garabrant et al. (1992) Cohort mortality study among 5886 chemical Increased risk: RR for ever exposed compared

manufacturing workers. Nested case–control with never exposed 4.8 (CI 1.3–17.6)
study: 28 cancer cases vs. 112 matched DDT risk: heavy and prolonged exposure
controls. Next of kin interview

Education
Ferraroni et al. (1989) Case–control study, Italy: 214 cases vs. 1944 No association

controls
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Table 41.4 Continued

Study Study design Risk

Formaldehyde
Collins et al. (2001) Metaanalysis: 14 studies Small increase of risk in the studies overall

(MRR 1.1, CI 1.0–1.3) limited to 
embalmers (MRR 1.3, CI 1.0–1.6), 
pathologists, anatomists (MRR 1.3, CI 
1.0–1.7). Other factors responsible?

Kernan et al. (1999) 63 097 persons who died from pancreatic cancer Occupational exposure associated with a
in the period 1984–93; 252 386 persons who moderately increased risk: ORs 1.2, 1.2,
died from causes other than cancer 1.4 for subjects with low, medium, and high 

probabilities of exposure

Latitude
Kato et al. Internationally and within Japan, strong 

positive association between latitude and 
pancreatic cancer mortality, strong negative 
association with the average temperature: 
“factors related to latitude or average 
temperature other than diet involved?”

Lead
McDonald & Potter Lead poisoning in 454 children, 1923–66 Two pancreatic cancers many years later

(1996)

Leather
Mikoczy et al. (1996) Case–control study cohort of 2487 workers Association of exposure to leather dust and

employed for at least 6 months during the pancreatic cancer: OR 7.19 (CI 1.44 to 
period 1900–89 in Swedish leather tanneries: 35–89)
68 cancer cases (lung, stomach, bladder, Data tentative due to small numbers
kidney, nasal, pancreatic cancers, soft-tissue 
sarcomas) vs. 178 controls 

Costantini et al. (1989) 2926 male workers at tanneries compared with Slight increase of risk: SMR 146 (CI 39–373)
national mortality

Resin: vinyl resins and polyethylene
Selenskas et al. (1995) Case–control study: 28 cancers vs. 140 controls Increased risk in men with more than 16 years

of exposure: RR 7.15 (CI 1.28–40.1)

Styrene
Kolstad et al. (1995) 36 610 workers of 386 plastics companies and IRR 2.2, 17 cases, CI 1.1–4.5

14 293 workers not exposed to styrene. 
Follow-up from 1970 to 1990

Sulfite pulp
Rix et al. (1997) 2238 workers employed 1955–90, historic Risk of pancreatic cancer almost doubled

cohort, followed until 1993 (7 observed, SIR 1.88, CI 0.75–3.88)

Thorotrast
Nyberg et al. (2002) Computerized linkage of a cohort with the SIR significantly increased for cancers

Swedish Cancer Register at all sites (3.0), largest for primary liver and 
gallbladder cancer (SIR 39.2)

Polednak et al. (1983) Cohort of 3039 men employed 1940–73 at a SMRs high: 2.01 (CI 0.92–3.82). Smoking a
company involved in the production of confounding factor
thorium

Undefined biological research
Rachet et al. (2000) Metaanalysis: 45 studies Low overall risk: RR ranging from 0.5 to 6.3.

Confounding factors?

Continued



Table 41.4 Continued

Study Study design Risk

Various occupational exposures
Ojajarvi et al. (2000) Metaanalysis: 1969–98 Chlorinated hydrocarbon solvents, MRR 1.4; 

nickel, MRR 1.9; chromium, MRR 1.4; 
polycyclic aromatic hydrocarbons, MRR 
1.5; organochlorine insecticides, MRR 1.5; 
silica dust, MRR 1.4; aliphatic and alicyclic 
hydrocarbon solvents, MRR 1.3. Weak or 
nonpositive: acrylonitrile, arsenic, asbestos, 
diesel engine exhaust, electromagnetic 
fields, formaldehyde, flour dust, cadmium, 
gasoline, herbicides, iron, lead, synthetic 
vitreous fibers, oil mist, wood dust.
Occupational etiologic fraction of 
pancreatic cancer estimated at 12%

Kauppinen et al. (1995) Case–control study in Finland: exposure Elevated risk: ionizing radiation, OR 4.3
histories for 595 incident cases of pancreatic (CI 1.6–11.4); nonchlorinated solvents,
cancer vs. 1622 controls OR 1.6–1.8; pesticides, OR 1.7 (CI 

0.8–3.4); inorganic dust containing 
crystalline silica, OR 2.0 (CI 1.2–3.5); heat 
stress, OR 2.2 (CI 0.8–6.6); rubber 
chemicals including acrylonitrile, OR 2.1 
(CI 0.9–4.7)

No association: asbestos, chromates, cleaning
agents, waxes, polishes

Ji et al. (1999) 451 pancreatic cancer patients newly diagnosed Increased risk of pancreatic cancer in men:
in 1990–93 and 1552 controls randomly electrician, OR 7.5 (CI 2.6–21.8); metal
selected from Shanghai residents. Information workers, OR 2.1 (CI 1.0–4.8); toolmakers,
on lifetime job history and other factors OR 3.4 (CI 14–7.1); plumbers and welders,
obtained by direct interview OR 3.0 (CI 1.2–7.5); glass manufacturers, 

potters, painters, and construction 
workers, OR 2.6 (CI 1.1–6.3)

Partanen et al. (1994) Job history information from next of kin of 625 Increases in risk suggested: stone mining, OR
incident cases of pancreatic cancers vs. 1700 3.7; cement and building materials, OR 11.1;
cancers of stomach, colon, rectum pharmacists and sales associates in 

pharmacies, OR 12.9; male wood 
machinists, OR 4.1; male gardeners, OR 
6.7; female textile workers, OR  5.4; male 
transport inspectors and supervisors, OR 9.4

Pietri et al. (1990) Case–control study, France: 171 cases vs. 317 Increased risk for workers in: food industry,
controls OR 1.86; leather industry, OR 1.63; textile 

industry, OR 2.30; printing, OR 1.54; 
building materials, OR 2.16

Falk et al. (1990) Hospital-based case–control study in high-risk Elevations in risk: white-collar occupations
area of Louisiana, 1979–83: 198 cases vs. 209
controls

Waste
Schwartz et al. (1998) Florida’s population-based cancer registry. Incidence for pancreatic cancer from 0 to 8.1/

Whites with median household income, per 100 000 per year. Correlation with income
county. Prevalence of cigarette smoking. (r = 0.35), cigarette smoking (r = 0.39), and
Measures of per-capita municipal solid waste solid waste (r = 0.47), especially yard 
collection trash (due to herbicides, insecticides?)

CI, 95% confidence interval; IRR, individual relative risk; MRR, meta-relative risk; OR, odds ratio; RR, relative risk; SIR,
standardized incidence ratio; SMR, standardized mortality ratio.

PART I I I

346



CHAPTER 41

347

Table 41.5 Genetic risk factors of pancreatic cancer.

Study Study design Risk

Family history
Fernandez et al. (1994) Case–control study, northern Italy: 362 pancreatic RR 3.0 (CI 1.4–6.6)

cancers vs. 1408 controls

Smoking and number of family members having pancreatic carcinoma
Rulyak et al. (2003) Nested case–control study Additional risk factor in familial pancreatic

carcinoma: OR 3.7

Black vs. white
Silverman et al. (2003) Population-based case–control study No difference. Increased risk in blacks due

to different lifestyle
Young et al. (1975) Increased risk in blacks

Familial atypical multiple mole melanoma (FAMMM)
Vasen et al. (2000) Dutch FAMMM families with a 19-bp deletion Cumulative risk at age 75: 17%

in exon 2 of the p16 gene (p16-Leiden) Only in FAMMM carrying the p16 mutation

CI, 95% confidence interval; OR, odds ratio; RR, relative risk.

increased risk for pancreatic cancer (relative risk 2.26,
95% CI 1.26–4.06, P = 0.004).

Family history of pancreatic cancer confers a 1.5–13-
fold elevated risk of developing pancreatic cancer
(Table 41.5). In a nested case–control study, one-third
of families demonstrated genetic anticipation. The
mean age of onset decreased by two decades between
generations. Furthermore, smoking seems to be a very
strong risk factor in familial pancreatic cancer kin-
dreds. In families with multiple affected first-degree rel-
atives the risk is further increased. However, familial
clustering of pancreatic cancer could also be due to
chance, exposure to environmental factors such as 
cigarette smoking, and/or polygenetic or mendelian in-
herited factors. In a study from the Swedish Family-
Cancer Database of 10.2 million individuals and
21 000 pancreatic cancers, the SIR for pancreatic ade-
nocarcinoma was increased (1.73, 95% CI 1.13–2.54)
when a parent presented with pancreatic cancer. Pan-
creatic cancer showed an association with parental
lung, rectal, or endometrial cancer and with
melanoma. The SIR for pancreatic cancer was about 10
among offspring who were diagnosed before the age of
50 years. The population-attributable proportion of fa-
milial pancreatic cancer in this study was only 1.1%,
lower than the data in the literature. In another study

from Canada, the lifetime risk of pancreatic cancer was
4.7% for first-degree relatives of pancreatic cancer
cases. The risk increased up to 7.2% for relatives of
cases diagnosed before age 60, and was 12.3% for rela-
tives of patients with multiple primary cancers. In an-
other study, the risk of pancreatic cancer in the sporadic
pancreatic cancer kindreds was not significantly
greater than expected. However, there was a signifi-
cantly increased 18-fold risk of pancreatic cancer when
more than one family member was affected. In a subset
of familial pancreatic cancer kindreds with three or
more affected family members at the time of enrolment,
there was even a 57-fold increased risk. When stratified
by age, the risk was mainly confined to relatives over
the age of 60.

For many decades, the incidence of pancreatic cancer
has been 50–90% higher among blacks than among
whites in the USA. Established risk factors such as ciga-
rette smoking, long-term diabetes mellitus, and family
history of pancreatic cancer account for 46% of the dis-
ease in black men and for 37% in whites. This might ex-
plain all but 6% of the excess risk among blacks.
Among women, the authors report that other factors
may contribute to the racial disparity, i.e., moderate to
heavy alcohol consumption and elevated BMI. Accord-
ing to this study, in the absence of these risk factors,



Table 41.6 Factors reducing risk of pancreatic cancer.

Study Study design Risk

Aspirin
Menezes et al. (2002) Hospital-based case–control study Not reduced

Energy-adjusted carbohydrate intake
Stolzenberg-Solomon Prospective study, 27 111 male smokers aged HR 0.62; CI 0.37, 1.03; P-trend 0.02

et al. (2002) 50–69 years: Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study cohort

Dietary folate
Stolzenberg-Solomon Prospective study, 27 111 male smokers aged Slight decreased risk: adjusted HR

et al. (2001) 50–69 years comparing the highest with the lowest
quintile of dietary folate intake: 0.52 
(CI 0.31, 0.87); P-trend 0.05

Various nonsteroidal antiinflammatory drugs 
Anderson et al. (2002) Prospective study RR reduction with any current use of 

aspirin vs. no use: 0.57

Olive oil
La Vecchia et al. (1997) Case–control study: 362 pancreatic cancer cases Reduced risk: multivariate OR 0.76 for

and 1502 controls intermediate and 0.60 for highest score
of intake

Various fruits, vegetables, etc.
Ohba et al. (1996) Community-based case–control study: 141 cases, Vegetables, traditional Japanese foods,

282 controls e.g., tofu, deep-fried tofu, raw fish, and 
tempura: reduced risk

Ji et al. (1995) Case–control study in Shanghai: 451 vs. 1552 Risks inversely associated: vegetables, 
fruits, dietary fiber, eggs

Kalapothaki et al. (1993) Hospital-based case–control study: 181 patients No associations for total energy, total
vs. 181 controls. Semiquantitative food-frequency protein, fat, saturated fat,
questionnaire monounsaturated fat, dietary 

cholesterol, total carbohydrates, 
sucrose, vitamin C, vitamin A, 
riboflavin, or calcium

Lyon et al. (1993) Case–control study: 149 cases vs. 363 controls, Utah No protective effect among men who
consumed large amounts of fruits,
vegetables, or high-fiber foods. 
Protective effect in women for these 
foods: OR for upper tertile of fruit 
consumption, 0.37 (CI 0.18–0.81);
OR for upper tertile of vegetable 
consumption, 0.32 (CI 0.13–0.74);
OR for upper tertile of fiber 
consumption, 0.28 (CI 0.12–0.67)

Olsen et al. (1991) Case–control study, Minnesota: 212 cases vs. 220 Negative trends observed for
controls. Family interviews about diet 2 years polyunsaturated fat, linoleic acid,
prior to death vitamin C, i.e., vegetables, citrus fruits
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Table 41.6 Continued

Study Study design Risk

Baghurst et al. (1991) Case–control study, South Australia: 104 cancers Food items consumed less: vegetables,
vs. 253 controls. Quantitative food-frequency fruits
questionnaire, 179 items, about diet 1 year prior
to diagnosis.

Zatonski et al. (1991) Case–control study, south-west Poland: 110 Decreased risk: vitamin C, RR 1.10,
cancers vs. 190 controls. Diet history 0.30, 0.37

La Vecchia et al. (1990) Hospital-based case–control study, northern Some tendency for risk reduction with
Italy: 247 cancers vs. 1089 controls more frequent fruit consumption

Mills et al. (1988) Prospective study among 34 000 California Decreased risk: increasing consumption
Seventh-day Adventists, 1976–83; 40 deaths of vegetarian protein products, beans,
from pancreas cancer occurred lentils, peas, dried fruit

Vitamins:a-tocopherol, b-carotene
Rautalahti et al. (1999) 29 133 participants in the Alpha-Tocopherol, No efffect

Beta-Carotene Cancer Prevention Study.
Male smokers

CI, 95% confidence interval; HR, hazard ratio; OR, odds ratio; RR, relative risk.
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pancreatic cancer incidence rates among blacks would
probably not exceed those among whites of either sex.

Table 41.6 outlines the factors that have been found
to reduce the risk of pancreatic cancer, and Table 41.7
reports important new work on the role of aspirin.
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Table 41.7 Role of Aspirin.

Study Study design Risk

Menezes et al. (2002) Hospital-based case–control study Not reduced
Schernhammer et al. (2004) 88.378 women, Nurses Health Study, Aspirin intake at least 650 mg/week >20 years: 

interview every two years increased risk 58%
RR 1.43; CI 1.05–1.95
Potential confounding factors: selection bias, 

overweight, diabetes, smoking.
Discarding patients who developed cancer within the 

first two yrs of aspirin intake: no increased risk, RR 
1,15; CI 0.83–1.59. Potential explanation: aspirin 
intake due to pain in unknown pancreatic cancer 
(confounding by indication)
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The pancreas consists of acinar, ductal, and endocrine
cells and is a mitotically quiescent tissue that is highly
differentiated. In the past decades, there has been a 
significant increase in our knowledge of the biology
and pathophysiology of pancreatic cancer, but a great
number of the mechanisms involved are yet to be fully
comprehended.

In normal eukaryotic cells, cell growth, cell differen-
tiation, and cell death are controlled and regulated
through various signals that are well coordinated to en-
able the maintenance of cell homeostasis. In malignant
cells, such as in pancreatic cancer, increased dysregula-
tion of important signaling pathways has been ob-
served and many such neoplastic cells need neither
mitogenic signaling to develop and further proliferate,
nor do they react to inhibitory signals. This is thought
to be the result of molecular changes that have been
mainly observed in protooncogenes and oncogenes,
tumor-suppressor genes, DNA repair genes, and
longevity genes that control apoptosis (programmed
cell death). Hanahan and Weinberg have described 
the typical characteristics of tumor cell growth 
(Table 42.1).

In pancreatic cancer, some genes and gene products
have been reported to be mutated, amplified, de-
creased, or overexpressed. These include growth fac-
tors and their receptors (Table 42.2) and important
intracellular signal transducers like protein-serine/
threonine kinases (e.g., AKT2) and guanine nucleotide-
binding proteins (e.g., K-ras) and nuclear transcription
factors (e.g., c-myc, c-fos).

In the next sections some of the most important fac-
tors involved in the molecular biology and pathophysi-
ology of pancreatic adenocarcinomas are outlined in

more detail, including some growth factors and their
receptors and different therapeutic approaches in re-
gard to these.

Epidermal growth factor receptor family
and its ligands

Members of the epidermal growth factor (EGF) recep-
tor family consist of four homologous transmembrane
proteins that bind various growth actors, thereby 
resulting in signal transduction. The EGF receptor
(EGFR) family consists of the following members:
• human EGFR type 1 (HER1/EGFR/c-erbB1);
• human EGFR type 2 (HER2/c-erbB2/Neu);
• human EGFR type 3 (HER3/c-erbB3);
• human EGFR type 4 (HER4/c-erbB4).

EGFR-1 belongs to one of the most extensively re-
searched growth factor receptors in oncology and it has
been found to be significantly overexpressed in human
pancreatic cancer. EGFR-1 is a 170-kDa glycosylated
phosphoprotein that exerts a profound effect on cell
differentiation. Furthermore, it is a potent mitogenic
factor for a variety of cultured cells of both ectodermal
and mesodermal origin. The molecular structure of
EGFR consists of an extracellular ligand-binding do-
main, a transmembrane domain, and an intracellular
domain with tyrosine kinase activity.

EGF and transforming growth factor (TGF)-a are
prototype growth factors and can bind to EGFR, re-
sulting in its activation. Early studies in pancreatic 
cancer showed that the overexpression of EGFR is 
associated with increased production of EGF and 
TGF-a, thereby promoting autocrine and paracrine
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Table 42.1 Basic characteristics of tumor cells and the role of growth factors and their receptors in pancreatic cancer. (After
Hanahan & Weinberg 2000.)

Characteristics of malignant growth Pancreatic cancer*

Autonomous growth control Increased expression of EGF, FGF, PDGF, IGF, and their receptors
Resistance to growth inhibition Increased expression of TGF-b and its receptors; Smad4 mutation Smad6/7

overexpression
Resistance to apoptosis Increased expression of EGF, IGF, and their receptors
Angiogenesis Increased expression of VEGF, FGF-2, and their receptors
Invasiveness and metastasis Increased expression of HGF, TGF-b, NGF, uPA, and their receptors; decreased expression

of KAI-1

* See text and Table 42.2 for definition of abbreviations.

Table 42.2 Important families of growth factors and their receptors that play a major role in pancreatic cancer.

BMP-2, bone morphogenic protein-2; HB-EGF, heparin-binding EGF-like growth factor; KGF, 
kartilague growth factor.

Growth factor Receptor

Epidermal growth factor (EGF) family EGF EGFR (HER1)
TGF-a HER2
Cripto HER3
Amphiregulin HER4
Betacellulin
HB-EGF
Epiregulin

Fibroblast growth factor (FGF) family FGF-1 FGFR-1
FGF-2 FGFR-2
KGF FGFR-3

FGFR-4
Insulin-like growth factor (IGF) family IGF-I IRS-1

IGF-II IRS-2
Hepatocyte growth factor (HGF) family HGF c-met
Platelet-derived growth factor (PDGF) family PDGF PDGFR-a

PDGFR-b
Vascular endothelial growth factor (VEGF) family VEGF Flk-1/KDR

VEGF-C Flt-1
PD-ECGF

Nerve growth factor (NGF) family NGF TrkA
Transforming growth factor (TGF)-b family TGF-b1 TbRI

TGF-b2 TbRII
TGF-b3 TbRIII
Activin-bA actRI/Ib
Activin-bB actRII
Inhibin-a BMPR-IA
BMP-2 BMPR-II

Urokinase plamsinogen activator uPA uPAR



loops that boost cell proliferation and malignant trans-
formation. In addition to EGF and TGF-a, EGFR is 
further activated by different peptide ligands, e.g., he-
parin-binding EGF-like growth factor (HB-EGF), am-
phiregulin, betacellulin, neuregulin, and epiregulin
among others, that bind to its extracellular fragment
with high affinity and trigger a signaling cascade that
results in cell proliferation and other cell functions. All
these growth factors share high homology with EGF.

In accordance with early results obtained from
human pancreatic cancer tissue, cultivated human pan-
creatic cancer cell lines show overexpression of betacel-
lulin. EGF and HB-EGF promote the expression of
betacellulin mRNA and it is assumed that betacellulin
expression in pancreatic cancer cells is additionally 
regulated by other ligands of the EGF family. These 
observations suggest that upregulation of a growth 
factor may induce enhanced expression of other
growth-promoting factors, thereby multiplying its own
mitogenic activity tremendously.

A further member of the EGF family is amphiregulin.
Immunohistochemical analysis has revealed that one-
third of pancreatic cancer tissues exhibit cytoplasmic
amphiregulin expression. It was also found that this ex-
pression was frequently associated with coexpression
of EGFR. Survival analysis of tumor-resected patients
revealed shorter survival for the patients with increased
coexpression of both factors compared with those
without simultaneously increased expression.

In contrast, neither HB-EGF nor the coexpression of
HB-EGF and EGFR is associated with poorer patient
prognosis, indicating that overexpression of growth
factors is not definitely accompanied by a poor survival
prognosis. Recent studies have shown that epiregulin,
which is expressed in pancreatic carcinoma, also pos-
sesses the potential to stimulate pancreatic cancer cell
growth in vitro.

The significance of the HER1 signaling pathway on
the pathogenesis and growth behavior of pancreatic
cancer is also underlined by correlation of the molecu-
lar findings with clinical outcome. Simultaneously high
levels of HER1, TGF-a, and/or EGF are related to re-
duced patient survival postoperatively, indicating that
this signaling cascade plays a significant role in the
growth and malignant transformation of pancreatic
cells and blockage of the EGF signalling pathway seems
to be a clinically relevant target.

The c-erb2 gene (HER2) encodes a receptor not 
capable of directly binding a ligand. This receptor acts

as a coreceptor for other EGFRs. In vitro studies indi-
cate that HER2 leads to malignant cell transformation,
as previously shown for other EGFRs. Interestingly,
high HER2 expression levels are associated with better
tumor differentiation and not with shorter survival and
poorer prognosis.

In accordance with the findings for the HER1 recep-
tor, the expression of HER3 is significantly overex-
pressed in pancreatic adenocarcinomas. Correlation
analysis revealed an association of HER3 overexpres-
sion with poor prognosis and shorter postoperative
survival in pancreatic cancer.

HER4 serves as receptor for different ligands, such as
betacellulin, HB-EGF, epiregulin, as well as the neure-
gulins. Recently, it was reported that lack of HER4 
expression might increase the metastatic capacity of
pancreatic cancer cells. However, since HER4 levels in
UICC stages I and II are increased but are comparable
to those in normal pancreatic tissue in stages III and IV,
the role of HER4 in pancreatic cancer is still not clearly
understood and deserves further investigation.

Since the EGF family and its receptors are involved in
tumor progression and mediate growth effects in pan-
creatic cancer, they serve as targets for new treatment
concepts. It is the aim of these concepts to interrupt
EGFR signal transduction and thereby inhibit tumor
growth (Table 42.3). In vitro studies have revealed the
antitumoral effects of amphiregulin antisense oligonu-
cleotides in pancreatic cancer cell lines. These antisense
oligonucleotides are constructed to bind amphiregulin
mRNA and to inhibit translation of amphiregulin
mRNA to the functional protein. This concept is still
experimental and not yet validated for anticancer treat-
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Table 42.3 Examples of tested therapeutic approaches in
anticancer treatment by inhibition of EGF-family peptides
and their receptors.

Therapeutic approach Target molecule

Tyrosine kinase inhibitor HER1
(e.g., PKI116, ZD 1839)

Antibody (e.g., CD225, Astra HER1- HER1, HER2
Antibody, Herceptin)

Dominant-negative receptors HER1
Riboenzymes HER2
Antisense oligonucleotides Amphiregulin



ment in humans. Another approach for interrupting
EGFR signal transduction is to create a dominant-
negative EGFR. In this approach, the ligand binds to
the receptor but without causing signal transduction.
Recent in vitro studies using this technique revealed
promising results with regard to growth inhibition of
pancreatic cancer cells. Furthermore, tyrosine kinase
inhibitors (e.g., PKI116 and ZD1839) have been used
to block EGFR signal transduction and led to growth
inhibition of cancer cell lines and of pancreatic cancer
xenografts in nude mice.

The most promising therapeutic approach for dis-
rupting growth factors and their signaling cascades in-
volves the use of HER antibodies, e.g., Herceptin and
C225. Recently, treatment of human pancreatic cancer
cell lines and tumor xenografts in nude mice with a
combination of an anti-EGFR antibody, gemcitabine,
and radiation was examined. Treatment of cancer cells
with a combination of Erbitux, gemcitabine, and radia-
tion produced the highest induction of apoptosis and
inhibition of proliferation in vitro. Moreover, combi-
nation treatment resulted in complete regression of
xenograft tumors for more than 250 days.

Phase I trials with monoclonal HER antibodies
showed antibody binding to tumor EGFRs and demon-
strated saturation of the receptors. Phase Ib/IIa trials in
advanced head and neck cancer revealed good clinical
response in combination with radiochemotherapy.
Over 500 patients have been treated with the mono-
clonal antibody C225 and have shown only little evi-
dence of immunogenicity, with only 4% of patients
developing antibodies against C225.

Transforming growth factor-b and
its receptors

TGF-b belongs to an important family of cytokines that
bind to specific cell-surface receptors. These cytokines
influence cell division, cell death, structure of the extra-
cellular matrix, and angiogenesis. Three TGF-b iso-
forms (TGF-b1, TGF-b2, and TGF-b3) and three types
of TGF-b receptor (TbRI, TbRII, and TbRIII) have
been characterized. All three TGF-b isoforms are over-
expressed in pancreatic cancer in vivo. However, only
TbRI and TbRII, but not TbRIII, are overexpressed in
pancreatic cancer tissues. Since the TGF-b signaling
pathway is upregulated in the extracellular compart-

ment, it was thought that it might support cell invasive-
ness, metastasizing potential, and angiogenesis. This
hypothesis was supported by analysis of the survival
time of pancreatic cancer patients and expression of
TGF-b isoforms which showed that overexpression of
these factors was associated with aggressive tumor
growth and reduced postoperative survival.

Since TGF-b functions as a strong inhibitor of prolif-
eration in cells of epithelial origin, it was not under-
stood why pancreatic cancer cells remain resistant to
the inhibitory signals of TGF-b. However, further 
molecular analysis of the TGF-b pathway revealed 
that the loss of growth inhibition in pancreatic cancer
can be explained by mutations of the tumor-suppressor
gene Smad4/DPC4, which is a crucial signaling 
molecule in the intracellular TGF-b pathway. Mutated
Smad4/DPC4 therefore represents one possibility by
which TGF-b-induced growth inhibition is abolished.
The mutation of this gene is identified in about 50% 
of pancreatic adenocarcinomas, which suggests that
Smad4/DPC4 may have a specific promoting role in
pancreatic tumorigenesis.

Deletion or mutational inactivation of the
Smad4/DPC4 gene correlates with loss of responsive-
ness to TGF-b-induced growth inhibition and TGF-b-
inducible p21waf1 expression. Additionally, wild-type
Smad4/DPC4 transfection can reestablish TGF-b-
inducible reporter gene activity in a Smad4/DPC4-
null human pancreatic adenocarcinoma cell line, 
indicating the critical function of Smad4 in pancreatic
carcinogenesis.

The TGF-b signaling pathway inhibitors Smad6 and
Smad7 are also markedly overexpressed in pancreatic
cancers. Smad6 and Smad7 expression is localized in
cancer cells within the tumor mass and also to a lesser
extent in the endothelial cells and chronic pancreatitis-
like areas adjacent to the tumor. Transfection experi-
ments in human pancreatic carcinoma cells with
Smad6 and Smad7 show complete abrogation of the
growth-inhibitory effects of TGF-b. These in vitro and
in vivo data suggest that pancreatic cancer cells have
various barriers to their TGF-b signaling which may
thus allow the cancer cells to escape TGF-b-induced
growth inhibition while still allowing expression 
of metastasis-promoting genes. In addition, tumor 
cell-derived TGF-b may act in a paracrine manner 
to enhance angiogenesis and suppress cancer-directed
immune mechanisms.
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A study that investigated whether lack of TbRII ex-
pression and loss of TGF-b signaling play a role in radi-
ation resistance of pancreatic cancer cells reported that
the loss of function of TbRII may enhance resistance to
radiation-induced apoptosis.

Fibroblast growth factor and 
its receptors

The fibroblast growth factor (FGF) gene family 
consists of a group of homologous growth-promoting
polypeptides:
• FGF-1, also referred to as acidic fibroblast growth
factor (aFGF);
• FGF-2, also referred to as basic fibroblast growth
factor (bFGF);
• FGF-3 (also named int-2);
• FGF-4 (also named Kaposi FGF);
• FGF-5, FGF-6, FGF-7 (also named keratinocyte
growth factor);
• FGF-8 (also named androgen-induced growth 
factor);
• FGF-9.
aFGF and bFGF are closely related prototypes of this
family which are chemotactic toward fibroblasts, pro-
mote cellular differentiation, migration, and angiogen-
esis, and participate in tissue repair.

Analysis of aFGF and bFGF in pancreatic tissue has
revealed their marked overexpression in pancreatic
cancer. Correlation of immunhistochemical data 
with clinicopathologic parameters indicated that the
presence of aFGF and bFGF is associated with 
advanced tumor stage. In addition, bFGF but not 
aFGF immunoreactivity in pancreatic cancer cells is as-
sociated with a shorter postoperative patient survival
period.

Four high-affinity FGF receptors (FGFR-1, FGFR-2,
FGFR-3, and FGFR-4) have been described to date.
They are expressed in normal as well as in pancreatic
cancer tissue. Overexpression of FGF-1 and FGF-3 is
present in many pancreatic cancer tissues and the con-
comitant overexpression of aFGF, bFGF, and FGFR-1
in human pancreatic cancer indicates that paracrine
and autocrine activation of this growth-promoting
pathway may play a role in the induction and progres-
sion of this particular cancer.

Inhibition of tumor angiogenesis as 
a therapeutic approach

Hypoxia in solid malignant tumors

Healthy human organs exhibit PO2 levels of 24–
66 mmHg, whereas in solid tumors these values de-
crease to 10–30 mmHg due to increased oxygen con-
sumption or ineffective and reduced oxygen supply.
Measurement of PO2 in pancreatic cancer tissues re-
veals even lower levels of up to 3 mmHg. Recent data
indicate that tumor hypoxia plays a crucial role in local
and systemic tumor progression, leading to a more ag-
gressive clinical phenotype. Graeber et al. demonstrat-
ed increased growth of p53 mutated cells under low
oxygenation conditions in tumor tissues, whereas wild-
type p53 clones underwent apoptosis under these con-
ditions (Fig. 42.1).

Furthermore, clinical tumor treatment by means of
chemotherapy and radiotherapy is based on cell cycle
disruption, particularly in cells with high mitotic activi-
ty, which is normally a characteristic of tumor cells.
Since proliferating cells consume more oxygen than dor-
mant cells, sufficient oxygenation is required to achieve
adequate response to radiotherapy and chemotherapy.
Therefore, the poor response of pancreatic cancer to
chemotherapy and radiotherapy is in part thought to be
related to the low oxygenation in the tissue.
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Figure 42.1 Increasing distance from tumor cells to blood
vessels leads to hypoxia in the tumor. Hence, the doubling
rate of the tumor decreases and therefore the efficacy of
antitumor therapy. Hypoxia leads to the selection of
malignant cell clones, such as those with p53 mutation and
those lacking E-cadherin expression.



Interestingly, there is broad heterogeneity of oxy-
genation in solid tumors. Frequently they present with
areas of extreme hypoxia adjacent to regions with 
normal oxygenation, i.e., conditions of high and low
oxygenation alternate. Taking this into account, it is
obvious that solid tumors such as pancreatic cancer
have a heterogeneous response to anticancer treatment.

Blood vessels in tumor tissue exhibit numerous fea-
tures that are different from those seen in normal blood
vessels (Table 42.4). These vessels are mainly responsi-
ble for the tumor-specific “microenvironment.” Within
a tumor there are often totally avascular areas
(> 1 mm), whereas large arterial but hypoxic tumor ves-
sels (>20 mm diameter) with PO2 values lower than
5 mmHg are found in the neighborhood. In addition, it
is reported that the presence of hypoxic areas is influ-
enced by neither the distance to and the diameter of sur-
rounding vessels nor the arterial flow and oxygenation
levels.

The important and prominent role of tumor angio-
genesis was first described by Folkman, who postulated
the phenomenon of “tumor dormancy” in the absence
of neovascularization. It is recognized that angiogene-
sis is not only essential for tumor growth but is also im-
plicated in the initial progression from premalignant
tumor to invasive cancer, and in the growth of dormant
micrometastases into clinically detectable metastatic
lesions.

Angiogenesis is a complex process regulated through
the production of several proangiogenic and antiangio-
genic factors. Under physiologic conditions, inhibitory
factors such as endostatin predominate, but various
signals can tip the balance in favor of angiogenesis, the
so-called “angiogenic switch.” The main signaling
molecules responsible for this phenomenon are vascu-
lar endothelial growth factor (VEGF) and bFGF. 
Further details are shown in Fig. 42.2.

Recent studies reveal evidence that antiangiogenic
therapy may be a powerful tool for antitumor thera-

pies. Avascular tumors are only able to reach a diameter
of 1 mm. Therefore, tumor cell survival is closely asso-
ciated with tumor angiogenesis, which is mainly regu-
lated by angiogenic cytokines. The most important
angiogenic factor is VEGF and its receptors (VEGF-RI,
VEGF-RIII). Endothelial cells express these receptors
and respond to VEGF by migration and proliferation.
This mechanism is not active under physiologic condi-
tions. However, if PO2 decreases, due to arteriosclerosis
or uncontrolled tumor growth, VEGF is produced and
secreted to induce new blood vessels. The detailed
mechanisms by which the cells recognize low oxygena-
tion levels and by which signaling pathways react to 
hypoxia are still not clearly understood. However, it is
known that hypoxia activates specific transcription
factors, such as hypoxia inducible factor (HIF)-1. HIF-
1 itself regulates VEGF synthesis and thereby promotes
angiogenesis and better oxygenation of the tumor cells.

At the annual meeting of the American Society of
Oncologists in 2003, the promising results of a large
clinical trial were presented showing that the antian-
giogenic drug Avastin prolonged the lives of patients
with advanced colon cancer. In contrast, no benefits of
Avastin could be shown in an earlier breast cancer trial.
Avastin is an antibody that blocks VEGF, thereby in-
hibiting angiogenesis. The reasons why the anti-VEGF
antibody worked in the colon cancer trial but not in the
breast cancer trial are not obvious. They are thought to
lie in the differences in the two patient groups and in the
different natures of their cancers. Currently, there are a
number of clinical trials that are evaluating the impact
of different antiangiogenic drugs in cancer therapy.

The impact of this new therapeutic approach on 
pancreatic cancer deserves to be investigated in ran-
domized controlled clinical trials. Since Büchler et al.
demonstrated that VEGF and its receptors regulate an-
giogenesis and local tumor growth in pancreatic cancer,
it has been assumed that antiangiogenic therapy could
also play a role in pancreatic cancer treatment.

Significance of present knowledge

Even if our knowledge of the biology and pathophysi-
ology of pancreatic cancer is still fragmentary, a num-
ber of the above-mentioned studies show that certain
molecular changes in pancreatic cancer are associated
with enhanced tumor aggressiveness and shortened
postoperative survival times. Although the specific
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Table 42.4 Characteristics of blood vessels in tumor tissue.

Heterogeneous irregular vessel structure
Decreased blood flow
Arteriovenous shunts
Blind-ending vessels
Missing innervation, no inner muscular layer
Fenestrated endothelial layer and basal layer



mechanisms involved in these processes are yet to be en-
tirely explained, the present knowledge could still find
use, e.g., particular proteins as diagnostic and prognos-
tic genetic markers. This could, in future, allow the se-
lection of those cancer patients with a potentially poor
prognosis, who would then be subjected to extended
surgical and more aggressive adjuvant therapy that
could improve their chances of survival. Some of the
aforementioned growth factors and their ligands could
not only be used in the development of genetic screen-
ing tests for early diagnosis of pancreatic cancer, 
but could also act as specific targets for specific 
pharmacotherapy.

A milestone in these explorations is the use of anti-
EGF and anti-HER antibodies (Herceptin), which are
already in clinical use for some cancers but have still not
been tested for pancreatic cancer. Further studies will

be addressed to evaluate these antitumoral strategies in
pancreatic cancer.

This knowledge of the molecular biology and a better
understanding of the pathophysiology of pancreatic
cancer is therefore of extreme importance and deserves
further research in order to develop better diagnostic
and therapeutic concepts.
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Figure 42.2 Simplified overview of key steps in angiogenesis.
Proangiogenic factors, e.g. vascular endothelial growth
factor (VEGF), are released by tumor cells and diffuse into
the surrounding tissue. VEGF binds to the endothelial cells of
preexisting blood vessels and activates these. This cross-link
between the tumor cells and the endothelial cells results in the
secretion and activation of various proteolytic enzymes, e.g.,
matrix metalloproteinases that degrade the basement
membrane and the extracellular matrix. The stimulation of
activated epithelial cells by growth factors results in the

migration of epithelial cells toward the tumor. The
development of new blood vessels is supported by integrin
molecules, such as avb3-integrin. To stabilize the new vessels,
supporting cells are attracted by the endothelial cells
depositing a new basement membrane and secreting growth
factors, such as platelet-derived growth factor (PDGF).
PDGFR, platelet-derived growth factor receptor; VEGFR,
vascular endothelial growth factor receptor. (After
Cristofanilli et al. 2002.)
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In 1988, Perucho et al. reported that most human 
pancreatic carcinomas contain a mutant K-ras gene.
Over the past 15 years, many studies have been 
conducted to elucidate the genetics involved in 
pancreatic carcinogenesis. Human pancreatic tissue,
including pancreatic adenocarcinoma (Fig. 43.1), has
been difficult to obtain for research purposes until a
number of cell lines and models of the disease in ex-
perimental animals became available in laboratories
worldwide. In addition, new insights have been gained
with the introduction of molecular biology techniques.
As a result, relevant advances have contributed to a
change, at least partly, in the classical nihilistic ap-
proach so widely present among basic scientists and
clinicians when facing a disease with such a dismal
prognosis.

The present chapter begins with a brief update on the
pivotal role played by certain oncogenes and tumor-
suppressor genes in pancreatic carcinogenesis, fol-
lowed by a concise description of their involvement in
the cell-cycle alterations present in pancreatic adeno-
carcinoma. Although the occasional reader may find it
somewhat difficult, the concepts are simple and essen-
tial for obtaining a general picture of what is known
and relevant today in pancreatic carcinogenesis. The
section ends with a summary of the frequency of 
fundamental genetic aberrations present in pancreatic
adenocarcinoma.

The genetics of pancreatic carcinogenesis is a fast-
evolving field. An update on what is known about the
initial genetic events that occur in preneoplastic and
early lesions is offered. In addition, a summary of re-
cent developments in methodology that may further
our understanding of the disease has been added under

a heading entitled New directions in research. The pre-
sent chapter can only aim at enhancing the curiosity of
readers by giving a simple brushstroke of the yet unfin-
ished painting entitled “genetics of pancreatic carcino-
genesis.” This is why a short section on gene therapy
has also been included.

Finally, two sections with some practical value from
the clinical standpoint are included. The first, devoted
to hereditary pancreatic adenocarcinoma, outlines the
genetic syndromes related to the development of the
disease. Unfortunately, discussion about recommenda-
tions for screening is far beyond the scope of the present
chapter. The interested reader will find all the necessary
information in the guidelines included in the Recom-
mended reading section. To end the chapter, a summary
of our group’s work over the last 10 years on the detec-
tion of K-ras mutations in the diagnosis of pancreatic
adenocarcinoma is included. The reader is advised that
many other authors have made significant contribu-
tions in this field. My purpose is to portray a compre-
hensive picture of these clinically relevant matters
without entering into a long discussion that, no doubt,
can easily be found elsewhere. 

In pancreatic carcinogenesis, the role played by 
genetic aberrations in the clinical setting is far from 
settled. As is the case with other pancreatic diseases,
such as acute or chronic pancreatitis, many scientific
societies advise that patients be treated in specialized
multidisciplinary units comprising surgeons, gastroen-
terologists, pathologists, and radiologists. In pancreat-
ic adenocarcinoma, the collaboration of molecular
biologists and genetic counsellors with the more tradi-
tional faculty specialists mentioned above seems only
appropriate. This is why at-risk patients requiring so-
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phisticated screening procedures should be referred to
these specialized multidisciplinary units.

Basic genetic aberrations in human
pancreatic adenocarcinoma

K-ras

Most pancreatic adenocarcinomas contain a mutation
in codon 12 of the K-ras gene. Although its frequency
varies depending on the geographic location of the 
population studied, K-ras mutation is an early and rele-
vant event in human pancreatic carcinogenesis, also
present in premalignant lesions. The aspartic acid sub-
stitution (GAT) accounts for 50% of mutations, the va-
line substitution (GTT) 30%, the arginine (CGT) 11%,
and the cysteine (TGT) 6%. The spectrum of K-ras
mutations in pancreatic adenocarcinoma may suggest
geographic differences or might reflect the action of 
different carcinogens. In those patients with tumors 
not bearing the K-ras mutation, a distinct tumorigenic
pattern must be considered. The K-ras gene codes for a
21-kDa protein that acts as mediator in the intracellu-
lar cascade of events elicited by growth factors leading
to protein synthesis. K-ras plays a pivotal role in cell
proliferation and differentiation. Mutated K-ras pro-
tein remains activated always, thereby its transforming
potential.

p53

Most genetic aberrations in the p53 tumor-suppressor
gene found in pancreatic adenocarcinoma are missense
mutations in the conserved domains of the protein.
Frameshift mutations are also present. Correlations
have been made between specific mutations and some
genotoxic agents (i.e., ultraviolet light, aflatoxin-rich
diets) in pancreatic adenocarcinoma. Mutations in the
p53 gene lead to loss of the normal inhibitory role of
P53 protein in several cell-cycle regulatory mecha-
nisms, and hence to the development of the malignant
phenotype. P53 also plays a critical role favoring apop-
tosis in the presence of cellular damage. In all, p53 has
been considered the guardian of the genome. Its loss of
function severely damages cell regulatory mechanisms.

p16

The cell cycle is regulated by the sequential activation
and deactivation of cyclin-dependent kinases (CDKs).
The P16 protein is a specific inhibitor of CDK4–6,
which in turn phosphorylate the retinoblastoma pro-
tein. The p16 gene is located in the INK4a locus of
chromosome 9, near the INK4b locus responsible for
the synthesis of P15, another inhibitory protein in-
volved in the transforming growth factor (TGF)-b
pathway. In many pancreatic adenocarcinomas, p16 is
inactivated by either mutation or homozygous dele-
tion. In addition, germline p16 mutations are present in
patients with inherited predisposition to develop mole
melanomas associated with pancreatic adenocarcino-
mas (see below).

DPC4/Smad4

Mutated in more than half of pancreatic adenocar-
cinoma, DPC4/Smad4 plays a central role in the TGF-b
inhibitory pathway. A recent study using preoperative
assessment by immunohistochemistry of human pan-
creatic adenocarcinoma showed that loss of DPC4/
Smad4 expression improved resectability and survival
after resection, whereas resection did not benefit those
patients whose tumors expressed DPC4/Smad4.

Rb1

Mutations are present in a small proportion of pancre-
atic adenocarcinoma. The locus lies next to the BRCA2
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gene, responsible for hereditary breast cancer and 
involved in some hereditary forms of pancreatic 
adenocarcinoma.

Cell-cycle alterations in pancreatic
adenocarcinoma

K-ras mutation could be the first step in pancreatic car-
cinogenesis, followed by disruption of the main mecha-
nisms involved in cell-cycle regulation, primarily p53
and p16 mutations, but also aberrations occurring in
CDKs and the various steps of the TGF-b inhibitory
pathway (Fig. 43.2).

In addition to its effect as a tumor suppressor via 
the Smad pathway in a minority of tumors, pancreatic
adenocarcinoma among them, TGF-b plays a role in
promoting tumor metastasis. In fact, the growth-
inhibitory effect of TGF-b is lost during multistep 
tumorigenesis; rather, an array of direct TGF-b and
ras-mediated actions favoring tumorigenesis prevail
(i.e., migration, invasiveness, transformation, angio-
genesis). It has recently been shown that soluble TGF-b
inhibitors are effective in reducing tumor metastasis
when administered as circulating drugs in experimental
models.

Microdissection techniques have allowed the detec-
tion of genetic alterations in premalignant lesions of 
the pancreas that are similar to those occurring in ad-
vanced pancreatic adenocarcinoma, albeit at a lower
frequency. These findings were the basis for a proposed
model of pancreatic carcinogenesis similar to the more
established one in colorectal cancer. The sequential ac-
quisition of aberrations in the K-ras oncogene, and in
the tumor-suppressor genes p53, DPC4, and p16, leads
to profound and irreversible changes in cell-cycle regu-
lation that result in pancreatic cancer initiation and
progression. Cancer cells that express an activated
form of Ras must silence the expression of tumor sup-
pressors such as p53 and p16INK4A. Such a mechanism
may indeed facilitate human pancreatic cancer 
progression.

Depending on the target population and the mole-
cular techniques available, the frequency of genetic
aberrations in pancreatic adenocarcinoma varies 
widely (Table 43.1).

Epidemiology and risk factors

Tobacco smoking and diabetes mellitus preceding 
the diagnosis of cancer for more than 1 year are two
well-established risk factors for pancreatic adenocar-
cinoma. Tobacco smoking may account for as much 
as one-quarter of all cases. In diabetic patients, a 
K-ras mutation-independent pathway with increased
risk for pancreatic adenocarcinoma has been described 
recently.

Intraductal precursor lesions

There is a need to unravel the mechanisms involved in
the initiation and progression of pancreatic cancer.
Progress needs to be made in the elucidation of the
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Figure 43.2 Cell cycle in pancreatic adenocarcinoma
showing the specific gene aberrations most frequently
encountered. CDKs, cyclin-dependent kinases; TGF,
transforming growth factor. (Adapted from Mangray 
& King 1998.)

Table 43.1 Frequency of genetic aberrations in pancreatic
adenocarcinoma.

K-ras 70–100%
p16INK4a 30–95%
p53 45–75%
DPC4 50–55%
Rb1 0–10%



mechanisms by which normal cells become tumori-
genic. Pancreatic cancer is derived from pancreatic duc-
tal epithelial cells. In order for cancer cells to proliferate
they must subvert both the machinery that controls the
cell division cycle and the process of programmed cell
death (apoptosis).

There is no screening test available for early pancre-
atic adenocarcinoma, and pancreatic tissue can only be
obtained by means of invasive techniques. A number of
morphologic studies have recognized intraductal pro-
liferations with atypia as putative precursors of malig-
nant invasive pancreatic adenocarcinoma. By means of
modern molecular techniques, it is now clear that hy-
perplastic pancreatic duct lesions are the precursors of
the malignant phenotype. Based on this, K-ras muta-
tions may occur early in precursor lesions, yet it is not a
necessary event in the progression to pancreatic adeno-
carcinoma since some invasive tumors do not harbor
the mutation. Aberration of p16 appears to develop
later, also in a cumulative fashion as the degree of atyp-
ia increases; p53 and Smad4 inactivation are late events
in the neoplastic progression of intraepithelial lesions
(Fig. 43.3). Once the appropriate tools are developed, it
may prove reasonable in the future to screen for early
pancreatic cancer.

Preneoplastic intraductal lesions appear to be 
early events in pancreatic carcinogenesis. Previously,
analysis of p53 had been performed by immunohisto-
chemistry. Using microsatellite analysis, alterations in
at least one tumor-suppressor gene (p16, p53, DPC4)
have been found in 60% of preneoplastic intraductal 
lesions. Loss of heterozygosity of p53 occurred even 

in morphologically normal-appearing ductal epitheli-
um near the tumor. Allelic loss analysis of selected 
genes may be useful in characterizing the intermediate
steps in the development of early pancreatic 
adenocarcinoma.

According to some authors, however, intraepithelial
pancreatic lesions might be the actual precursors of in-
vasive neoplasm or merely the seeding of an already ex-
isting malignant tumor. Moreover, it is unclear whether
ductal epithelial cells are the sole origin of pancreatic
adenocarcinoma; instead, pluripotential pancreatic
cells, including islet cells, may be the common ancestor.

Experimental models

Orthotopic implantation of solid fragments of human
pancreatic adenocarcinoma in the pancreatic area of
nude mice has a high success rate, the xenograft repro-
ducing the pattern of local growth and distal dissemi-
nation. In this model system, mutations in K-ras, p53,
p15, and Smad4 genes can be acquired in the more ad-
vanced stages of pancreatic tumor dissemination.

In order to determine the role of K-ras in the initiat-
ing events of pancreatic carcinogenesis, transgenic mice
have been generated that target mutant Ki-ras and the
cytokeratin 19 promoter to ductal cells. These mice de-
velop an intense periductal lymphocytic infiltration
and an increase in cell adhesion-related molecules such
as N-cadherin. These findings are a reminder of the
early events that take place in the development of a pan-
creatic malignant lesion of ductal origin.
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New directions in research

Microsatellite instability

Microsatellite instability is the result of mismatch repair
defects occurring during DNA replication. DNA repli-
cation errors are more frequently found in tumors har-
boring the so-called mutator phenotype. There are
tumors with widespread instability and tumors with low
instability, the latter being indistinguishable both in
genotype and phenotype from stable tumors. In a study
of 100 patients, pancreatic adenocarcinomas with wide-
spread instability (13%) were significantly associated
with poor differentiation, and patients had a significant-
ly longer survival time. In contrast, pancreatic adenocar-
cinomas with low microsatellite instability (13%) were
associated with a higher frequency of K-ras and p53 mu-
tations, and patients had a shorter survival time. These
results suggest that high microsatellite instability may
represent a distinct and more benign tumorigenic 
pathway in patients with pancreatic adenocarcinoma.

Colony formation

A new improved laboratory method to detect, and pos-
sibly diagnose, cancer based on polymerase colony for-
mation has been applied to the study of K-ras2 and p53
gene mutation analysis and loss of heterozygosity.

Tumor markers

CA-19-9 is the most widely used serum marker for pan-
creatic cancer detection and follow-up. Serum markers,
also elevated in chronic pancreatitis and other neo-
plasms, derive from blood group-related antigens and
glycoproteins contained in epithelial mucins. At pre-
sent, several mucin genes have been characterized, and
their role in the diagnosis of premalignant lesions and
established tumors is being examined.

Telomerase

Human telomerase is a DNA-dependent RNA poly-
merase that maintains telomere length. It is found in
tumor cells but not in normal tissues, other than germ
cells and hematopoietic stem cells. The expression of
telomerase exhibits a significant relationship with the
clinical stage of pancreatic adenocarcinoma and may
be a useful tool in diagnosis and prognosis.

Identifying candidate genes

Despite the significant progress that has taken place
over the last 15 years or so, much needs to be known 
regarding genetic changes that occur during pancrea-
tic carcinogenesis and tumor progression. With new
methodologies, identifying new markers and genes in-
volved in solid tumor development has become a
promising area of research. We are now aware of hun-
dreds of new genes that may be relevant in pancreatic
cancer. Recently, a method that uses cDNA microarray
technology allows an insight into the global expression
patterns of thousands of genes that may be involved in
cancer. Microdissection of tumor tissue samples and
comparison of findings with those present in the sur-
rounding fibrosis and in the normal pancreas can dis-
close new genetic aberrations that occur specifically in
pancreatic cancer cells. Some overexpressed genes may
bear a putative role in pancreatic carcinogenesis and
become targets for therapy; for example, genes in-
volved in cell-to-cell and matrix-to-cell interactions,
cytoskeletal remodeling, proteolytic activity, and calci-
um homeostasis were found to be overexpressed in
pancreatic cancer tissue.

Gene therapy

Pancreatic adenocarcinoma is an excellent candidate
for therapy using the molecular oncology approach.
Current treatment success is so limited that oncologists
will welcome novel strategies. It is a deadly disease
(>90% of patients die within 1 year of diagnosis, often
a painful and debilitating process) and is relatively uni-
form in its molecular abnormalities. Despite this, mul-
tiple genes undergo either activation or inactivation
during tumor development and progression.

Advances in understanding the genetic basis of pan-
creatic carcinogenesis have allowed the identification
of targets for therapeutic intervention. Gene therapy
involves the transfer of genetic constructs into the can-
cer cell by means of viral or physical vectors (i.e., lipo-
somes). Induced alterations include restoration of
tumor-suppressor genes or blockade of oncogenes, en-
hancement of the immunologic response against tumor
cells, and induction of the bystander effect in the vicin-
ity of treated cells. At present, with the exception of a
few clinical trials, gene therapy for pancreatic cancer is
limited to preclinical studies.

Tumor-suppressor gene therapy requires efficient
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systems of gene delivery. Adenoviral vectors may have
advantages over other viral and nonviral vectors in that
they have been assayed in vitro and administered suc-
cessfully in vivo. Using this approach, introduction of
wild-type p53 into mutant cells decreased proliferation
and restored apoptosis, provided that no other genetic
abnormality was present downstream in cancer cells.

Several studies have shown that inhibiting only K-ras
is not sufficient to completely eradicate pancreatic ade-
nocarcinoma cells. A recently identified melanoma dif-
ferentiation-associated gene (mda-7) has proved useful
for gene-based therapy of diverse human tumors. In
contrast, pancreatic cancer was resistant to mda-7, a
trait that could be linked to mutant K-ras. An approach
that combined inhibition of mutated K-ras with expres-
sion of mda-7 resulted in a striking synergistic growth-
inhibitory and antisurvival effect on pancreatic cancer.
These observations may provide evidence for a new and
effective strategy for gene therapy in pancreatic cancer.

Hereditary pancreatic adenocarcinoma

Overall, 5–10% of cases of pancreatic adenocarcinoma
are due to various hereditary factors. Screening in spe-
cialized units, using molecular and imaging techniques
as well as genetic counseling, is advisable for family
members with known cancer syndromes.
1 An increased risk for pancreatic adenocarcinoma
has been shown in relatives of patients with pancreatic
adenocarcinoma. Individuals at risk include those with
two or more first-degree relatives with pancreatic ade-
nocarcinoma, one first-degree relative younger than 50
years, or two or more second-degree relatives one of
whom presents with pancreatic adenocarcinoma at a
young age.
2 BCRA2 germline mutations are associated with a
high risk of developing pancreatic adenocarcinoma,
with low penetrance. The sporadic mutation appears at
a late stage in the development of pancreatic intra-
epithelial neoplasia.
3 The finding of multiple atypical nevi, familial cluster-
ing of cutaneous malignant melanoma, and increased
incidence of extracutaneous cancers depicts the syn-
drome of familial atypical multiple mole melanoma
(FAMMM), an autosomal dominantly inherited syn-
drome that exhibits germline p16and CDK4 mutations.
4 Patients with hereditary pancreatitis, who harbor a
mutation in the cationic trypsinogen gene PRSS1, are at

higher risk of developing pancreatic adenocarcinoma.
Autoactivation of trypsin resulting in repeated attacks
of pancreatitis can provide a mitogenic stimulus lead-
ing to pancreatic adenocarcinoma.
5 Germline mutation in one of the DNA mismatch re-
pair genes (hMSH2, hMLH1, hPMS1, hPMS2), which
causes microsatellite instability and hereditary non-
polyposis colorectal carcinoma, is also associated with
some cases of pancreatic adenocarcinoma.

In the USA, the National Familial Pancreas Tumor
Registry has been established at Johns Hopkins Hospi-
tal. As of July 2004, 1329 families had been enrolled,
the largest reported collection of familial cases of pan-
creatic cancer. Patients with familial pancreatic cancer,
inherited in an autosomal dominant fashion, are at
higher risk of developing the disease. Detection of pa-
tients at high risk could benefit from early treatment.
However, diagnosis of precancerous lesions such as
pancreatic dysplasia may prove difficult. At this time, 
a single genetic test is not available for screening of 
family members of pancreatic cancer patients. A study
of 20 affected family members provided evidence for a
major locus for familial pancreatic cancer on the long
arm of chromosome 4.

Role of detection of K-ras mutations
in the clinical diagnosis of 
pancreatic adenocarcinoma

Over the past decade we have conducted a series of
studies, mostly prospective, on the usefulness of K-ras
mutation detection as an adjuvant in the clinical diag-
nosis of pancreatic adenocarcinoma. Samples were 
obtained from paraffin-embedded archival blocks, 
ultrasound- or computed tomography-guided fine-
needle aspirates of pancreatic masses, fresh tumor tis-
sue after pancreatic resection, pancreatic juice collected
during endoscopic retrograde cholangiopancreatogra-
phy, or plasma of patients with pancreatic masses or
suspected pancreatic cancer, as well as from patients
with chronic pancreatitis.

Using paraffin-embedded blocks, detection of K-ras
mutations increased the sensitivity of cytology alone 
by more than 10% in the diagnosis of suspected pan-
creatic carcinoma. Analysis of K-ras mutations should
be restricted to cell blocks containing suspicious cells,
normal-appearing duct cells, or when there is insuffi-
cient material for the cytologic examination. Using
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fresh fine-needle aspirates of pancreatic masses and a
polymerase chain reaction (PCR)-based technique
(with a detection limit of one mutant allele in the pres-
ence of 103 wild-type alleles), even more cases could be
classified correctly. 

The mutant K-ras gene was also found in plasma
DNA samples in 12 of 44 (27%) patients with pancre-
atic adenocarcinoma; this finding was significantly re-
lated to tumor stage, mainly in the presence of distant
metastases. Finally, patients with pancreatic carcinoma
with the mutant K-ras gene in plasma DNA exhibited a
significantly shorter survival time than patients with
the wild-type gene. In addition, K-ras mutations were
detected in the plasma DNA of 2 of 37 (5%) patients
with chronic pancreatitis. Moreover, p53 and K-ras
mutations can be detected in a minority of pancreatic
juice samples from patients with chronic pancreatitis in
the absence of malignancy. K-ras mutation analysis of
pancreatic juice may complement cytologic evaluation
in the diagnosis of pancreatic carcinoma, despite its
limited contribution to clinical decision-making. The
presence of K-ras mutations in chronic pancreatitis
classifies a subgroup of patients at risk of pancreatic
carcinoma, who should be evaluated carefully by long-
term follow-up.
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Introduction

Despite advances made in the clinical and biological 
aspects of pancreatic cancer, the disease has retained 
its grave deadly course. It is still the fifth leading cause
of cancer death in both men and women, accounting
for more than 27 000 deaths annually in the USA. Its 5-
year survival rate is still below 5%. Despite significant
improvements in diagnostic tools, early detection is not
possible and there are no efficient therapeutic modali-
ties. The only effective therapy, surgery, is still limited
to about 25% of patients and, even in these patients,
cancer recurrence has remained unavoidable. These
problems are based on our inability to understand the
natural course and biology of the disease. The current
molecular biological approach has not been helpful in
gaining the necessary information. Numerous attempts
to diagnose the disease at early curable stages by 
utilizing tumor-associated antigens, sophisticated
imaging techniques, and molecular biology have
proved disappointing.

The prevention of diseases requires adequate knowl-
edge of the anatomy, physiology, pathophysiology, 
and biology of the tissue involved. Because of the 
complex structure of the pancreas, which is composed 
of different exocrine and endocrine cells, and the well-
established interaction between the different cell types,
knowledge of this tissue is fragmentary at best. Consid-
ering the findings of the past century and recent clinical
achievements, it is obvious that interactions between
the endocrine and exocrine tissues are much more inti-
mate than generally believed. From our experience dur-
ing the last 30 years, pancreatic islets have far more
functions than merely providing digestive and growth

hormones. Indeed, they seem to play the role of gate-
keeper of the pancreas.

Starting in 1974, our research on pancreatic cancer
has led us to conclude that alteration of glucose metab-
olism is, thus far, the only reliable marker for pancreatic
cancer. The following data are evidence that islet 
cells play a crucial role in the normal as well as diseased
pancreas and that alterations of islet-cell function 
and differentiation appear very early during pancreatic
carcinogenesis. This alteration should be considered a
signal for the development of pancreatic cancer.

Structural and biological consideration

The development of b cells only in the pancreas, but the
formation of glucagon and somatostatin also in the gut
epithelium, clearly points to specific environmental
(pancreas) requirements for the genesis and neogenesis
of these cells. At the same time it highlights the impor-
tance of b cells for the pancreas. Although many factors
have been suggested to be important for islet-cell 
development, the issue is still far from clear. Besides
transcriptional factors (IDX1, Neuro D, STF-1, etc.),
glucagon-like peptide 1 and extendin-4, glucose-
dependent insulinotropic polypeptide, mesenchyme,
and defined culture medium seem to play a role in islet-
cell differentiation in vitro. Although in vivo islet-cell
regeneration can be induced by cellophane wrapping,
islet neogenesis-associated proteins, partial pancreate-
ctomy, or duct ligation, the in vitro production of b cells
has remained a problem. However, recent studies of b-
cell production in vitro are promising. The specific
metabolic requirement for b cells is also highlighted by
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their response to toxic substances, such as streptozo-
tocin, which selectively destroys b cells both in vivo and
in vitro. However, recovery from streptozotocin-
induced b-cell injury seems to depend on the age of the
animals at the time the drug is administered, again
highlighting the complexity of b-cell differentiation.

When we assemble the fragmented information on
pancreatic anatomy and physiology, the importance of
the islets for the whole pancreas becomes obvious. It
was Henderson who wondered about the remarkable
distribution of the islets within the pancreas. This
unique distribution —unlike other endocrine tissues,
which form a solid gland —is undeniable evidence for
the importance of the islets in the function and integrity
of the pancreas. This pattern of distribution of the islets
and their almost constant size (ranging between 50 and
500 mm) is a reminder of the physical law that the total
surface area of many small spheres (islets) is larger than
the surface area of a single sphere (gland) of the same
volume. This constant size appears to be “optimized”
because in all mammals, regardless of body volume, the
size and distribution of the islets is the same. In the 
Syrian hamster one islet is located in every 1.1 mm of
the tissue. Yet, even in the same mammalian species,
there are differences between the islets themselves. The
cell population of islets in the pancreatic lobe derived
from the ventral anlage (processus uncinatus) is differ-
ent from that originating from the dorsal anlage (body
and tail). In the latter tissue, compact spherical islets are
predominantly found, whereas in the uncinate process
the islets are rather ill-defined and diffuse. The most
striking difference between the islets in these two
anatomic regions is their cellular composition. Cells
containing pancreatic polypeptide (PP) are the most
abundant and cells containing glucagon the least com-
mon cell type in the uncinate process; the situation is 
reversed in the remainder of the pancreas. Another 
remarkable characteristic of the pancreas is that the 
endocrine cells are not confined to the islets. A single or
small group of islet cells can be found randomly dis-
tributed within the exocrine tissue, primarily within 
the normal ductal epithelium. This pattern of islet-cell 
distribution, along with the irregular, almost diffuse
arrangement of PP cells (Fig. 44.1), is an indication that
islet cells are in total control of the function and growth
of the exocrine pancreas.

The functional importance of the endocrine cells for
the development and growth of exocrine tissue is also
apparent during the embryonic period. The absolute

necessity for the presence of islet cells for pancreatic 
development is highlighted by the study showing that
when one of the islet cell-specific transcriptional fac-
tors, PDX1, is removed from mice by targeted mutage-
nesis, the embryos fail to develop a pancreas. Also,
there is accumulating evidence that islet cells are essen-
tial not only for pancreatic development and function
but also for its diseases.

Pancreatic carcinogenesis

Based on the histology of most pancreatic cancers,
which mimic ductal structure, it is a common belief that
these carcinomas derive from ductal cells. Admittedly,
looking at human pancreatic tumors, which are gener-
ally detected at later stages due to their late clinical
symptoms, this assumption appears obvious. It became
possible to examine the stepwise development of 
pancreatic tumors at all stages of carcinogenicity only
after the hamster model was established. When treated
with the pancreatic carcinogen N-nitrosobis(2-
oxopropyl)amine (BOP), Syrian golden hamsters 
develop pancreatic adenocarcinomas that mimic the
human disease morphologically, biologically, and mol-
ecular biologically. In this model, most tumors develop
within islets, which appear to play a fundamental role
in pancreatic carcinogenesis. The following observa-
tions support the unequivocal role of islets in the
process of carcinogenesis.
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Figure 44.1 Distribution of pancreatic polypeptide (PP) cells
in the normal pancreas. Note the irregular arrangement of the
cells, many of which are incorporated into the ductal
epithelium (upper right corner). Anti-PP antibody, ABC
(avidin–biotin complex) method, ¥ 70.



1 Pretreatment of hamsters with streptozotocin,
which causes the destruction of pancreatic b cells, 
inhibits pancreatic carcinogenicity of BOP.
2 Genetically diabetic hamsters with atrophic islets are
resistant to the pancreatic carcinogenic effect of BOP,
whereas the pancreas of a nondiabetic strain with intact
islets is not.
3 Stimulation of islet cell proliferation (nesidioblasto-
sis) enhances the pancreatic carcinogenicity of BOP.
4 Transplantation of homologous islets into the 
submandibular gland (nontarget tissue of BOP) of
hamsters and subsequent treatment of the recipient
hamsters with BOP results in the development of duc-
tal-type adenocarcinomas in the transplanted islets.
5 Malignant transformation of hamster pancreatic
islets by BOP in vitro. Although the treatment of cul-
tured hamster pancreatic ductal cells also led to the 
formation of ductal adenocarcinomas, these tumors,
contrary to those derived from islet cells, did not show
mutation of the K-ras oncogene, the most common ge-
netic abnormality in human pancreatic adenocarcino-
mas. Additionally, only the cultured islets cells treated
with BOP showed inactivation of the p16INK4a gene
(homozygous deletion), which is found in 90–100% of
human pancreatic adenocarcinomas.

The cell of origin of pancreatic cancer

The most striking finding during the early stages of 
pancreatic carcinogenesis is the development of tiny,
initially hard to detect, ductular structures that appear
before any alterations in the ductal system. These duc-
tular structures, which expand gradually to occupy the
entire islet, form either patterns consistent with human
serous cystadenoma or progress to hyperplasia and
atypia and culminate in the formation of malignant
glands that invade the surrounding tissue even when
they are microscopic in size. In contrast, lesions in ducts
develop much later and, as in human tumors, remain
within the ductal boundary for a long time before they
invade.

The mechanisms behind the development of intrain-
sular ductules are not yet completely understood. It has
been assumed that islet cells derive from precursor cells
that apparently reside within the ductal/ductular ep-
ithelium and which give rise to either ductal cells or islet
cells. Using immunohistochemical procedures with 
antibodies against the islet hormones, a single or small

group of immunoreactive cells are detectable at the
base of the ductal epithelium. In some instances, the
number of these endocrine cells equals or even exceeds
the number of ductal cells. In routinely prepared hema-
toxylin/eosin-stained tissues, there are cells with rela-
tively small and round nuclei and a typical perinuclear
halo (Fig. 44.2). These cells, first described by the 
Austrian pathologist Feyrter in 1953 as Helle Zellen
(light cells), may or may not immunoreact with anti-
bodies against islet cell hormones, although cytologi-
cally they are indistinguishable from each other. The
nonimmunoreactive cells seem either to move toward
the lumen to form ductal cells or show exophytic
growth to become immunoreactive cells (Fig. 44.2b).
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Figure 44.2 Clear cells in ductal epithelium. (a) Small cells
with the round nuclei and clear cytoplasm (Helle Zellen) at
the base of hyperplastic ductal epithelium (arrows) in an
elderly person. (b) Several clear cells in hyperplastic ductal
epithelium in an elderly person without clinical disease of the
pancreas. Groups of the light cells are bulged out into the
interstitium (arrows). A few light cells are within, and at the
base of, the epithelium (mid field). H&E, ¥ 120.



So if islet cells and ductal cells derive from these, appar-
ently, precursor or stem cells, why should not these cells
also reside within the islets to give rise to either islet cells
or ductular cells? In fact, using specific techniques, the
assumed stem cells, termed variably as “nesidioblasts,”
“clear cells,” “muddy cells,” “precursor cells,” or
“chromophobe cells,” have been described in the islets
of some mammals, including humans.

Studies using long-term culture of human and ham-
ster islets showed that islet cells of both species have the
potential to transdifferentiate to ductular, intermedi-
ary, and acinar cells. The transdifferentiated cells ex-
press a1-antitrypsin, vimentin, nestin, cytokeratin 7,
cytokeratin 19 or pancytokeratin, carbonic anhydrase
II, CA-19-9, and/or DU-PAN-2. This transdifferentia-
tion potency of islet cells has also been documented by
several independent researchers. In the hamster pan-
creas, this process is not limited to ductal cell transdif-
ferentiation and includes the formation of various
pancreatic and extrapancreatic cell populations, such
as hepatocytes, clear cells, and mucinous and oncocyte-
like cells.

The transdifferentiation potency of islet cells is not
restricted to the in vitro condition. We have found that
in 70% of pancreatic cancer patients, who clinically
have altered glucose tolerance, islet cells lose their reac-
tivity to anti-insulin and express the same ductal cell
markers as expressed in cancer cells, including CA-19-
9, DU-PAN-2, and Tag-72, and develop intrainsular
ductular structures (Figs 44.3 & 44.4) that express 
the same antigens. The occurrence of the same antigen
in islet cells and intrainsular ductular cells within the
same islet indicates a causal relationship between the
altered islet cells and intrainsular ductular cells. In an-
swer to the critique that such lesions have never been
described by other investigators in the human pan-
creas, it must be argued that these minute early lesions
are hard to find in the human pancreas because the 
developing malignant lesions replace the islets. Using
conventional histologic techniques with limited num-
ber of samples, such lesions can escape recognition, al-
though they can be observed occasionally during a
vigorous search. In cancerous areas, the malignant in-
trainsular glands are hard to distinguish from invasive
cancer. Islets are the favorite site for tumor invasion
(the mechanism of which is discussed elsewhere), mak-
ing it difficult to distinguish intrainsular malignant cells
as primary or secondary. The lack of invasive patterns,
such as destruction and compression, can help to make

a decision (Fig. 44.5). The involvement of islet cells in
carcinogenesis is also highlighted by the presence of 
endocrine cells within the hyperplastic and malignant
ductal epithelium, in both humans and hamsters. In
some cases, the endocrine cells are present not only on
the base of the epithelium, where they usually reside,
but also within the multilayer epithelium and in papil-
lary folding (Fig. 44.6), a finding that highlights their
active participation in the proliferation and malignant
process. The presence of these endocrine cells only in
well-differentiated but not in poorly-differentiated or
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Figure 44.3 Expression of CA-19-9 in many islet cells (left)
and in cancer cells (right). Most of the cells in the atrophic
islet (middle) are also stained. Anti-CA-19-9, ABC
(avidin–biotin complex) method, ¥ 120.

Figure 44.4 An islet in a patient with pancreatic cancer.
Many islet cells and the ductal cells within the islet express
DU-PAN-2, as do the surrounding cancer cells. Anti-DU-
PAN-2 antibody, ABC (avidin–biotin complex) method,
¥ 120.



anaplastic cancers parallels the advanced loss of cellu-
lar differentiation in cultured islets, where the cells lose
every known islet-cell marker.

Clinical studies supporting the role of
islets in pancreatic carcinogenesis

Although it has been known for almost a century that
nearly 80% of patients with pancreatic cancer have im-

paired glucose metabolism, either frank diabetes or 
impaired glucose tolerance (IGT), the reason has re-
mained a mystery. Remarkably, the degree of IGT and
diabetes in these patients has been known to vary. Some
patients require insulin treatment whereas others do
not. Fasting serum glucose levels may be in the normal
range, but an oral glucose tolerance test may yield a di-
agnosis of IGT. On the other hand, a small subset of pa-
tients shows normal glucose metabolism. It is possible
that differences in the patient population are the reason
that morphologic and molecular biological approaches
have not provided clues for understanding the biology
of this dismal disease.

The association between diabetes and pancreatic
cancer has remained a matter of controversy. Accord-
ing to recent studies, IGT or diabetes mellitus develops
shortly before the clinical manifestations of the disease
or is diagnosed at the first clinical admission. There are,
however, a few who believe that diabetes is a predispos-
ing factor, especially in cases where diabetes is present
for more than 5 years before the diagnosis of cancer.
Since the latency of pancreatic cancer is unclear, and the
development of some cancers seems to take as long as
10 years, the role of diabetes as a predisposing factor 
remains questionable. Consequently, it appears that
the development of pancreatic cancer is associated with
the abnormality in islet cell function. Some suggested
mechanisms include the primary alteration of islet cells
by the carcinogen or secondary damage by cancer cells,
either directly or via the production of substances that
affect islet cell function.

Experimental studies in the hamster model described
above and anecdotal observations indicate that islet
cells may also play a role in pancreatic carcinogenesis in
humans. This is highlighted by the development of 
altered glucose metabolism in small tumors that are 
located in the periphery of the pancreas but which do
not cause chronic pancreatitis and in the very early
stages of cancer development. The involvement of islet
cells in pancreatic carcinogenesis explains at least some
of the clinical observations.

Based on the published data and our experience, 
glucose intolerance is a pancreatic cancer-associated
symptom as well as the result of the primary alteration
of islet-cell function and differentiation in response 
to causative carcinogens. Experimental studies have
shown that glucose intolerance coincides with the first
appearance of microscopic pancreatic tumors. Studies
have also shown that changes in islet hormones accom-
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Figure 44.5 An enlarged islet in a patient with pancreatic
cancer. Malignant glands have replaced most islet cells
without any signs of islet cell destruction, including invasion
of the islet cells and the surrounding tissue. In some areas
intact islet cells are present within the malignant epithelium
(e.g., lower right area). Anti-insulin antibody, ABC
(avidin–biotin complex) method, ¥ 120.

Figure 44.6 Papillary projection of a well-differentiated
pancreatic adenocarcinoma. Numerous insulin-producing
cells are seen at the base and within the papillary fold. Anti-
insulin, ABC (avidin–biotin complex) method, ¥ 120.



pany the early development of pancreatic cancers.
These hormone changes and insulin resistance resem-
ble the metabolic changes in pancreatic cancer patients.
In humans, IGT or diabetes has been noticed in small,
localized, and early pancreatic cancer. In Japanese 
patients, IGT was the only abnormality in patients with
small pancreatic cancer.

The overwhelming opinion that pancreatic cancer
develops from ductal epithelium might be the reason
why islet-cell alterations in pancreatic cancer patients
have not been the focus of research. When we studied
the pattern of islet cells immunohistochemically in 14
pancreatic cancer specimens, 14 chronic pancreatitis
samples, and 10 normal pancreata as controls, we
found that 10 of 14 cancer specimens showed a signifi-
cant loss of islet b cells. Of the 10 cases, IGT was con-
firmed in four but no information was available about
glucose metabolism in the remaining cases. The inci-
dence of islet-cell alterations in our material (72%) 
correlates with the frequency of abnormal glucose 
metabolism in pancreatic cancer patients. Remarkably,
most altered islet cells were in the vicinity of the cancer.
In only one case was the abnormality also found in 
an area remote from the cancer. Since tumor-free pan-
creatic tissues were available in only five cases, the 
frequency of islet cell alteration in the teletumoral area
could not be determined. Other noteworthy findings
associated with this abnormality were the signs of al-
tered islet cell differentiation, including the formation
of intrainsular ductular structures and the expression
of tumor-associated antigens CA-19-9, TAG-72, and/
or DU-PAN-2 in islet cells and intrainsular ductular
cells (see Fig. 44.3). This finding indicates that in these
patients islet cells have the ability to form an abnormal
cell population.

Possible mechanism of altered glucose
metabolism in pancreatic cancer

It has been proposed that amylin, a peptide with a 
molecular weight of 2030, or other yet unknown sub-
stances released from cancer cells are responsible for
the development of IGT. Because we believe that most
cancers arise from altered islet cells, the production of
these substances from cancer cells is self-explanatory.
Cancer cells are known to inherit some of the biological
properties of the cells from which they are derived. In-
deed, several studies show the expression of neuroen-

docrine markers in pancreatic cancer cells. From a
pathophysiologic point of view, the production of dia-
betogenic material from islet cells appears more plausi-
ble, as it is well known that islet cells have the potential
to produce many different pancreatic and extrapancre-
atic peptides simultaneously. They also have the ability
to shift from synthesis of one hormone to synthesis of
another. A good example is the coproduction and core-
lease of insulin and amylin, the synchrony of which is
altered in pancreatic cancer. The improvement in IGT
and diabetes after tumor resection (70% pancreatecto-
my or curative resection) by no means indicates that it
was the tumor that produced the diabetogenic sub-
stances, because removal of cancer tissue also removes
the altered islet cells that may actually have produced
the diabetogenic material. Moreover, we must be aware
that nearly all well-differentiated pancreatic cancers
contain endocrine cells, sometimes in remarkably high
numbers (Fig. 44.7), which could also be the source of
altered hormone production and which are also re-
moved with the cancer. For example, although tumor
extracts from diabetic patients with pancreatic cancer
showed a marked reduction of glycogen synthesis in
skeletal muscles, examination of the tumor revealed
that tumor tissue contained islet hormones. Although
from a clinical standpoint the issue of whether the 
diabetogenic material is produced by cancer cells or al-
tered islet cells is trivial, elucidation of the mechanism is
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Figure 44.7 Presence of a large number of islet cells within
the malignant epithelium. (a) Many b cells are incorporated
within the glandular structures. Anti-insulin antibody, ABC
method, ¥ 25. (b) Malignant glandular structures containing
more endocrine than cancer cells. Multilabeling technique,
¥ 120.



crucial to understanding the biology of the disease 
and in planning future diagnostic and therapeutic
modalities.

Differences in the clinical expression of
pancreatic cancer

Although it appears that alteration of glucose metabo-
lism can provide a diagnostic marker, some observa-
tions complicate the issue. According to clinical
observations, only 60–70% of patients develop IGT 
or diabetes and the minority (30–40%) do not. 
Although IGT improves after surgery in many patients,
in some it does not or it gets even worse. There are 
conflicting reports and inadequate information on the
incidence of peripheral insulin resistance, IGT, and 
diabetes before and after surgery. According to one
study, 59% of pancreatic cancer patients with either 
diabetes (45%) or IGT (14%) show improvement 
after curative surgery, whereas studies by Permert 
et al., using a hyperglycemic clamp method, show 
normalization of IGT and improvement of diabetes in
around 60% of patients. Consequently, it can be as-
sumed that 10–40% of pancreatic cancer patients ei-
ther do not show any improvement of the abnormality
after surgery or IGT becomes worse. The latter figures
could be even higher if one considers that postoperative
improvement of IGT and diabetes could be due to the
postoperative physical condition and dietary regimens
of the patients rather than the consequence of tumor re-
moval. It is unclear whether the observed improvement
is just temporary or if the abnormality reappears at the
time of tumor recurrence. Although many reasons
could be responsible for the lack of postoperative 
improvement of glucose metabolism in the subset of 
patients, it is highly possible that altered islet cells 
producing diabetogenic substances exist in a teletu-
moral area not removed by surgery or some hidden
(metastatic) tumors are left behind, for example in 
the liver.

Since in a follow-up study glucose homeostasis in-
creasingly worsened in patients who did not have cura-
tive surgery, the extent of the tumor and/or altered islets
seems to be responsible for glucose metabolism. There
are, as yet, no studies examining the extent of islet cell
alteration within, around, and remote from cancer.
Also, there are limited follow-up studies of patients
after surgery.

Possible etiologic factors for islet-cell
alteration in pancreatic cancer

The results of our 30 years of experience in human and
experimental pancreatic cancer has led us to believe
that islet cells are the primary targets of carcinogens. In
our view, all pancreatic tumors, endocrine or exocrine,
are derived from islets. The structure of the carcinogen
determines the phenotypic expression of the ensuing
tumors. Streptozotocin, a nitrosamide, produces 
islet-cell tumors, whereas BOP, a nitrosamine, induces
a ductal type of tumor. In hamsters and humans, 
cultured islet cells transdifferentiate into ductal cells. In
hamsters, BOP treatment of isolated purified islets
leads to tumor cells that grow in vivo as ductal adeno-
carcinoma. When we treat cultured human ductal and
islet cells with BOP, only the treated islet cells are 
able to grow in a serum-free medium and show K-ras
mutation, a marker for pancreatic cancer (unpublished 
results). In an ongoing study we are following the 
characteristics of these cells and expect their malignant
transformation.

The most convincing support for our view is the 
finding that all drug-metabolizing enzymes, which 
are believed to be involved in the metabolism of 
environmental carcinogens, including tobacco-specific
carcinogen, nitrosamines, polycyclic aromatic com-
pounds, and aromatic amines, are primarily or 
exclusively expressed in the islet cells of humans and
laboratory species. Considering the anatomy of the
blood supply of the pancreas, where a major portion of
the arterial blood goes to islets before nourishing the
exocrine pancreas, the presence of drug-metabolizing
enzymes in islet cells is understandable. Hence, islet
cells seem to play the role of pancreatic filters. The
availability of these enzymes makes islet cells the pri-
mary target of blood-borne carcinogens. Because most
of these enzymes are present in a higher concentration
or exclusively in islet cells in the head of the pancreas,
the frequent occurrence of pancreatic cancer in the
head may be explained. Carcinogen-induced alter-
ations in the islets in teletumoral regions of the pan-
creas could be the reason for the altered production of
hormones and, hence, the maintenance of IGT after
tumor removal. This explanation, however, is not 
conclusive because not all pancreatic cancer patients
develop a glucose metabolic abnormality. Is this related
to the different biology of cancer, as has been suggested
by a study where a correlation was found between the
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degree of IGT severity and the histologic type of can-
cer? Is this because tumors develop from islets in pa-
tients with IGT or diabetes and, in a minority of the
patients, from other cells? Or could this be related to
the severity and extent of islet-cell damage? Neverthe-
less, the data suggest that, with regard to the glucose
metabolic alteration, there are at least three subsets of
pancreatic cancer patients, possibly with tumors of 
different biology. The published data and our own 
experience suggest the following subsets (Fig. 44.4):
1 pancreatic cancer patients without IGT or diabetes
(IGT–, about 20–30%);
2 pancreatic cancer patients with IGT or diabetes
(IGT+, about 70–80%), whose glucose intolerance or
diabetes improves postoperatively (IGT+/–);
3 patients in whom the abnormality does not or only
slightly improves (IGT+/+) after tumor resection.

Possible mechanism of differing clinical
presentation of pancreatic cancer

Reasons for the glucose metabolic abnormality in pan-
creatic cancer are not well understood. The suggestion
that islet-cell destruction by cancer cells is the principal
cause has been refuted, mainly because even small and
localized tumors in the head of the pancreas are associ-
ated with abnormal glucose tolerance.

A few studies dealing with the alteration of islet hor-
mones at the tissue level have found a reduction in 
the number of b cells in pancreatic cancer patients. No
information is available on the frequency and extent of
the process, and its specificity for pancreatic cancer.
The question of specificity is important because about
45–75% of patients with chronic pancreatitis also 
develop abnormal glucose tolerance or frank diabetes
mellitus. Consequently, it is reasonable to assume that
damage to the islets by scar tissue and inflammation,
which are also associated with pancreatic cancer, could
be the underlying mechanism.

Clearly, disturbance of the subtle balance between
exocrine and endocrine tissue by cancer, with asso-
ciated inflammation and sclerosis, is expected to lead to
deregulation of hormone secretion. However, because
even localized and small tumors in the head of the pan-
creas not affecting islet-rich areas of the organ cause the
glucose metabolic abnormality, it is likely that a factor
or factors produced by cancer cells play a role. This
view is supported by the finding that surgical removal

of tumor by 85–90% pancreatectomy improves dia-
betes and normalizes glucose metabolism.

Several clinical studies have shown significant
changes in the serum levels of islet hormones in pancre-
atic cancer patients, but little is known about the pat-
terns of islets at the tissue level. In one study a reduction
in b cells has been reported but the extent of the alter-
ations and their specificity for pancreatic cancer have
not been investigated. The latter issue deserves par-
ticular attention, because glucose-abnormality and 
diabetes also occurs in chronic pancreatitis. Therefore,
we systematically examined the patterns of islets in
pancreatic cancer in comparison with chronic pancre-
atitis and the normal pancreas. We selected archival
pancreatic cancer specimens that had tumor-free areas
close to and remote from the cancer because, as stated
earlier, it is believed that factors released by cancer cells
affect the islets directly via a paracrine pathway.

In 10 pancreatic cancer specimens, a significant 
reduction in b cells was found. Also, in eight of them, a
significant increase in a cells was found as well. This re-
sult thus correlates with the incidence of pathologic
serologic hormone levels in pancreatic cancer patients.
Reasons for the lack of similar alterations in the four
other patients are obscure. We could not find any corre-
lation between islet alterations, sex, age, smoking
habit, alcohol consumption, stage of the disease, and
tumor morphology. We also did not find any significant
changes in the islet-cell distribution in the chronic pan-
creatitis specimens, even within sclerotic and fibrotic
tissue. Therefore, the suggestion that fibrosis or sclero-
sis associated with pancreatic cancer may have caused
the b-cell loss by obstructing blood vessels could be 
excluded. Consequently, the described islet alteration
appears to be specific for pancreatic cancer. Because
pathologic islet hormone serum levels also occur in
chronic pancreatitis patients, it seems that the mecha-
nism of altered glucose metabolism in the two diseases
differs. In chronic pancreatitis the abnormality seems
to be due to altered insulin secretion, whereas in pan-
creatic cancer the defect appears to be in the machinery
of insulin synthesis as evidenced by the reduced levels of
insulin and C-peptide as well as of amylin, which is nor-
mally costored and cosecreted with insulin. Endocrine
cells were found in the malignant epithelium in nine of
our ten cases with b-cell alteration. Similar findings
have been reported in up to 80% of cases. Also, the
presence of nesidioblastosis in four of our ten cases
with decreased b-cell number could reflect a compen-
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satory process against b-cell loss. The question of why 
b cells in pancreatic cancer are exclusively affected 
remains to be investigated.

The increase in a cells, which was more pronounced
in cancer tissue from diabetics than in tissue from dia-
betics without cancer, coincides with the serologic 
findings. The abnormality also differs from hormonal
changes in chronic pancreatitis, where serum concen-
trations of glucagon have been found to be reduced or
normal. Nevertheless, in our chronic pancreatitis sam-
ples we could not detect any alteration in the number 
of glucagon cells, possibly because it is the secretion of
glucagon that is affected not the number of a cells.
Also, contrary to clinical observations of increased so-
matostatin levels in pancreatic cancer patients, we
could not find any significant changes in the number of
somatostatin cells. Whether the source of increased
serum somatostatin is derived from pancreatic or ex-
trapancreatic somatostatin cells remains to be seen.

The greater alteration of islets within or immediately
around cancer supports the hypothesis that factors re-
leased by cancer cells play a role in this process. Because
alterations like hydropic swelling were also found in
tissues remote from cancer, although in lesser degree, a
humoral pathway also seems to exist. Examination of
pancreatic tissue further away from the cancer would
clarify this. If this is found to be the case, the identifica-
tion of the causative factor(s) released from cancer cells
could present an early pancreatic cancer marker, espe-
cially in view of the findings that an abnormality in glu-
cose metabolism also occurs in small localized cancers.

One of the reasons for the differing results in the pub-
lished data and pancreatic hormone levels in pancreat-
ic cancer patients could be the inclusion of different
subsets of patients with pancreatic cancer in these 
studies. It may be that the anatomic location of the
tumor plays a role in these differences. Tumors in the
head region obstructing the main pancreatic duct can
cause severe (secondary) chronic pancreatitis and,
hence, diabetes. However, there are differences in dia-
betes induced by chronic pancreatitis and pancreatic
cancer. For example, diabetes improves after a 70%
pancreatectomy in pancreatic cancer but not after sur-
gical intervention in chronic pancreatitis. According to
our recent studies, the size and cell constitution of islets
are significantly different between primary pancreatitis
and pancreatitis caused by cancer. Contrary to the islets
in pancreatic cancer patients, which are of normal size
or enlarged, about 95% of the islets in primary chronic

pancreatitis measure less than 100 mm in diameter.
Moreover, tumors developing in the upper and dorsal
half of the head of the pancreas do not affect the pan-
creatic duct very much and hence are not accompanied
by a significant chronic pancreatitis. Whether these 
tumors cause diabetes is unclear. Another argument
against the role of secondary pancreatitis in the induc-
tion of diabetes derives from the experience that even
patients with small tumors in the periphery of the pan-
creas not causing chronic pancreatitis show abnormal
glucose tolerance.

Another major shortcoming of past studies is the lack
of adequate control groups. There is not a single study
that correlates the morphologic findings of both cancer
and islet cells with plasma hormone levels of the pa-
tients. To our knowledge, there is only one limited
study that compares the hormone levels in pancreatic
cancer patients with that of healthy and noninsulin-
requiring diabetic persons: a low level of plasma amylin
was found in patients with type II diabetes and in those
with pancreatic cancer and diabetes, and an increased
level of amylin in pancreatic cancer patients without 
diabetes. Such correlative studies could provide impor-
tant data for an understanding of the disease. For 
example, a low insulin level in a patient with IGT and
altered islet cells could reflect impaired insulin release
or synthesis in the altered islets. In fact, an inverse rela-
tionship has been found between the number of insulin
cells in islets and the fasting plasma glucose level, sug-
gesting that the alteration of islet cells is the primary
cause of the glucose abnormality in these patients.
Other studies also point to the primary alterations of
islet cells, including reduced insulin and C-peptide re-
sponse after glucose load and an increase in proinsulin
secretion. The Sproinsulin/SC-peptide ratio, which has
been found to be increased in pancreatic cancer with
IGT but decreased after tumor removal, further sub-
stantiates the functional alteration of islet cells.

From a therapeutic point of view, the identification
of a different subpopulation of pancreatic cancer 
patients is important because these patients could 
respond differently to therapeutic modalities. For 
example, does the genetic constitution of the tumors
from the different pancreatic cancer subpopulations
differ? Can the pattern of IGT help to better distinguish
between sporadic and familial pancreatic cancer? If
IGT is due to the substances released from islet cells or
cancer cells, then is it expected that IGT+/– patients 
become IGT+/+ after tumor recurrence? If that is the
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case, the recurrence of the abnormality, and possibly its
severity, could have predictive value. The existing re-
sults indicate that the occurrence of diabetes in pancre-
atic cancer cannot be explained by a single mechanism.
The increase in peripheral insulin resistance, suppres-
sion of insulin secretion, impaired proinsulin con-
version, altered fat and carbohydrate metabolism,
presence of acute or chronic pancreatitis, medications
for underlying disease, altered nutritional habits,
weight loss, and many other factors seem to play im-
portant roles in the development and course of pancre-
atic cancer.

Conclusion

Past attempts to develop early diagnostic modalities
have proven useless. The expression of tumor-associat-
ed antigens may have value in monitoring the disease
but are unable to detect the cancer in early developmen-
tal stages. Despite the promising molecular biological
approach, the method lacks specificity as the K-ras mu-
tation is not specific for pancreatic cancer and can be
found in patients with chronic pancreatitis as well as in
individuals without pancreatic diseases. The most so-
phisticated imaging techniques are still unable to detect
tumors less than 5 cm with accuracy. The frequent asso-
ciation between pancreatic cancer and IGT offers the
most logical approach for detecting small tumors in
most patients. This method could be applied readily 
in individuals prone to pancreatic cancer, including
members of pancreatic cancer and hereditary chronic 
pancreatitis. Our studies pointing to the role of islets in
pancreatic cancer and in the development of altered
glucose metabolism should be further investigated. The
development of a multidisciplinary program involving
researchers in various fields of medicine, toxicology,
nutrition, cellular and molecular biology, and epidemi-
ology is a necessary step in revealing the true nature of
this deadly disease.
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The dismal prognosis of pancreatic cancer is mostly due
to the fact that this tumor is usually diagnosed at a late
stage. There are no specific early symptoms and diag-
nostic imaging has limitations. As a result, the disease
often eludes detection during its formative stages.
Therefore, accurate tools for early diagnosis and
screening are particularly important for this tumor. We
also need markers that allow estimation of prognosis,
disease progression, and treatment response and which
help us to select the optimum therapeutic strategy for a
patient.

Alterations in gene sequences, expression levels, 
and protein structure or function are used as tumor
markers. This field is fast-moving and expanding, but
also littered with numerous examples of might-have-
beens. Very few markers have passed successfully from
the bench to the bedside. In this chapter we highlight
the present state of tumor markers in pancreatic cancer
and point out developments that may lead to a diagnos-
tic breakthrough in the near future. Because 80–90% of
tumors of the exocrine pancreas are adenocarcinomas
of ductal cell origin, we focus on markers for ductal
pancreatic adenocarcinoma.

CA-19-9

CA-19-9 is the most frequently used serum-based
marker for pancreatic cancer. The protein is a 
carbohydrate cell-surface antigen (sialylated lacto-N-
fucopentose) related to the Lewis blood group sub-
stance. It was originally isolated in 1979 as a colorectal
cancer-specific antigen and it is found in the normal ep-
ithelial cells of the gallbladder, biliary ducts, pancreas,

and stomach. The elevation of CA-19-9 in pancreatic
and other malignancies is thought to be due to in-
creased production and secretion of the antigen from
malignant cells. Multiple studies have shown that while
elevations in serum CA-19-9 appear useful in the diag-
nosis of adenocarcinoma of the upper gastrointestinal
tract and in the surveillance of colon cancer, its greatest
sensitivity is in the detection of pancreatic adenocarci-
noma. To date, CA-19-9 is considered one of the most
useful tumor markers for pancreatic malignancies.
However, up to 30% of patients with pancreatic cancer
do not exhibit elevated serum CA-19-9 levels. The sen-
sitivity of the CA-19-9 serum assay ranges between 69
and 93%, the specificity between 46 and 98%. The
higher the level of CA-19-9, the greater the sensitivity
and specificity of the assay. Elevations in CA-19-9 cor-
relate with the degree of tumor differentiation and with
the extent of disease. Consequently, CA-19-9 levels are
lower in patients with localized disease and this marker
is therefore of little use as a screening marker to detect
early pancreatic cancers. It has been suggested that very
high levels of CA-19-9 indicate unresectable tumors
and that the pretreatment CA-19-9 level is a strong pre-
dictor of survival. There are conflicting results about
whether the response of CA-19-9 to chemotherapy
and/or radiotherapy is useful for predicting survival.
In addition, CA-19-9 is a useful marker for detecting
recurrent disease and can therefore be used for the 
surveillance of patients after surgery for pancreatic
cancer.

A general clinical problem is to determine whether a
pancreatic mass is due to malignancy or chronic pan-
creatitis. Furthermore, if chronic pancreatitis is estab-
lished, it is important to know whether there is any sign
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of malignant transformation. CA-19-9 is of very 
limited value in solving this problem, since elevated
CA-19-9 levels are also found in benign processes such
as acute and chronic pancreatitis, chronic liver disease,
and biliary tract disease. Consequently, in patients with
suspected pancreatic cancer due to chronic pancreati-
tis, the sensitivity and specificity of serum CA-19-9 in
the detection of pancreatic cancer were only 44% and
80% respectively. Marked elevations of CA-19-9 are
essentially limited to cirrhosis and acute obstructive
cholangitis. Biliary obstruction in the absence of
cholangitis does not usually produce significant eleva-
tions of CA-19-9. The elevated CA-19-9 levels seen
with obstructive cholangitis may be due to increased
production from the inflamed epithelial cells, along
with leakage into the serum due to elevated biliary tract
pressure. In the setting of acute inflammatory process-
es, serum CA-19-9 values generally return to normal
when biliary drainage is achieved and infection re-
solves. Thus, an elevated serum CA-19-9 as a marker
for malignancy must be interpreted with caution when
a pancreatic mass is associated with an inflammatory
hepatobiliary process. 

Genetic markers for the detection of
pancreatic cancer in tissues

Because of a better understanding of the genetic pro-
gression of many common neoplasms, DNA mutations
in oncogenes or tumor-suppressor genes are increasing-
ly used as genetic markers. Studies in pancreatic cancers
and preneoplastic lesions, the so-called pancreatic in-
traepithelial neoplasia (PanIn), led to the discovery of
specific genetic modifications that occur at early stages
of pancreatic carcinogenesis. For example, overexpres-
sion of p21WAF/CIP1 is an early event in precursor 
lesions, whereas p53 alterations and the loss of
DPC4/Smad4 are late events in PanIn development.

Ki-ras mutations

Activating Ki-ras mutations are the first genetic
changes detected in the progression to pancreatic can-
cer. They occur in about 30% of lesions that show the
earliest stages of histologic disturbance. Therefore, the
analysis of Ki-ras mutations has been regarded as a
milestone in the early detection of pancreatic cancer.
Ki-ras point mutations at codon 12 are also detectable

in 75–100% of pancreatic cancer tissues. However,
ductal lesions in patients with chronic pancreatitis, and
in the normal pancreas also, exhibit Ki-ras mutations
without additional indications of neoplastic transfor-
mation such as severe dysplasia or mutated P53 pro-
tein. Furthermore, Ki-ras mutations are found in
benign pancreatic tumors. Thus, Ki-ras as a single
marker is not sufficient to establish the diagnosis of
pancreatic cancer in a tissue sample.

p53

Alterations in p53 are late events in PanIn develop-
ment. Overexpression of p53 is almost exclusively
found in pancreatic cancers and not in benign pan-
creatic tumors. However, only about half of pancreatic 
cancers exhibit p53 mutations, which limits the 
value of p53 analysis for the diagnosis of pancreatic
cancer.

Telomerase

Telomerase is a ribonucleoprotein that is involved in
telomere maintenance. The enzyme is required for im-
mortalization of cells and is expressed by almost every
cancer. Telomerase activity has been found in up to
90% of malignant pancreatic tumors but is virtually
absent from benign tumors, suggesting that telomerase
is activated concomitantly with carcinogenesis. Telom-
erase activity could therefore be an interesting marker
for pancreatic cancer. However, telomerase assays that
determine the precise level of enzyme activity should be
used, since low levels of telomerase can be detected in
noncancerous tissues leading to false-positive results in
less accurate assays.

KOC

The KOC (KH domain containing protein overex-
pressed in cancer) gene is highly overexpressed in pan-
creatic cancer. Recent data suggest that KOC is a highly
specific and sensitive marker for pancreatic cancer in
tissue samples.

Mucin family

Mucins are heavily glycosylated, high-molecular-
weight glycoproteins that play a protective role for ep-
ithelial tissues and are possibly involved in the renewal
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and differentiation of the epithelium, cell adhesion, 
and cellular signaling. An aberrant expression pattern
of mucins can be detected in various malignancies.
Mucins may promote the invasive and metastatic po-
tential of tumors by contributing to the cell-surface 
adhesion properties and through morphogenetic signal
transduction. MUC-1 has been shown to be overex-
pressed in pancreatic adenocarcinomas and PanIns by
immunohistochemistry. Other groups have reported
that MUC-4 is the only mucin that is differentially 
expressed at the mRNA level in pancreatic cancers. 
Expression of MUC-4 is found in up to 89% of pancre-
atic cancers and in all PanIn grades, particularly PanIn
3 lesions. However, a few nonneoplastic lesions, in-
cluding reactive ducts in chronic pancreatitis, are also
MUC-4 positive in immunohistochemistry.

Pancreatic cancer markers in serum

A highly sensitive and specific marker that is detectable
in the serum of patients at risk of developing pancreatic
cancer would be ideal for screening. Apart from CA-
19-9, only few such markers have been described. As
described above, CA-19-9 is not suitable as an early
marker and is not elevated in up to 30% of patients
with pancreatic cancer.

Apart from proteins, DNA mutations can be 
detected in serum or plasma samples. The mechanism
by which this DNA is released is poorly understood. 
Ki-ras mutations were found in the plasma of 27% 
of patients with pancreatic cancer, particularly when
distant metastases were present. Such mutations are
also detectable in about 5% of patients with chronic
pancreatitis. Thus, Ki-ras mutation analysis in serum is
specific but has low sensitivity.

The epidermal growth factor receptor (EGFR) is
overexpressed in the majority of pancreatic cancers.
EGFR mRNA is detectable in the peripheral blood of
18% of patients with pancreatic cancer and not in
healthy controls. Thus, this marker may be very specific
but is not sensitive enough for screening.

MUC-4 mRNA can also be detected in peripheral
blood mononuclear cells of pancreatic cancer patients,
but is undetectable in peripheral blood mononuclear
cells of healthy volunteers or patients with chronic pan-
creatitis or other cancers. MUC-4 may indeed be useful
in differentiating between chronic pancreatitis and
pancreatic cancer in patients with a pancreatic mass.

Pancreatic juice: the best screening
material for pancreatic cancer?

Because of the difficulties in obtaining biopsy speci-
mens from patients with suspected pancreatic cancer
and the low sensitivity of serum-based approaches,
much hope has been placed in the analysis of pancreatic
juice.

Unfortunately, Ki-ras polymerase chain reaction
(PCR) of pancreatic juice or bile has a low sensitivity for
diagnosing pancreatic cancer. In a prospective trial,
codon 12 mutations of the Ki-ras gene were detected in
pancreatic juice and bile of 38% of patients with pan-
creatic cancer, 8% of patients with chronic pancreati-
tis, 18.7% of patients with other malignancies, and
7.3% of patients with benign diseases or normal 
findings. In different studies, Ki-ras mutations were 
detected in pancreatic juice of up to 30% of noncancer-
ous patients and in more than 60% of patients with 
benign mucous cell hyperplasia of pancreatic ductal 
epithelium with chronic inflammation. However, 
more sensitive and/or quantitative PCR tests may allow
differentiation of pancreatic cancer from chronic pan-
creatitis. Using quantitative assays such as restriction
fragment length polymorphism (RFLP) or hybridiza-
tion protection assays, Ki-ras mutations can be 
detected in up to 84% and 65% of pancreatic cancers
respectively. 

Mutations of p53 in pancreatic juice were detected 
in 42% of pancreatic cancers. However, no muta-
tions were detectable in mucin-producing adenomas 
or in chronic pancreatitis or normal tissue, making 
p53 a specific but not very sensitive marker. 
Combined analysis of Ki-ras and p53 mutations may
therefore enhance the genetic diagnosis of pancreatic
cancer.

Assessing prognosis

The most relevant prognostic factors in pancreatic 
cancer to date are tumor grade, tumor size greater 
than 45 mm, resection margin involvement, and 
perineural invasion. Interestingly, in one study loss of
DPC4/Smad4 expression in pancreatic cancer corre-
lated with resectability and was associated with 
improved survival after resection, whereas resection
did not improve survival in patients whose tumor ex-
pressed DPC4/Smad4. Aberrant expression p21WAF1,
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cyclin D1, p53, or p16INK4a was not associated with a
difference in survival.

Various other markers have been associated with
poor prognosis in pancreatic cancer. The presence 
of anti-p53 antibodies in serum is likely to predict a
poor prognosis for patients after surgery for pancreatic
cancer. Similarly, the detection of plasma Ki-ras
mutations correlates with shorter survival of patients
with pancreatic cancer. Patients with pancreatic tumors
that reexpress the pancreatic duodenal homeobox 
gene (PDX1), which is normally expressed in pan-
creatic duct cells during pancreatic development, 
have a significantly worse prognosis than those with
PDX1-negative tumors. In addition, overexpression 
of the pancreatitis-associated protein correlates 
with short survival. The detection of disseminated
tumor cells in the peritoneal cavity and bone marrow
using antibodies against CA-19-9, 17-1A tumor-
associated antigen, and cytokeratins correlates 
inversely with survival of patients after surgery for 
pancreatic cancer.

Gene expression analysis in 
pancreatic cancer

Microarray analysis is widely used to detect changes in
gene expression in cancer. This technique allows rapid
assessment of the expression of thousands of genes in
one experiment and can be used to identify differences
in gene expression pattern in different samples. One
major aim of gene expression analysis in pancreatic
cancer is the identification of novel genes that are 
differentially expressed in pancreatic cancer as 
compared with normal pancreas or pancreatitis tissue
and may hence be classified as “candidate disease
genes.” Indeed, using this technique, multiple candi-
date disease genes for pancreatic cancer have been iden-
tified. Genes overexpressed in pancreatic cancer are
associated with processes such as cell–cell and cell–
matrix interactions, cytoskeletal remodeling, prote-
olytic activity, calcium homeostasis, cell proliferation,
and host desmoplastic response. An alternative ap-
proach is the serial analysis of gene expression (SAGE),
a comprehensive cloning and sequencing method that
is used to identify and quantify gene expression, partic-
ularly of low-copy-number genes. Using a SAGE ap-
proach, mesothelin has been identified as a new marker
for pancreatic cancer.

Microchip-based approaches have also been devel-
oped for high-throughput analysis, such as screening a
large number of samples for mutations in oncogenes.
For diagnostic purposes it is ultimately desirable to 
select a small number of candidate genes that can be
spotted on a diagnostic chip in order to detect tumors in
samples such as pancreatic juice or fine-needle aspirates
with high sensitivity and specificity.

Expression profiling also furthers our understanding
of the molecular pathology of pancreatic cancer. Vari-
ous programs are underway to characterize the differ-
ent PanIn stages at the level of gene expression. Using
state of the art bioinformatics, the specific gene expres-
sion pattern of a tumor can be linked to prognosis or
drug activity patterns. This will be used in future to se-
lect patients for treatment and to predict responsive-
ness of the patient’s tumor to chemotherapeutic agents
or targeted therapies. 

The future of all markers: 
proteomic pattern analysis?

Until recently, the search for cancer-related proteins for
early disease detection has been conducted on a case 
by case basis. Proteins have been identified that are
overexpressed as a consequence of the disease process
and are shed into body fluids. This approach, as shown
above, is laborious and time-consuming. The emerging
field of clinical proteomics is especially well suited to
the discovery and implementation of novel biomarkers,
including their posttranslational modifications. Re-
cently, using mass spectrometry-driven proteomic
analysis, a proteomic profile was derived from sera of
patients with prostate and ovarian cancer as well as
from sera of unaffected patients. Using this informa-
tion the investigators established a unique discrimina-
tory pattern of peptides in the serum of patients with
prostate and ovarian cancer. This algorithm enabled
them to correctly identify patients with prostate and
ovarian cancer in a blinded set of samples. Surprisingly,
even patients with Stage I ovarian disease were cor-
rectly identified. Similar data in pancreatic cancer are
not yet available. However, proteomic pattern diagno-
sis might be a real step forward in the early diagnosis of
pancreatic cancer in serum samples.
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What can be expected from tumor
markers in pancreatic cancer?

In the foreseeable future CA-19-9 will continue to be
the most widely used marker for monitoring response
or disease progression. The conclusion to be drawn
from the multiple studies examining single markers is
that there is no single marker that allows early detec-
tion of pancreatic cancer with high sensitivity and
specificity in a compartment that is readily accessible
such as serum. Given the complex genetic profile of
pancreatic cancer, it is also predictable that such a
marker is unlikely to be found. However, microarray
analysis on diagnostic chips containing a set of distinc-
tive candidate genes may in future enable us to differen-
tiate between normal pancreas, chronic pancreatitis,
and pancreatic cancer and to detect the formative
stages of this disease in tissue samples or pancreatic
juice. Ultimately, proteomic pattern analysis in serum
samples could be the revolution in the early diagnosis of
pancreatic cancer.
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Introduction

The long-term prognosis of patients with pancreatic
cancer remains dismal. Surgical resection is the only po-
tential curative therapy but this is frequently unfeasible
due to locally advanced disease or to its extrapancreatic
extension at diagnosis. Preoperative evaluation and
staging of the disease must be carried out to assess
tumor resectability, exclude the presence of extrapan-
creatic invasion, and prevent unnecessary operative 
exploration. If localized disease is confirmed, the
anatomic relationship with peripancreatic major ves-
sels must be evaluated. Encasement or invasion of the
celiac axis or common hepatic or superior mesenteric
arteries is an absolute contraindication to surgery. In
the case of the venous system, if nonobstructive venous
involvement is observed, surgical resection and recon-
struction should be evaluated by an experienced team
of surgeons who will determine when the tumor should
be amenable to complete extirpation. In the presence 
of distant metastatic disease, palliative therapy only
should be considered.

Stage classification

Stage classification of cancer is based on the observa-
tion that survival rates are higher when the disease is lo-
calized than when it has spread beyond the organ of
origin. Staging of cancer is used to analyze and compare
groups of patients. In order to create a global system of
cancer staging and to ensure a common language is
used, in 1987 the Union Internationale Contre le 
Cancer (UICC) and the American Joint Committee 

on Cancer (AJCC) agreed to simultaneously publish a
classification based on the TNM system, an expression
of the anatomic extent of the disease. New editions of
the TNM Classification of Malignant Tumors (UICC)
and the Cancer Stage Manual (AJCC) are developed 
periodically. Stage classification of exocrine pancreatic
cancer is also included in this system.

In the stage classification of exocrine pancreatic can-
cer (Table 46.1), the TNM classification describes the
anatomic extent of tumor at the primary site (T), the
presence or absence of tumor in regional lymph nodes
(N), and the presence or absence of metastasis (M). T is
divided into four major categories (T1–T4), depending
on the size or spread of the primary tumor. N and M are
divided into two categories (0–1) depending on the ab-
sence or presence of regional lymph-node metastasis
and the absence or presence of distant metastasis, re-
spectively. Isolated tumor cells or small clusters of
tumor cells less than 0.2 mm that can be detected by im-
munohistochemistry or molecular methods in lymph
nodes or at distant sites should be classified as N0 or
M0 respectively, as their significance from a biological
point of view is not yet established.

The TNM system classifies the individual TNM ele-
ments separately and then groups them into stages.
Stage grouping in the case of exocrine pancreatic cancer
is basically distributed in five stages (0–IV).
Stage 0 corresponds to carcinoma in situ, N0, M0.
Stage I is subdivided into Stage IA, which includes only

T1, and Stage IB, which includes only T2.
Stage II is differentiated into Stage IIA (T3, N0, M0)

and Stage IIB (T1–3, N1, M0);
Stage III includes T4, any N and M0.
Stage IV includes any T, any N, and M1. 
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Despite discrepancies between different surgical teams,
most surgeons apply the following criteria of nonre-
sectability: (i) celiac axis or hepatic artery origin inva-
sion; (ii) superior mesenteric artery invasion; (iii) portal
vein or superior mesenteric vein invasion (semicircular
encasement or extension superior to 15 mm); and (iv)
distant metastasis. Therefore, according to the
UICC/AJCC stage classification, only certain T1 tu-
mors, corresponding to Stage IA, are resectable and
very few of the tumors classified as Stage IB and IIA
(T2–3, N0, M0) are candidates for resection.

The pathologic classification (pTNM) and stage
grouping is based on examination of a surgically resec-
ted specimen and can be used as a guide to the need for
adjuvant therapy and prognosis. Since only a minority
of patients with pancreatic cancer undergo surgical re-
section of the pancreas, a single TNM classification
must apply to both clinical and pathologic staging.

In 1993, the Japanese Pancreatic Society (JPS) pro-
posed a more complex stage classification, with more
detailed evaluation of the degree of invasion. In con-
trast with the UICC/AJCC system, in the JPS TNM
classification T refers only to tumor size and is recorded
as T1 when tumor is 2.0 cm or less, T2 when
2.1–4.0 cm, T3 when 4.1–6.0 cm, and T4 when over
6.1 cm. Local extent of tumor is expressed as S, indicat-
ing serosal invasion (S 0, 1, 2, 3); RP, indicating
retroperitoneal invasion (RP 0, 1, 2, 3); and PV, indicat-
ing portal vein invasion (PV 0, 1, 2, 3), where 0 is 
absence of invasion, 1 suspected invasion, 2 definite 
invasion, and 3 severe invasion. The N factor is divided
into four grades: N0, no metastasis; N1, primary
lymph-node group metastasis; N2, secondary lymph-
node group metastasis; and N3, tertiary lymph-node
group metastasis. The M factor, distant metastasis, is
divided into M0, no distant metastasis, and M1, distant
metastasis.

Major differences between the UICC/AJCC and JPS
classifications concern local tumor spread and the ex-
tent of lymph-node involvement. The JPS classification
is a more accurate reflection of disease prognosis but is
complex and difficult to use. Taking into account all the
pros and cons in the application of both systems
(UICC/AJCC and JPS), a new pancreatic cancer TNM
classification and stage grouping system has been pro-
posed by Japanese authors based on a combination of
the two systems, and draws on the merits of both.

The TNM system (UICC/AJCC and JPS) does not in-
clude other nonanatomic prognostic factors currently
in use or under study, such as cytologic and histologic
observations, serum measurements of tumor expres-
sion, and enzyme and genetic measurements, that may
influence outcome predictions and treatment decisions.
Once they are correctly identified and validated, such
data might become candidates for future incorporation
in the TNM staging system.

In this way, the extent of surgical resection, when
possible, has recently promoted the increasing use of
the R classification based on histopathologic analysis
of the resected material, where R0 is complete resection
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Table 46.1 TNM classification and stage grouping of
exocrine pancreatic cancer. (From Greene et al. 2002.)

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor limited to the pancreas, 2 cm or less in greatest 

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

greatest dimension
T3 Tumor extends beyond the pancreas but without 

involvement of the celiac axis or the superior 
mesenteric artery

T4 Tumor involves the celiac axis or the superior 
mesenteric artery (unresectable primary tumor)

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage grouping
Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

Stage III T4 Any N M0
Stage IV Any T Any N M1



with clear margins, R1 complete resection with positive
resection margins, and R2 incomplete resection of
macroscopic tumor. The R classification is not part 
of the TNM system but is prognostically of great 
significance.

Morphologic tumor staging

Early diagnosis of pancreatic cancer is extremely diffi-
cult. In Western countries, usually only 15–20% of 
patients with pancreatic cancer are candidates for 
resection compared with about 80% who will receive
palliative treatment only. The late presentation of the
disease is due to a combination of the silent behavior of
the tumor in its early development and delay in diagno-
sis as a result of late presentation of the patient and lack
of sufficiently sensitive diagnostic tools to identify 
localized disease. New multimodality treatment can be
achieved with an improvement in preoperative staging
and a better selection of patients for surgical therapy.
As previously mentioned, the aim of staging is to detect
those patients who have potentially resectable localized
cancer from those with locally unresectable or metasta-
tic disease.

Preoperative and perioperative staging can be based
on the results obtained with currently available imag-
ing techniques used in the diagnosis of pancreatic can-
cer. The diagnostic procedures generally used in the
work-up of patients with suspected pancreatic cancer
are highly sensitive and accurate in predicting those 
patients who will not be candidates for resection, thus
avoiding unnecessary laparotomy. The prediction of
unresectability may be as high as 90% when correlated
with intraoperative findings. However, at present there
are major difficulties in accurately predicting 
resectability, as almost 30% of patients considered to
be eligible for resection are found to have either small
hepatic or peritoneal metastasis or invasion of vascular
structures.

Computed tomography

Helical computed tomography (CT) is now considered
one of the most accurate methods in the diagnosis and
staging of pancreatic cancer. Furthermore, CT-guided
biopsy by fine-needle aspiration (FNA) can be per-
formed at the initial scan to obtain histologic samples
to confirm the diagnosis and/or the presence of meta-

stasis. The accuracy of helical CT for staging unre-
sectable carcinomas is virtually 100%. However, CT
has proven far less reliable in predicting resectability,
with an accuracy of 70–80%. Dual-phase helical CT,
performed with contrast enhancement, provides infor-
mation on tumor location and its resectability, afford-
ing excellent evaluation of its relationship to the celiac
axis, superior mesenteric artery, and portal and 
superior mesenteric veins, as well as to the presence 
of enlarged lymph nodes, hepatic metastases, and/or
ascites (Fig. 46.1). The presence of locally advanced
tumor extension into the soft-tissue planes surrounding
the celiac axis, mesenteric artery, superior mesenteric
and portal veins, or retroperitoneum is assessed. The
criteria of lymph-node involvement are often impos-
sible to evaluate from size alone. Normal-size lymph
nodes may contain tumor, and enlarged lymph nodes
may be the result of inflammatory or reactive hyperpla-
sia. Helical CT also appears to be limited in the detec-
tion of small hepatic and peritoneal metastasis. Despite
the improved accuracy of CT, approximately 15–20%
of patients may have unsuspected metastasis. Liver and
peritoneal metastasis smaller than 1.0 cm are difficult
to detect by CT. 

Multislice CT has recently been introduced. It pro-
vides an improvement in anatomic volume coverage
and also separates arterial from venous image acquisi-
tion phases. Reconstruction by three-dimensional
imaging of peripancreatic vasculature in an attempt to
determine vascular involvement by pancreatic cancer is
controversial.
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Figure 46.1 Unresectable pancreatic cancer:
contrast-enhanced helical CT showing a 3-cm hypodense
mass in the body of the pancreas (encircled area) that invades
and occludes celiac axis.



Endoscopic ultrasonography

Endoscopic ultrasonography (EUS) is a reliable method
for pancreatic tumor detection. The close proximity of
the transducer to the pancreatic area ameliorates the
resolution of this procedure in comparison with tran-
scutaneous techniques. EUS can diagnose tumors as
small as 5 mm in diameter and characterize their exten-
sion, assessing resectability by its capacity to determine
vascular invasion and lymph-node enlargement. 
Incipient venous infiltration may be detected by EUS
and may therefore be helpful in predicting resectability.
The application of color Doppler ultrasound technolo-
gy has enhanced the assessment of vascular involve-
ment. EUS-guided FNA of suspicious tissues is safe and
can provide reliable and useful information for the
management of these patients. FNA performed during
an EUS procedure also helps to establish a diagnosis of
malignancy, with an accuracy of 90%. The inability to
completely evaluate the liver for metastasis is a dis-
advantage of this technique.

Magnetic resonance imaging

Although the results from magnetic resonance imaging
(MRI) rival those obtained by helical CT, this is not a
standard procedure in the work-up of patients with
pancreatic cancer and their preoperative staging. MRI
is comparable to CT in detection of pancreatic cancer,
enlarged lymph nodes, and hepatic metastasis. High-
resolution and functional imaging have notoriously im-
proved the arterial and venous definitions necessary for
evaluation of resectability. Magnetic resonance cholan-
giopancreatography (MRCP) is excellent and provides
information about the site and extent of hepatic biliary
obstruction and periampullary strictures, often making
endoscopic retrograde cholangiopancreatography un-
necessary. The combination of MRCP with pancreatic
MRI accurately predicts resectability. Altered renal
function and allergies to iodine-based contrast agents
that impede the use of CT are probably the main indica-
tions for the use of MRI in staging of pancreatic cancer.

Positron emission tomography

Positron emission tomography (PET) with 18F-
fluorodeoxyglucose (18F-FDG) is a nonaggressive tech-
nique based on the greater incorporation of glucose
and its analog 18F-FDG in malignant cells compared

with mostly healthy tissues. 18F-FDG does not undergo
further metabolism in tumor cells and remains trapped
for a sufficient time to allow for imaging. It is not a first-
line diagnostic method in pancreatic cancer and its 
utility in this tumor has not yet been well established.
As the hypermetabolism of glucose is not restricted to
malignancy but can also occur in certain inflammatory
and infective conditions, PET images may be falsely
positive in the presence of pancreatitis. Highly differen-
tiated tumors and those with blood glucose levels above
130 mg/dL may not metabolize the PET marker and
there may be difficulties in interpreting false-negative
results. The main strength of PET lies in its ability to de-
tect distant metastasis not imaged by CT. PET shows
the best detection rate for the staging of lymphatic
metastases. PET images can be fused with CT and/or
MRI images, aiding accuracy in the detection of tumor
spread.

Laparoscopy

Laparoscopy, the only nonimaging technique in the
work-up, has been proposed for staging pancreatic
cancer and thereby avoiding an unnecessary laparo-
tomy. Superficial liver metastasis and peritoneal dis-
semination are frequently found in pancreatic cancer
patients. These implants commonly measure no more
than a few millimeters and can only be detected by di-
rect visualization via laparoscopy or at laparotomy.
Several series have demonstrated that the routine use of
laparoscopy identifies occult metastatic disease in up to
40% of cases deemed resectable by other studies. In
10–20% of patients with apparently resectable tumor
in the head of the pancreas according to CT, la-
paroscopy will reveal either distant metastasis or local
invasion that contraindicates pancreaticoduodenec-
tomy. In the case of carcinoma of the body or tail of the
pancreas, this prevalence almost doubles. However, the
role of routine preoperative staging laparoscopy is con-
troversial, especially in tumors located in the head 
of the pancreas. It seems reasonable to perform 
laparoscopy, prior to laparotomy, in patients with a
tumor considered potentially resectable, especially if it
is located in the body or tail of the pancreas.

Conclusions

Data obtained during preoperative staging of pancrea-
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tic cancer allows classification of the tumor with regard
to its potential resectability and thus ensures more ap-
propriate treatment. Patients with a pancreatic cancer
considered to be resectable have a long-term survival
rate of 20% and a median survival of 15–20 months,
whereas patients with locally advanced nonmetastatic
disease have a median survival of 6–10 months. Pa-
tients with metastatic disease have the shortest median
survival that varies between 3 and 6 months.

Contrast-enhanced multislice CT is the standard
imaging procedure for classifying patients as having 
localized resectable, locally advanced, or metastatic
pancreatic cancer. Additional procedures such as EUS,
MRI, MRCP, and PET are best reserved for those cases
in which CT yields equivocal findings or in patients
who cannot undergo contrast-enhanced CT. La-
paroscopy prior to laparotomy should be reserved for
patients deemed resectable because of a 10–20% inci-
dence of occult liver or peritoneal metastasis not detec-
ted by imaging methods.
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Introduction

The radiologic diagnosis and staging of pancreatic 
cancer depends predominantly on high-quality cross-
sectional imaging. With advancements in computer
and scanner technology, three-dimensional software
programs, and the increasing availability of multidetec-
tor scanners, computed tomography (CT) emerges as
the imaging modality of choice for the detection, stag-
ing, and follow-up of patients with pancreatic cancer.
Although other imaging modalities, such as magnetic
resonance imaging (MRI) and ultrasound perform an
adjunctive role, CT is considered the primary imaging
method for pancreatic imaging.

Evolution of CT scanning

The introduction of CT into clinical practice in the late
1970s finally made possible direct noninvasive imaging
of the pancreas. Prior to this time, pancreatic imaging
was limited to ultrasound, nuclear medicine, and 
barium studies. Such evaluations only inferred the pre-
sence of pancreatic disease by visualizing secondary
signs such as displacement of bowel and widening of
the duodenal C-loop. In fact, when these early exami-
nations were positive, patients typically exhibited large
tumors, which were not amenable to curative surgical
intervention. Similarly, angiography was limited to the
creation of vascular maps since this method is not able
to visualize the pancreas directly. In contrast with these
other imaging modalities, CT is able to directly and
non-invasively visualize the pancreas and peripancre-
atic structures including the mesenteric and portal ves-

sels. In addition, potential sites of metastases, including
the liver and peripancreatic lymph nodes, can be 
imaged during a single examination.

Today, over 20 years later, CT remains the primary
study for evaluating the pancreas. However, significant
advancements in CT technology, along with the intro-
duction of three-dimensional imaging techniques, have
substantially improved pancreatic imaging. Under-
standing these changes is essential to fully appreciate
the current role of CT in imaging pancreatic pathology.
Advanced CT imaging of pancreatic cancer can im-
prove patient outcome by correctly detecting tumor
earlier as well as accurately evaluating the extent of 
disease in order to identify patients who could poten-
tially benefit from aggressive surgical management.

Multidetector CT and three-dimensional imaging

CT plays an essential role in evaluation of pancreatic
cancer. It has emerged as the gold standard in pancrea-
tic imaging due to two major innovations: the develop-
ment of multidetector CT (MDCT) scanners and
improvements in three-dimensional imaging software
and hardware.

The introduction of MDCT scanners in the late
1990s revolutionized CT scanning. MDCT offers the
latest advances in CT technology by combining multi-
ple rows of detectors and faster gantry rotation speeds.
Early CT scanners acquired data in 10-mm slices at a
rate of 1 slice per minute, producing limited visualiza-
tion of small tumors and adjacent vasculature. The in-
troduction of single detector spiral scanners in the late
1980s was definitely an improvement over conven-
tional dynamic scanners, but these scanners still had
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limited speed and resolution. In contrast, the new 16-
slice MDCT scanners allow pancreatic imaging with
0.75-mm slices, at a rate of 32 slices per second. In fact,
the entire abdomen can be scanned in less than 10 s.
This results in high-resolution datasets and has 
greatly improved three-dimensional imaging and CT
angiography (CTA).

Three-dimensional CT imaging is essential when
evaluating a patient with suspected pancreatic 
pathology. In the past, a CT examination was acquired
and reviewed in the axial plane only, which is not 
adequate when evaluating complex anatomy. MDCT
scanners still acquire the data in the axial plane, but 
instead of a series of slices the data are actually a 
volume. This volume can then be viewed with three-
dimensional software to better display the anatomy
and/or pathology. The three-dimensional CT dataset is
manipulated using different orientations and cut planes
in order to best demonstrate the pancreas and peripan-
creatic vasculature. Also, the radiologist is able to ad-
just the window level, center, brightness, and opacity in
order to accentuate certain structures such as soft tissue
or vessels. CTA information obtained from the same
dataset can be reconstructed using volume rendering
and maximum-intensity projection (MIP) techniques.
This noninvasive method allows faster and more accu-
rate visualization of vascular encasement/invasion of
the celiac axis, superior mesenteric artery, superior
mesenteric vein, and portal vein.

CT technique

Oral and intravenous contrast

For detection of pancreatic lesions, proper patient
preparation and technique is essential. Patient prepara-
tion includes optimal contrast administration (oral and
intravenous) as well as the acquisition of thin high-
resolution slices. Oral contrast (1 L of water) is admin-
istered over 20 min to ensure adequate delineation and
distension of small bowel. Water as an oral contrast
agent also optimizes visualization of potential small pe-
riampullary masses and allows performance of CTA 
of the peripancreatic vessels, without complicated 
editing.

Fast bolus injection of 100–120 mL intravenous 
contrast at a rate of 3–5 mL/s through a 19–20 gauge
catheter placed in an antecubital vein produces the
parenchymal enhancement and vascular opacification

necessary for the visualization and staging of pancrea-
tic lesions.

Scan protocol

For detailed imaging of the pancreas, we utilize our 16-
slice MDCT (Siemens Sensation 16, Siemens, Malvern,
PA) to obtain 0.75-mm slices through the liver and pan-
creas. These thin slices greatly improve the three-
dimensional dataset.

With these faster scanning capabilities, dual-phase
imaging of the pancreas is now possible, with the acqui-
sition of both arterial- and venous-phase datasets using
a single bolus injection of contrast. Arterial-phase 
images are acquired 25 s after the start of the injection,
while portal venous-phase images are obtained at 60 s.
Therefore high-resolution arterial and venous vascular
maps can be created that are comparable to conven-
tional angiography and serve as an essential anatomic
map for staging and presurgical evaluation.

CT evaluation of pancreatic cancer

The overall 5-year survival rate for pancreatic adeno-
carcinoma is les than 5%, with the majority of patients
presenting with advanced disease at the time of diagno-
sis (70–90%). The goal of CT is to detect the tumor and
to determine which patients are candidates for surgical
resection. The criteria for pancreatic cancer resectabi-
lity include the absence of hepatic metastasis, peri-
toneal metastasis or lymph-node involvement, as well
as the lack of vascular encasement.

Imaging features

Normal pancreas
The detection of pancreatic pathology relies upon an
appreciation of the normal appearance of the pancreas.
The pancreas is classically divided into head, neck,
body, and tail. The pancreatic head lies within the duo-
denal sweep, anterior to the junction of the left renal
vein and inferior vena. An extension of the left and cau-
dal portion of the head is the uncinate process, which
extends adjacent to the superior mesenteric vessels and
has a tongue-like pointed contour. Immediately to the
left of the head and resting ventrally to superior mesen-
teric vessels is the pancreatic neck. The pancreatic body
rests behind the lesser sac and stomach with its dorsal
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surface abutting the splenic vein. The pancreatic tail is
often at the same level or cephalad to the pancreatic
body and follows the splenic vessels into the splenic
hilum.

The normal upper limit for width of the pancreatic
head is 2.5–3 cm. The normal anterior–posterior width
of the body of the pancreas varies, but 2.0 cm is 
generally accepted as the upper limit of normal. The
maximum normal width for the pancreatic tail is 
approximately 1.5 cm. These are only rough guidelines
for judging the size of the pancreas.

The normal pancreas demonstrates homogeneous
enhancement on both the arterial- and venous-phase
images. The pancreatic duct can be seen in normal pa-
tients, but should measure less than 2 mm in diameter.
In addition the peripancreatic fat should be homoge-
neous and a good fat plane should be visible between
the pancreas and adjacent structures.

Tumor detection
The majority of pancreatic cancers occur as a focal
mass in the head/neck (65%), with only 20% located in
the body and 10% in the tail (Fig. 47.1). However, 
approximately 5–10% of tumors will result in diffuse
enlargement of the entire gland and can be a diagnostic
challenge. The entire pancreas can be enlarged as a 
result of diffuse tumor infiltration of the gland or as a
result of pancreatitis caused by a focal mass. It is 
sometimes difficult to distinguish the two on a single
CT scan.

In the past, the CT diagnosis of pancreatic cancer re-
lied heavily on the visualization of a discrete mass, a
3–6 cm mass being the classic description. This is still
true, but today’s CT technology also allows visualiza-
tion of smaller masses as well as subtle density and tex-
tural differences as clues to an underlying malignancy.

On noncontrast examinations, a tumor may appear
as a region of subtle hypodensity often due to edema
and necrosis. However, most pancreatic tumors are dif-
ficult to visualize without intravenous contrast. With
faster scanners, dual-phase (arterial and late phase)
imaging is of paramount importance to ensure optimal
gland enhancement, allowing detection of subtle and
small tumors (< 2 cm) by alteration in density of the
pancreas, as well as evaluation of vascular involve-
ment. Arterial-phase imaging is superior for detection
of some pancreatic tumors (islet cell), while venous-
phase imaging is better in other instances when the
tumor and gland have maximal differentiation of en-

hancement (adenocarcinoma). Therefore it is essential
to always acquire images during both the arterial and
venous phases.

In contrast-enhanced studies, most adenocarcino-
mas will enhance less than adjacent parenchyma, ap-
pearing as a low-density mass. However, small tumors,
which do not distort the shape of the gland, may be de-
tected only during arterial-phase scanning, appearing
as a subtle region of low attenuation. On venous-phase
imaging, these small tumors often appear isodense with
normal pancreas and are therefore undetectable. Other
small tumors may not be apparent on arterial images
and are only detected on late-phase scanning.

Arterial-phase imaging is also key for less common
vascular pancreatic tumors including islet-cell tumors,
and hypervascular metastasis such as renal cell carci-
noma or carcinoid. With arterial-phase imaging, 
hypervascular lesions enhance more than the normal
pancreas, appearing hyperdense to normal pancreatic
tissue. These lesions often wash out rapidly, becoming
isodense with the pancreas on venous-phase sequences.

In some patients, it may not be possible to visualize
small pancreatic masses directly. In these cases, the
presence of secondary signs, including duct dilatation
or gland atrophy, are clues to the presence of an under-
lying mass. For example, pancreatic and common bile
duct dilation in the absence of a stone is very suspicious
of a small pancreatic or periampullary mass, even if the
actual tumor is not visible. Similarly, an abrupt transi-
tion in pancreatic duct caliber is highly suspicious for
tumor at the transition point, even if no discrete mass is
visible. Atrophy of the pancreas distal to a mass is also a
common secondary finding.

Pancreatic cancer versus pancreatitis
Difficulty can occasionally arise when trying to distin-
guish pancreatic cancer from pancreatitis since the CT
findings can overlap. Common CT features in patients
with chronic pancreatitis include gland atrophy, dilata-
tion of the pancreatic and bile ducts, pancreatic calcifi-
cations, and pseudocyst formation. However, focal
pancreatic enlargement can occur that can simulate
pancreatic tumor. An abrupt change in caliber of the
pancreatic duct favors pancreatic cancer over pan-
creatitis even if no lesion is identified. In chronic pan-
creatitis, dilated ducts tend to be irregular, while dilation 
due to pancreatic mass is often smooth or beaded.

In pancreatitis and invasive pancreatic carcinoma,
peripancreatic tissues may demonstrate an increase in
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Figure 47.1 African-american male, 67 years old, with
pancreatic adenocarcinoma arising from the neck and
extending cephalad. (a) Axial and (b) off-axis oblique images
demonstrating adenocarcinoma (arrow) producing focal
pancreatic enlargement with decreased attenuation
compared with the remainder of the pancreas resulting in
obstruction and dilatation of the pancreatic duct (asterisk).

(c) Three-dimensional volume-rendering coronal of arterial
anatomy showing patent arteries and a replaced right hepatic
artery (arrow). (d) Three-dimensional volume-rendering
coronal of venous anatomy demonstrating the mass
producing narrowing and near-complete occlusion of the
splenic vein rendering the tumor unresectable (arrows).



density of the peripancreatic fat. One finding that may
help distinguish pancreatitis from a neoplastic process
is preservation of a rim of normal fat around the 
superior mesenteric artery and superior mesenteric vein
in pancreatitis.

As opposed to pancreatitis, pancreatic tumors are
metabolically active, consuming increased amounts of
glucose relative to the remaining pancreatic tissue. On
this basis, 18F-fluorodeoxyglucose (FDG) positron
emission tomography (PET) may distinguish between
cancer and pancreatitis. Pancreatic cancer demon-
strates increased uptake of FDG, with accuracy repor-
ted to be 88–90%. This technique may also be useful
for differentiating postoperative recurrence from sur-
gical/radiation change. In addition, biopsy, endo-
scopic retrograde cholangiopancreatography (ERCP),
and/or close serial follow-up with CT are often re-
quired to help differentiate focal pancreatitis from 
carcinoma.

Vascular involvement
The role of CT imaging includes not only the detection
of a pancreatic mass but also accurate staging of the 
disease. Since the pancreas lacks a true capsule, inva-
sion of adjacent soft tissue, fat, and vessels is common.
Pancreatic carcinoma extension results in obliteration
of normal peripancreatic fat. Tumor extension can 
involve duodenum, gastric antrum, posterior gastric
wall, transverse colon, spleen, splenic flexure of the
colon, porta hepatis, and blood vessels. When the fat
plane is lost between a pancreatic mass and an adjacent
organ, there is presumed to be direct extension of
tumor. However, in some instances, fat plane oblitera-
tion may only indicate abutment by tumor, or may be
caused by fibrous proliferation rather than tumor inva-
sion itself. In addition, microscopic invasion of sur-
rounding tissue may occur without gross obliteration
of the fat plane. In the absence of metastatic disease, 
resectability depends on local tumor extensions and
vascular involvement. In the majority of cases, vascular
involvement with tumor renders a patient unresectable
(Fig. 47.2).

Studies comparing helical CT to standard angiogra-
phy for the detection of arterial involvement conclude
that both methods are equivalent for diagnosing 
arterial invasion. For minor arteries, including anterior
superior pancreaticoduodenal and posterior superior
pancreaticoduodenal arteries, angiography was more

successful. However, encasement and invasion of these
minor vessels is not a contraindication for pancreatic
resection and such demonstration is not crucial for de-
termining tumor resectability.

Tumor involvement of blood vessels appears as cir-
cumferential encasement and narrowing of the vessels,
focal invasion, or complete occlusion. A CT grading
system for vessel involvement (arterial and venous) by
tumor was developed by Lu et al. Vessel invasion with
tumor is prospectively graded, based on circumferen-
tial contiguity of tumor to vessel, on a scale from 0 to 4.
Zero represented no soft tissue touching vessel; each
number then corresponded to the percentage of vessel
in contact with soft tissue in 25% increments, so that
1 = 25% and 4 = 100%. This study found that patients
with grade 3–4 involvement (> 50% circumference ves-
sel abutted with tumor) were unresectable due to vas-
cular involvement, with a sensitivity and specificity for
unresectability of 84% and 98%. Nakayama et al. per-
formed a similar study and found different grading cri-
teria for arteries versus veins. Nakayama proposed that
grade 3–4 criteria indicated unresectability for venous
structures, but found arterial structures with this grade
were sometimes surrounded by inflammatory/fibrous
tissue rather than tumor, and therefore criteria were
deemed less useful for peripancreatic arteries.

Other signs of tumor vessel involvement include
change in vessel caliber or occlusion. Findings are often
better visualized with three-dimensional volumetric re-
construction. Vessels run in numerous different planes
and different angles. While some vessels may be best vi-
sualized on axial images, the majority of vessels, which
run perpendicular to standard axial images, are better
evaluated by CTA with three-dimensional, real-time,
volumetric data manipulation. One study revealed that
the negative predictive value of resectable tumor only
on axial images was 70%. With the addition of CTA to
the axial examination, negative predictive value im-
proved to 96%.

The celiac artery and its branch vessels are com-
monly involved in patients with large pancreatic mas-
ses, especially tumors of the pancreatic body and tail. It
is important to identify major branches off the celiac
axis, including hepatic, splenic, and gastroduodenal 
arteries. Superior mesenteric artery is the vessel most
commonly involved with pancreatic cancer because of
its close approximation to the pancreatic head and
neck. These vessels are best viewed using a coronal/
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anterior projection and sagittal views similar to con-
ventional invasive angiograms (Fig. 47.3).

The portal vein runs perpendicular to axial images
and is optimally visualized with three-dimensional 
reconstruction using a coronal oblique projection in
order to demonstrate the complete extrahepatic portal
vein and its junction with the mesenteric vessels and
splenic vein. Splenic vein involvement occurs with 
tumors of pancreatic body and tail. Gastroepiploic 
collaterals appear when there is significant narrowing
or occlusion of the splenic vein with tumor. Isolated
splenic vein involvement is rare; however, patients may
still be considered candidates for resection and splenec-
tomy with limited, isolated splenic vein involvement.
Superior mesenteric vein involvement renders patients
unresectable. Since this vessel is intimately associated
with uncinate process, head, and neck of pancreas, in-
volvement occurs with tumors in these regions, also
often narrowing the superior mesenteric vein and its
confluence with the portal vein. Marked narrowing of
superior mesenteric vein without adequate collaterals
can induce small bowel loop ischemia (Fig. 47.4).

Biliary obstruction
Pancreatic cancer may cause biliary obstruction that 
results in a clinical presentation of painless jaundice,
necessitating percutaneous biliary drainage to relieve
symptoms and prevent sepsis/cholangitis. Biliary ob-
struction often results from tumors in the pancreatic
head, uncinate process, or ampulla due to close associa-
tion of pancreatic and common bile ducts. On axial 
CT, the classical appearance of obstruction is the dou-
ble duct sign. This term arises from a lesion that pro-
duces occlusion of both pancreatic and common bile
ducts, resulting in dilatation that appears as two large,
easily visible ducts. While this sign is highly suspicious
for pancreatic cancer, other conditions can produce a
similar appearance, including ampullary carcinoma,
cholangiocarcinoma, and chronic pancreatitis. The
maximum normal dimension of the common bile duct
is 6 mm. This can be slightly larger when patients are 
elderly or have undergone cholecystectomy. Normal
pancreatic duct size is 1–2 mm.

Biliary dilatation can be seen by ultrasound as well as 
by MRI/magnetic resonance cholangiopancreatography 

(a)

P

(b)
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C

Figure 47.2 White male, 46 years old, with resectable
moderately differentiated adenocarcinoma of the pancreatic
head. (a) Coronal three-dimensional volume rendering
revealing the pancreatic head adenocarcinoma abutting the
portal vein/splenic vein confluence producing minimal
compression of the portal vein (arrow; P, portal vein).

Common bile duct and pancreatic duct dilatation noted. (b)
Coronal three-dimensional maximum-intensity projection
showing normal arterial anatomy. HA, hepatic artery; C,
celiac artery; SA, splenic artery; SMA, superior mesenteric
artery.
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Figure 47.3 African-american female, 69 years old, with a
pancreatic body adenocarcinoma. (a) Axial and (b) three-
dimensional volume-rendering coronal images showing the
pancreatic tumor encasing (arrows) the superior mesenteric

artery and splenic vein (SV). These vessels are markedly
narrowed but not occluded. (c) Lateral maximum-intensity
projection showing narrowing of superior mesenteric artery
(SMA); C, celiac artery; A, aorta.
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(MRCP). MRCP has an advantage over CT, as biliary
fluid is inherently bright on T2-weighted sequences 
and therefore does not require addition of contrast for
evaluation. However, the main disadvantage of MRCP
remains rooted in the long acquisition time. Previously,
CT cholangiography required oral or intravenous 
biliary contrast agents. Three-dimensional, volume-
rendering, post-processing techniques have made these
biliary contrast agents less necessary. With MDCT and
three-dimensional processing, settings can be chosen to
display biliary structures as high density, allowing bet-
ter visualization and evaluation, a technique known as
three-dimensional volume-rendered cholangiopan-
creatography (3D-VRCP). VRCP allows determination 
of length and level of obstruction. With this method of
evaluation, pancreatic lesion, vasculature, metastasis,
and biliary drainage planning can be performed with
one study. VRCP is not only capable of detecting the
level of obstruction, but may also reveal aberrant
anatomy or multilevel obstruction/metastasis that
could potentially alter biliary drainage. Another possi-

ble approach to CT imaging of the biliary tree is three-
dimensional virtual CT cholangiopancreatoscopy.
This technique allows endoscopic visualization of the
biliary tree that correlates well with ERCP. Virtual
methods and real-time evaluation allow manipula-
tion of datasets so that all intrahepatic and extra-
hepatic ducts can be viewed in any orientation, 
contrary to percutaneous transhepatic cholangiogra-
phy and routine ERCP. When a lesion is detected with
VRCP, data settings can be altered to display adjacent
pancreatic tissue, facilitating work-up and staging of
tumor.

Extrapancreatic extension
Pancreatic metastases most commonly spread to liver,
lymph nodes, peritoneum, and lung. Careful evalua-
tion of the liver is crucial, as hepatic involvement pre-
cludes curative operative management. CT emerges as
the primary, most accurate modality for detecting liver
metastasis. Accuracy for detection of lesions larger
than 1 cm has been reported at 91% for four-slice

(a) (b)

P

Figure 47.4 African-american female, 52 years old, with an
infiltrating unresectable pancreatic neck/body
adenocarcinoma. (a) Three-dimensional volume rendering
demonstrating pancreatic adenocarcinoma occluding the
portal vein/splenic vein confluence (arrow) and surrounding

the celiac axis and superior mesenteric artery. (b) Coronal
maximum-intensity projection again showing occlusion of
the portal vein/splenic vein confluence with extensive
collateralization of vessels (arrows); P, portal vein.



MDCT. With thinner collimation and faster scanning
capabilities of MDCT, smaller hepatic lesions are rou-
tinely detected, even when less than 5 mm. Lesions this
small often cannot be accurately characterized by most
imaging methods and therefore accuracy decreases in
some studies to 75%. Hepatic surface metastases are
also difficult to diagnose with imaging, and are more
readily identified during surgical palpation of the 
hepatic capsule.

The majority of pancreatic liver metastases are hypo-
vascular and are more readily visualized during 
venous-phase examination. Some pancreatic tumors,
predominantly islet-cell tumors, produce hypervascu-
lar metastases necessitating arterial-phase imaging to
aid detection. These hypervascular foci of hepatic
spread enhance and wash out quickly, and therefore
may be missed when only venous imaging is performed.

Pancreatic tumors commonly spread to celiac axis
and superior mesenteric lymph nodes. Other nodal
groups that may be involved include paraaortic, peri-
caval, retrocrural, and porta hepatis chains. Small nor-
mal lymph nodes in porta hepatis and peripancreatic
regions are common. CT detection of tumor spread to
lymph nodes primarily rests on size criteria. Lymph
nodes larger than 1 cm are considered pathologic.
However, smaller (1–2 mm) lymph nodes may also con-
tain tumor, and are often undetectable by CT. A study
by Zehman et al. used TNM staging for pancreatic 
cancer on CT and found nodal accuracy for pancreatic
cancer to be only 58%.

Small peritoneal metastases may be seen with imag-
ing, but frequently can be missed and only detected at
surgery. Unexpected ascites strongly suggests peri-
toneal metastasis even though discrete lesions may not
be visible.

Less common pancreatic neoplasms

Tumors of exocrine origin, including ductal adenocar-
cinoma, account for approximately 95% of pancreatic
tumors. The remaining 5% result from rare tumors, 
including islet cell, lymphoma, and metastases to the
gland. Mesenchymal tumors are extremely rare.

Neuroendocrine tumors/islet-cell neoplasms

Neuroendocrine tumors are an uncommon neoplasm

of younger individuals, with an incidence of approxi-
mately five cases per million persons per year. These 
lesions have an increased incidence in patients with 
von Hippel–Lindau disease. Islet-cell tumors are con-
sidered functional when clinical symptoms present
from excess hormone production. Approximately half
of these rare neoplasms are hormonally active. Hor-
monally active tumors are diagnosed when smaller be-
cause of the development of clinical symptoms caused
by active peptides secreted by tumor. These are almost
always diagnosed with biochemical abnormalities.
Nonfunctioning tumors present later, after reaching a
larger size and causing symptoms from mass effect or
metastasis. Reported sensitivity for CT detection of
islet-cell tumors is 71–82%. Very small lesions in neck
and body may be missed, and are sometimes confused
for adjacent vascular structures. Three-dimensional re-
construction allows multiple views and easier detection
of these small lesions, with separation from adjacent
vessels.

Hormonally active islet-cell tumors are classified 
according to the hormones produced and include 
insulinomas, gastrinomas, glucagonomas, somato-
statinomas, and tumors secreting vasoactive intestinal
peptide. Insulinomas are the most common of the 
five islet-cell subtypes and are most commonly benign.
This tumor induces marked elevation of serum insulin
level, resulting in normal to intractably low glucose 
levels and symptoms of hypoglycemia. Insulinomas
typically present at 2 cm or less in size. The second most
common active tumor is gastrinoma, resulting in
Zollinger–Ellison syndrome. Individuals with this 
neoplasm have severe peptic ulcer disease, abdominal
pain, diarrhea, esophagitis, and weight loss from 
elevated levels of gastrin. Approximately 60% of 
gastrinomas are malignant. Both insulinomas and 
gastrinomas are associated with multiple endocrine
neoplasia (MEN) type 1 syndrome. Remaining sub-
classes of functioning tumors account for less than 5%
of all islet-cell tumors. 

The rarity of this entity makes diagnosis and 
localization methods controversial. Invasive imaging
modalities include selective celiac and mesenteric arte-
riography, venography, and venous sampling. Less 
invasive imaging tests include gadolinium-enhanced
MRI, somatostatin receptor imaging, and endoscopic
ultrasound. However, advancements and technologic
improvements render dual-phase MDCT the gold stan-
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dard. Both functioning and nonfunctioning islet-cell
tumors are hypervascular. Identification of these tu-
mors requires intravenous bolus injection of contrast
with dual-phase imaging to visualize hypervascular en-
hancing mass. Islet-cell tumors demonstrate significant
enhancement, best detected on arterial-phase studies.
This tumor blush allows distinction of an islet-cell neo-
plasm from the more common low-density hypovascu-
lar adenocarcinoma. The small size of functioning
islet-cell tumors often does not distort the gland at the
time of clinical presentation. Metastases from islet-cell
tumors to the liver are also hypervascular and best seen
on arterial-phase images as hyperattenuating masses in
the liver.

Only surgical resection offers a definitive cure for
these tumors. When such cancers are malignant, they
are often slow-growing and indolent, with a 5-year 
survival of 49–56%. Other tumors mimicking 
hypervascular pancreatic lesions are metastases from
other organs, including renal cell carcinoma and
melanoma.

Cystic pancreatic lesions

Cystic tumors of the pancreas are uncommon, account-
ing for only 1% of pancreatic tumors and 10% of all
cystic lesions of the pancreas; 85% of cystic pancreatic
lesions are pseudocysts, with true pancreatic cysts
being uncommon.

Pancreatic pseudocysts lack an epithelial lining as
opposed to true cystic neoplasms. Pseudocysts typi-
cally develop after an episode of pancreatitis, trauma,
or alcoholism, resulting in the leakage of pancreatic se-
cretions extravasated from a disrupted duct that form a
fluid collection. Radiographic characteristics favoring
a pseudocyst rather than a cystic neoplasm include a
thin-walled cyst lacking septations, loculations, calcifi-
cation, or solid enhancing components of tissue.
Pseudocysts lack a blood supply and also demonstrate
a communication between cyst and pancreatic duct, 
typically on ERCP.

Cystic pancreatic neoplasms tend to be slow-
growing and are often large at diagnosis. Patients often
present with a long history of intermittent abdominal/
low back pain, nausea and vomiting, and potentially
early satiety. Occasionally, a mass can be palpated in
the left upper quadrant when the lesion has reached 
sufficient size.

Cystic tumors can be classified as mucinous cystic
neoplasms (macrocystic adenomas/adenocarcinomas),
serous cystadenomas (microcystic adenomas), and in-
traductal papillary mucinous tumors. Cystic tumors
harboring malignant potential include mucinous cystic
neoplasms, intraductal papillary mucinous tumors,
papillary cystic neoplasms, and cystic islet-cell 
tumors.

Mucinous cystic tumors
Mucinous cystic neoplasms, the most common cystic
tumor, are proliferative cysts developing from pan-
creatic duct epithelium and are potentially malignant.
These tumors occur predominantly in middle-aged
women during the fifth and sixth decades of life. More
than 90% of these lesions develop in the pancreatic tail
or body. This entity appears mass-like, typically with
few, large (> 2 cm) cysts. Tumors may be well defined
with thin-walled cysts; however, more often they are
thick-walled with mural papillary projections into cyst
cavities. There are areas of septations, septal thicken-
ing, calcification, and regions of enhancement on
CT/MRI following contrast injection. Cystic spaces
may comprise mucin, hemorrhagic fluid, or other de-
bris. Ultrasound shows a multilocular fluid containing
mass with good through transmission and acoustic en-
hancement. Ultrasound has advantages over CT/MRI,
more clearly defining the extent of internal septations,
mural nodules, and solid components of cyst and cyst
wall. CT/MRI demonstrates a fluid-filled mass, often
with calcifications. Following injection of contrast
there is often enhancement of cyst wall, internal septa-
tions, mural nodules, and intracavitary projections.
While all imaging modalities display the architecture of
the lesion, none can differentiate benign versus malig-
nant masses unless invasion or metastasis has occurred.
The 5-year survival is greater than 95% for benign or
borderline mucinous cystic neoplasm, with long-term
survival rates of 50–75% for fully resected malignant
tumors.

Serous cystic tumors
Serous cystadenomas are the second most common cys-
tic tumor and tend to affect females older than 60 years
or individuals with von Hippel–Lindau disease. Serous
cystadenomas are almost always benign, although dif-
ferentiation between this and the malignant form 
requires histopathologic correlation. Benign lesions
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usually present with vague abdominal pain or a palpa-
ble mass often growing to a large size before diagnosis.
Serous cystic neoplasms can occur throughout the
gland, but are most commonly located in the pancrea-
tic head. Tumors comprise multiple small (1 mm to
2 cm) cysts, but can also appear solid. Of these tumors,
40% contain calcification and 13% demonstrate a cen-
tral scar. A honeycomb enhancement pattern is com-
mon for this hypervascular lesion due to thin fibrous
septae interspersed between innumerable tiny cysts.
Some tumors may contain larger cysts mimicking muci-
nous cystic tumors. Although serous lesions have little
to no malignant potential, resection is the only way 
to definitely differentiate this lesion from mucinous 
malignant tumors.

Intraductal papillary mucinous tumors
Intraductal papillary mucinous tumors (IPMTs), 
which account for 1–2% of pancreatic exocrine 
neoplasms and 12% of cystic pancreatic lesions, are
slow-growing papillary tumors arising within the 
main pancreatic duct and/or branches. These tumors
secrete thick mucin, leading to ductal dilatation and 
obstruction with cyst formation, potentially induc-
ing chronic pancreatitis. They most commonly occur 
in men, with a mean age of 65 years, and are con-
sidered a premalignant lesion requiring surgical 
resection.

Dual-phase contrast-enhanced CT with thin slices
demonstrates ductal abnormalities in approximately
97% of cases with IPMT. Diagnosis can be suggested
on CT, with main pancreatic duct dilatation greater
than 2 mm and obstruction as well as dysmorphic duct
calcifications mimicking chronic pancreatitis. Of these
tumors, 55–60% develop in head or uncinate process
of pancreas. Main pancreatic duct involvement may be
diffuse, with parenchymal atrophy, or segmental. Di-
lated branch pancreatic duct lesions appear as clusters
of small cysts with a grape-like appearance or as a single
cystic lesion with lobulated margins. Mural nodules,
mass lesions, or ductal calcifications may be present, as
well as a bulging papilla and communication between
cystic lesions and duct. CT also evaluates IPMT exten-
sion, lymph nodes, vascular involvement, liver meta-
stasis, or peritoneal dissemination. A patulous ampulla
of Vater with extruding mucus is considered diagnostic
on ERCP. Other ERCP/MRCP findings include poly-
poid or amorphous filling defects in addition to duct 
dilatation.

Overall, the majority of cystic pancreatic neoplasms
have a better long-term prognosis than pancreatic 
adenocarcinoma, especially when diagnosed at an 
earlier stage. Other uncommon pancreatic tumors 
include lymphoma and metastases to pancreas, includ-
ing those from breast, lung, and renal cancer and
melanoma.

Postoperative examination

Of patients with pancreatic cancer, 10–15% have po-
tentially resectable disease at the time of diagnosis. 
In these individuals, a pancreaticoduodenectomy
(Whipple procedure) offers a chance for cure and in-
creased longevity. Patients undergoing a Whipple pro-
cedure have a greater than 30% 5-year survival rate,
whereas those with unresectable disease have a less
than 2% survival rate at 3 years.

A Whipple procedure entails a duodenectomy,
antrectomy, cholecystectomy, removal of common bile
duct, and resection of pancreatic head. The resulting
surgical anastomoses consist of a gastrojejunostomy,
hepaticojejunostomy, and pancreaticojejunostomy.
When possible, depending on the extent of disease, the
Whipple procedure may be modified to spare the 
pylorus, creating a duodenojejunostomy instead of a
gastrojejunostomy.

Following a Whipple procedure, spiral CT is the
study of choice for evaluating postoperative com-
plications, response to treatment, local recurrence, 
and metastatic disease. Postoperative appearance 
following a Whipple procedure is complex, with
changes resulting from surgery, radiation, and
chemotherapy. These postoperative and posttreat-
ment complications may simulate residual/recurrent
disease and make differentiation between a benign 
and malignant process difficult. Knowledge of the
surgery performed, including modifications, date of
surgery in relationship to imaging, and administra-
tion of radiation and chemotherapy, as well as com-
parison to old studies, is essential for accurate 
discrimination between recurrence and normal post-
operative findings.

Normal postoperative findings

The typical routine follow-up CT is usually obtained 
at 3–6 months. The most common findings after a
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Whipple procedure is pneumobilia. The hepaticoje-
junostomy can be identified by following the intra-
hepatic biliary air to the porta hepatis. Good bowel
opacification is necessary to distinguish normal bowel
from recurrent tumor. The jejunum is usually posi-
tioned to the right side of the remaining pancreas, 
resulting in a pancreaticojejunostomy. The gastroje-
junostomy is typically to the right of the stomach and
additional oral contrast should be administered imme-
diately prior to scanning to insure optimal distension
and visualization. Lymph nodes in the surgical bed
measuring less than 1 cm are commonly reactive and
should regress with time.

Soft-tissue stranding at the operative site and 
around major vessels is a common nonspecific post-
operative finding. Similar stranding is present fol-
lowing radiation administration. Typically, these
postoperative inflammatory changes should be stable
or decrease over a 6-month period, and often resolve 
by 13 months. Radiation also tends to induce 
thickening of the gastric antrum and gastrojejunos-
tomy, mesenteric fat stranding in the radiation port,
fatty infiltration of the liver, and decreased function 
of those portions of the kidneys within the radiation
port.

Postoperative complications

Patients are only imaged in the immediate postopera-
tive period if there is suspicion for procedural compli-
cations. The most common indication for early
imaging after surgery is to evaluate for surgical compli-
cations. When procedural-related problems are sus-
pected, quick identification and diagnosis is essential as
reoperation denotes a poor outcome and is a predictor
of decreased long-term survival. Findings most often
necessitating reoperation include hemorrhage, abscess,
and fascial dehiscence.

Following surgery, 19–23% of patients develop de-
layed gastric emptying due to gastric outlet obstruc-
tion. CT may show a distended stomach with
narrowing of the gastric outlet; however, upper gas-
trointestinal swallowing studies more accurately define
the region of narrowing and obstruction.

After a Whipple procedure, 17% of patients develop
pancreatic fistulas, especially when surgery is for 
excision of a periampullary mass. Diagnosis is pre-
dominantly clinical, with greater than 50 mL of 
amylase-laden fluid in surgical bed drainage on or after

the tenth postoperative day. Treatment does not neces-
sarily require surgery and CT is reserved for identifying
loculated fluid collections.

Other postoperative complications include wound
infection and dehiscence, abdominal abscess, and
breakdown of surgical anastomosis causing peritonitis
and pancreatitis. Vascular complications are uncom-
mon but may include hepatic artery injury, portal vein
thrombosis, and splenic infarction.

Recurrent and metastatic disease

After a Whipple procedure, follow-up imaging with 
CT is essential to detect recurrence. Several normal
postoperative and postradiation findings may mimic
recurrent disease. Distinction with imaging methods 
depends on stability or regression of findings over 
time. Though unusual, indeterminate cases can be
biopsied. More commonly, follow-up imaging is 
performed to assess stability of findings. Individuals
whose findings progress are highly suspicious. Addi-
tional clues to detection of persistent disease include a
history of positive margins at time of surgery, an ele-
vated CA-19-9, or an increase in size or new soft-tissue
mass.

Pancreatic cancer may recur within the surgical 
bed (53%), especially in patients with known resi-
dual tumor or metastases to distant sites. Liver metas-
tases are low-density lesions with minimal or delayed
enhancement. Regional lymph nodes measuring less
than 1 cm commonly appear immediately in the 
postoperative period but should decrease in size 
and number over time when free of tumor. Metastatic
lung and peritoneal carcinomatosis occurs commonly,
appearing as soft-tissue masses. Soft tissue encas-
ing peripancreatic vessels may be due to tumor or
postinflammatory/postoperative changes. Typical 
patterns of recurrence include tumor around the the 
superior mesenteric artery and superior mesenteric
vein.

Radiation treatment is routine following a successful
Whipple procedure. Not only does radiation induce
difficulty in interpretation of postoperative examina-
tions, mimicking tumor, but also potentially induces
other complications, including thickening of stomach
and small bowel within the therapy field. Inflammatory
changes of peripancreatic tissues and within treatment
bed consist of increased soft-tissue density and in-
duration. Knowledge of these processes helps accu-
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rate determination of recurrence versus successful
treatment.

Conclusion

Evaluation of pancreatic cancer, resectability, and 
postoperative course is a complex process requiring 
accurate knowledge of disease, appearance, and behav-
ior in addition to proper radiographic examination
technique. While many modalities may play a con-
tributory role in evaluation of pancreatic cancer, 
CT remains the gold standard for a comprehensive 
detailed examination. Significant advances in CT tech-
nology, including MDCT, CTA, and three-dimensional
techniques, optimizes pancreatic imaging, allowing
more accurate detection and staging of pancreatic 
cancer.
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Introduction

Endoscopic ultrasound (EUS) of the digestive tract is a
relatively recent technique: the first publications date
from the early 1980s. The history of EUS can be divided
into two parts, the first in the 1980s and 1990s, when
EUS was essentially descriptive. During this period, EUS
allowed better definition of the degree of locoregional
extension of cancers of the esophagus, stomach, pan-
creas, and rectum. It also enabled the diagnosis of com-
mon bile duct stones to be made in a less invasive
manner than by endoscopic retrograde cholangiopan-
creatography (ERCP). However, it rapidly became 
apparent that the specificity of EUS images was low
(around 50–60%), particularly for the diagnosis of 
neoplastic ganglions and pancreatic masses. The ap-
pearance in 1991 of sector-based linear probes enabled
EUS-guided biopsies to be made of these lesions. This in-
creased the specificity of EUS significantly, particularly
for the diagnosis of cancerous lesions (now about 95%).

EUS and staging of pancreatic cancer

The role of EUS in malignant pathology of the pancreas
is twofold.
1 EUS is the best technique for the diagnosis of small
tumors (< 3 cm in diameter). Its sensitivity is greater
than that of tomodensitometric (TDM) examination,
percutaneous ultrasound, or magnetic resonance imag-
ing (MRI) and equal to that of ERCP without sharing
its invasive character. Nevertheless, the specificity of
EUS for differentiating a nodule of chronic pancreatitis
from an adenocarcinoma remains poor.

2 EUS is also indicated in the assessment of locore-
gional extension of tumors judged resectionable on the
basis of TDM examination. The performance of EUS
seems superior to that of other imaging techniques for
the diagnosis of vascular and lymph-node involvement,
although recent studies report less favorable results
than do studies dating from 1992 to 1994.

This chapter examines the results of ultrasonic en-
doscopy in the assessment of resectability of pancreatic
adenocarcinoma and compares these results with those
of conventional examinations, i.e., percutaneous ultra-
sound, TDM (scanner), MRI, and angiography.

Classification by EUS of cancers of the pancreas

An EUS examination to assess the locoregional exten-
sion of a pancreatic tumor aims to answer five questions.
1 Is there venous involvement (portal vein, superior
mesenteric vein, splenic vein)?
2 Is there arterial involvement (superior mesenteric
artery, celiac artery)?
3 Is there lymph-node involvement?
4 Are there signs of peritoneal carcinomatosis (surge
of ascites)?
5 Are there secondary lesions on the left lobe of the
liver?

The responses to these five questions enable the
tumor to be classified as follows.
T1 Tumor limited to the pancreatic gland without 
vascular involvement.
T2 Tumor exceeding the limits of the pancreatic gland
without vascular involvement.
T3 Invasive tumor with an arterial or venous vascular
structure.

48 The role of endoscopic ultrasound in
the diagnosis and assessment of the
resectability of pancreatic cancer
Marc Giovannini



echoic area within chronic pancreatitis tissue. Positive
diagnosis requires a biopsy specimen.

For the diagnosis of pancreatic tumors, two studies
have demonstrated that EUS is superior to helical CT
for small tumors measuring less than 25 mm. The first
study, reported by Midwinter et al., compared 58 pa-
tients who underwent helical CT and EUS. This study
showed that EUS is more precise for the diagnosis and
location of small-sized pancreatic tumors less than
25 mm in diameter, and that EUS provides comparable
results for diagnosis of invasion of the superior mesen-
teric or portal veins. The second study, by Bender et al.,
used linear EUS in 65 patients with suspected pan-
creatic lesions on helical CT. EUS confirmed the pan-
creatic lesion in 33 patients and found a normal
pancreas in the other 32. When compared with the sur-
gical findings, the specificity of EUS for the diagnosis of
pancreatic cancer was significantly higher than that of
helical CT (88% vs. 41%; P < 0.005). Finally, another
study by Mertz et al. compared positron emission to-
mography (PET) for the assessment of locoregional 
extension of pancreatic carcinoma. Sensitivity for 
diagnosis of pancreatic cancer was 93% for EUS, 87%
for PET, and only 53% for helical CT. EUS was more
sensitive than helical CT for the diagnosis of portal 
invasion. Finally, PET diagnosed four metastatic 
localizations unrecognized with CT. These authors
concluded that the EUS and PET combination was su-
perior for the diagnosis and assessment of extension of
cancer of the pancreas.

Summarizing, EUS is the best exploration for the 
diagnosis of small-sized pancreatic tumors; however, it
is still a secondary examination after helical CT. The
specificity of EUS for the diagnosis of pancreatic tu-
mors is better than other explorations, a specificity that
is further improved with the addition of guided biopsy.

Results of EUS compared with other imaging
methods in the assesment of locoregional 
extension of cancers of the pancreas

Evaluation of T and N by EUS: data from 
the literature
Data in the literature show that the reliability of EUS
for locoregional staging of pancreatic cancer is 80–
85% for tumoral staging and 72–75% for lymph-node
staging (Table 48.1). These results were reported by
Rösch et al. in 1995 in a series of 250 patients. In all
these studies, the EUS data have been compared with
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N0 No lymph-node involvement.
N1 Presence of lymph nodes that appear to be 
malignant.
M0 No distant lymph node or visceral metastasis or
sign of peritoneal carcinomatosis.
M1 Distant lymph node: celiac node for tumor of 
the head, interaorticocaval lymph node, mediastinal
lymph node.
Tumors classed as T3N0 or T3N1 must be considered
nonresectable, although it is accepted that the criteria
of nonresectability are very variable from one surgical
team to another. This is because some teams carry out
resections/reconstruction of the portal vein if it is 
affected, although no increased survival has been 
reported with this type of surgical technique.

Role of EUS in the diagnosis of 
pancreatic adenocarcinoma

EUS is the most appropriate exploration for the diag-
nosis of small tumors (< 3 cm in diameter) of the pan-
creas (Fig. 48.1). Its sensitivity is greater than computed
tomography (CT), percutaneous ultrasound, and MRI
and similar to ERCP without the invasive component.
Nevertheless, the specificity of EUS for distinguishing
between a chronic pancreatitis nodule and adenocarci-
noma remains poor (60–75%). The major problem is
the diagnosis of an adenocarcinoma that develops on
chronic pancreatitis because it is very difficult to recog-
nize with certainty the malignant character of a hypo-

Figure 48.1 Small pancreatic adenocarcinoma of 11 mm in
diameter in the body of the pancreas.
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the results of surgical exploration. Generally speaking,
EUS will correctly classify a tumor of the pancreas in
80% of cases as regards the lesion itself and will cor-
rectly evaluate ganglionic involvement in 72% of cases.
Moreover, the reliability of EUS does not vary accord-
ing to the stage of the pancreatic lesion (Table 48.2). 
Finally, EUS seems to be the best examination for 
evaluating local extension of a cancer of the pancreas
(Table 48.3).

Evaluation of vascular involvement

Invasion of the portal system (Fig. 48.2) Early studies
showed an 85% reliability (Table 48.4). More recently,
in 1999 Rösch reported that the reliability was close to
70–75%. The problem is the interpretation of the loss
of the interface between the tumor and the wall of the
portal vein: it is very difficult to determine whether the
loss of this interface results from tumor invasion or is
simply an inflammatory reaction.

Arterial invasion There are few studies in the literature
evaluating the performance of EUS in the evaluation of
arterial involvement. Only three studies have reported
the results of EUS in overall figures (“vascular involve-
ment”) (Table 48.5). It would be difficult to assess the
superior mesenteric artery with mechanical rotating
probes. In their study of the superior mesenteric region,

Rösch et al. were only able to visualize this area in 75%
of cases. It is easier to assess this region with linear elec-
tronic probes.

Nodal invasion The last problem is that of nodal ex-
tension, particularly in cases with obstructive jaundice,

Table 48.1 Evaluation of T and N staging by endoscopic
ultrasound (EUS).

No. of
Reliability of EUS

Study patients T staging N staging

Grimm et al. (1990) 26 85% 72%
Tio et al. (1990) 36 92% 72%
Kallimanis (1991) 32 78% 66%
Rosch (1992) 35 94% 80%
Palazzo et al. (1993) 38 — 74%
Wiersema (1994) 39 76% 82%
Yasuda et al. (1993) 29 — 66%
Giovannini (1994) 25 — 92%
Müller et al. (1994) 22 82% 64%
Akahoshi et al. (1995) 25 64% 48%
Rosch (1995) 35 69% 60%

Total 250 (80%) 327 (72%)

Table 48.2 Reliability of endoscopic ultrasound (EUS) in
relation to the stage of the pancreatic lesion.

Stage No. of patients Correct EUS staging (%)

T1 24 80
T2 67 81
T3 75 85
N0 79 76
N1 142 81

Table 48.3 Evaluation of local extension of cancer of the
pancreas with endoscopic ultrasound (EUS).

No. of Ultrasound 
Staging patients EUS (%) (%) TDM (%)

T staging 82 82 35 44
N staging 143 68 42 48

TDM, tomodensitometric examination.

Figure 48.2 Color Doppler imaging of portal vein
involvement by an adenocarcinoma of the head of the
pancreas.
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where inflammatory nodes of the hepatic pedicle are
frequently encountered. The problem is even more dif-
ficult when EUS is performed after insertion of a biliary
stent. Of course, in the case of distant lymph nodes, 
as mediastinal or aorticocaval lymph nodes, an EUS-
guided biopsy is mandatory to differentiate inflamma-
tory from malignant nodes.

The development of helical CT has modified the data
reported in the literature up to 1995. Legmann et al.
compared EUS and helical CT in the assessment of 
resectability in 30 patients. The authors found no dif-
ference between the two methods in diagnostic sensiti-
vity (100% vs. 92%), positive resectability (93% vs.
93%), and negative resectability (86% vs. 100%). EUS
could be more informative in the diagnosis of distal
nodal invasion, particularly celiac nodes for tumors of
the head of the pancreas and lumboaortic nodes. Obvi-
ously, only guided biopsy can confirm tumor invasion
of a lymph node.

Finally, EUS can reveal signs of peritoneal carcino-
matosis, such as minimal ascites effusion around the
stomach or duodenum. This sign is pathognomonic for
peritoneal carcinomatosis, with a sensitivity around
85% in the absence of portal vein thrombosis. EUS also
provides precise assessment of the left liver and in cer-
tain cases can show small metastasis less than 1 cm that
may go unnoticed on CT.

Role of biopsy guided by EUS in solid
tumors of the pancreas

The development of EUS allows a more accurate picture
of the spread of pancreatic tumors. Nevertheless, EUS is
not able to confirm the malignant or benign character of
such pancreatic masses. The development of the linear
sector-based EUS technique over the last 8 years has 
enabled us to perform guided biopsies of these lesions.

Table 48.4 Evaluation of invasion of the portal system by cancer of the pancreas with endoscopic ultrasound (EUS).

Study No. of patients EUS (%) Ultrasound (%) TDM (%) Angiography MRI (%)

Sugiyama (1992) 5 100 60 20 100 —
Yasuda et al. (1993) 37 81 — — — —
Amouyal (1993) 5 80 40 80 — —
Snady et al. (2000) 30 97 — 53 80 —
Rosch (1992) 40 95 55 73 85 —
Palazzo et al. (1993) 38 87 47 75 — —
Giovannini (1994) 25 88 19 76 — —
Müller et al. (1994) 16 88 — 88 — 63
Rosch (1995) 35 66 — — — —
Akahoshi et al. (1995) 25 79 68 61 81 —

Total 256 85 49 69 83 63

MRI, magnetic resonance imaging; TDM, tomodensitometric examination.

Table 48.5 Evaluation of invasion of the arterial system by cancer of the pancreas with endoscopic ultrasound (EUS).

Study No. of patients EUS (%) Ultrasound (%) TDM (%) Angiography (%)

Kobayashi et al. (1993) 30 73 — — —
Wiersema (1993) 18 80 — — —
Yasuda et al. (1993) 29 79 55 41 72

TDM, tomodensitometric examination.
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Equipment

Ultrasound endoscope
It is possible to perform a biopsy guided by EUS with
both types of equipment (radial or linear, sector-based),
although biopsy using the radial system is longer and
technically more difficult and more dangerous, as it is
impossible to completely follow the biopsy needle as it
emerges from the operator channel and to guide it into
the lesion.

Linear sector-based EUS equipment comprises a
small-diameter convex electronic probe fitted onto a
standard endoscope. This is a fiberoptic device with 
a 60∞ field of vision fitted with an operating channel of
2, 2.4, 2.8, 3.2, 3.7, and 3.8 mm diameter depending on
the particular instrument, along which can be passed
biopsy forceps, a biopsy needle, or accessories for 
therapeutic procedures. It is possible to carry out 
guided biopsies with this type of sector-based probe.
This is done by following the biopsy needle at the exit of
the operator channel and guiding it into the lesion. This
is possible because the ultrasound beam is emitted lon-
gitudinally in the same axis as that of the endoscope 
and not perpendicularly as in radial ultrasound 
endoscopes.

There are now two series of linear electronic ultra-
sound endoscopes that can perform guided biopsy.

Pentax-Hitachi Several devices are available: the FG
34-X (2 mm working channel) (Fig. 48.3) and the FG
38-X (3.2 mm operating channel) are both equipped
with the same ultrasound probe. The FG 36-X (2.4 mm
working channel) and the EG 38UT (3.8 mm working
channel) (Fig. 48.4) are also equipped with an elevator,
which is very convenient for difficult EUS-guided 
biopsy (as in the uncinate process of the pancreas) or for
therapeutic procedures (as in pancreatic pseudocyst
drainage). This probe is sector-based and operates at
three frequencies (5, 7.5, and 10 MHz) connected with
the 6500 Hitachi-US machine. It is also possible to use a
Doppler color or an angio-Doppler imager with this
type of probe.

Olympus Olympus has developed two linear elec-
tronic ultrasound endoscopes: the GF UC30P (2.7 mm
working channel) and the GF UCT30 (3.7 mm working
channel); the latter is an interventional device and has
an elevator. Both are fitted with a 7.5 and 12.5 MHz fre-
quency probe and a Doppler color imager, although the

absence of low frequencies inhibits the penetration of
the ultrasound and may render biopsies more difficult,
particularly for deep-seated lesions such as some small
lymph nodes.

Needle
Several types of needle of different length and caliber
have been used: 25 gauge (5 cm), 22 gauge (5 cm), 22

Figure 48.3 FG 34-X linear echoendoscope (Pentax-Hitachi
Corporation) with a 22-gauge needle.

Figure 48.4 EG 38UT interventional echoendoscope
(Pentax-Hitachi Corporation) with a large working channel
(3.8 mm).



gauge echo-tip (6 cm) (adjustable). The common prob-
lem of all these prototypes was the risk of perforation of
the operating channel.

Two types of needle are now commercially available
that no longer carry this risk: the Vilkmann-Hancke
needle manufactured by Mediglobe Company 
(Gassau, Germany) and the Wilson-Cook needle. Both
these needles have a Teflon-coated shaft partly made of
metal. Their particular feature is a manual control
screwed onto the endoscope, which has a brake pre-
venting any manipulation of the needle when it is being
inserted into the operating channel. They take 22-
gauge needles of 8–12 cm in length. The advantage of
the Wilson-Cook needle is that it is entirely disposable,
whereas the metal-reinforced shaft and needle control
of the GIP are reusable. However, after it has been used
several times, the metal-reinforced channel has a ten-
dency to get longer (the metallic spirals stretch) and
cause the needle to penetrate when performing a biopsy
across the wall of the digestive tract, which could lead
to the needle becoming stuck in the lesion. Recently,
Mediglobe have manufactured new disposable 19- and
22-gauge needles. The Wilson-Cook company offers
many different type of EUS needle as different sizes (19,
22, and 25 gauge) and with different sheaths (metallic
or Teflon); more recently, it has introduced a histolo-
gic needle (Quick-Core needle) that is still under 
evaluation.

Technique

Biopsies are performed at the end of the EUS examina-
tion, with patients lying on their left side. Neurolep-
tanesthesia is generally necessary. The biopsy
technique is quite simple, and is performed in the 
following sequence.
• The lesion is positioned on the needle’s exit path.
• The stylet is withdrawn and the needle is inserted
into the tumor (Fig. 48.5). The operator can visualize
the tip of the needle by ultrasound, enabling its correct
position in the lesion to be verified.
• Aspiration is performed with the aid of a 20-mL sy-
ringe as the needle makes to-and-fro movements within
the tumor. One to three passages are usually necessary
in order to obtain a microbiopsy.
It is currently possible to obtain microfragments of 
tissue (Fig. 48.4) in about 90% of cases with the 
Vilkmann-Hancke type of needle, which is 22 gauge
and 12 cm long. Microbiopsies are obtained in the fol-
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lowing manner: (i) all of the sample contained within
the needle is withdrawn using a foam stylet introduced
into the needle (Fig. 48.6); (ii) the sample is then placed
in formaldehyde or Cytolit and then completely en-
closed in paraffin wax.

In contrast to American teams, we do not systemati-
cally administer an antibiotic after taking a sample. At
the end of the examination, it is necessary to monitor
patients for at least 3 hours. Biopsies guided by EUS can
be done on an outpatient basis in the majority of cases.
The main limits of the technique are size of lesion below
5 mm, depth of the lesion more than 6–7 cm compared

Figure 48.5 Endoscopic ultrasound-guided fine-needle
aspiration of a pancreatic lesion.

Figure 48.6 Specimen obtained from an adenocarcinoma of
the pancreas using a 22-gauge needle.
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Table 48.7 Multicenter collaborative study of pancreatic tumors using endoscopic ultrasound-guided biopsy. Results from 164
patients.

Center 1 Center 2 Center 3 Center 4

No. of lesions of the pancreas 37 44 43 40
Average diameter of tumor (mm) 41 33 32 28
Lesions visible to TDM (%) 61 52 70 48
Sensitivity (%) 62 78 94 91
Specificity (%) 78 100 100 92
Reliability (%) 67 82 95 92
Negative predictive value (%) 54 79 100 92
Cytologist present No No Yes Yes

TDM, tomodensitometric examination.

with the probe, and a blood clotting problem (pro-
thrombin time < 60%, platelets < 80 000/mm3).

Indications and results

Data from the literature
Our experience is based on around 1500 samples. Sam-
ples have been taken from lymph nodes and mediasti-
nal, celiac, and pelvic masses, from submucosal
membrane tumors, from gastric linitis tumors with
negative endoscopic biopsies, and from pancreatic tu-
mors. The best results are obtained from lymph nodes,
anastomotic recurrence of tumors, and extrinsic com-
pressions, in addition to pancreatic tumors. In the lat-
ter, the efficacy of EUS-guided biopsy is best for lesions
of small diameter (< 4 cm). This is because the larger
cancers are the site of necrosis and/or of intratumoral 
fibrosis, both of which prevent good samples from
being obtained.

If a “microbiopsy” is obtained, it enables a more ac-
curate histologic diagnosis to be made and an accurate
characterization of the tissue in about 80% of cases of

diagnosis of malignancy. Furthermore, certain teams
recommend the presence of an anatomic pathologist in
the theater in order to ensure the high quality of 
the sample. No mention was found in the literature
concerning the risk of spreading the cancer with this
sampling technique.

The results quoted in the literature show that the
overall sensitivity of the technique is 76–91%, the
specificity 84–100%, and the reliability 78–94%. A
prospective study investigating 457 patients from four
centers (Indianapolis, Copenhagen, Marseilles, and
Orange in California) has been published (Table 48.6).
In the course of this study, the sensitivity of the biopsy
was statistically better for lymph nodes (94%) and 
extraluminal tumors (86%) than for parietal lesions,
i.e., submucosal tumors and large gastric folds (61%)
(P < 0.001). On the other hand, there was no difference
in the specificity for these three groups of lesions. 
Another multicenter study carried out by the same cen-
ters concerned EUS-guided biopsies of pancreatic 
tumors. This study involved 164 patients (Table 48.7);
the average diameter of the lesions varied between 28.5

Table 48.6 Multicenter study involving 457 patients and 554 lesions from which biopsies were taken using sector-based
endoscopic ultrasound.

Lesion Sensitivity (%) Specificity (%) NPV (%) Reliability (%)

Lymph nodes 94 95 82 94*
Pancreatic mass 86 95 67 88 
Digestive tract wall 61 76 46 67*

NPV, negative predictive value.
* P = 0.001.
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and 41.3 mm. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value for the diag-
nosis of cancer of the pancreas were, respectively, 83%,
90%, 100%, and 80%; the diagnostic reliability was
85%.

Impact of EUS-guided biopsies on the process 
of diagnosis and/or therapy of a solid tumor 
of the pancreas

The most important question is whether performing an
EUS-guided biopsy is able to modify the process of 
diagnosis and/or therapy. Concerning diagnosis, it
seems to be accepted that EUS-guided biopsy is the least
aggressive technique (five minor complications in 
457 samples, three of which were directly attribut-
able to the biopsy, i.e., two episodes of fever that 
responded to antibiotics and one hemorrhage during
the biopsy of a pancreatic cyst). The biopsies had 
been done to characterize the tissue. Moreover, EUS-
guided biopsies seem indispensable for pancreatic 
tumors, particularly those only visible to EUS. This 
is because the transgastric or transduodenal route 
of entry diminishes the risk of spread and because 
for tumors of the head of the pancreas the biopsy 
path will be operated at the time of cephalic 
duodenopancreactectomy.

Regarding solid pancreatic masses, what is the im-
pact of EUS on the chosen treatment? It is probably less
than that which is reported in the literature. This has to
do with the low specificity of EUS images, and it is only
due to guided biopsy that EUS will have a considerable
impact on the treatment decision. We have carried out a
prospective study on the impact of EUS-guided biopsy
on patients suffering from a pancreatic mass and
formed the following conclusions. EUS-guided biopsy
of a solid pancreatic mass was performed on 174 pa-
tients (90 male, 84 female) of average age 66 years: 20
lesions were sited in the uncinate process, 43 in the head
region, 31 in the isthmus area, 41 in the body, and 39 in
the tail of the pancreas. The average diameter of the tu-
mors was 29 mm (range 8–40 mm) and 39 patients pre-
sented with a lesion of less than 20 mm in diameter. 
In each lesion where biopsy was performed, one 
sample was taken for cytologic study and one sample
for microhistologic study. The patients’ dossiers were
discussed by a medical team comprising gastroen-
terologists, surgeons, oncologists, radiologists, and
specialists in radiotherapy in order to decide how the

results of EUS-guided biopsy might affect the choice of
treatment.

The sensitivity, specificity, and reliability of EUS-
guided biopsy for the diagnosis of malignancy were, re-
spectively, 87.2%, 100%, and 87.9%. In 143 cases,
EUS-guided biopsy revealed a malignant tumor (107
adenocarcinomas, 28 neuroendocrine tumors, 7 pan-
creatic metastases, and 1 primitive lymphoma of the
pancreas). In seven cases it revealed objects whose ap-
pearance was compatible with chronic pancreatitis and
on three occasions it showed an abscess following acute
pancreatitis. In 21 cases, EUS-guided biopsy did not
contribute to diagnosis: 19 of these were adenocarcino-
mas, one a somatostatinoma, and one a pancreatic sar-
coma. Of the seven investigations suggesting a chronic
pancreatitis nodule, five were confirmed by surgery and
two by the course of the disease (absence of change fol-
lowed by regression at 24 or 36 months). The diagnosis
of pancreatic abscess was confirmed by the aspiration
of pus and the disappearance of the image 3 months
later on a follow-up EUS. The results of EUS-guided
biopsy modified or influenced treatment of the 28 neu-
roendocrine tumors, the seven pancreatic metastases,
the three abscesses, two of seven chronic pancreatitis
nodules, and 70 of 107 adenocarcinomas that were not
visible on TDM examination (total 110/174, 63.2%).
EUS-guided biopsy is the best technique for obtaining
the histology of a pancreatic mass, with a sensitivity of
85–87%. Furthermore, it also has a considerable im-
pact on deciding what treatment to follow, particularly
in cases of adenocarcinoma not visible on TDM exami-
nation. This is particularly important because trials are
being developed of preoperative radiochemotherapy
for resectionable lesions.

More recently, we have published our results on
1544 patients who had EUS-guided fine-needle aspira-
tion (FNA). The result of the biopsy was confirmed 
either by surgical investigation or celioscopy or by the
evolution and follow-up of the patients. Complications
occurred in 15 patients (0.97%), comprising nine with
feverish episodes, five with acute pancreatitis, and one
with bleeding. It should be noted that only one of those
with pancreatitis required hospitalization of more than
a week and was complicated by a pseudocyst. All 
the feverish episodes responded to antibiotherapy
(combination of amoxicillin, clavulanic acid, and
ciprofloxacin). Finally, the case of bleeding consisted of
hemorrhage of the Wirsung duct after EUS-guided
FNA of a pancreatic tumor; this stopped sponta-



neously, and had no hemodynamic consequences and
did not require transfusion.

With regard to the diagnosis of malignancy, sensitiv-
ity, specificity, positive predictive value, negative pre-
dictive value, and accuracy of EUS-guided FNA were,
respectively, 84.6%, 98.4%, 99.6%, 54.7%, and
86.9% for the 1544 patients. In those patients with
pancreatic solid tumors (n = 534), cystic lesions being
excluded from this study, EUS-guided FNA diagnosed
adenocarcinoma in 331 cases, endocrine tumor in 76,
pancreatic metastasis in 28, chronic pancreatitis 
nodule in 25, pancreatic abscess in 17, pancreatic 
sarcoma in 4, primitive pancreatic lymphoma in 5, and
squamous cell carcinoma of the pancreas in 3; in 45
cases, EUS-guided FNA was not contributory. With re-
gard to the diagnosis of these pancreatic solid tumors,
the sensitivity, specificity, and accuracy of EUS-guided
FNA were, respectively, 89.8%, 98.8%, and 90.1%.
The 45 patients whose biopsy was not contributory
were operated and the pathologic resected specimen
showed adenocarcinoma in 28 cases, endocrine tumor
in 3, pancreatic sarcoma in 1, and chronic pancreatitis
nodule in 13.

EUS-guided FNA also modified the treatment of 242
pancreatic tumors, comprising 91 adenocarcinomas
not diagnosed on CT or MRI and 151 other masses that
were not adenocarcinomas (76 endocrine tumors, 28
metastases, 25 chronic pancreatitis, 17 abscess, 4 sar-
comas, 5 lymphomas, and 3 squamous cell carcino-
mas). Overall, EUS-guided FNA modified diagnosis
and therapeutic decisions in 1081 of 1544 cases
(70.1%).

With regard to solid pancreatic masses, the impact of
EUS on therapeutic decision-making is now well
known. Nevertheless, in our series, we show that EUS is
especially important because in 268 of the 534 patients
presenting with a pancreatic mass it revealed histology
other than adenocarcinoma (endocrine tumor, pan-
creatic metastasis). In particular, it allowed confirma-
tion of the diagnosis of pancreatic cancer in 91 patients
whose tumor had not been diagnosed with conven-
tional techniques (CT, MRI).

Summary

Once the linear sector-based EUS technique has been
learned, EUS-guided FNA is a simple procedure. 
It is currently possible to obtain material by biopsy in
about 80–85% of cases, enabling the tissue to be 

characterized. The development of therapeutic pro-
tocols for preoperative radiochemotherapy for 
resectable pancreatic adenocarcinomas requires a 
pretreatment pancreatic biopsy to be taken. EUS 
with an electronic linear probe enables accurate assess-
ment of the degree of spread to be made at the same
time, together with a guided biopsy of the lesion. The
technique has a sensitivity of approximately 85% 
and does not carry the risk of peritoneal spread 
described with the percutaneous route. Moreover, 
this biopsy enables lesions only visible to EUS to be
characterized and can be used for tumors other than
adenocarcinomas.

Celiac neurolysis guided by EUS

Alcohol injection of the celiac area is an effective tech-
nique for the treatment of pain due to splanchnic nerve
infiltration. Until now, it was performed under X-ray or
CT control. These percutaneous routes were burdened
by important adverse effects (spleen injury or para-
plegia due to alcohol injection at the level of
Adamkiewicz’s artery). EUS-guided celiac neurolysis is
a simple technique and in future it will replace the 
percutaneous procedure under ultrasound or CT 
guidance.

Technique

It is advisable to first find the celiac region. The endo-
scope must be positioned on the small gastric curva-
ture, between 40 and 45 cm from the dental arches. A
rotation of about 90∞ is performed in order to show the
abdominal aorta, the celiac trunk, and the superior
mesenteric artery. Two ganglions are situated on both
sides of the celiac trunk. The one on the right is 
localized 6 mm below the origin of the celiac trunk and
the one on the left 9 mm below this same origin.

The needles used to perform the alcohol injection can
be the same as those used for EUS-guided biopsy or can
be dedicated celiac neurolysis needles (with lateral
holes for right and left ganglion injection) manufac-
tured by the Wilson-Cook company.

Two techniques have been described.
1 Once the celiac trunk has been identified, the endo-
scope is rotated toward the right-hand side by about
10–20∞ and the needle is positioned. Under EUS con-
trol, 5 mL of lidocaine (lignocaine) and then 10 mL of
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pure alcohol are injected. The procedure is repeated
after a rotation to the left of 10–20∞. However, this
technique is demanding: it is often difficult to inject the
two areas of the celiac trunk correctly because the alco-
hol injection creates hyperechoic drops that obscure
the perigastric structures.
2 It is much easier to position the needle at the origin of
the celiac trunk on the aorta and to inject locally 10 mL
of 1% lidocaine and then 15–20 mL of pure alcohol.
The alcohol injected around the celiac trunk diffuses to
the celiac nerves.

The two major indications for this technique are (i)
celiac pain due to pancreatic cancers and metastastic
celiac lymph nodes and (ii) chronic pancreatitis. The 
literature shows a significant reduction in pain in
85–90% of cases, superior to the results of percuta-
neous techniques. In addition, this technique is simpler,
faster, and less dangerous than percutaneous tech-
niques under CT guidance.

Results

Wiersema et al. have reported their experience on 
45 patients with pancreatic cancer or malignant celiac
nodes. After injection of 20 mL of pure alcohol, 52% 
of the patients did not need to increase their dose of
morphine and 30% were able to significantly decrease
their doses of oral morphine. Gress et al. published 
a randomized study on patients with chronic pan-
creatitis with incapacitating epigastric pain. The au-
thors compared EUS-guided versus CT-guided celiac
alcohol injection. The criterion of judgment was a sig-
nificant decrease of pain estimated on an analog scale.
In the group of patients treated under EUS guidance,
43% showed a significant reduction of pain as against
only 25% in the group treated under CT control
(P = 0.008).

Complications

Two types of complication have been described: in-
crease in pain, and diarrhea 24–48 hours after the pro-
cedure. Two cases of retroperitoneal abscess were
reported after the injection of corticosteroid instead of
alcohol and bleeding due to a pseudoaneurysm created
after the corticosteroid injection. It is advisable to use
pure alcohol and to avoid the use of corticosteroids.
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Future developments in pancreatic EUS

Recently, a new ultrasound scanner has been intro-
duced that is capable of performing three-dimensional
reconstruction. Reconstruction is very quick (< 30 s)
and the images are recorded in an on-board computer
(Fig. 48.7). There is very little information on the use of
this technique for pancreatic cancer but our experience
seems to show better definition of small tumors and
better vascular staging (Fig. 48.8).

Another interesting development is the use of ultra-
sound contrast agents such as Levovist or Sonovue for
the differentiation of chronic pancreatitis nodule and
pancreatic carcinoma. The first published studies using
angio-Doppler after injection of contrast agents show
that chronic pancreatitis nodule, endocrine tumors,
and mucinous cystadenomas increased their vascu-
larization compared with pancreatic adenocarcinoma,
in which no modification of vascularization was re-
ported. It is possible that this technique will be very 
useful in cases of negative EUS-guided biopsy of a 
pancreatic mass.

Conclusions

EUS is the best and least invasive method for the diag-
nosis of small pancreatic tumors. The development of

Figure 48.7 Three-dimensional reconstruction of a normal
pancreas.
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EUS-guided biopsy has increased the specificity of the
technique and showed that all pancreatic masses are
not ipso facto an adenocarcinoma (about 70% are ade-
nocarcinomas, 30% of other histology). The role of
EUS-guided biopsy will increase in the future with the
development of preoperative treatment for resectable
pancreatic cancer. The future development of three-
dimensional EUS and the use of ultrasound contrast
agents will increase the capabilities of this technique.
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Introduction

In the past, the high mortality rate of pancreaticoduo-
denectomy made surgeons reluctant to proceed with-
out a tissue diagnosis. As recently as two decades ago,
the mortality from the Whipple procedure had been as
high as 20–30%. Obtaining a histologic or cytologic 
diagnosis before offering resection was therefore a
standard part of the work-up for the management 
of presumed pancreatic cancer. Recent advances in
medical technology and surgical techniques mandate
the reevaluation of these management algorithms.

Today, mortality from pancreaticoduodenectomy is
5% or less at many high-volume centers. Pancreati-
coduodenectomy is being performed safely for certain
benign diseases, including polyps and chronic pancre-
atitis. Also, there have been significant advances in 
diagnostic imaging with computed tomography (CT),
magnetic resonance imaging (MRI), and positron emis-
sion tomography (PET), improving our ability to char-
acterize lesions as likely to be malignant. Advances in
diagnostic procedures such as fine-needle aspiration
(FNA) with CT, ultrasound, or endoscopic ultrasound
(EUS), and improvements in cytologic analysis tech-
niques have been made. Nonetheless, the overall nega-
tive predictive value of all these diagnostic modalities is
only in the 90% range, which is not high enough to be
certain that malignancy can be excluded.

Based on today’s technologies and their limitations,
potentially resectable pancreatic lesions that are highly
suspicious for malignancy should be resected, even if
preoperative attempts at tissue confirmation are nega-
tive. In fact, the very act of certifying the diagnosis of
pancreatic cancer with a tissue specimen may destroy

the potential for cure by the dissemination of cancer
cells from the needle puncture site.

There are specific situations where tissue diagnosis 
is mandatory. With metastatic or locally advanced 
and unresectable disease, tissue diagnosis must be 
obtained to assist with counseling and with planning
palliation with possible chemotherapy, radiation 
therapy, surgical bypass, and/or celiac block. Similarly,
if neoadjuvant therapy is considered, a tissue diagnosis
must be made first to justify the potentially toxic treat-
ment. Occasionally, an alternative diagnosis calling 
for a very different treatment plan can be made from 
tissue biopsy. For example, a tissue biopsy might be 
recommended if there are certain radiographic or 
clinical characteristics that might suggest lymphoma 
or tuberculosis, as the treatment for these rare con-
ditions is quite different from that for pancreatic 
adenocarcinoma.

The clinical situation that is hardest to differentiate
from pancreatic cancer remains benign localized in-
flammatory lesions such as strictures in the absence of a
defined mass, or focal pancreatitis. Also, chronic pan-
creatitis can be difficult to distinguish from malignant
pancreatic disease. Elevated levels of tumor markers
such as CEA or CA-19-9 might suggest malignancy;
however they are not sensitive or specific enough to
make a definitive diagnosis of cancer. Though attempts
should be made to obtain a tissue diagnosis in these
clinical scenarios, malignant disease cannot always be
ruled out. Surgeons willing to proceed with resection
without preoperative tissue diagnosis should be pre-
pared to accept the occasional final diagnosis of benign
disease. In our experience this is the case in less than
5%.

49 Pancreatic cancer: do we need 
a tissue diagnosis in order to 
proceed with resection?
Matthew M. Hutter and Andrew L. Warshaw



retain the radiotracer FDG. Pancreatic cancer is there-
fore associated with increased glucose consumption,
and is suspected if there is intense focal uptake in 
the pancreatic area. For pancreatic cancers less than
2 cm, PET is more sensitive than CT. For lesions greater
than 4 cm, CT is superior. Overall, sensitivity and speci-
ficity of PET is 96% and 78%, slightly greater than for
CT. PET also plays a role in revealing unsuspected
metastatic disease to the liver, bones, lungs, and lymph
nodes. PET has been shown to upstage 17% of patients
who were otherwise being considered for resection
based on CT and angiography. As compared with CT,
PET is also thought to be more effective for differentiat-
ing pancreatic cancer from chronic inflammation. PET
is also helpful in following patients who have under-
gone chemotherapy, radiation therapy, and/or surgical 
resection.

PET does not provide precise spatial or contrast res-
olution and the images lack anatomic detail. Therefore,
PET plays no role in the determination of local invasion
to the vasculature or neighboring organs. Nonetheless,
PET can provide complementary information to CT,
and is likely to become even more useful as PET–CT
technology becomes more widely available.

EUS is a technique that has been developed in the past
10 years, and is performed with a high-frequency ultra-
sound probe on the end of a flexible endoscope. The de-
gree of detail due to the proximity of the probe and the
avoidance of bowel gas makes it suitable for detecting
small tumors and for assessing lymph nodes and vascu-
lar invasion. As a diagnostic modality, it can at times
characterize lesions that are too small to be seen on CT.
Drawbacks include the limited field of view, which 
limits detection of liver or peritoneal metastases. As 
discussed later, FNA can be performed during EUS,
providing accurate tissue sampling.

CT therefore remains the diagnostic and staging test
of choice, with EUS, MRI, and PET playing a comple-
mentary role to CT for detecting small masses, charac-
terizing liver lesions, and attempting to differentiate
pancreatic adenocarcinoma from focal pancreatitis.

Techniques for obtaining tissue diagnosis

Tissue diagnosis can be made using either histologic or
cytologic analysis. Histology requires a tissue speci-
men, and allows assessment of both architecture and
cell morphology. Cytology is the analysis of individual
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Advances in diagnostic imaging

Ongoing advances in diagnostic imaging are continu-
ously increasing the sensitivity and specificity of these
modalities to detect pancreatic cancer, determine the
presence of metastatic disease, and ascertain resectabil-
ity. The current state-of-the-art technologies include
pancreatic protocol CT using helical or multislice tech-
nology with three-dimensional reconstruction and CT
angiography, MRI with magnetic resonance angio-
graphy (MRA), magnetic resonance cholangiopancre-
atography (MRCP), and manganese administration,
PET imaging and PET–CT, as well as EUS.

Pancreatic protocol CT is the diagnostic procedure
of choice for assessing pancreatic masses. The study is
performed with thin slices (1–1.5 mm) through the
upper abdomen. Intravenous contrast is administered
and images are captured during both the arterial and
portal venous phase. Helical scanners are currently the
norm, and have an accuracy rate of 90–95% in detect-
ing adenocarcinoma and 70–90% for predicting 
resectability. Sensitivity for detecting liver metastases
ranges from 38 to 73%, since subcentimeter metastases
usually cannot be detected.

Newer, multislice (multidetector) CT scanners fea-
ture faster data acquisition that allows distinct multi-
phasic capabilities, and narrower collimation to
produce exquisite detail and improvement in anatomic
volume coverage to create three-dimensional recon-
structed images of the arterial, venous, and biliary tree.
Results with these multislice scanners will likely in-
crease the accuracy of CT diagnosis and staging.

Magnetic resonance technology has also made dra-
matic advances in the diagnosis and staging of pancre-
atic cancer. New advances include fast breath-hold
pulse sequences that increase detail by decreasing 
respiratory variation, gadolinium-enhanced MRI to
evaluate arterial and venous patency, MRCP recon-
structions that are likely to diminish the role of endo-
scopic retrograde cholangiopancreatography (ERCP),
and manganese administration to help delineate pan-
creatic neoplasms since pancreatic adenocarcinomas
do not take up manganese. MRI is more sensitive than
helical CT for detecting small liver metastases. Com-
pared with CT, MRI is less available, more expensive,
and the acquisition and interpretation of data is more
time-consuming.

Fluorodeoxyglucose (FDG)-PET is based on the
principle that malignant cells selectively take up and 



cells that are exfoliated, aspirated from a fine needle, 
or obtained from peritoneal washings. Cytologic 
findings suggestive of malignancy include anisonucleo-
sis, nuclear membrane irregularity, nuclear crowding/
overlapping/three-dimensionality, and nuclear en-
largement. Unfortunately, inflammation causes a 
reactive and regenerative process that itself leads to 
cellular changes that can be difficult to differentiate
from malignancy, especially in well-differentiated 
adenocarcinoma.

In this chapter, the specific techniques available for
tissue diagnosis are discussed, including their indica-
tions, sensitivity and specificity, as well as their role in
the management of suspected pancreatic cancer. For
any of the following methods, results are dependent on
the site and characteristics of the lesion, the skill of the
clinician performing the procedure, and the skill of the
cytopathologist or pathologist processing and inter-
preting the specimen.

New developments in cytopathology may increase
the sensitivity of cytologic analysis. Techniques that in-
corporate digital image analysis for ploidy assessment
and which assess glucose 6-phosphate dehydrogenase
activity show some promise. Ongoing studies looking
at K-ras mutations are less promising. Scoring criteria
appear to increase the sensitivity of cytologic analysis,
especially in well-differentiated adenocarcinoma.

ERCP: aspirations, brushings, 
and transpapillary biopsies

Pancreatic cells can naturally exfoliate into pancreatic
secretions, can be chemically stimulated to exfoliate
with secretin administration, or can be mechanically
exfoliated with brushings. Naturally and chemically
stimulated exfoliated cells are usually destroyed by
pancreatic and duodenal cytolytic enzymes, decreasing
the yield from these techniques. Sensitivity of aspira-
tion alone is 33–58%. Brush cytology can be performed
using ERCP with fluoroscopic techniques, and pro-
vides a higher yield of better-preserved cells, especially
for proximal lesions. Sensitivities of brush cytology
range from 50 to 75%, with better results for cholan-
giocarcinomas compared with pancreatic carcinomas.
Complications, especially pancreatitis, have been 
reported in 0–20%. Specificity of these exfoliative 
techniques is excellent, ranging from 96 to 100%. 
Exfoliated cells can be readily obtained at ERCP, and a
positive finding is very specific for malignancy. How-

ever, the low sensitivity means that a negative result in
no way rules out a malignancy.

Transpapillary biopsy at the time of ERCP can also
be performed, providing tissue for histologic evalua-
tion. Sensitivity slightly increases to 61–88%, espe-
cially when this is combined with brush cytology. 
The potential for complication with this more invasive
approach is also higher.

As noninvasive diagnostic imaging such as CT and
MRI/MRA/MRCP become more sophisticated, the
role of ERCP in the management of pancreatic cancer
diminishes, especially because of the potential compli-
cations of perforation, bleeding, pancreatitis, and in-
fection of the biliary tree. ERCP may be restricted to
diagnosis and therapy of biliary strictures. As the role
of ERCP decreases, and as the role of EUS increases (see
below), brush cytology will have less of a role in obtain-
ing a tissue diagnosis in pancreatic cancer.

Percutaneous FNA or core needle biopsy

Percutaneous techniques for tissue diagnosis include
CT-guided and ultrasound-guided FNA and core nee-
dle biopsy. As the precision of these diagnostic imaging
modalities increases, so does the precision of tissue 
diagnosis using these techniques. Sensitivity rates of
percutaneous techniques are higher than ERCP aspira-
tions or brushings, on average in the 70–90% range,
but seldom higher than 90%. Again, specificity is excel-
lent. Sensitivity increases with the number of needle
passes, as does the number of complications. Potential
complications include bleeding, bile leak, abscesses,
and fistulas.

Of major concern is that a percutaneous transperi-
toneal approach has the potential to seed the peritoneal
cavity and abdominal wall with metastatic deposits.
Needle-track seeding has been reported, albeit a rare
finding. However, one study has shown that peritoneal
washings taken from patients who appeared radiologi-
cally to be resectable were positive for malignant cells
in 19% of patients who did not undergo percutaneous
sampling, while in patients who had previously under-
gone percutaneous FNA 75% had positive peritoneal
washings. Patients with positive peritoneal washings
are considered to have micrometastases, and have a 
dismal outcome. Therefore, the very act of certifying
the diagnosis of pancreatic cancer with a percutaneous
tissue specimen may destroy the potential for cure. Of
additional concern is that the small, early lesions are 
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the hardest to sample, and these are the very cases 
for which surgical resection has the best chance of 
providing a cure.

The role of percutaneous FNA should therefore be
restricted to confirmation of the diagnosis of pancrea-
tic cancer when surgical resection for cure is not an 
option. In patients who have locally advanced disease,
who have metastatic disease, or whose comorbidities
preclude them from being surgical candidates, tissue 
diagnosis is necessary for counseling and for dictating
future treatments such as chemotherapy, radiation
therapy, or surgical palliation. It is also useful in ruling
out metastatic disease when radiologic imaging shows
a locally resectable pancreatic primary, but also shows
another lesion suspicious for a metastasis. In this 
setting, the potential metastasis should be sampled 
percutaneously, not the primary. Therefore, percuta-
neous FNA should not be used if surgical resection is a
consideration, because of the risk of a sampling error
and the possibility of disseminating the cancer.

EUS with FNA

EUS is a technique that has been developed over the
past 10 years, and can be used as a diagnostic imaging
modality for staging as well as for localization for FNA.
The degree of detail, due to the proximity of the probe
and the avoidance of bowel gas, makes it suitable for
detecting small tumors and assessing vascular invasion.
Lymph nodes can also be characterized and sampled.
EUS is best for lesions at the splenoportal junction or
higher along the portal vein. The superior mesenteric
vein can be distant from the probe, and poorly seen
with uncinate lesions.

FNA can be performed under EUS guidance in real
time, allowing accurate and confident tissue sampling.
Because the probe is placed endoluminally, EUS-guided
FNA has a decreased risk of seeding the peritoneal 
cavity, which is the major drawback of percutaneous
approaches.

Sensitivity of EUS-guided FNA is 60–95%, which on
average is higher than ERCP brushings and percuta-
neous FNA. Specificity remains quite high. Though this
sensitivity is more encouraging, small resectable lesions
are still not definitively excluded. A retrospective com-
parison at our institution of pancreatic tissue sampling
by EUS, CT/ultrasound, and open surgical techniques
shows nearly identical accuracy rates for all three 
techniques (~ 80%). 

EUS is quite operator dependent, and requires a
skilled endoscopist with significant experience in order
to obtain reliable results. EUS is not currently widely
available, and time will tell if similar results can be
achieved as the technique spreads from the high-
volume centers where it was developed. 

EUS is therefore a promising newer modality that can
detect small lesions, assess vascular invasion, and accu-
rately sample masses and lymph nodes, and minimizes
the risk of seeding the peritoneal cavity. Complication
rates have been low. Sensitivity of diagnosing malig-
nant lesions approaches the 80–90% range. However,
this modality is operator dependent and is not widely
available. Even with a negative study, concern about
missing a small resectable tumor persists, and this 
concern will not be alleviated until the sensitivity 
approaches the high 90% range. Until such a sensitive
technique is developed, surgical resection should be 
offered if imaging and other clinical factors suggest ma-
lignancy, even if there is no definitive tissue diagnosis.

The role of EUS is discussed in greater depth in 
Chapter 48.

Laparoscopy and peritoneal cytology

Pancreatic cancer frequently metastasizes via small 
millimeter-sized deposits in the peritoneal cavity that
implant on the liver capsule, the peritoneal surfaces of
the abdominal wall or diaphragm, or the omentum.
The small size of these metastases prevents them from
being visualized with diagnostic imaging. Staging 
laparoscopy can help detect these metastases, and in 
so doing can avoid an unnecessary abdominal explo-
ration. Cytologic analysis of peritoneal washings can
identify malignant cells even when no macrometastatic
disease is evident. Malignant cells identified in the 
peritoneum are considered micrometastases, and the
natural history of a patient with malignant cells in 
the peritoneum is similar to a patient with
macrometastatic disease. Cytologic findings positive
for malignant cells therefore contraindicate further
local attempts for cure, such as resection or radiation
therapy. Peritoneal washings from patients with pan-
creatic cancer who radiographically seem to be re-
sectable reveal malignant cells in 8–30% of patients.

Laparoscopy with peritoneal washings should be
considered prior to proceeding with pancreaticoduo-
denectomy. Laparoscopy has a particularly high yield
for detecting small metastatic lesions in the liver or on
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therapy, radiation therapy, or surgical bypass is consid-
ered, tissue confirmation must also be obtained.

Based on today’s technologies and their limitations,
potentially resectable pancreatic lesions that are highly
suspicious for malignancy should be resected, even 
if preoperative attempts at tissue sampling do not
demonstrate malignancy. Given the appropriate clini-
cal scenario and corresponding diagnostic imaging,
there is no need to attempt preoperative tissue confir-
mation since the experienced pancreatic surgeon would
proceed with resection even if biopsies were negative.
In fact, the very act of attempting to certify the diagno-
sis of pancreatic cancer with a tissue specimen may de-
stroy the potential for cure.
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peritoneal surfaces in patients with pancreatic adeno-
carcinoma with lesions greater than 2 cm in size and
which possibly involve venous structures. A positive la-
paroscopic finding obviously provides a tissue diagno-
sis in these cases. Laparoscopy also plays a role in ruling
out metastatic disease in locally unresectable patients
with no other evidence of metastases who might be 
candidates for radiation therapy (external beam or 
intraoperative radiation). It is far less useful for 
staging ampullary or duodenal cancers because of the
much lower likelihood of metastases to the liver or 
peritoneum.

The role of laparoscopic staging and peritoneal cy-
tology is discussed in further detail in Chapter 50.

Conclusions

In the past, the high mortality of the Whipple procedure
made surgeons reluctant to proceed without a defini-
tive tissue diagnosis. Today, with the mortality from
pancreaticoduodenectomy at high-volume centers at
5% or less, this approach must be reevaluated. 

There have been significant technologic advances 
in the diagnostic imaging modalities of CT, MRI, 
and PET, improving our ability to characterize lesions
as likely to be malignant. Techniques of tissue diag-
nosis include ERCP with aspirations, brushings, 
and/or transpapillary biopsies; percutaneous CT- or 
ultrasound-guided FNA; and EUS-guided FNA. These
techniques have also improved, but still do not have 
adequate sensitivity to rule out malignancy. The early
small lesions that have the best chance for surgical cure
are the hardest ones to accurately sample. Percuta-
neous sampling has the potential risk of seeding the
peritoneum, which in essence turns a localized re-
sectable tumor into metastatic disease.

A tissue diagnosis is necessary if neoadjuvant 
therapy is being considered. If palliation with chemo-



Introduction

Staging laparoscopy has been shown to be beneficial in
the evaluation of patients with pancreatic, hepato-
biliary, esophageal, and gastric cancers. These tumors
share a propensity to spread by exfoliation and implan-
tation throughout the peritoneal cavity, in addition to
lymphatic and hematogenous dissemination. Surgery is
not offered to patients presenting with such advanced
disease, because removal of their primary tumor 
does not improve their prognosis. Staging laparos-
copy allows accurate determination of resectability
without committing the patient to the morbidity of a 
laparotomy.

For pancreatic cancer, abdominal–pelvic computed
tomography (CT) remains the primary staging modal-
ity. The “pancreatic protocol” CT offered in most insti-
tutions today consists of a triple-phase helical scan with
thin-sectioning through the pancreatic parenchyma.
This CT study provides exquisite detail of the anatomy
of the pancreatic tumor and its relationship to impor-
tant surrounding structures such as blood vessels. 
Additionally, it is very sensitive in demonstrating
metastatic disease in the liver and elsewhere in the peri-
toneal cavity. The current resolution of “pancreatic
protocol” CT has virtually eliminated the use of inva-
sive angiography in the work-up of patients with pan-
creatic cancer. Despite these important refinements in
imaging technology, the sensitivity of CT is poor for le-
sions less than 1 cm in size such as peritoneal implants.

Laparoscopy provides valuable complementary data
to that of CT. It can detect lesions beyond the resolution
of CT and help clarify equivocal radiographic findings.
Laparoscopy may also detect micrometastatic disease

in the form of positive peritoneal cytology. Patients
with negative findings on CT and laparoscopy mini-
mize their chance of undergoing a nontherapeutic 
laparotomy. For patients with unresectable disease, 
laparoscopy allows procurement of tissue for 
pathologic and genetic analysis that can expedite the
initiation of nonsurgical therapy in the form of
chemotherapy or radiation. Therefore, an accurate pre-
operative staging protocol for pancreatic malignancy
must include a diagnostic laparoscopy.

This chapter provides a review of our experience and
that of others in the use of laparoscopy for the staging
of pancreatic cancer.

Indications

The findings on abdominal CT primarily determine
which patients with suspected pancreatic cancer should
proceed to staging laparoscopy. Patients with clearly
demonstrable metastasis to sites such as the liver, 
peritoneum, or lung should not undergo laparoscopy. 
If tissue diagnosis is required, percutaneous needle
biopsy with radiologic guidance or endoscopic biopsy
may be employed with high success rates.

The principal candidates for staging laparoscopy are
those patients with no evidence of distant metastasis on
CT. Laparoscopy is particularly valuable for tumors of
the body and tail of the pancreas. Because of their lack
of symptomatology, these tumors are often of large size
at presentation and have a high risk of occult meta-
stasis. Most patients with tumors in the head of the 
pancreas should also undergo staging laparoscopy. At
Massachusetts General Hospital (MGH), patients with

419

50 Staging laparoscopy and peritoneal
cytology in pancreatic cancer
Ramon E. Jimenez and Carlos Fernández-del Castillo



tumors in the head of the gland measuring less than
2 cm are rarely found to have metastasis at laparoscopy.
In many of these patients laparoscopy can be avoided.

Staging laparoscopy is also helpful for patients with
locally advanced disease. These patients are deemed
unresectable by virtue of encasement of the superior
mesenteric artery, celiac axis, and/or portal vein on CT.
In these patients, staging laparoscopy is done to deter-
mine their candidacy for radiotherapy. Radiotherapy 
is offered only to those with locally advanced disease
and no peritoneal metastases. Some of these patients
can show dramatic tumor responses to neoadjuvant
treatment, and may potentially be downstaged to 
resectability.

Technique

Laparoscopic examination is most commonly per-
formed under general anesthesia. Following establish-
ment of pneumoperitoneum, a 10-mm trocar is
inserted through a small infraumbilical incision. The
30∞ angled telescope is introduced through this trocar,
and examination begins by inspection of the lower 
abdomen and pelvis. The lower abdomen is a frequent
site of peritoneal metastasis in pancreatic cancer, and
laparoscopic visualization of this area is often superior
to laparotomy. Free fluid is aspirated and saved for 
cytology. The laparoscope is then rotated for examina-
tion of the upper quadrants. Inspection begins by as-
sessment of the omentum and the subdiaphragmatic
spaces. The liver surface is then meticulously evaluated
by a combination of visualization and palpation with a
blunt forceps or suction tip. The falciform ligament and
umbilical fissure are then carefully inspected for
metastatic implants. Insertion of a second 5-mm trocar
in the right upper quadrant is often necessary for ade-
quate evaluation of the undersurface of the liver. A rod,
suction tip, or liver retractor inserted through this sec-
ond trocar site is used to elevate the liver for inspection
of the gallbladder fossa and liver hilum.

If peritoneal washings are desired, they are collected
before further dissection or biopsy to prevent sample
contamination. Biopsy of peritoneal or omental nod-
ules can be taken using cup-biopsy forceps inserted
through the second trocar site. Access to lesions in the
pelvic peritoneum may require insertion of a third 
5-mm trocar in the lower midline. Implants in the liver
are most easily biopsied using the Tru-Cut needle 

inserted directly through the abdominal wall or
through the second trocar site. Enlarged lymph nodes
may also be sampled by fine-needle aspiration.

An extensive evaluation of the pancreas is possible
during staging laparoscopy. Division of the gastro-
hepatic omentum permits examination of the caudate
lobe of the liver, the vena cava, and the celiac axis. Visu-
alization of the body and tail of the gland can be 
performed by entering the lesser sac through the 
gastrocolic omentum. Most recently, development of
ultrasonography probes adaptable to laparoscopic
equipment have led to application of this technology 
in the staging of pancreatic cancer. Laparoscopic 
ultrasonography can locate deep liver metastasis not
detectable by simple surface inspection. The primary
tumor can be evaluated for size and extension into the
stomach, colon, or retroperitoneum. Ultrasonography
can also provide impressive information regarding vas-
cular invasion and lymphadenopathy, particularly with
respect to the celiac axis, superior mesenteric vessels,
and portal vein.

Palliative procedures can be performed at the time 
of laparoscopic staging if the primary tumor is found to
be unresectable. Laparoscopic cholecystojejunostomy
and gastrojejunostomy have been described in the 
literature.

Laparoscopic detection of 
metastatic disease

Some of the largest recent series of staging laparo-
scopies for potentially resectable pancreatic cancer are
included in Table 50.1. All series include patients evalu-
ated during the 1990s, when high-quality CT scanners
were widely accessible. All patients included in Table
50.1 had preoperative CT that did not demonstrate
metastatic disease. The prevalence of liver and peri-
toneal metastases detected in these patients by simple
laparoscopy is approximately 25%. In other words,
these results illustrate that one-quarter of patients had
false-negative CT examinations. In our experience,
peritoneal or liver implants are twice as common in tu-
mors located in the body or tail of the pancreas (39%)
than in cancers of the head of the gland (17%). This 
observation probably reflects the relative delay in diag-
nosis of tumors of the distal pancreas, which remain
asymptomatic in the absence of jaundice.

Other techniques have been combined with 
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laparoscopy to enhance the sensitivity of the staging
procedure. The group at MGH routinely collects peri-
toneal washings for cytology at the time of laparoscopy
(discussed below). The series by John et al. evaluated
the use of laparoscopic ultrasound during staging la-
paroscopy, and showed that ultrasound increased their
yield of unresectable cases from 35 to 58%. Similar
findings are reported by Minnard et al. at Memorial
Sloan-Kettering Cancer Center (MSKCC). Conlon 
et al., also at MSKCC, made use of laparoscopic dis-
section to gain access to the lesser sac and evaluate the
celiac axis and superior mesenteric vessels. When 
compared with simple laparoscopy, detection of unre-
sectable disease increased from 26 to 38% using this
technique. In general, most of the new information
gained by laparoscopic ultrasonography or extended
dissection pertains to vascular invasion at the celiac
axis, portal vein, or superior mesenteric vessels. In our
estimation, satisfactory resolution of these structures is
obtained by CT, and available data from these studies
do not justify a more time-consuming and risky laparo-
scopic staging protocol.

A final evaluation of laparoscopy in the staging of
pancreatic cancer must include an assessment of the
specificity and sensitivity of the procedure. The speci-
ficity of staging laparoscopy is 100% because diagnosis
of metastatic carcinoma is always based on tissue diag-
nosis and not on visual impression alone. The sensi-
tivity of the procedure can be calculated by analyzing
the laparotomy findings of those patients explored
shortly after staging laparoscopy. These data are listed
in Table 50.2 and show that sensitivity estimates range

from 88 to 98%. It seems surprising to find that sensi-
tivity was not significantly improved by the use of addi-
tional laparoscopic techniques such as ultrasound or
extended dissection.

Peritoneal cytology

Peritoneal washings are easily collected at the time of
laparoscopy. It is important to perform peritoneal
lavage prior to dissection or biopsy to prevent sample
contamination. Procurement of peritoneal washings
involves instillation of 400 mL of 0.9% normal saline
into the subhepatic space and dispersion by abdominal
agitation or manipulation of the operating table. The
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Table 50.1 Laparoscopic detection of intraabdominal metastasis in pancreatic cancer.

No. of Gross Additional staging
Series patients metastases technique Unresectable*

Bemelman et al. (1995) 72 10 (14) Ultrasound 16 (22)
John et al. (1995) 40† 14 (35) Ultrasound 23 (58)
Fernandez-del Castillo et al. (1995) 114 27 (24) Peritoneal cytology 33 (29)
Conlon et al. (1996) 108† 28 (26) Dissection 41 (38)
Minnard et al. (1998) 90 19 (21) Dissection and ultrasound 49 (54)
Jimenez et al. (2000) 125 30 (24) Peritoneal cytology 42 (34)
Vollmer et al. (2002) 84 18 (21) Ultrasound 26 (31)

* As determined by laparoscopic staging procedure.
† Includes a small number of patients with nonpancreatic periampullary malignancies.
Numbers in parentheses represent percentages.

Table 50.2 Resectability after staging laparoscopy.

Resectability
Series Sensitivity (%) rate*

Bemelman et al. (1995) 76 27/35 (77)
John et al. (1995) 88 11/12 (92)
Fernandez-del Castillo 94 30/40 (75)

et al. (1995)
Conlon et al. (1996) 88 61/67 (91)
Minnard et al. (1998) 100 39/40 (98)
Jimenez et al. (2000) 98 23/30 (77)
Vollmer et al. (2002) 88 47/60 (78)

* In patients explored with intent to resect.
Numbers in parentheses represent percentages.



fluid is then aspirated under direct vision and collected
for cytologic evaluation. Samples are routinely ana-
lyzed by cytomorphologic criteria. When confusion
arises due to inflammatory or reactive mesothelial cells,
application of immunohistochemistry may aid identifi-
cation of malignant cells. If used routinely, immunohis-
tochemistry can increase tumor cell detection when
compared with cytomorphologic criteria alone.

Table 50.3 summarizes published data on peritoneal
cytology in pancreatic cancer. All series involve poten-
tially resectable patients except those by Martin et al.
and Lei et al. The data reveal that malignant cells can be
found in 7–30% of peritoneal washings taken from
pancreatic cancer patients. The institutional experi-
ence at MGH includes 251 patients, in whom cytology
was positive in 21% of cases. Table 50.3 demonstrates
that 50–60% of positive samples are associated with
metastatic disease detected at laparoscopy. Our data re-
veal that positive cytology occurs in 45% of patients
with visible metastases, but in only 14% of those 
without.

Several studies have evaluated the significance of
positive peritoneal cytology in the absence of gross
metastasis for pancreatic cancer patients. Most studies
confirm that positive cytology is an indicator of 
unresectable aggressive disease characterized by early
metastasis and short survival. In fact, no difference in
survival exists between patients with gross metastasis
detected at laparoscopy and those with positive cytol-
ogy but no visible metastatic disease. We advocate clas-
sification of patients with positive peritoneal cytology
as M1 in the TNM system, as is the case for gastric,
ovarian, and endometrial cancers. These patients
would therefore not derive further benefit from surgical

resection or radiation therapy. The combination of
peritoneal cytology and laparoscopy has increased our
detection of metastatic disease during staging from 24
to 31% (Table 50.1).

Differences in staging algorithms

In the USA, most of the literature on the topic of staging
laparoscopy for pancreatic cancer comes from MGH
or MSKCC. Significant differences in the staging proto-
col exist between these two centers. 

At MGH, staging laparoscopy with peritoneal cytol-
ogy is performed in a brief outpatient session prior to
the planned pancreatic resection. The laparoscopy 
procedure is kept as simple as possible, consisting 
mostly of visual inspection of the parietal and visceral
peritoneum, collection of peritoneal cytology, and
biopsy of suspicious sites. This operation rarely takes
longer than 30 min. No extensive laparoscopic dissec-
tion of the lesser sac or the celiac axis is done because of
the potential for bleeding complications. Laparoscopic
ultrasound of the liver is used infrequently because it
adds minimal new information to pancreas protocol
CT. The delay between the staging procedure and the
planned pancreatic resection allows for review of the
peritoneal cytology data, which are considered in 
the final determination of resectability. The simplicity
of this staging algorithm supports its use by the general
surgeon in the community hospital setting to screen 
for patients who may benefit from transfer to tertiary
referral centers for treatment.

In contrast, the group at MSKCC advocates a com-
plex staging protocol consisting of laparoscopic dissec-

PART I I I

422

Table 50.3 Peritoneal cytology in pancreatic cancer.

Series No. of patients Positive cytology With gross metastases*

Martin & Goellner (1986) 23 5 (22) 3 (60)
Warshaw et al. (1991) 40 12 (30) 2 (17)
Lei et al. (1994) 36 3 (8) 3 (100)
Leach et al. (1995) 60 4 (7) 0 (0)
Fernandez-del Castillo et al. (1995) 94 16 (17) 10 (63)
Merchant et al. (1999) 228 34 (15) 26 (76)
Jimenez et al. (2000) 117 24 (21) 12 (50)

* Detected by laparoscopy.
Numbers in parentheses represent percentages.



tion of the lesser omentum and exploration of the lesser
sac, with biopsy of suspicious implants and lymph
nodes near major vessels. Laparoscopic ultrasound of
the liver, portal vein, superior mesenteric vessels, and
celiac axis is also performed in a majority of patients.
While peritoneal cytology is often collected, results are
not used in determining resectability. Rather, peri-
toneal cytology data help to determine which patients
may benefit from adjuvant chemotherapy. A negative
staging laparoscopy (negative frozen sections and no
encasement of the celiac axis or superior mesenteric
artery) is followed by pancreatic resection in the same
operating room session. The level of laparoscopic 
expertise required by the staging protocol at MSKCC
supports early referral of patients with suspected 
pancreatic cancer to specialized pancreatic surgery 
centers for staging as well as treatment.

Despite differences in the details of the staging la-
paroscopy itself, published resectability and survival
rates for pancreatic adenocarcinoma remain remark-
ably similar between MGH and MSKCC. It appears
reasonable to suggest that the simpler protocol 
endorsed by MGH is less technically demanding for 
the surgeon, less risky to the patient, and more efficient
for the hospital.

Patient management after 
staging laparoscopy

Accurate selection of patients for resection is one of the
main goals of staging laparoscopy. Most of the pub-
lished series provide data on resectability rates after
negative laparoscopy, and use this information to 
assess the success of their staging protocol. Table 50.2
includes published resectability rates for patients 
explored with intent to resect. More than three-
quarters of patients deemed resectable after staging 
laparoscopy can be successfully resected. As expected,
resectability rates are slightly higher after more exhaus-
tive laparoscopic evaluations, such as those by Conlon
et al. and John et al. Overall, the resectability rates in
Table 50.2 are significantly higher than those reported
without the use of staging laparoscopy.

Staging laparoscopy allows optimization of resources
and avoidance of unnecessary surgery in pancreatic can-
cer. At MGH, greater than 90% of patients with laparo-
scopically detected metastases did not undergo further
surgery. This experience is confirmed by Espat et al.

from MSKCC. Almost all patients with symptomatic
malignant biliary obstruction have been successfully
treated by endoscopic or percutaneous palliation tech-
niques. The introduction of endoscopic intestinal stents
has allowed outpatient, minimally invasive treatment of
gastric outlet obstruction for many patients.

Current trends for aggressive neoadjuvant treament
with combinations of radiotherapy and chemotherapy
underscore the importance of excluding metastatic 
disease. The morbidity, cost, and time commitment 
required by these new treatment modalities are not 
negligible, and patient selection is as important as for
surgical resection. Most neoadjuvant treatment proto-
cols include a staging laparoscopy before the onset of
treatment. Patients demonstrating good response to
chemoradiation on CT may undergo a second staging
laparotomy to reassess their candidacy for resection.

Future directions

Laparoscopy is an integral part of the current staging
protocol for pancreatic cancer. However, despite cur-
rent efforts to select the best patients for surgical treat-
ment, 5-year survival rates after resection for cure
remain low at 15–20%. Clearly, new staging strate-
gies are needed to improve on these results. Further 
additions to the current laparoscopic staging proce-
dure are unlikely to contribute to improving patient
survival.

We need to look at other diagnostic modalities to
help in patient selection for treatment. As an example,
positron emission tomography (PET) has been shown
to be helpful in identifying patients with cystic tumors
of the pancreas who may benefit from surgery. In these
patients, PET has been shown to detect cysts carrying
premalignant or malignant changes. Some cystic 
tumors of the pancreas are now followed expectantly
with serial PET, allowing some patients to safely avoid
surgery.

Ultimately, an accurate staging algorithm will need
to consider tumor biology in its most basic form: genet-
ics. More and more tumors today are being studied by
genetic array analysis. Patterns of genetic abnor-
malities are starting to be recognized that determine 
a tumor’s response to radiation or chemotherapy. In 
the future, this technology will hopefully provide a 
fingerprint for tumors that will allow customization of
therapy to individual patients.
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The World Health Organization (WHO) has desig-
nated pain relief, and palliative care, as a priority in its
global program for cancer control. Although it is possi-
ble to offer adequate pain control to more than 90% of
cancer patients, the reality may be very different be-
cause of lack of knowledge and skills, lack of empathy,
and failing attitude. With regard to pancreatic cancer,
too little interest has been shown in the care of these pa-
tients. The considerable psychosocial and lifestyle con-
sequences of uncontrolled pain are often overlooked
and it should be underlined that pain always has an im-
portant emotional component. Pain is therefore devas-
tating not only for the patient but also for the family
and for all those caring for the patient, and all possible
efforts should be made to eliminate the pain. Despite
the publication and widespread distribution of guide-
lines for pain management, many patients with pan-
creatic cancer receive inadequate analgesia.

When discussing pain it must be stressed that there is
no better treatment than resection of the tumor; if this is
possible technically and biologically, it should always
have the highest priority. The discussion below is there-
fore confined to the cases where resection is not per-
formed, irrespective of cause.

Pain as part of a symptom complex

The symptom given most attention in pancreatic cancer
patients is pain, although jaundice, gastric outlet ob-
struction, and weight loss are also described in detail in
the literature. However, there are also other symptoms
that deserve special attention, such as gastrointestinal
bleeding with and without anemia, anorexia/cachexia

and dysphagia, nausea and vomiting, dehydration and
dryness in the oral cavity, fatigue, depression, anxiety,
insomnia, ascites, hypostatic edema, venous throm-
boembolism, recurrent infections, diarrhea/constipa-
tion, postoperative sequelae including fistulas, and
endocrine and exocrine insufficiency (diabetes and
steatorrhea). Patients with pancreatic cancer also suffer
“social complications,” such as economic problems,
feelings of dependence on relatives and others, un-
willingness to appear in public due to extreme weight
loss, unwillingness to discuss their own health status 
in public, inability to carry out those activities for-
merly associated with their professional and social
lives, sexual inability, and the urgent need of toilets.
The patient’s relatives also have different views on how
the care and nursing should best be provided. First and
foremost, however, there is always the need for hope; if
patients have no hope that the future holds something
worth living for, they will give up the struggle to remain
alive.

Even though pain may be the main symptom, it
should be understood that there is always something
“worse,” which implies that even if the pain is treated
successfully, there will still be other “new” symptoms
that deserve attention. Therefore, it is important to
have a holistic view about pain treatment, even for
those with the special task of treating the specific symp-
tom “pain.”

Prevalence of pain in pancreatic cancer

More than 50% of all patients with exocrine pancreatic
cancer have pain as an initial symptom and practically
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all will suffer significant pain at some stage before they
succumb to the disease (Table 51.1). Pain occurs in at
least 85% of patients with advanced disease (Table
51.1) and is related to shortened survival, especially if
opioids are being administered (Table 51.2). For some
patients with the disease, the pain is so severe that all
waking hours are devoted to its control, leading to a
very poor quality of life. Empirically it is obvious that
patients with pancreatic cancer are one of the cancer
groups with the most severe pain problems.

Origin of the pain in pancreatic cancer

Pancreatic cancer pain can be subdivided into somatic,
visceral, and neuropathic in origin. Somatic pain oc-
curs as a result of the activation of nociceptors in cuta-

neous and deep tissues. Somatic pain is typically con-
stant and well localized and is frequently described as
aching, throbbing, or gnawing. Both bone metastasis
and mucosal injury produce somatic pain. Visceral pain
originates from injury to sympathetically innervated
organs. Mechanisms of visceral pain include necrosis,
ischemia of visceral muscles, serosal or mucosal irrita-
tion by analgesic substances, or abnormal distension or
contraction of smooth muscle walls within a hollow
viscus. The pain is characterized as either dull, deep,
and aching or paroxysmal and colicky. Neuropathic
pain refers to pain syndromes that occur as a result 
of nerve injury. Neuropathic pain can occur follow-
ing surgery or radiation therapy. In addition, certain
chemotherapeutic agents (e.g., taxanes, vincristine,
vinblastine, cisplatin) can produce neuropathic pain.
The pain is characterized by burning, tingling, and
numbing sensations.

From an anatomic point of view, pancreatic cancer
pain may result from intrapancreatic and peripan-
creatic inflammatory processes, an obstructed main
pancreatic duct, as well as perineural invasion of the
tumor. It is possible that recurrent ischemia of the
parenchyma and intrapancreatic causes such as acute
pseudocysts and extrapancreatic causes such as com-
mon bile duct or duodenal stenosis cause pain. The 
relative contribution of inflammation, obstruction,
neuritis, and scarring to the pathogenesis of pain is still
unclear and may vary from patient to patient.

Obstruction of the pancreatic duct system was for a
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Table 51.1 Sixty-six consecutive patients operated on for
pancreatic cancer with pancreatectomy in Lund, Sweden,
1995–98.

Pain first symptom 37%
Pain at diagnosis 58%

Not requiring medicine 37%
Requiring nonopioids 16%
Requiring opioids 5%

Pain requiring analgesics at recurrence 88%
Pain requiring analgesics 1 month before death 98%

Table 51.2 Prospective registration of pain at diagnosis in 160 consecutive, nonradically operated patients with pancreatic
cancer in Scandinavia, 1995–98.

Visual analog Patients on morphine Median survival Median survival 
scale Percent (percent of total) (days) on morphine (days)

0 27 6 280 222
1 14 3 263 171
2 14 2 223 178
3 2 — 238 —
4 8 2 167 113
5 15 7 138 111
6 10 5 101 62
7 5 — 97 —
8 5 — 63 —
9 — — — —
10 — — — —



long time seen as the major factor in the pathogenesis of
chronic pancreatitis and has also been proposed as a
cause of pain in pancreatic cancer. However, the rela-
tionship between morphologic changes, ductal pres-
sures, and pain has repeatedly been shown to be very
variable, and other factors must be implicated. An in-
creased intracystic pressure may be assumed when a
pseudocyst communicates with a stenotic duct. On the
other hand, the same anatomic abnormalities some-
times relate to a painless course. Although data 
indicate that increased intraductal or parenchymal
pressure is associated with pain in pancreatic cancer,
the pathomechanism by which increased pressure 
causes pain is not clear.

A more recent pain concept in pancreatic cancer re-
gards direct alterations of pancreatic nerves as one of
the major pathophysiologic events in pain generation.
It has been reported that phenotypic modification 
of primary sensory neurons may play a role in the pro-
duction of persistent pain. Autodigestion with tissue
necrosis and both pancreatic and peripancreatic in-
flammation in the earlier stages change the focal release
and uptake of mediators in peptidergic nerves and
could be an important cause of pain. Pancreatic nerves
are preferentially retained while exocrine pancreatic
parenchyma atrophies and degenerates and is replaced
by fibrosis. Moreover, in pancreatic cancer, compared
with normal pancreas, the number and diameter of
pancreatic nerves are significantly increased and analy-
sis of neuroplasticity markers provides evidence that
the nerves actively grow. This leads to differential 
expression of neuropeptides, such as substance P and
vasoactive intestinal peptide (VIP), in the chronically
irritated pancreas. In addition, electron microscopic
examination has revealed that the perineurium of 
theses nerves is partially destroyed, indicating loss of
the barrier between nerve fibers and bioactive material
in the perineural space. Bockman et al. have put 
forward a concept they call “pancreatitis-associated
neuritis,” which implies a comparative increase in the
number of sensory nerves in inflammatory pancreatic
tissue together with round cell infiltration and a strik-
ing disintegration of the perineurium. The loss of func-
tion of the perineural barrier may allow an influx of
inflammatory mediators or active pancreatic enzymes
that could act directly on the nerve cells. It can be 
speculated that these two mechanisms, increased pan-
creatic tissue pressure and neuritis, could work together. 
High tissue fluid pressure would then facilitate influx of

pain mediators into the nerves and result in more long-
standing pain.

There is also evidence that pancreatic ischemia may
occur in an experimental model of chronic pancreatitis,
and possibly pancreatic cancer, leading to decreased
pancreatic blood flow, ischemia, and local depression
of parenchymal pH. During ischemia xanthine oxidase
becomes activated, which leads to the generation of
toxic oxygen metabolites that may contribute to pain in
chronic pancreatitis. However, the xanthine oxidase 
inhibitor allopurinol did not reduce pain in a ran-
domized, two-period, crossover clinical trial.

Characteristics of pancreatic cancer pain

The characteristic pattern of pain in pancreatic cancer
is that of a dull ache in the mid-epigastrium that radi-
ates to the back, especially if the body and tail of the
pancreas are involved. Pain is usually accentuated at
night and may be spasmodic. This symptom is not
something usually associated with a visceral solid carci-
noma. The pain is typically more severe in the supine
position and improves when the patient leans forward.

The pain progresses over time and never leaves the
patient totally, usually not even with treatment. Com-
pared with the pain of chronic pancreatitis, which may
have the same distribution, there is less fluctuation in
intensity from day to day and there is less influence of
eating and drinking.

When the cause of the pain is explained to the pa-
tient, there is also another obvious difference between
patients with pancreatic cancer and those with chronic
pancreatitis. The first group is usually very reluctant to
take analgesics for the pain, whereas the second group
usually needs no persuasion to take drugs but rather
has a tendency to use excessively strong analgesics from
the start. This is very rarely a problem with pancreatic
cancer patients.

Sometimes, patients with pancreatic cancer initially
describe the pain as a tiredness in the back, making 
it impossible to work and relax. Later on, they find 
it difficult to sit and stand without having severe 
fatigue of the mid-back, which is then impossible to 
differentiate from pain. At this stage the patients 
are often restless and seem to continuously move in
their search for a position that relieves the fatigue 
and pain. In later stages, patients tend to lie on the 
bed and to move as little as possible, which further 
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decreases their muscle strength, making movements
more difficult.

An algorithm for pain management in
pancreatic cancer

There are several algorithms for the management of
pain in pancreatic cancer, most of them with unique
positive aspects. However, and unfortunately, most 
of them focus only on pharmacologic treatment. The
most important part of the WHO “analgesic ladder,”
and the reason for its success, is probably the efficient
use of oral opioids for moderate to severe pain, while
making it clear that this treatment is very effective and
that dependence problems are negligible. However, this
does not mean that alternative analgesics should not be
used. For example, acetaminophen (paracetamol) is a
potent and cheap analgesic with very few adverse ef-
fects and has a central effect like morphine but without
the latter’s drug-abuse problems.

An algorithm is presented here in which pharmaco-
logic treatment is but one part of the management of
pain in pancreatic cancer. It can be used in association
with literature more concerned with the details of drugs
and how to use them optimally (Fig. 51.1).

Is the diagnosis of pancreatic cancer correct?

When a patient with pancreatic pain for the first time
needs treatment, it is obligatory to critically review the
evidence for the diagnosis: does this patient really have
pancreatic cancer? In the past, patients have all too

often been given the diagnosis of pancreatic cancer
when follow-up has shown that the true disease has
been, for example chronic pancreatitis. This may be a
grave misdiagnosis, as the cancer patient can be ex-
pected to have increasing pain and there is little purpose
in limiting analgesic use unless the patient is pain-free,
whereas patients with chronic pancreatitis may 
respond better to alternative therapies.

Also, patients with other types of cancer might bene-
fit from other types of treatment. An example of this is
endocrine pancreatic cancer, for which there is an arse-
nal of treatment options, analgesics being only one but
probably not the first choice. There are also lymphomas
and sarcomas and other rare tumors of the pancreas
where good alternative treatment options are available.
Once again, if the pancreatic cancer can be resected,
this is almost always the best choice.

Is the pain due to the cancer or to 
concomitant diseases?

It should be emphasized that not all the symptoms in
patients with pancreatic cancer are due to the cancer.
Especially common are gallstone disease and peptic 
ulcers in the stomach and duodenum. Ileus and subileus
due to causes other than pancreatic cancer (or peri-
toneal carcinomatosis) are found occasionally. If in
these cases the pain is treated strictly according to the
WHO cancer analgesic ladder, there is a severe risk that
the patient will be harmed, and indeed may not be well
treated regarding the pain. If possible it is always better
to treat the cause of the pain rather than the symptom of
pain itself.
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Is the diagnosis of pancreatic cancer correct?

Is the pain due
to the cancer?

Is the pain due to
concomitant diseases?

Are other symptoms of
the cancer well treated?

How severe
is the pain?

How does the
pain influence
the patient?

What does the
patient want?

Step I: acetaminophen

Step II: combined
analgesics

Step III: morphine

Interventional therapy
Figure 51.1 Algorithm for
management of pancreatic cancer pain.



Are other symptoms of the cancer well treated?

There are many symptoms of pancreatic cancer that 
influence the experience of pain. For example, tired 
patients have more pain; depressed patients cannot
participate in treatments as well as they should; pa-
tients with great weight loss experience more pain; 
ascites, constipation, and pneumonia may generate
pain themselves. Moreover, some pharmacologic
agents may produce discomfort or pain, for example
opioid-induced constipation and nonsteroidal anti-
inflammatory drug (NSAID)-induced peptic ulcer.

Therefore, it is important to understand that the pain
must be treated as part of a symptom complex rather
than the symptom. Patients themselves frequently re-
mark on this: “Doctor, if I could only sleep better/have
less nausea/did not have this swollen abdomen, I could
stand the pain better.” Thus nutrition support and 
therapy for insomnia and the like may also be impor-
tant in pain management.

How severe is the pain?

Unfortunately, it is a common experience that the lan-
guage of patients and the language of those who care
for them may differ in ways that lead to troublesome
misunderstandings. Patients not only use words that
overrate the pain but also use words that make care-
givers think there is less pain than that actually experi-
enced. The solution to the problem of the description 
of pain intensity attempts to avoid the use of words 
like “severe” and “terrible” and instead applies a 
standardized scale.

The standard measurement of pain intensity today is
the 10-cm visual analog scale (VAS). The 0–10 numeric
rating scale (NRS) is also often used, but it should be
understood from a scientific point of view that there are
some small but consistent differences between a VAS
and an NRS. All the commonly used scales are consid-
ered to be reliable and have been shown to give rather
similar results as regards construct validity. However,
one special problem in pancreatic cancer is that pa-
tients, and healthcare providers including doctors, find
it difficult to understand VAS and NRS when discussing
a variable pain over time. It must also be understood
that any given change in NRS or VAS score has no 
intrinsic meaning. On the other hand, there is almost 
always good agreement between pain scores derived
from VAS and similar scales and those derived from 

categoric pain relief scales and graphic rating scales. 
Elderly individuals with chronic pain find scoring on
the VAS more difficult than younger patients. Also, sim-
ple interest in the measurement of pain may influence
the outcome of the patient’s pain score. A discrepancy
between physician perception and patient report of
pain intensity has been shown to be a predictor of 
inadequate pain management.

How does the pain influence the patient and 
what does the patient want?

The International Association for the Study of Pain 
defines pain as “an unpleasant sensory and emotional
experience associated with actual or potential tissue
damage or described in terms of such damage.” The im-
portant part in this context is “emotional experience,”
which means that even though pain intensity might be
standardized, not all patients demand the same treat-
ment for the same pain intensity.

There are patients who are so afraid of a potentially
increasing pain that they want analgesics “in case it gets
worse,” whereas others do not want any analgesic
drugs until it is “really needed.” The solution to this
problem may be to watch their behavior: if patients are
unable to do what they want due to the pain, then care-
givers should act; conversely, if patients continue with
their normal way of life despite the pain, it might be
wise to wait until they ask for help.

If patients have a desire to work or do something else
that is important to them, they probably have greater
overall ability and greater capacity to cope with the
pain. On the other hand, if nothing is important, it is
likely that the patient will suffer more pain.

The analgesic ladder

Step 1 (Fig. 51.2)
Nutritional support is one of the most important parts
of the first step in pain management. Weight loss typi-
cally correlates with inability to tolerate pain and in-
creases the depression and fatigue that make the pain
unbearable. Nutritional support must be individual-
ized. For some patients it may be enough to provide the
food they like, while others need liquid food, some need
a better social environment in which to eat, and yet 
others require special liquid formula diets. Often the
addition of pancreatic enzymes improves the absorp-
tion of ingested food and it should at least be tried. 
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Patients must understand that the enzymes should be
taken with meals, and the effect should be evaluated
after 10–14 days. If there are questionable effects, the
enzymes should be withdrawn and the effects evaluated
once more.

It is also important to become acquainted with the
way patients react and their expectations. Is the patient
afraid and how are relations with the relatives? Did the
relationship with the relatives change after the illness
was detected? These and similar questions can help in
the care of the patient. Social support is often worth
much more than any drug, and if there is a long disease
process it may also be important to investigate the sup-
porter’s network: how long can they stand the extraor-
dinary pressure? Can they be supported mentally and
physically?

It is also important to make patients understand that
care-givers know how to treat cancer pain. If they are
assured that pain relief can be provided, then it is easier
for them to tolerate pain at the borderline of what needs
to be treated. It is important that everybody involved in
nursing the patient should know what measures have
been taken, and this should include the patient and the
relatives. This means that all decisions concerning care
must be documented.

When pharmacologic measures are required, aceta-
minophen 1 g four times daily is the drug of choice.

There is overwhelming scientific evidence that this drug
should be the basis of all pain treatment in pancreatic
cancer and that it should be given regularly and not on
demand.

Step 2 (Fig. 51.3)
If acetaminophen is not enough to eliminate the pain, it
may be combined with NSAIDs. This combination fre-
quently has a combined effect that is significantly better
than either drug given alone. The doses used may be the
same as those usually given to patients with joint pain
for example. It is possible that the antiinflammatory 
effect is just as important as the analgesic effect, and
there are indications that patients with high levels of 
cytokines and C-reactive protein suffer less anorexia,
which may also potentiate the analgesic effect. There
are also indications that this can be further potentiated
by w-fatty acids, which are without adverse effects.
Acetylsalicylic acid and dextropropoxyphene are just
as good as acetaminophen from an analgesic point of
view, but in clinical practice have been shown to have
substantial adverse effects (bleeding tendency and liver
toxicity, respectively) and should therefore not be used
routinely. If further potentiation is needed, codeine and
other nonopioid analgesic drugs can be used, but 
always in combination with acetaminophen. Codeine
may be considered an opioid drug but can be included
in this concept.

If these measures are insufficient, other drugs should
be considered. Neuroleptics may be used to potentiate
the other drugs, although some patients become
drowsy, with little pain relief, and may experience dys-
phoria. If there is some degree of anxiety, benzodi-
azepines are a better choice. The modern selective
serotonin reuptake inhibitors (SSRIs) can also be used
successfully in some patients, but never on a routine
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Figure 51.2 The analgesic ladder: step 1.

Figure 51.3 The analgesic ladder: step 2. NSAID,
nonsteroidal antiinflammatory drug; SSRIs, selective
serotonin reuptake inhibitors.

Is the diagnosis correct? 
Can the cancer be removed?
Treat concomitant diseases: gallstones, peptic ulcer, ileus,

etc.
Concomitant cancer symptoms: nausea, emesis,

obstipation, weight loss, depression, etc.
Nutritional support including vitamins, trace elements,

energy, and water
Pancreatic enzymes
Become acquainted with the language of the patient, the

reactions, and the expectations. Is the patient afraid?
Investigate social support network and supporter’s

network
Make the patient understand that we know how to treat

cancer pain
Document the decisions of pain treatment (make sure

that all involved agree, including patient and relatives)
Acetaminophen 1 g four times daily (not on demand)

Acetaminophen + NSAID (not acetylsalicylic acid and
dextropropoxyphene)

NSAIDs + w-fatty acids?
Codeine
Other nonopioid analgesic drugs
Grade of anxiety: benzodiazepines, SSRIs
Make sure the patient sleeps well



basis: some sadness is a natural and realistic reaction to
the disease, and only if there are signs of medically de-
fined depression should SSRIs be recommended.

It is important to make sure the patient sleeps well.
However, many of these patients have too little to do
during the daytime and will therefore not be tired at
night, especially if they also sleep during the day. There-
fore activation during the day may be the best way to
treat insomnia at night. A short nap at noon is not a
problem, but the patient must then be active during the
afternoon. Only when all these measures have been
tried should sleeping pills be used.

Step 3 (Fig. 51.4)
As a “pure” analgesic drug there is nothing better than
morphine or its derivatives. However, whether hydro-
morphone, fentanyl, oxycodone, or some other drug
should be given instead of morphine mostly depends on
the experience of the doctor. There is little indication
that any one of these drugs is significantly better than
another. Therefore it is a good rule of thumb to use few
opioids but to be well acquainted with the one usually
used.

The half-life of morphine is 2–4 hours, while its 
clinically relevant pain-relieving effects usually last 3–5
hours. In renal failure, the metabolites can accumulate
in the body, and thus patients with reduced kidney
function must be observed more closely after receiving
repeated doses of morphine. There is wide individual
variation in plasma opioid concentrations, but no sim-

ple correlation between opioid and metabolite concen-
trations and pain relief has been found, although there
is a report of a tendency toward greater stable phase
morphine concentrations in cancer patients with opti-
mal pain control.

Besides the peroral route, which is the route of choice
ordinarily, there are several other ways to administer
opioids: sublingual, subcutaneous, intravenous,
epidural/intrathecal, transdermal, and rectal, but not
intramuscular as this can be painful, particularly for 
debilitated patients with wasted muscles. All the 
different routes have their special advantages and 
disadvantages.

If morphine is used, it is wise to start with 10 mg on
demand, i.e., when the patient asks for it (tablets if pa-
tient not vomiting, otherwise rectal administration).
This course of action not only allows patients to be-
come pain-free but also helps to reassure them that the
use of morphine can always lead to freedom from pain:
it is just a question of dosage. When a steady dosage of
morphine has been achieved, it will be easier for the 
patient to use long-acting formulas twice daily. This
means that the patient receives the same amount of
morphine but on a fixed schedule and not on demand. If
needed (i.e., for “breakthrough” pain), ordinary mor-
phine tablets (10 mg) are used as a complement. If this
supplement is used regularly, the dosage of the long-
acting drug is increased. However, it should be empha-
sized to the patient that long-acting drugs do not reach
a steady state until after 5 days, and sometimes not until
after 10 days. Thus the dosage should not be changed
more often than once a week; usually it is changed once
a month.

Transcutaneously delivered drugs are more expen-
sive but have some advantages for patients who are ex-
periencing a stable level of pain. Firstly, the patient does
not have to think about medication more than once
every third day and does not need to worry about
missed doses. From the doctor’s point of view one can
expect total compliance. On the negative side, there are
some patients who experience less effect with the tran-
scutaneous route, probably because of individual skin
properties and blood circulation. Also, the dosage can
be changed only in rather large steps and it is impracti-
cal to change the dosage more than once every 6 or 9
days.

Sedation and nausea occur particularly when start-
ing the drug, although this is usually temporary but
may recur with dose increases. Nausea can be avoided
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Figure 51.4 The analgesic ladder: step 3.

Morphine
10 mg as often as patient needed (tablets if patient not 

vomiting)
When steady state: long-acting twice daily
Transcutaneously delivered drugs more expensive but 

good for patients with stable level of pain

Go to step 4 if excessive adverse effects, such as:
Rapidly increasing demand
Inability to cooperate with pain treatment
Akathisia
Decreasing effect (tachyphylaxis)
Severe obstipation
Drowsiness to apathy, inability to resume activities of 

daily life



by using a centrally acting antiemetic prophylactically.
Sedation is usually unavoidable but short-lived (48–72
hours) among patients starting off on low doses.

There is no clinically relevant ceiling in analgesia:
doses of oral morphine may be varied 1000-fold or
more in order to achieve the same end point of pain re-
lief. A change of opioid may be tried if pain relief with
one opioid is inadequate or unacceptable adverse ef-
fects occur, especially when pain management requires
increasing dose escalation. It cannot be overempha-
sized that pain is multifactorial and that successful
treatment depends on comprehensive evaluation. For
the suffering patient it is important that the pain be
treated quickly when needed, which indicates the use of
an opioid with a rather short half-life. Once stable, sus-
tained-release formulations reduce dose frequency to
once or twice daily. Breakthrough pain is controlled
with extra doses of the unmodified drug (calculated as
one-sixth of the total 24-hour opioid dose require-
ment). Drugs with a very short half-life (e.g., pethidine)
are unsuitable because of the need for more frequent 
repeat dosing, which is inconvenient and may cause
build-up of toxic metabolites. Drugs with inherently
long half-lives (e.g., methadone) may be difficult to
titrate safely in unstable pain. Many patients with pan-
creatic cancer are elderly and have concurrent medical
conditions, both of which may influence the pharmaco-
kinetics of opioids. Renal impairment is most impor-
tant as it affects clearance of many opioids. There is 
a recommendation that conventional dose intervals
should be increased by about 50% at moderately re-
duced renal clearance. Concurrent drug therapy can
also alter opioid pharmacokinetics.

Generally, at least 90% of pancreatic cancer patients
with pain will be effectively treated by steps 1–3. How-
ever, if opioids have excessive adverse effects, step 4
may be tried. Such adverse effects may include not only
rapidly increasing demand for drug and inability to 
cooperate with pain treatment, but also akathisia and
tachyphylaxis (decreasing effect). One of the most
troublesome adverse effects for many patients is obsti-
pation. This is due to the direct effects of opioids on 
gut motility, but also to low intake of food and water
and an overly sedentary lifestyle. Because this is so 
common, all patients given opioids on a regular basis
should receive prophylaxis against obstipation, such as
lactulose once daily.

Some patients experience drowsiness approaching
apathy and feel unable to resume activities of daily life

and so on. When it is obvious that the patient feels that
life is of very limited value, alternatives should be con-
sidered. There is no evidence that the use of high-dose
opiates in the palliative chronic setting leads to a dan-
gerous level of respiratory depression, not even among
patients with respiratory impairment.

Step 4 (Fig. 51.5)
For some patients subcutaneous or intravenous infu-
sion pumps administering morphine and fentanyl have
good effects. An advantage is that patients can to some
degree increase the dosage on demand, usually with an
upper limit to prevent a suddenly confused patient self-
administering an overdose. Often the patient can in-
clude the procedure in their daily lives, but for some it is
not acceptable to be dependent on mechanical devices.
Old people especially dislike it, as they have difficulties
learning how to handle the devices.

Epidural block with morphine and bupivacaine pro-
vides the required pain relief but there is an increased
risk of adverse effects, such as intraspinal infections,
pneumonia, urinary infections, and gastrointestinal
disturbances. Also, the patient needs qualified medical
attention on a 24-hour basis.

The nerves in the pancreas comprise sympathetic,
parasympathetic, sensory, and motor fibers. The sen-
sory fibers mediating pain are conducted toward the
central nervous system, without synapsing, via the 
celiac plexus and the splanchinc nerves to the thoracic
spinal cord. From a theoretic point of view, the pain can
be inhibited by cutting the nerve fibers anywhere along
this path.

Celiac plexus block is a neurolytic block of the celiac
plexus. For a long time, a block using 50% alcohol was
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Figure 51.5 The analgesic ladder: step 4.

Subcutaneous/intravenous infusion pump (morphine/
fentanyl)

Attack the celiac plexus
Resection or block at laparostomy 
Block at angiography 
Block at ultrasonography, computed tomography, 

endoscopic ultrasound, or fluoroscopy
Thoracoscopic splanchnicectomy
Epidural block (morphine/bupivacaine)
Transcutaneous nerve stimulation
Chordotomy



the most common and best-described therapy for the
specific back pain in patients with pancreatic carci-
noma, a good result being expected in the majority of
cases. It can be performed intraoperatively or by a per-
cutaneous approach, from the back or from the ab-
domen. The percutaneous route can be guided by the
bony landmarks, by fluoroscopy, by angiography, or by
ultrasonography, computed tomography, or magnetic
resonance imaging. The choice between the different
methods cannot be determined from the results of ran-
domized studies, probably due to large differences in
skill of the performers of different approaches but also
to the different traditions underlying those skills. How-
ever, randomized trials show a clear advantage for pa-
tients treated with celiac plexus block during surgery
compared with untreated patients. One problem is that
tumor masses may displace the celiac plexus, and when
using the classical method guided by bony landmarks
the success rate varies from 33 to 94%. The limited use
of the technique is due to its short duration (usually a
mean of about 3 months in successful cases), its depen-
dence on individual skill, and the effectiveness of the
pharmacologic alternatives.

Thoracoscopic splanchnicectomy has been used
since the mid-1990s. It is a safe and easy procedure that
undoubtedly helps some patients with severe pain.
However, the method’s place in the algorithm of pain
management in pancreatic cancer is still not settled due
to lack of appropriate data on effectiveness, which in
turn may be due to attempts to treat not only patients
with localized painful disease but also those with pain
emanating from ingrowth into the abdominal wall,
sensory pain afferents from which do not travel
through the splanchnic nerves.

Whether drainage of a pretumoral dilatated pancre-
atic duct provides pain relief in pancreatic cancer is not
documented. There are also single reports of transcuta-
neous nerve stimulation, intrapleural block, and chor-
dotomy. These types of procedures should only be used
in specialist centers with both sufficient experience and
the ability to evaluate each method.

Evaluation of treatment options

Patients with established pancreatic cancer do not pre-
sent uniformly with regard to stage of the disease (early
or late), extrapancreatic secondary symptomatology,
or morphologic features. This also influences the pat-

tern of pain and the outcome of attempts to manage not
only the symptoms but the patient as a whole. The
major goal of new treatment modalities must be im-
provement of the patient’s quality of life, which has
many dimensions.

To compare the efficacy of different treatments, it is
necessary to have a baseline inventory of the patient’s
general health status. However, even in the most recent
literature there is no consensus on a standard method
for assessing pain relief and improved quality of life. In
the absence of such a standard method, it is recom-
mended that the European Organisation for Research
and Treatment of Cancer (EORTC) QLQ-30 is used.
This questionnaire consists of a core of 30 generally ap-
plicable items and includes scales on physical function-
ing; role of functioning; cognitive, emotional, and
social functioning; pain; fatigue; and nausea and 
vomiting. This may be used together with its pancreas-
specific part, PAN26, which includes scales on pancre-
atic pain, digestive function, bowel habit, body image,
satisfaction with care, and sexuality.

Summary and options for the future

The principal prerequisite for treating pain optimally in
patients with pancreatic cancer is good personal con-
tact with the patient on a regular basis, so that doctor
and patient can try to agree to cooperate. This may be
hard if the patient is frightened of the disease. However,
if the patient has confidence in the doctor’s manage-
ment, he or she will be able to withstand more pain
without escalating analgesic use, and the treatment can
be seen from a long-term and holistic perspective.
Therefore, continuity of the patient–doctor relation-
ship is of the utmost importance in these patients. An
established relationship between the patient and the
doctor, whether surgeon, oncologist, general practi-
tioner, or gastroenterologist, helps evaluation of each
attempt to optimize treatment. Pharmacologic treat-
ment of pain is of the utmost importance in patients
with pancreatic cancer, but it is not the only option and
it should be seen as one option that is strengthened by
others.

Recommended reading

Aaronson NK, Ahmedzai S, Bergman B et al. The European
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Introduction

Pancreatic cancer is still a devastating disease that is
presently the fourth or fifth leading cause of cancer-
related death in Western countries, with a poor progno-
sis even after tumor resection. Approximately 150 000
people worldwide and 40 000 people in Europe die
each year of pancreatic cancer, making it one of the five
leading causes of death associated with cancer and one
of the most aggressive human tumors. An overall 5-
year survival of less than 1% is frequently reported and
little progress has been achieved in the last decades. It is
still a challenging task to diagnose pancreatic cancer in
early tumor stages, the chance of cure being higher the
lower the disease stage. However, the overall resectabil-
ity rate of pancreatic cancer is only 10–15%, although
rates ranging from 0.4 to 33% are reported. On the
other hand, rapid tumor progression and poor respon-
siveness to chemotherapy, radiotherapy, immunother-
apy, and antihormonal treatment contribute to the
poor prognosis. These facts together result in low
tumor resectability rates after diagnosis, early tumor
recurrence after resection, and poor overall survival
rates. The survival rates are not at all satisfactory and
reach a median of only 10–18 months. In the last
decade surgical outcomes have improved, mostly be-
cause of better perioperative treatment. Begg et al. and
Birkmeyer et al. demonstrate that operation-related
morbidity and mortality has significantly decreased in
centers with high patient load. This critical aspect of the
value of centralization on the outcome of pancreatic
surgery in high-volume institutions has been demon-
strated in several studies. The current mortality rate fol-
lowing pancreatic resection is below 5% in specialized

surgical centers and thereby significantly lower than in
units with a low frequency of pancreatic surgery. Pan-
creatic anastomosis was long considered to be the criti-
cal step and represented the main cause of morbidity
and death in pancreatic surgery. To reduce morbidity,
the concept of secretory inhibition of the pancreas by
octreotide was investigated in large, randomized,
placebo-controlled, multicenter trials and by meta-
analysis, which demonstrated the effectiveness of 
octreotide with regard to postoperative complications
and costs. These nonsurgical improvements combined
with better surgical quality and postoperative care 
in high-volume centers have improved postoperative
patient outcome. These parameters are also contri-
buting to the improvement of postoperative quality 
of life. Unfortunately, they have not yet improved the
curability rate of patients suffering from pancreatic
cancer.

What procedures are presently available
for resectable pancreatic cancer?

Classical Kausch–Whipple procedure

Pancreaticoduodenectomy, as described by Allen O.
Whipple in 1935, is still the standard operation for pan-
creatic head carcinoma, as well as for ampullary and
distal bile duct cancer. In the years preceding 1935,
most surgeons avoided pancreatic resection and fa-
vored the use of gastroenterostomy to reconstruct food
passage in patients with pancreatic malignancies be-
cause of fear of resection-related postoperative compli-
cations (e.g., anastomotic leakage). Although Walter
Kausch had already reported the first successful 
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duodenopancreatectomy in 1912, this procedure was
not immediately accepted by surgeons due to high 
mortality. For the next two decades after Kausch’s re-
port, surgeons were hesitant to employ duodenopan-
createctomy as the treatment of choice in patients with
pancreatic head tumors. Interest in pancreatic resec-
tions was renewed, however, when Allen O. Whipple
reported three successful duodenopancreatectomies in
1935. The procedure became to be known and stan-
dardized as the Whipple procedure in honor of this sur-
geon who performed 37 pancreatic resections in his
lifetime.

Approximately 60–70% of all pancreatic cancers 
are located in the head of the pancreas and the
Kausch–Whipple resection is considered the operation
of choice for these particular patients. A survey of sur-
geons in the USA revealed that two-thirds of the resec-
tions for pancreatic head cancer were performed by the
Kausch–Whipple method.

The procedure consists of complete resection of 
the pancreatic head (transection of the pancreas above
the portal vein/superior mesenteric vein), duodenum,
distal part of the stomach, common bile duct, and 
gallbladder. The ligamentum of Treitz is divided and
the first part of the jejunum is also dissected and re-
sected. To achieve tumor-free margins it may be neces-
sary to resect the mesentericoportal vein and/or
accessory organ structures. Dissection and removal 
of the lymph-node stations with the standard, radical,
and extended radical procedures is discussed later 
(Fig. 52.1).

Pylorus-preserving Whipple operation

An organ-preserving alternative to the classical
Kausch–Whipple procedure is known as the pylorus-
preserving Whipple. This operation was originally 
performed by Kenneth Watson in 1942, an English 
surgeon who used this particular procedure on a 
patient with ampullary cancer. However, 33 years 
before this Walter Kausch had performed a pylorus-
preserving pancreatic head resection, although he did
not take advantage of the preserved pylorus and per-
formed a gastrojejunostomy instead of a duodeno
(pyloro)jejunostomy for food passage. Watson found it
advantageous to preserve the integrity of the stomach
since the incidence of postoperative jejunal ulcerations
was less than in patients who underwent partial gas-
trectomy. Nevertheless, nearly 40 years later, in 1978,
the publication of Traverso and Longmire reintroduced
the pylorus-preserving pancreatic head resection to the
surgical world. Their arguments were similar to those
of Watson, reasoning that the preservation of the stom-
ach leads not only to less postoperative ulcer com-
plications but also reduces the adverse effects of the
gastroenterostomy. In the following years, more and
more surgeons switched to the pylorus-preserving
Whipple for the treatment of pancreatic head cancer
and tumors of the periampullary region, even though
use of the pylorus-preserving Whipple was contested at
the beginning (Fig. 52.2).

Depending on the extent of lymphadenectomy, three
different radical approaches are described here inde-
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Figure 52.1 Classical Whipple
operation. (a) Normal situs before the
operation. (b) Pancreatic head
resection has been performed with the
following anastomoses: 1,
pancreatojejunostomy; 2,
choledochojejunostomy; 3,
gastrojejunostomy; 4, Braun’sche
anastomosis.



pendently to demonstrate whether the pylorus is pre-
served or not (classical Kausch–Whipple or pylorus-
preserving Whipple): standard, radical, and extended
radical pancreatoduodenectomy.
1 Standard pancreatoduodenectomy: encompasses 
regional lymphadenectomy around the duodenum and
resected pancreas.
2 Radical pancreatoduodenectomy: encompasses re-
gional lymphadenectomy plus skeletonization of the
hepatic arteries, the superior mesenteric artery between
aorta and the inferior pancreaticoduodenal and celiac
trunk, and dissection of the anterolateral aspect of the
aorta and vena cava including Gerota’s fascia.
3 Extended radical pancreatoduodenectomy: encom-
passes radical lymphadenectomy plus clearance of 
the anterior aorta between the diaphragmatic hiatus
(around the celiac trunk) and the origin of the common
iliac arteries.

Pancreatic left resection

The standard surgical therapy for pancreatic cancer left
lateral of the portal vein (pancreatic corpus and/or tail)
is the pancreatic left resection with splenectomy (also
named distal pancreatectomy). Left resections that
reach this imaginary orientation mark of the portal vein
are described as classical left resections; more right lat-
eral resections are described as extended left resections.
Subtotal pancreatic left resection of up to 95% of the
pancreatic parenchyma is named Child’s operation. 

Carcinomas of the pancreatic corpus and tail are

more infrequent and are often diagnosed in advanced
disease. Pancreatic left resection comprises removal of
the pancreatic corpus and tail together with the peri-
pancreatic lymph nodes and the spleen in order to
achieve sufficiently radical surgery. The choice of resec-
tion margin is dependent on the progression and loca-
tion of the tumor. Closure of the pancreatic stump can
be performed in two principal ways: blind closure of
the stump or pancreaticointestinal anastomosis (with
the jejunum/stomach).

Depending on the extent of lymphadenectomy, 
two different procedures are identified: standard and
radical.
1 Standard left resection: encompasses regional lym-
phadenectomy, including lymph-node groups at the
celiac trunk, hilum of the spleen, splenic artery, and 
inferior border of the body and tail of the pancreas.
2 Radical left resection: encompasses regional lym-
phadenectomy plus lymphadenectomy along the 
hepatic artery and of the anterolateral aspect of the
aorta and vena cava including Gerota’s fascia.

Adenocarcinomas of the pancreatic corpus and tail
are often diagnosed when the tumor is no longer locally
resectable or when distant metastases (most frequently
in the liver) are present. Therefore, the median survival
time of patients with pancreatic corpus and tail carci-
nomas is generally shorter compared with those with
pancreatic head carcinomas. Extended radical opera-
tions are possible and increase the resectability rate.
Japanese studies provide evidence that extended resec-
tions can improve the curative (R0) resection rate.
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Figure 52.2 Pylorus-preserving
Whipple operation. (a) Normal situs
before the operation. (b) Pancreatic
head resection has been performed
with the following anastomoses: 1,
pancreatojejunostomy; 2,
choledochojejunostomy; 3,
gastrojejunostomy.



Konoshi et al. demonstrated that resection of the trun-
cus celiacus with a partial reconstruction of the hepatic
artery and portal vein is a more radical operation for
pancreatic body and tail carcinomas. A monocentric
study by Sohn et al., including 616 patients with re-
sected adenocarcinoma of the pancreas, underlines the
above-mentioned aspects. Of the 616 patients, 526
(85%) underwent pancreaticoduodenectomy for ade-
nocarcinoma of the head, neck, or uncinate process of
the pancreas, 52 (9%) underwent distal pancreatec-
tomy/left resection for adenocarcinoma of the body or
tail, and 38 (6%) underwent total pancreatectomy for
adenocarcinoma involving the whole gland. Patients
undergoing left pancreatic resection for left-sided tu-
mors had larger tumors but less frequent lymph-node
metastases and fewer poorly differentiated tumors as
compared with those undergoing pancreaticoduo-
denectomy for right-sided cancer. The survival of the
entire group was 63% at 1 year and 17% at 5 years,
with a median survival of 17 months. For right-sided 
lesions the 1-year and 5-year survival rates were 64%
and 17% respectively compared with 50% and 15%
for left-sided lesions. Why left-sided tumors have a
worse prognosis in this study, even though the included
left-sided pancreatic carcinomas had fewer lymph-
node metastases, is not evident. However, in left-sided
tumors the diameter of the tumor seems to be more im-
portant for prognosis than lymph-node status. Without
question, the completeness of resection and the biologi-
cal characteristics, including tumor size and its ability
to metastasize in surrounding tissue, are important
prognostic indicators.

In another study enroling 590 patients with pan-
creatic corpus and tail carcinoma, only patients with
lymph node-negative tumors with a diameter below
4 cm and without distant metastases showed a survival
benefit. Patients with distant metastases independent 
of the surgical procedure (resection, bypass, or explo-
ration) showed an average survival time of only 3.4
months. If lymph-node involvement was present, there
was no difference in survival time between resected 
tumors and palliative surgical procedures. Patients
without metastases and negative lymph nodes showed
1-year and 3-year survival rates of 38% and 12% 
respectively after resection. However, the resectability
rate achieved only 10%, which is, in comparison with
other studies, much lower. Although the long-term 
survival data in patients with left-sided pancreatic 
carcinoma are still unsatisfactory, no other therapy

achieves better survival rates or disease-free intervals
than resection. Early establishment of the diagnosis
and early and more aggressive surgery might improve
the rate of resection and thereby the prognosis.

Total pancreatectomy

The first total pancreatectomy was performed by Ross
in 1954 and reported in the same year by Porter. In
1960, Howard reported a perioperative mortality rate
of 37% for total pancreatectomy, which was the main
reason why this particular procedure was not accepted
by most surgeons at that time. However, because the
classical Whipple procedure could not fulfill initial ex-
pectations, based on the high perioperative mortality,
total pancreatectomy was for a short time considered
the appropriate procedure to improve short- and long-
term survival of patients with pancreatic cancer. Total
pancreatectomy combines the standard pancreatoduo-
denectomy (Whipple procedure) with a pancreatic left
resection including a splenectomy. The entire pancreas
with all lymph nodes along the left gastric artery, the
splenic artery, and the celiac trunk are removed. Recon-
struction is by an end-to-side hepaticojejunostomy and
a gastroenterostomy. Initially, total pancreatectomy
seemed to have several advantages compared with the
Whipple operation. Some authors described that multi-
centric tumors often appear in the entire pancreas and
therefore the removal of the whole organ (total pancre-
atectomy) is necessary. Moreover, pancreatic anasto-
mosis, which had a high rate of complications at the
time, could be avoided. As a result, perioperative mor-
bidity and mortality could be potentially diminished
when performing a total pancreatectomy. People also
believed that a more radical procedure would improve
the postoperative survival time. These are some of the
reasons why total pancreatectomy was chosen by many
surgeons and was considered an appropriate procedure
in patients with pancreatic cancer. However, total pan-
createctomy has many disadvantages that cannot offset
the described advantages. Perioperative mortality and
long-term survival proved to be the same as in the
Whipple procedure. A major disadvantage of total pan-
createctomy is the deterioration of the metabolic condi-
tion and the presence of insulin-dependent diabetes
mellitus, with difficulties in handling blood sugar lev-
els. Furthermore, in the long term total pancreatectomy
is associated with an increased incidence of liver dis-
eases and osteopenia. However, the death of patients
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with uncontrollable diabetes mellitus and impaired
quality of life is the reason why total pancreatectomy
was not accepted as a standard operation in pancreatic
cancer patients. These disadvantages, together with the
fact that a safe pancreatic anastomosis can nowadays
be safely performed in experienced hands, led to the
conclusion that total pancreatectomy is not justified as
a routine procedure for pancreatic cancer and should
be restricted to only a few indications: when the tumor
is expanding over the whole pancreas, where several
multilocular tumors are present in the pancreas, 
or where pancreatic anastomosis is technically not 
performable.

Controversies in pancreatic 
cancer surgery

Cancer of the head of the pancreas: 
what is the adequate operation?

More than 60% of all pancreatic cancers appear in the
head of the pancreas. In these cases, pancreatoduo-
denectomy (classical Kausch–Whipple or pylorus-
preserving Whipple) is considered the operation of
choice. However, the question which type of Whipple
operation is best is still controversial.

Several randomized controlled studies have been
performed that compared the classical Kausch–
Whipple with pylorus-preserving Whipple operation.
Lin et al. demonstrated in a study with 15 patients who
had undergone classical Kausch–Whipple procedure
and 16 patients with pylorus-preserving Whipple that
both procedures are comparable with regard to opera-
tion time and postoperative morbidity and mortality
rates. Only delayed gastric emptying was reported
more frequently (but was not statistically significant) in
the group of patients with pylorus-preserving Whipple.
Wenger et al. examined 24 patients with the classical
Kausch–Whipple and 34 patients with pylorus-
preserving Whipple operation. This study also did not
reveal any difference in operation-related morbidity
and mortality. However, the classical Whipple proce-
dure needed a longer operation time and resulted in a
reduced quality of life compared with the pylorus-
preserving Whipple. The study that enrolled the largest
patient population so far was published by Seiler et al.
This compared 51 patients with classical Kausch–
Whipple procedure and 42 patients with pylorus-
preserving Whipple. Mortality was again comparable

in the two groups, as well as the occurrence of delayed
gastric emptying. The classical Kausch–Whipple pro-
cedure showed a prolonged operation time and was as-
sociated with a higher perioperative morbidity. Apart
from this, it should be emphasized that in this study
both procedures showed no difference in quality of life
and long-term survival.

Taken together, the data show that the pylorus-
preserving Whipple procedure is as effective as the 
classical Kausch–Whipple procedure without any dif-
ference in postoperative morbidity and quality of life.
Therefore, the pylorus-preserving Whipple is becom-
ing more accepted and more frequently performed be-
cause this procedure preserves the organ and requires
less operation time. However, more randomized con-
trolled studies with larger patient groups are needed to
prove the definite advantages and disadvantages of
both procedures for pancreatic cancer surgery.

Anastomosis of the pancreas: 
which type of drainage should be performed?

An area of continuing controversy is which technique is
best for fashioning the pancreatic anastomosis. Some
surgeons insert the stump of the pancreas into the stom-
ach (pancreatogastrostomy), whereas most surgeons
prefer to perform a pancreatojejunostomy. Neither
technique has shown clear superiority to the other;
rather, it is the experience and technical skills of the sur-
geon that result in uneventful anastomotic healing.

In our department, the pancreatic stump is anasto-
mosed with the jejunum as described previously, i.e., 
a two-layer single-stitch pancreaticojejunostomy (5/0
PDS outer suture rows: seromuscular on to the pancre-
atic capsule/parenchyma; inner suture rows: mucosa to
duct mucosa of the pancreatic duct) (Fig. 52.3). From
November 1993 to May 1999, in 331 consecutive 
operations for patients undergoing pancreatic head 
resections (133 pylorus-preserving Whipple and 83
classical Kausch–Whipple procedures), the pancreatic
fistula rate was 0% for the classical Kausch–Whipple
and 3% in the pylorus-preserving Whipple. These 
data clearly demonstrate that a pancreatojejunostomy
performed by experienced hands and in a center with 
a high patient load can be a safe operative procedure.
Although such low fistula rates have not been re-
ported after pancreatogastrostomy, the surgeon has to
decide which procedure works out best in his hands.
Pancreatogastrostomy might be a suitable method 

CHAPTER 52

439



in small surgical centers with a low caseload of 
pancreatic resections because this technique may 
simplify the anastomotic technique and help to 
reduce pancreatic fistula and subsequent postopera-
tive complications and deaths related to partial 
pancreatoduodenectomy.

Left-sided pancreatic resections are usually per-
formed without anastomosis, although in some cases a
pancreaticointestinal anastomosis has to be consid-
ered. Perioperative and postoperative administration
of octreotide (a synthetic somatostatin analog that 
inhibits exocrine pancreatic secretion) can also reduce
resection-related postoperative morbidity.

Extent of lymphadenectomy: does more extended
lymphadenectomy improve the prognosis?

Despite the progress made in pancreatic surgery, the
long-term survival of patients with pancreatic cancer is
still unsatisfactory. At the time of diagnosis, about 80%
of patients have lymph-node and/or distant metastases.
Most of the resected patients develop local recurrence
and/or distant metastases after resection. Therefore, we
have to ask whether more radical surgery could im-

prove the long-term outcome of patients with pan-
creatic cancer.

Japanese surgeons have developed the technique 
of extended lymphadenectomy for pancreatic cancer,
which is based on the principle of regional lym-
phadenectomy. Depending on tumor location and the
surgical technique, this procedure includes excision of
all lymph-node stations around the aorta, vena cava,
superior and inferior mesenteric artery, splenic artery,
and celiac trunk. Many variations of extended lym-
phadenectomy are described, mainly by Japanese sur-
geons. However, only one prospective, randomized,
controlled trial comprising a limited number of pa-
tients has been performed to judge whether extended
lymph-node dissection is of any survival benefit.

Pedrazzoli et al. examined 81 patients undergoing
pancreaticoduodenal resection for a potentially cur-
able ductal adenocarcinoma of the head of the pan-
creas. Using a multicenter approach, a total of 40
patients were randomized to the standard lym-
phadenectomy group and 41 to the extended lym-
phadenectomy group. Standard lymphadenectomy
included removal of the anterior and posterior pancre-
atoduodenal, pyloric and biliary duct, superior and 
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Figure 52.3 Technique of
pancreatojejunostomy. A two-layer
single-stitch pancreaticojejunostomy is
performed: (a, d) 5/0 PDS outer suture
rows: seromuscular on to the
pancreatic capsule/parenchyma; (b, c)
inner suture rows: mucosa to duct
mucosa of the pancreatic.



inferior pancreatic head and pancreatic body lymph
nodes. In addition to the above, extended lym-
phadenectomy included the removal of lymph nodes
from the hepatic hilum and along the aorta from the 
diaphragmatic hiatus to the inferior mesenteric artery
and laterally to both renal hila, with circumferential
clearance to the origin of the celiac trunk and superior
mesenteric artery. Transfusion requirements, postoper-
ative morbidity and mortality rates, and overall sur-
vival did not differ between the two lymphadenectomy
groups. Only when subgroups of patients were ana-
lyzed (not planned when the study was designed) was
there a significantly (P < 0.05) longer survival rate 
in lymph node-positive patients after extended (18
months) compared with standard lymphadenectomy
(11 months). Nevertheless, the survival curves in node-
negative patients did not differ according to the magni-
tude of lymphadenectomy. The conclusion of this study
is simple: the addition of extended lymphadenectomy
and retroperitoneal soft-tissue clearance to pancreati-
coduodenectomy does not significantly increase mor-
bidity and mortality rates but, in general, does not
influence long-term survival rate.

Johns Hopkins University has also investigated the
influence of the extent of lymphadenectomy in a study
with 294 patients, 146 receiving standard and 148 
radical lymphadenectomy. All patients in the radical
group underwent distal gastric resection, whereas 86%
of the patients in the standard group underwent 
pylorus preservation. The mean operative time in the
radical group was 6.4 hours compared with 5.9 hours
in the standard group. There were no significant differ-
ences between the two groups with respect to intra-
operative blood loss, transfusion requirements, location 
of the tumor, mean tumor size, positive lymph-node
status, or positive margin status on final permanent 
sections. The overall complication rates were 29% for
the standard group compared with 43% for the radical
group, with patients in the radical group having signifi-
cantly higher rates of early delayed gastric emptying
and pancreatic fistula and a significantly longer mean
postoperative hospital stay. What was most interesting
in this trial was that there was absolutely no difference
in long-term survival between the two lymphadenec-
tomy groups.

Taken together, all the data fail to demonstrate a sur-
vival benefit of distal gastrectomy and/or extended
lymphadenectomy compared with standard resection
in patients with pancreatic cancer.

Perspectives: multimodality 
treatment and modern strategies 
with pancreatic resection

There is no doubt that surgical resection, as compared
with nonresection, offers significantly longer median
survival times and a fairly good chance for cure, if the
tumor is resectable. However, even though small 
tumors (< 3 cm in diameter) have a significantly better
prognosis than larger tumors after resection, they 
nevertheless have high recurrence rates and only 
limited survival rates. Since resection alone may not 
result in disease control, several adjuvant therapies,
such as radiotherapy and chemotherapy, have been
tested to improve the surgical outcome after resection
of pancreatic cancer.

The Gastrointestinal Tumor Study Group (GITSG)
trial suggested that adjuvant postoperative radio-
chemotherapy (40 Gy radiotherapy combined with 
fluorouracil and then weekly fluorouracil for 2 years)
improves the short- and long-term prognosis of pa-
tients with R0-resected pancreatic cancer. The median
survival time of 20 months versus 11 months and 5-
year survival rates of 20% versus 5%, respectively,
were significantly longer in 21 patients receiving 
radiochemotherapy compared with 22 nontreated 
patients. However, the results of the European 
Organization for Research and Treatment of Cancer
(EORTC) Gastrointestinal Tract Cancer Cooperative
Group trial, in which 114 patients with pancreatic can-
cer were randomized (60 for treatment, 54 for obser-
vation) using the same protocol as in the GITSG 
study, contradicted that study by suggesting that ra-
diochemotherapy does not prolong survival in resected
patients with pancreatic cancer (17.1 months in treated
vs. 12.6 months in nontreated patients and 2-year sur-
vival rate of 51% vs. 41% respectively; P > 0.05). In
February 1994 the European Study Group of Pancrea-
tic Cancer (ESPAC) initiated a randomized adjuvant
study with a 2 ¥ 2 factorial design to compare postoper-
ative radiochemotherapy, six cycles of chemotherapy
(5-fluorouracil plus folinic acid), and a combination 
of postoperative radiochemotherapy followed by six 
cycles of chemotherapy with no adjuvant treatment
(observation arm) in patients with R0 or R1 resected
pancreatic cancer. Radiotherapy was given as external
beam radiotherapy following recovery from surgery,
with 5-fluorouracil given as a radiosensitizing agent. 
A course of 40 Gy using megavoltage equipment was
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given in two split courses of 20 Gy in two 2-week 
periods with a 2-week rest period in between. On each
of the first 3 days of each 20-Gy segment of radiation
therapy, 5-fluorouracil 500 mg/m2 body surface area
was administered intravenously as a bolus. Systemic
chemotherapy with folinic acid was given as an intra-
venous bolus injection of 20 mg/m2, followed by 
5-fluorouracil as an intravenous bolus injection of
425 mg/m2. Chemotherapy was given for five consecu-
tive days every 28 days for six cycles for a total of 28
weeks.

At a median follow-up of 10 months, 227 patients
(42%) were alive. Overall results showed no benefit of
chemoradiation (median survival 15.5 months in 175
patients with chemoradiation vs. 16.1 months in 178
patients without, P = 0.24). However, there was strong
evidence of a survival benefit of chemotherapy (median
survival 19.7 months in 238 patients with chemo-
therapy vs. 14.0 months in 235 patients without,
P = 0.0005). The effect was reduced when taking into
account whether patients also received chemoradio-
therapy (P = 0.001), indicating that chemoradio-
therapy may reduce the overall survival benefit of
chemotherapy. A recent analysis of the ESPAC-1 data
with a median follow-up of 24 months confirmed the
previous findings, indicating that adjuvant chemother-
apy with 5-fluorouracil and folinic acid is of benefit in
resected pancreatic cancer (data not published, but 
presented at the EPC meeting in Liverpool, June 2003).

Since recurrence of resected pancreatic cancer occurs
in the pancreatic bed (retropancreatic space) and in the
liver, the combination of radical tumor resection with
regional adjuvant chemotherapy and intraoperative ra-
diotherapy might be a logical consequence for survival
improvement. Using this concept, a 5-year survival rate
of 32% was reported. Presently the concept of adjuvant
regional chemotherapy is being tested in a prospective
randomized trial by ESPAC (ESPAC-2). Furthermore,
new trials testing gemcitabine in an adjuvant setting are 
also presently running (e.g., ESPAC-3).

Discussion

Elective pancreatic resections have developed into safe
surgical procedures and current mortality rates in spe-
cialized centers have decreased to 2–5%. Several con-
cepts to increase the safety of pancreatic surgery have
been adopted into clinical routine. Among these are the

formation of pancreatic centers with high caseload,
standardized perioperative management including 
secretory inhibition of the pancreas, and various meth-
ods to increase the safety of pancreatic resection and
the formation of a proper pancreaticointestinal anasto-
mosis. Centralization as a concept for reducing post-
operative morbidity and mortality has been demonstrated 
in many surgical areas including pancreas surgery and
may be more important in improving postoperative
outcomes than differences in surgical technique.

The pylorus-preserving Whipple operation repre-
sents one of the most significant recent advances in pan-
creatic cancer surgery. It is as radical as the classical
Kausch–Whipple operation and is associated with a de-
crease in operation time and reduced blood loss since
gastric resection is omitted. Furthermore, access to the
biliary anastomosis may be more easily accomplished
for postoperative endoscopic investigations than after
the classical Kausch–Whipple procedure. The peri-
operative morbidity and mortality of the pylorus-
preserving Whipple procedure seems to be lower or at
least similar to that of the classical Kausch–Whipple
operation. In addition, preservation of the pylorus
seems to result in improved postoperative weight gain
and improved quality of life compared with the classi-
cal Kausch–Whipple procedure. All these arguments
lead to the conclusion that the pylorus-preserving
Whipple should be favored over the classical Kausch–
Whipple whenever the tumor can safely be R0-resected, 
because it preserves gastric integrity. In relation to post-
operative gastrointestinal function, there are no data
showing that one operative procedure is superior to an-
other. However, the pylorus-preserving Whipple tends
to show a lower postoperative complication rate in 
relation to the upper gastrointestinal tract. Based on
prospective randomized trials, the pylorus-preserving
Whipple should be the surgical procedure of choice for
pancreatic, especially periampullary, tumors.

Until now, there have been very few prospective, ran-
domized, controlled trials that could provide unbiased
answers to these important questions. This is also the
main reason why there is no conclusive evidence-based
statement about which surgical procedure is best for
pancreatic neoplasms in relation to radical surgery,
long-term survival, postoperative mortality and mor-
bidity, quality of life after surgery, intraoperative blood
loss, and operation time. The data available today are
based mostly on retrospective analysis or prospective
studies with low patient numbers on the one hand and
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mostly monocentric studies on the other. Unbiased,
controlled, and prospective randomized trials, with
large numbers of patients and, whenever possible, a
multicenter design, are urgently needed. These types of
studies would have the potential to reveal whether
today’s proposed strategies for the therapy of patients
with pancreatic cancer are based on real evidence or
whether they can only be reproduced in single centers
under controlled circumstances. The future of pancre-
atic cancer treatment is dependent on the achievements
of multicenter, randomized, controlled trials, which
will complement the development of newer therapeutic
approaches emerging from molecular research.

Conclusion

Treatment of pancreatic cancer has made progress in
the past few years. Pancreatic tumors can today be 
safely resected with a low risk of postoperative morbid-
ity and mortality. Although surgery is safe in centers
with high caseload, there are still controversies regard-
ing extent of local resection (classical Kausch–Whipple
vs. pylorus-preserving Whipple), extent of lymph-node
resection, and type of pancreaticointestinal reconstruc-
tion. Large multicenter studies are needed to end the 
debate regarding these surgical aspects and to further
improve the outcome in patients with pancreatic 
cancer.

The initiation of ESPAC has provided fundamental
progress in the treatment of pancreatic cancer. The
ESPAC-1 study provides, for the first time, solid 
statistical power (almost 600 patients) that adjuvant
chemotherapy (5-fluorouracil plus folinic acid) pro-
longs survival following pancreatic cancer resection.
ESPAC-3, which is presently running, will provide data
about whether gemcitabine treatment has any advan-
tage over 5-fluorouracil plus folinic acid.

The prognosis of resectable pancreatic cancer has
improved, although further progress is still needed in
the coming years.
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Introduction

Pancreatic cancer has historically been classed as a
tumor that is largely resistant to chemotherapy due to
its aggressive biological phenotype, and in which
surgery conveys the only hope of cure. It is also a tumor
that tends to present late, and therefore resection rates
of only 4% have been reported in general surgical prac-
tice, although these have improved to 10–15% in 
specialist pancreatic units. After successful surgery the
prognosis is still relatively poor (median and 5-year sur-
vivals of around 13–15 months and 15–20% respec-
tively) but is far superior in specialist centers. Attempts
at more radical pancreatic resections and extended
lymphadenectomy, although feasible without excessive
morbidity and mortality, have failed to produce any
convincing improvement in survival. Over the last few
years, therefore, efforts have been directed toward the
development of adjuvant and neoadjuvant therapies in
an attempt to improve outcome.

Adjuvant systemic chemotherapy

There are very few studies published on adjuvant
chemotherapy alone in pancreatic cancer. Most pub-
lished series also include chemoradiotherapy as part of
the regimen, and data on the efficacy of chemotherapy
alone are scarce. The few published studies are sum-
marized in Table 53.1. Splinter et al. in the early 1980s
treated 16 patients with five courses of 5-fluorouracil
(5-FU), Adriamycin, and mitomycin C (FAM) and
compared them with a historical control group of 36
patients. The FAM regimen was poorly tolerated and

half of the treatment group received no more than 60%
of the predetermined chemotherapy dose. There was
no benefit from adjuvant chemotherapy, with similar 3-
year actuarial survival rates of 24% and 28% for the
treatment and control groups respectively. The first
prospective, randomized, controlled trial was per-
formed by Bakkevold et al. in 1993, in which 47 pa-
tients with resected pancreatic ductal adenocarcinoma
(including 14 with ampullary tumors) were random-
ized to either postoperative combination chemo-
therapy of 5-FU, doxorubicin, and mitomycin C every
3 weeks or surgery only. Although a statistically signifi-
cant improvement was seen in median survival from 11
months to 23 months with chemotherapy, no improve-
ment in long-term 3- and 5-year survival rates was seen.
Toxicity resulted in one death, secondary to septicemia,
and multiple hospital admissions. Unfortunately, due
to the inclusion of ampullary carcinomas, it is difficult
to draw conclusions on this study in relation to pan-
creatic cancer alone. In 1994 Baumel et al. reported a
survey of 787 patients who had undergone pancreatic
resection, 43 of whom received adjuvant chemo-
therapy. No survival benefit was demonstrated, 
although this was a retrospective report with no stan-
dardization of chemotherapy regimens and therefore
the results must be interpreted as such.

The European Study Group for Pancreatic Cancer
(ESPAC) in the ESPAC-1 trial randomized 550 patients
to adjuvant chemotherapy, chemoradiotherapy, 
and surgery alone (in a 2 ¥ 2 factorial design or to a 
single randomization) in centers across 11 European
countries. The chemotherapy regimen comprised 
intravenous bolus 5-FU (425 mg/m2) and folinic acid
(20 mg/m2) and was given on 5 days out of 28 days for

53 Adjuvant and neoadjuvant
treatment of resectable pancreatic
cancer: what is worth attempting?
Michael G.T. Raraty, Paula Ghaneh, and John P. Neoptolemos



six cycles. The median survival was 21.6 months for
chemotherapy versus 14.8 months for no chemo-
therapy. Even after stratification for resection margin
involvement, lymph-node involvement, and tumor
grade and size, the survival benefit was still maintained.
Serious toxic effects (grade 3 or 4) were reported in 46
of 244 patients allocated to chemotherapy (19%), but
there were only three treatment-associated deaths, one
for each treatment group. The same survival benefits
for chemotherapy were observed irrespective of the ex-
tent of resection or the development of postoperative 
surgical complications. Tumor recurrence was reported 
in 122 of 178 patients randomized to chemotherapy
(69%) and in 132 of 165 patients randomized to no
chemotherapy (80%). Median time to recurrence was
15.6 months and 8.8 months respectively (P < 0.001).
Overall, the ESPAC-1 study showed a reduction in 
the hazard ratio (HR) of 36% in favor of adjuvant
chemotherapy (HR 0.64, confidence interval (CI)
0.52–0.78).

Since ESPAC-1 demonstrated a significant survival
advantage for adjuvant chemotherapy in preliminary
results, although not significant when analyzed by the
2 ¥ 2 factorial design, it was deemed necessary to main-
tain the observation arm in the ESPAC-3 adjuvant trial.
The design of this trial originally involved the random-

ization of 990 patients into three arms following resec-
tion: an observation arm and two arms comparing 5-
FU and folinic acid as in ESPAC-1 with gemcitabine
(Cancer Research UK). However, with the publication
of more mature follow-up results from ESPAC-1
demonstrating such a definite survival advantage for
adjuvant chemotherapy, the observation arm has been
dropped for pancreatic adenocarcinoma (although it
still remains for the smaller groups of ampullary carci-
noma and intrapancreatic bile duct tumors). Over 250
patients have already been recruited to ESPAC-3.

The latest randomized adjuvant trial comes from
Japan and evaluated 5-FU and mitomycin C in resected
pancreaticobiliary carcinomas. Over 6 years, 508 pa-
tients were randomized, of whom 173 had pancreatic
ductal adenocarcinomas. There were 89 patients ad-
mitted to the chemotherapy arm and 84 to the control
arm, of whom 45 and 47 respectively underwent 
curative resections. The chemotherapy group received
rapid-infusion mitomycin C on the day of surgery,
slow-infusion 5-FU for 5 days in weeks 1 and 3, fol-
lowed by oral 5-FU. The median survival was appro-
ximately 12 months in both the chemotherapy and
control groups, with no significant difference in 5-year
survival (11.5% and 18% respectively). The overall
survival in both groups was very low, possibly due to
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Table 53.1 Adjuvant systemic chemotherapy for pancreatic ductal adenocarcinoma.

Number of Median survival
Actuarial survival (%)

Series Year cases Regimen (months) 1 year 2 years 3 years 5 years

Splinter et al. 1989 36 — 28
16 FAM 24

Bakkevold et al.* 1993 31 (24 PDAC) — 11 45 30 8
30 (23 PDAC) FAM 23 70 27 4

Baumel et al. 1994 527 — 12.4
43 Various 11.5

Neoptolemos et al.* 2001–2004 237 — 14.8 28.7 9.9
244 5-FU/FA 21.6 43.3 23.3

Takada et al.* 2002 77 PDAC — } ~ 12†
18

81 PDAC MMC/5-FU 11.5

FA, folinic acid; FAM, 5-fluorouracil, doxorubicin, and mitomycin C; 5-FU, 5-fluorouracil; MMC, mitomycin C; PDAC,
pancreatic ductal adenocarcinoma.
* Randomized controlled trial.
† Data extrapolated from graph.



the unpredictable absorption and resultant poor 
efficacy of orally administered 5-FU (which was the
mainstay of chemotherapy).

Adjuvant regional chemotherapy

In an attempt to maximize the given chemotherapeutic
dose while reducing the systemic effects, there has 
been increasing interest in regional administration of
chemotherapy. The published studies have been small
but have produced encouraging results and are listed in
Table 53.2. Different therapeutic regimens have been
tried using selective arterial and/or venous delivery.
Ishikawa et al. delivered postoperative hepatic perfu-
sion of 5-FU, via catheters placed in both the hepatic 
artery and portal vein, in 27 patients. This perfusion was 
undertaken for 28–35 days. There were no treatment-
related complications in the 20 patients who survived
surgery. A 3-year survival rate of 54% was achieved,
with mortality from hepatic metastases at a mere 8%.
This was compared with historical controls and found

to be significantly better. The group of Hans Beger car-
ried out several studies using regional adjuvant
chemotherapy of 5-FU, mitoxantrone, folinic acid, and
cisplatin. Initially 20 patients (18 with pancreatic duc-
tal adenocarcinoma, 2 with cystadenoma) underwent
this regimen infused via the celiac axis. A median sur-
vival of 21 months was achieved compared with 9.3
months for historical controls. This study was further
updated and 24 patients had a median survival of 
23 months and a 4-year survival of 54% with this 
regional perfusion. Regional adjuvant therapy shows
some promise but further trials are required to support
these initial data in the form of randomized controlled
trials.

Adjuvant chemoradiotherapy

Adjuvant external beam radiotherapy (EBRT) with
chemoradiotherapy has been used in a number of non-
randomized studies mainly in the USA (Table 53.3),
which although generally well tolerated has not been
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Table 53.2 Adjuvant regional chemotherapy for pancreatic ductal adenocarcinoma.

Number of Median survival 
Actuarial survival (%)

Series Year cases Regimen (months) 1 year 3 years 4 years 5 years

Ishikawa et al. 1994–97 67 — 62 35 25
27 HAI + HPVI 92 51 41

Gansauge 1996 18 CAI 17.8
et al.*

Link et al.* 1997 29 — 9.3
20 (18 PDAC) CAI 21

Beger et al.* 1999 ? — 10.5 9.5
24 CAI 23 54

Ozaki et al. 2000 27† IORT + HPVI or HAI 31.1 31
19‡ IORT + HPVI or HAI 36 95 50 28

Papachristou 2003 31 (27 PDAC) CAI 21
et al.

CAI, celiac artery infusion; HAI, hepatic arterial infusion; HPVI, hepatic portal vein infusion; IORT, intraoperative
radiotherapy; PDAC, pancreatic ductal adenocarcinoma.
* Refer to the same series, but with increasing numbers of cases.
† 27/30 patients, excluding three with metastasis to liver, peritoneum, or lung. 
‡ 19/30 patients with regional lymph-node metastases.
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clearly shown to offer a survival advantage over either
no adjuvant treatment or chemotherapy alone. A 
multicenter randomized phase III trial organized by the
European Organisation for Research and Treatment of
Cancer (EORTC) compared chemoradiotherapy with
surgery alone in 218 patients following potentially cu-
rative surgery for pancreatic or ampullary cancers; 110
patients were randomized to receive 40 Gy EBRT with
concomitant continuous infusion of 5-FU (but this was
only actually given to 93 patients). There were 114 
patients with pancreatic ductal adenocarcinoma, 
comprising 54 in the observation group and 60 in the
treatment group. The apparent improvement in sur-
vival in the latter treatment group (median survival
17.1 months vs. 12.6 months for observation) was not
statistically significant. The trial was compromised by
the fact that it was probably underpowered and around
20% of patients with pancreatic ductal adenocarci-
noma did not receive the assigned treatment. Unlike 
the Gastrointestinal Tumor Study Group (GITSG) 
adjuvant trial (see below), there was no maintenance
treatment with 5-FU. In addition, there was incomplete
knowledge about resection margin status because the
posterior resection margin was not assessed. It was
concluded that adjuvant chemoradiotherapy was safe
and well tolerated but that there was no survival bene-
fit. This conclusion is supported by the overall results of
the ESPAC-1 trial, with a median survival of 15.5
months in the 175 patients who received chemoradia-
tion compared with 16.7 months in the 180 patients
who did not. Again, there was no survival benefit con-
ferred by adjuvant chemoradiation in those patients
with histologically positive resection margins (R1). The
HR actually shows a 23% benefit in favor of no
chemoradiotherapy, although the 95% CIs for this esti-
mation cross unity (HR 1.23, CI 0.98–1.54).

One nonrandomized study of particular interest is by
Mehta and colleagues from Stanford who treated 52
patients between 1994 and 1999. The tumor bed and
regional nodes were irradiated with a dose of 45 Gy in
1.8-Gy fractions followed by a boost to the tumor bed
in the 35% of patients with a positive resection margin
(total dose 54 Gy). Concomitant portal venous infu-
sion of 5-FU (200–250 mg/m2 per day, 7 days per week)
was given during the entire radiotherapy course. A re-
markable median survival of 32 months was achieved.
Certainly these results are far superior to other studies
that have used concomitant bolus 5-FU or even 
continuous-infusion 5-FU.

Allen et al. from the University of Michigan undertook
a phase I study to determine the maximum tolerated dose
of EBRT (with a conformal technique) in combination
with full-dose gemcitabine (1000 mg/m2 weekly for 3
weeks) in patients with a positive resection margin (n=9),
positive nodes (n=27), or both (n=7). The starting EBRT
dose was 24 Gy in 1.6-Gy fractions and escalation was
achieved by increasing the fraction size in 0.2-Gy incre-
ments, keeping the duration at 3 weeks. Twenty-five pa-
tients completed the protocol therapy, and at the final
EBRT dose of 42 Gy two out of two patients experienced
gastrointestinal dose-limiting toxicity. The median sur-
vival was 16.2 (95% CI 12.3, 19.9) months. 

Adjuvant chemoradiotherapy with
maintenance chemotherapy

The regimen originally adopted by GITSG for patients
with advanced pancreatic cancer was used in the adju-
vant setting for a randomized trial in the 1970s (Table
53.4); 43 patients, all with clear resection margins (R0),
were randomized to either surgery alone or surgery
combined with 40 Gy radiotherapy (with 5-FU radio-
sensitization) and weekly 5-FU for 2 years or until 
relapse. The median survival in the treated group was
20 months compared with 11 months in the surgery
only group and the 2-year survival rates were 42% and
15% respectively. To increase numbers in the treatment
group, a further 30 patients were added to the adjuvant
therapy arm and the outcome modified to a median sur-
vival of 18 months and a 2-year survival of 46%. Un-
fortunately, the number of patients was still too small
for convincing conclusions to be drawn and it was un-
certain whether any benefit was wholly due to the com-
bination, the chemotherapy alone, or the radiotherapy
alone. Despite these caveats, variations of this combi-
nation protocol were widely adopted, especially in the
USA (Table 53.4).

Yeo et al. from Johns Hopkins reported a retrospec-
tive analysis of three different regimens in selected pa-
tients who had undergone pancreatoduodenectomy.
Patients received one of (a) 40–45 Gy EBRT plus 
follow-on bolus 5-FU for 4 months; (b) 50–57 Gy
EBRT plus hepatic radiation plus continuous-infusion
5-FU/folinic acid for 4 months; or (c) no adjuvant 
treatment. Group (a) had a significantly better median
survival (21 months) and 2-year survival (44%) when
compared with the control group (13.5 months and
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30% respectively). However, there was no significant
difference between groups (b) and (c), questioning the
value of adjuvant treatment per se because of patient 
selection. The same group treated 23 patients with 
continuous infusion of 5-FU and folinic acid during 
radiation for 5 days per week, and then 1 month later
four cycles of the same chemotherapy regimen for 2
weeks out of every four. Patients were given either
“low-dose” radiotherapy (comprising 23.4 Gy to the
whole liver, 50.4 Gy to regional nodes, and 50.4 Gy to
the tumor bed) or “high-dose” radiotherapy (compris-
ing 27.0 Gy to the whole liver, 54.0 Gy to regional
nodes, and 57.6 Gy to the tumor bed). The overall me-
dian survival was 15.9 months, with little difference in
median survival between the “low-dose” and “high-
dose” groups (14.4 vs. 16.9 months respectively). The
Johns Hopkins group also treated 29 patients with
split-course locoregional EBRT and concurrent 5-FU,
folinic acid, dipyridamole, and mitomycin C. The
EBRT consisted of split-course 50 Gy over 20 fractions
with a 2-week planned rest after the first 10 fractions
(25 Gy). Every 4 weeks the patients received bolus 5-FU
(400 mg/m2) and folinic acid (20 mg/m2) on days 1–3,
dipyridamole (75 mg p.o., four times daily) on days 0–3
and every 8 weeks, and mitomycin C (10 mg/m2, maxi-
mum 20 mg) on day 1 during EBRT. This was followed
by four cycles of the same chemotherapy as adjuvant
therapy 1 month following the completion of EBRT.
The median survival was 16 months and the 1-year sur-
vival was 58%. Altogether between 1984 and 1999 
the Johns Hopkins team treated 333 patients selected
from a consecutive series of 616 patients who had 
had resection for pancreatic ductal adenocarcinoma
with adjuvant chemoradiotherapy and maintenance
chemotherapy. Even given the biased treatment sam-
ple, the median survival was 19 months, the 1-year sur-
vival was 71%, and the 5-year survival was 20%.

The UKPACA-1 trial utilized the same adjuvant 
regimen as in the GITSG trial in 34 patients with pan-
creatic ductal adenocarcinoma and six with ampullary
carcinoma. The median survival rate for patients with
pancreatic ductal adenocarcinoma was 13.2 months
and the 5-year survival was 15%. Survival in patients
with clear lymph nodes was 60% at 2 years compared
with 18% in those with positive lymph nodes at the
time of resection. There were no treatment-related
deaths and no hospitalizations due to this regimen even
with a prolonged course of postoperative chemo-
therapy that laid the basis of the ESPAC trials in Europe.

The RTOG adjuvant phase III study #97-04 recruited 
over 500 patients to receive a 3-week course of chemo-
therapy, then chemoradiotherapy, and then a final 
3-month course of chemotherapy. Patients were rando-
mized to one of two adjuvant pre-chemoradiotherapy
chemotherapy regimens (continuous-infusion 5-FU
250 mg/m2 daily for 3 weeks vs. gemcitabine 1000 mg/
m2 daily once weekly for 3 weeks) and parallel post-
chemoradiotherapy chemotherapy (two 4-week cycles
of continuous-infusion 5-FU 250 mg/m2 daily for 3
weeks each followed by 2 weeks’ rest for 3 months vs.
three cycles of gemcitabine 1000 mg/m2 daily once
weekly followed by 1 week’s rest for 3 weeks also 
for 3 months). Both groups received identical chemo-
radiotherapy starting 1–2 weeks after completion 
of pre-chemoradiotherapy chemotherapy and then 
no later than 13 weeks after resection [50.4 Gy 
per 5.5 weeks at 1.8 Gy per fraction (field reduction 
at 45 Gy) and continuous-infusion 5-FU 250 mg/m2

daily during EBRT]. The survival results from this 
trial will be of enormous importance for comparing
survival achieved with other large adjuvant therapy 
trials.

Neoadjuvant therapy

Proponents of neoadjuvant therapy for pancreatic can-
cer point out that a significant proportion of patients
are not considered for adjuvant treatment because of
postoperative complications, which occur in 30–45%
of patients. Neoadjuvant therapy may also be given in
the hope of being able to downstage locally advanced
tumors and achieve an enhanced resection rate.

There have been no large randomized controlled
studies on the use of neoadjuvant therapy in pancreatic
cancer (Table 53.5). The total number of patients that
have actually had resection following neoadjuvant
therapy is rather small. The series shown in Table 53.5
also include patients that have been “counted twice” as
the initial series are expanded, such as that from the
M.D. Anderson group. The quoted resection rates vary
considerably, from 45 to 100% in patients with tumors
initially deemed “resectable” and from 20 to 64% in
those with “unresectable” tumors. The median sur-
vival rates in general range from 16 to 21 months,
which is comparable with both adjuvant systemic
chemotherapy and regional chemotherapy.

Specific comment is necessary on two studies with
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exceptional median survival rates of 31 and 32 months
respectively. Snady et al. reported a median survival of
32 months in 20 (29%) patients who had resection
from an original group of 68 patients treated first with
simultaneous split-course EBRT plus 5-FU, streptozo-
tocin, and cisplatin (RT-FSP; 0% mortality rate < 30
days). The median survival of the whole group was
23.6 months and 32 months in the 20 patients who also
had resection. During the same period another group of
91 patients initially underwent resection (5% mortality
rate < 30 days), of which 63 (69%) received adjuvant
chemotherapy with or without EBRT. The median sur-
vival in this latter group was 14.0 months (P = 0.006
compared with RT-FSP group). Median survival in pa-
tients who had resection and adjuvant treatment was
16 months compared with 11 months in those who did
not have adjuvant therapy after resection (P = 0.025).
In contrast, the M.D. Anderson group in their (non-
randomized) studies have not shown a significant 
difference in survival between those patients who re-
ceived neoadjuvant compared with adjuvant treat-
ment. Mehta et al. have recently reported a median
survival of 30 months with neoadjuvant treatment but
only in nine selected patients.

All of the aforementioned studies suffer to a greater
or lesser extent from a number of confounding factors.
A specialist pancreatic cancer surgery team can often
resect what is considered by another team to be “unre-
sectable locally advanced disease.” For example, the
Johns Hopkins group was able to resect 52 (67%) of 78
patients operated upon elsewhere and thought to have
had unresectable diseases. Patients with intrapan-
creatic bile duct cancers and/or ampullary cancers, who
have much better survival figures than those with pan-
creatic ductal adenocarcinoma, are not always ex-
cluded from neoadjuvant series. Indeed the distinction
between intrapancreatic bile duct adenocarcinoma and
pancreatic ductal adenocarcinoma cannot be made ex-
cept on the resected specimen. A tumor in the head of
the pancreas is almost invariably affected by EBRT to
the extent that often the tissue of origin of the adeno-
carcinoma cannot be determined. Following neoadju-
vant therapy, the tumor undergoes restaging (usually
several months after the initial diagnosis) and patients
who have developed interval metastases are excluded.
Thus the group of patients who eventually go on to re-
section are a biased population with a better prognosis
than the group as a whole. Finally, subgroup analysis of
selected patients from single institutions is subject to

significant statistical error, especially with the small
numbers quoted. Thus in the absence of randomized
studies the role of neoadjuvant treatment for pan-
creatic cancer can only be regarded as experimental.

Conclusions

The relative lack of high-quality randomized trials in
the treatment of pancreatic cancer is alarming but this
situation is now beginning to change. There is little evi-
dence to support the use of intraoperative radiotherapy
either alone or in combination in pancreatic ductal ade-
nocarcinoma. In the absence of controlled trials the
roles of regional chemotherapy and neoadjuvant treat-
ment are not yet defined but perhaps have a place in 
selected cases. The best evidence so far suggests that 
adjuvant chemotherapy is probably of benefit after 
resection of pancreatic cancer. The current standard
treatment regimen is 5-FU/folinic acid, although this
may be superseded or complemented by gemcitabine
pending the results of currently ongoing clinical trials
such as ESPAC-3. There is evidence from the ESPAC-1
trial that EBRT given before maintenance chemo-
therapy may even have a detrimental effect on the 
response to chemotherapy.

The three largest randomized controlled trials of 
adjuvant treatment of pancreatic cancer are consistent
with each other and swamp the previous very small
GITSG trial. Despite this there is still healthy criticism
of the ESPAC-1 trial and continued support for adju-
vant chemoradiotherapy. The retrospective and small
prospective studies from the Johns Hopkins (among
others) are mentioned as support for continuing the use
of adjuvant chemoradiotherapy. Despite the selection
bias, the median survival of patients with pancreas can-
cer treated at the Johns Hopkins with a combination of
chemoradiotherapy and maintenance chemotherapy
was no better than that of patients randomized to
chemotherapy in the ESPAC-1 study (19.0 vs. 21.6
months respectively). It is argued that neither of the two
European trials of adjuvant chemoradiotherapy used
sufficient radiation yet this dose was identical to that
given in the GITSG study. Since the ESPAC-1 trial was
initiated, conformal beam radiotherapy, which enables
more radiation to be delivered to targeted areas in the
abdomen, has been introduced. Even so the median sur-
vival rates using conformal EBRT with more intensive
radiation and chemotherapy regimens have for exam-
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ple produced median survival rates of only 14.4, 16.0,
and 16.9 months. The survival rates using these inten-
sive combination regimens are consistent with a 
median survival of 15.5 months in the 178 patients
treated with split-course chemoradiotherapy in the
ESPAC-1 trial and 17.1 months in the 60 patients 
treated in the same way in the EORTC trial. Indeed a re-
markably good survival rate was achieved in the con-
trol arm of the ESPAC-1 trial, with a median of 16.7
months in the 180 patients not given chemoradio-
therapy. The survival results of combination regimens
using other approaches including intraoperative radio-
therapy (Table 53.3) and neoadjuvant chemoradio-
therapy (Table 53.5) are also comparable to the
survival achieved by the chemotherapy arm of ESPAC-
1. Adjuvant and neoadjuvant chemoradiotherapy ex-
poses the patient to an extra burden of treatment and
related toxicity and their use can only be justified if sur-
vival is shown to be prolonged. This is of great impor-
tance given the limited life expectancy of patients with
pancreatic cancer undergoing resection.

Many other approaches and agents are at differing
stages of development, but some of these are almost cer-
tain to find a place in the adjuvant setting in due course.
However, participation in major trials is a necessary
prerequisite for such progress. While the proliferation
of phase I and phase II studies is most welcome, clinical
practice should be developed around the consolidated
results of phase III studies. With this in mind we can
conclude that there is now considerable scope for 
optimism in the treatment of pancreatic cancer.
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Background

Approximately 25 000 cases of pancreatic carcinoma
are diagnosed in the USA yearly. Despite tumor down-
staging with chemoradiation in some high-volume cen-
ters, most series suggest that only 20–30% of these
patients prove resectable and the majority of the latter
have a mean survival of less than 2 years. Endoscopic
interaction in the setting of malignant obstructive jaun-
dice does not occur in a vacuum. From a diagnostic
standpoint, noninvasive abdominal imaging proce-
dures including ultrasonography, computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and
positron emission tomography (PET) are both compet-
ing and complementary technologies, one or more of
which is invariably used in lieu of, or in conjunction
with, endoscopic retrograde cholangiopancreato-
graphy (ERCP). In addition, invasive studies, includ-
ing ultrasound- or CT-directed biopsy or fine-needle 
aspiration (FNA), endoscopic ultrasound (EUS), diag-
nostic laparoscopy, or even exploratory laparotomy,
may be required for tissue diagnosis prior to or after
ERCP. This is particularly apropos as most series sug-
gest that only 40–50% of pancreatic cancers are posi-
tively diagnosed using ERCP despite use of brush
cytology, intraductal biopsy, or transductal FNA. 
Finally, it is unusual to perform diagnostic ERCP in 
patients with possible malignant obstructive jaundice
without obtaining such tumor markers as carcinoem-
bryonic antigen (CEA) or CA-19-9 in advance.

From a therapeutic standpoint, surgery has been the
traditional palliative modality in nonresectable pa-
tients, either hepaticojejunostomy for malignant 
obstructive jaundice or gastrojejunostomy for gastric

outlet obstruction, or a combination of the two. While
open surgery is still used palliatively in patients ex-
plored for potential cure but found to be unresectable,
laparoscopic biliary bypass or gastrojejunostomy are
being done with increasing frequency. Percutaneous
transhepatic biliary drainage procedures are also still
variably utilized for malignant obstructive jaundice in
the setting of unresectable pancreatic malignancy, con-
tingent upon institutional expertise and the success of
endoscopic biliary decompression. In most centers,
however, percutaneous transhepatic biliary drainage
has been supplanted by ERCP.

Endoscopic palliation in pancreatic cancer includes
plastic or metallic prosthesis insertion for malignant
obstructive jaundice and self-expandable metal stent
(SEMS) placement for gastric outlet obstruction. Less
commonly, pancreatic duct stents have been endo-
scopically inserted for obstructive pancreatitis and, less
commonly still, endotherapy may be used to palliate
gastrointestinal bleeding associated with neoplasia
(esophagogastric varices in the setting of portal vein
thrombosis/tumor erosion into the duodenal C-loop).
The latter are temporizing measures often applied in
the preterminal state. Table 54.1 summarizes the pallia-
tive modalities that can be applied endoscopically to
treat the consequences of pancreatic cancer.

Palliation of biliary obstruction

Following pancreas protocol CT and possibly EUS to
define signs of unresectability for cure (liver metastases,
malignant ascites, multiple large lymph nodes, vascular
invasion, tumors > 5 cm in size), most patients with ob-
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structive jaundice as a consequence of pancreatic 
malignancy undergo ERCP as the next step, not only 
to obtain a tissue diagnosis but also in an attempt to 
relieve biliary obstruction.

Plastic prostheses (Fig. 54.1)

Since the initial description by Soehendra et al. in 1980,
there have been numerous prospective and retrospec-
tive series documenting efficacy of plastic or Teflon
stents in the relief of malignant obstructive jaundice.
The advantages of plastic prostheses include up-front
prosthesis cost, relative placement ease, and the fact
that stent insertion does not preclude resection in 
patients studied and decompressed preoperatively.

Technically, the procedure requires an adequately se-
dated patient, usually with intravenous narcotics, ben-
zodiazepines, or propofol, prophylactic antibiotics,
and a team consisting of an endoscopist, experienced
nursing staff, and fluoroscopist. Prosthesis insertion
presupposes adequate cholangiography, free access
into the biliary tree, usually with some form of 
hydrophilic guidewire, and accurate measurement 
of stricture length (Fig. 54.2). After access has been
achieved, sphincterotomy may or may not be required.
The stenosis may require either catheter or balloon di-
lation, and contingent upon a previous tissue diagnosis
from a pre-ERCP biopsy or FNA, stricture sampling
with brush cytology, needle aspirate, or directed biopsy
should be considered. Prostheses selected are usually
10–11.5 Fr, 2–3 cm longer than the stricture to be 
stented, and are usually pushed into place over a guide-
wire and stiffening catheter. Proper placement presup-
poses free flow of bile through the stent once the 
guidewire and stiffening catheter have been withdrawn.

Self-expandable metal stent (Fig. 54.1)

A variety of SEMS are currently available to treat ma-
lignant biliary obstruction. Summarized in Table 54.2,
these devices differ in design, including the type, gauge,
and weave of the interlocking wires used to fabricate
the stent. Moreover, the delivery systems used to insert
the stent are also variable and range from withdrawal
of a constraining sheath or release of tripwires to allow
a memory metal to reexpand to its original shape. In
contrast to plastic prostheses, which often require
catheter or balloon dilation for placement, the small 
diameter of the delivery systems (7–8 Fr) usually allows
SEMS insertion without predilation (Fig. 54.3). How-
ever, the prostheses themselves do have other inherent
risks, and stent foreshortening at time of delivery
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Figure 54.1 Various plastic, Teflon, and composite
conventional prostheses (top) as well as some of the
commercially available self-expandable metal stents (SEMS)
(bottom) that have been used to treat malignant obstructive
jaundice.

Table 54.1 Endoscopic treatment of pancreatic cancer.

Obstructive jaundice
Plastic prostheses
Self-expandable metal stent (SEMS)

Gastric outlet obstruction 
± Balloon dilation
± Thermal ablation, e.g., laser, argon plasma coagulation 

SEMS
Gastrointestinal bleeding

± Variceal banding/sclerosis
± Thermal therapy
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(a)

(b)

(c)

Figure 54.2 Plastic pancreaticobiliary prostheses in a patient
with unresectable pancreatic cancer, jaundice, and
obstructive pancreatitis (a). Note tight pancreaticobiliary
strictures (b) subsequently treated with dual Diamond stents
(c).



PART I I I

458

(a)

(b)

(c)

Figure 54.3 Arrows denote double duct sign (a) in patient
treated with endoscopic self-expandable metal stent
insertion (b, c).
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makes malplacement a potential problem and may re-
quire insertion of a second SEMS. Moreover, release of
SEMS that have an excessive intraduodenal length may
cause contralateral duodenal wall ulceration and con-
tained or free perforation. Like conventional prosthe-
ses, delivery does not imply functional result, and free
flow of bile with or without concomitant contrast injec-
tion through the stent is required to assure neoluminal
patency.

Results

Most of the series looking at palliation of biliary ob-
struction by plastic prostheses are old. Nagger et al.
performed a metaanalysis on nine studies comprising
856 patients, demonstrating successful stent placement
and jaundice relief in 90%. Median survival in this
analysis approximated 5 months. Additional series
have prospectively randomized either endoscopic or
percutaneous drainage with surgical bypass of the bili-
ary tree in patients with unresectable distal bile duct or
pancreatic malignancies. Of the five studies published
to date, there was no significant advantage of either
method with regard to treatment success, complica-
tions, 30-day mortality, or median survival (mean 3–6
months). What was significant, however, was the risk of
stent occlusion with recurrent obstructive jaundice and
cholangitis, as well as an increased risk of gastric outlet
obstruction in stented patients in contrast to those who
underwent combined biliary and gastric bypass surgi-
cally. This has to be contrasted with resource utiliza-
tion, as our center has previously documented that
from diagnosis to death, patients treated medically
with conventional stent placement utilize less than
50% of the dollars spent for surgically bypassed pa-
tients. Although there have been multiple attempts to
improve the long-term patency of plastic prostheses,

i.e., larger prosthesis diameter, addition of ursodeoxy-
cholic acid or oral or stent-impregnated antibiotics,
change of stent materials (e.g., Vivithane, Teflon, silver
coated, or hydrophilic polymer), or modification of
stent design (e.g., elimination of proximal and distal
side holes), all studies to date suggest progressive 
luminal occlusion by the development of bacterial
biofilms.

SEMS were developed partly to minimize the
30–80% occlusion rate noted with plastic prostheses.
Despite the paucity of controlled trials that have ran-
domized unresectable pancreatic cancer patients with
jaundice to SEMS or surgery, there have been at least
five randomized trials comparing SEMS with plastic
prostheses. All have demonstrated a statistically signifi-
cant duration of stent patency (10–12 months vs. 3–4
months) and dysfunction rate from placement to death.
Median survival, in turn, is unchanged and usually
ranges from 3 to 6 months. Virtually all these studies
have been done with the biliary Wallstent (Boston 
Scientific, Natick, MA), and despite one randomized
prospective study demonstrating comparable patency
between Spiral Z (Wilson-Cook, Inc., Winston-Salem,
NC) and Wallstent there is no guarantee that these data
can be generalized to the multitude of other SEMS cur-
rently flooding the market. As such, wide-mesh pros-
theses are more likely to allow tumor ingrowth; thicker
wires seem to elicit more granulation tissue, the pri-
mary cause of SEMS dysfunction, and recurrent jaun-
dice; and SEMS that generate minimal expansile force
can occlude by virtue of inadequate expansion. Because
the studies are inadequate, data that covered SEMS
have prolonged patency compared with uncovered
prostheses are unconvincing, partly because of devel-
opment of lithogenic bile with an incompetent biliary
sphincter and partly because of mucosal hyperplasia at
the proximal uncovered portion of the prosthesis. 

Table 54.2 Commercially available self-expandable biliary stents for malignant obstructive jaundice.

Wallstent Endocoil Diamond Spiral Z Za Zilver Luminex

Design Mesh Spiral coil Mesh Mesh Mesh Mesh Mesh
Material Stainless steel Nitinol Nitinol Stainless steel Nitinol Nitinol Nitinol
Length (cm) 4, 6, 8, 10 6, 7.5 4, 6, 8 5.7, 7.5 4, 6, 8 4, 6, 8 6, 8
Diameter (mm) 8, 10 6, 8 10 10 10 6, 8, 10 10
Stent foreshortening Yes Yes Yes No No No No
Introducer diameter (Fr) 7, 7.5 8, 10 9 8.5 8.5 7.5 7.5



Occasionally, SEMS may also become dysfunctional by
virtue of local bile duct perforation at the proximal
stent margin. This occurs most commonly with Wall-
stents, in which the exposed stent wires erode through
an acutely strictured bile duct (Fig. 54.4).

Despite an incomplete database and the problems
outlined above, data are reasonably clear that SEMS in-
sertion is cost-effective for the treatment of malignant
obstructive jaundice in the setting of unresectable pan-
creatic cancer despite a 20–30-fold cost increment of
SEMS compared with plastic prostheses. This cost-
efficacy is related to both prolonged SEMS patency as
well as incremental costs associated with need for 

repeated ERCP in patients who obstruct polyethylene
prostheses.

Palliation of pancreatic duct obstruction
(Fig. 54.2)

Until recently, most of the pain associated with ductu-
lar adenocarcinoma was thought to be related to peri-
neural encasement by tumor or invasion of contiguous
organs. This belief changed when steatorrhea associ-
ated with ductal obstruction was treated by pancreatic
stent placement in lieu of enzyme supplementation.
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(a) (b)

Figure 54.4 Arrow denotes locally perforated Wallstent (a) treated with insertion of a second self-expandable metal stent
(arrows) (b).



This practice was associated with postprandial pain re-
duction in a subset of patients as well as with improve-
ment in the incidence of obstructive pancreatitis in
some patients with pancreatic malignancy. Despite its
variable application, risks, including procedurally re-
lated pancreatitis and stent occlusion with subsequent
pancreatic sepsis or obstructive pancreatitis, have rele-
gated this to an investigational procedure in most cen-
ters. Even more investigational are recent descriptions
of endoscopically facilitated photodynamic therapy or
intraluminal brachytherapy to treat unresectable 
pancreaticobiliary malignancies.

Palliation of gastric outlet obstruction

Historically, prospective studies have suggested that
5–30% of patients who underwent biliary bypass for
unresectable pancreatic cancer developed gastric outlet
obstruction. As a consequence, many surgeons began
to routinely add gastrojejunostomy at the time of 
cholecystojejunostomy or hepaticojejunostomy. Gas-
tric outlet obstruction is also noted with comparable
frequency in pancreatic cancer patients palliated with
endoscopically placed biliary stents. In the preterminal
state, treatment may consist of comfort care or 
diverting percutaneous endoscopic gastrostomy in 
conjunction with feeding percutaneous endoscopic 
jejunostomy. Good-risk patients required palliative
surgical bypass.

With the introduction of through-the-scope hydro-
static balloons, one could transiently improve the post-
prandial pain, reflux, nausea, and vomiting associated
with partial outlet obstruction. However, it took the de-
velopment of endoscopically placed enteral SEMS for
there to be a viable option to surgery for high-grade gas-
tric outlet obstruction. Technically, enteral SEMS are
usually placed after initial insertion of a biliary SEMS,
as access to the pancreaticobiliary tree is dramatically
limited by a metal mesh stent that blocks the papilla. In
the USA currently only the Enteral Wallstent (Boston
Scientific, Natick, MA) has been released for relief of
malignant gastric outlet obstruction. Following delin-
eation of stricture length with an upper gastrointestinal
series or contrast injected through an ERCP catheter, a
stent 3–4 cm longer in length is selected for placement.
As current prostheses are either 6 or 9 cm in length and
18–22 mm in diameter after release, the longer prosthe-
sis is preferable in all but very short stenoses. The stent

delivery system requires use of a therapeutic gastro-
scope or duodenoscope for placement and insertion it-
self presupposes passage of the delivery system over a
stiff or hydrophilic guidewire. The prosthesis is deliv-
ered by pulling back the restraining sheath, which re-
leases the SEMS. Like those used in the biliary tree, the
latter foreshortens by approximately one-third of its
constrained length, mostly from the distal end, and oc-
casionally balloon dilation of the prosthesis is required
for full stent expansion (Fig. 54.5). Most commonly,
however, SEMS will fully expand on their own over the
first 24–48 hours after insertion. Up to one-third of pa-
tients may require a second Wallstent at time of SEMS
placement, either because of the length of the stricture
or because an acutely angulated segment of bowel
proximally or distally precludes proper prosthesis
functioning.

Results

There are now multiple series attesting to the feasibility
and results associated with SEMS insertion for gastric
outlet obstruction, although there are no prospective
randomized trials comparing this treatment with
surgery. Instead, there are single-center and multicenter
series such as a recent report by Nassif et al. This trial
documented successful placement in 60 of 63 patients
(95%) with no procedural mortality and a median sur-
vival of 7 weeks (range 1–64 weeks). There were no
complications in 44 (70%) of the patients from time of
placement to death, whereas 30% of patients had sig-
nificant problems, including two duodenal perfora-
tions treated surgically, four prosthesis migrations, and
13 stent obstructions. In turn, Wong et al. retrospec-
tively reviewed 250 patients with pancreatic cancer,
10% of whom developed gastric outlet obstruction.
Two-thirds of these were bypassed or underwent pallia-
tive resection and one-third underwent SEMS place-
ment. Median survival in the surgical group was 64
days compared with 110.5 days in the stented group.
Median postoperative stay for surgically treated pa-
tients was 15 days compared with 4 days for the stented
group, and 30-day mortality was 17.6% and 0% re-
spectively. It is data such as these, as well as the delayed
gastric emptying noted in up to half of surgically by-
passed patients, that has led to a dramatic change in
practice patterns in many medical centers when treat-
ing patients with unresectable malignant gastric outlet
obstruction.
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(a)

(b)

(c)

Figure 54.5 Small arrow depicts obstructed pancreatic duct,
large arrow self-expandable metal stent in patient with
pancreatic cancer and gastric outlet obstruction (a).
Obstruction was treated with two interlocking Enteral
Wallstents (b, c).

Palliation of associated 
gastrointestinal bleeding

Pancreatic head tumors not infrequently invade the
portal vein causing portal vein thrombosis, while those
in the body and tail can be associated with splenic vein
thrombosis. This can cause esophagogastric and gastric
varices respectively. Bleeding can occasionally occur in

this setting, with need for sclerotherapy or variceal
banding. In my experience, however, this is often a
preterminal event and even if bleeding can be locally
controlled, demise from other causes (sepsis, liver 
failure) is often imminent.

Bleeding from a pseudoaneurysm that communi-
cates with the pancreaticobiliary tree may present as
hemocholedochus or hemopancreaticus respectively.



Endoscopy may be useful in diagnosis but therapy 
requires surgical resection of the tumor, if possible. 
Usually, however, these conditions are approached by
angiographic embolization.

Finally, direct tumor invasion is often associated
with chronic tumor or duodenal C-loop oozing. En-
dotherapy is often unsatisfactory and repetitive but
thermal modalities including heater probe, bipolar
cautery, neodymium YAG laser, and argon plasma co-
agulation have all been used, as has injection with epi-
nephrine (adrenaline), sclerosants, or absolute alcohol.

Conclusions

Endoscopic palliation in pancreatic cancer is imperfect.
Nevertheless, it affords results comparable to surgical
bypass in unresectable jaundiced patients at approxi-
mately 50% of the resources expended from time of 
diagnosis to death. SEMS placement for gastric outlet
obstruction has expanded therapeutic options in a 
situation previously approached only surgically for 
fit patients or treated with comfort care measures for
individuals with significant comorbid or far-advanced
disease.

Decompression of the pancreatic duct is a therapy in
evolution but seems to make sense in patients with ob-
structive pancreatitis or those who develop significant
postprandial pain. In contrast, treatment of cancer-
associated bleeding remains suboptimal and usually 
occurs in the setting of aggressive or far-advanced disease.
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Treatment of patients with pancreatic cancer has al-
ways been a challenge due to the short natural course of
the disease and our inability to extend this substantially
at the present time. This chapter addresses conven-
tional chemotherapy, radiotherapy, and combinations
thereof; novel treatments are discussed in the following
chapter. In line with the focus of this book, only drugs in
clinical studies are mentioned and discussed. The most
important thing we can do for these patients is to be
there and to offer what is called “best supportive care,”
which should adequately address the two major issues,
pain and appetite/weight loss, as well as any anxiety
that may be associated with pancreatic cancer.

Palliative chemotherapy

Single-agent chemotherapy

Until recently 5-fluorouracil (5-FU) has been the most
commonly used chemotherapeutic agent for pancreatic
cancer either alone or in combination with other
agents. However, in 1997 gemcitabine was brought 
on to the market and has rapidly become the chemo-
therapeutic treatment of choice for pancreatic cancer.
Gemcitabine is a deoxycytidine analog (difluorodeoxy-
cytidine; dFdC) that is phosphorylated intracellularly
by deoxycytidine kinase to its active form, difluo-
rodeoxycytidine triphosphate (dFdCTP). DNA syn-
thesis is inhibited if dFdCTP is incorporated into
nascent DNA strands instead of dCTP. Interestingly, in-
sertion of dFdCTP into DNA allows the further inser-
tion of an additional base pair before DNA polymerase
is inhibited and this “masked termination” makes
DNA repair more difficult.

Gemcitabine also has self-potentiating activity in
that it (i) stimulates the activity of intracellular deoxy-
cytidine kinase, thereby increasing its own concen-
tration in treated cells; (ii) inhibits the activity of
ribonucleotide reductase, thus reducing the intracellu-
lar pool of deoxynucleoside triphosphates including
dCTP; and (iii) inhibits the activity of deoxycytidine
monophosphate deaminase, the enzyme involved in
gemcitabine degradation.

Gemcitabine has also gained fame for being the first
chemotherapeutic agent to be approved that has a 
primary end point of clinical benefit (reduction of 
pain, improvement in performance status, weight gain)
rather than the conventional end point of response 
as measured by tumor response, survival, and time 
to disease progression. After promising results were 
obtained in early trials, a multicenter phase III study
comparing 63 patients receiving gemcitabine with 63
patients receiving 5-FU was performed. Although over
70% of the patients entering the trial had Stage IV dis-
ease, patients receiving gemcitabine showed a statisti-
cally significant advantage in median survival (5.7
months) compared with those treated with 5-FU (4.4
months), leading to a 1-year survival probability of
18% for gemcitabine-treated patients compared with
2% for 5-FU-treated patients. However, irrespective of
the treatment received, none of the patients in this study
survived beyond 19 months. As mentioned above, clin-
ical benefit was taken as the primary end point of this
phase III study. The primary end point was achieved by
almost 24% of the patients treated with gemcitabine
whereas only 5% of the patients receiving 5-FU ex-
perienced a clinical benefit. Gemcitabine has also been
shown in a phase II clinical trial to have an effect in 
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patients previously treated with 5-FU but who did not
respond to treatment.

Gemcitabine is generally a well-tolerated chemo-
therapeutic agent, with less than 10% of patients 
discontinuing therapy. The most commonly reported
adverse effects have been neutropenia, fever, nausea
and vomiting, as well as abnormalities in liver function.
Minimal and reversible hair loss has been experienced
by 15% of patients treated with gemcitabine.

Even though gemcitabine has been widely accepted
as a benchmark by the clinical oncologist for pancreatic
cancer, it should be noted that the best combination
treatments still only result in median survival of under a
year. The overall response rate from several thousand
patients treated is about 15%. Despite novel develop-
ments in the administration of the drug (“fixed-dose
rate”), the search is on for novel and sometimes uncon-
ventional alternatives that may, either singly or in 
combination with gemcitabine, 5-FU, or other agents,
significantly increase median survival of patients with
pancreatic cancer.

Combination chemotherapy

The combination of gemcitabine with other chemo-
therapeutic agents may be expected to increase both the
median survival time and clinical benefit response. A
phase II study combining gemcitabine with 5-FU in 54
patients resulted in a median survival time of 7 months
and a clinical benefit response of 51%. A median 
survival of 10.4 months was obtained in another study
where the dose of 5-FU was kept constant and escalat-
ing doses of gemcitabine were given. The combination
of gemcitabine with an orally administered 5-FU com-
pound (capecitabine) in a phase II study did not result in
prolonged survival of the patients.

Within a large phase III study, more than 300 pa-
tients with advanced pancreatic cancer were treated
with either gemcitabine alone or gemcitabine plus 
oxaliplatin (GEMOX). Preliminary data presented at
ASCO 2003 showed a significant advantage of the
GEMOX scheme in response rate and progression-free
survival. This study is ongoing. The combination of
gemcitabine with the original platinum compound cis-
platin did not demonstrate a significant advantage over
the single gemcitabine treatment. Nevertheless, several
large phase III clinical studies are ongoing, both in the
USA (Gastrointestinal Tumor Study Group, GITSG)
and in Europe (EORTC).

It is the clinical experience that some patients will re-
spond to chemotherapy for some time (progression-
free survival) before the tumor starts to grow again.
While in other diseases such as breast cancer and colo-
rectal cancer second-line regimens are standard, this
has not been studied in pancreatic cancer. Therefore,
trials addressing this issue are of utmost importance. At
the moment, there is an ongoing study examining the
benefit of combination chemotherapy (oxaliplatin, 5-
FU, folinic acid) versus best supportive care, including
erythropoietin.

In summary, gemcitabine monotherapy has become
the benchmark for palliative chemotherapy of inoper-
able pancreatic carcinoma. So far, combinational regi-
mens have not provided a breakthrough but there is an
incremental extension of the overall survival with some
of the drugs, such as oxaliplatin. Second-line therapy
will eventually be offered to those who responded inti-
tially and are in good general condition.

Novel agents and enzymes

Matrix metalloprotease inhibitors
Membrane type 1 matrix metalloprotease (MT1-
MMP) is an enzyme that plays a major role in the re-
modeling of the extracellular matrix (ECM). It cleaves
ECM components such as fibronectin and type 1 colla-
gen and activates other ECM remodeling enzymes such
as progelatinase A and procollagenase 3. MT1-MMP is
overexpressed both in the stromal cells surrounding
malignant tumors and in invasive tumor cells, where it
may play an important role in tumor metastasis. Thus
this enzyme represents a legitimate target for potential
antitumor therapies. A matrix metalloprotease in-
hibitor called marimastat has been tested in phase I/II
clinical trials in pancreatic cancer patients. Unfortu-
nately, although the initial results suggested a clinical
effect, lack of efficacy was reported for marimastat in a
phase IIb/III multicenter trial as a monotherapeutic
agent for pancreatic cancer. A phase III multicenter trial
investigating the efficacy of marimastat in combination
with gemcitabine in a large placebo-controlled study
also failed to show either a significant increase in 
survival or a clinical benefit response compared with
gemcitabine alone, although the manageable tolerab-
ility of marimastat and its ease of administration may
be advantageous.
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Antitopoisomerases
During the replication of DNA, the enzyme topoiso-
merase causes DNA nicking and unwinding. After
replication, the nicked DNA is then religated and re-
wound by this enzyme. Antitopoisomerases prevent
DNA ligation after replication by interfering with 
the topoisomerase enzyme and thus disrupt DNA 
synthesis. Antitopoisomerases have been shown to 
be nontoxic in nude mice even at high doses and give
good activity against transplanted xenogenic tumors.
Topoisomerase inhibitors such as irinotecan and the
semisynthetic camptothecin analog topotecan, also
known as Hycamtin, are often used in the treatment 
of colorectal and ovarian cancer.

Topoisomerase inhibitors such as irinotecan, topote-
can, rubitecan, and DX-8951f have been extensively
tested in clinical trials for pancreatic cancer. Generally,
these drugs seem to be particularly effective in combi-
nation with classic chemotherapeutic agents such as
gemcitabine, docetaxel, or 5-FU, although the best re-
sults obtained to date still only seem to give median 
survival times of around 6 months. The main adverse
effect associated with these drugs is diarrhea and while
there is some evidence for potential resistance mecha-
nisms, the clinical trials so far have not yet generated
any data in this regard.

Irinotecan was approved for recurrent colorectal
cancer in the USA in 1996 and has undergone extensive
testing for its efficacy against a variety of solid tumors
since. Two early phase II studies in which irinotecan
was used alone demonstrated objective response rates
of around 10% for patients with advanced pancreatic
cancer. These studies provided the basis for both phase
I and phase II studies that compared the effects of gem-
citabine alone to a combination therapy with irinote-
can. Of the 45 patients treated with both agents, nine
had an objective response with a median survival of 6
months. These findings have led to a phase III trial cur-
rently underway, as well as a phase II trial evaluating a
combination of docetaxel with irinotecan.

The results from a phase I clinical trial in which
topotecan was given in combination with gemcitabine
has been published. In this dose-finding study, gemci-
tabine (400–1000 mg/m2) was given intravenously
over 30 min followed by a 15-min infusion of topote-
can (0.75–2.5 mg/m2) weekly for three consecutive
weeks in a 4-week treatment cycle; 38 patients with ad-
vanced refractory solid tumors, including pancreatic
cancer, and good performance status were treated. The

major dose-limiting toxicity in this study was found to
be myelosuppression. Partial responses were observed
in two patients (one with pancreatic carcinoma). 
Disease stabilization occurred in five patients (three
with pancreatic carcinoma, one with rectal carcinoma,
and one with metastatic carcinoma of an unknown 
primary site). Gemcitabine 1000 mg/m2 and topotecan
2.5 mg/m2 were the maximum tolerated doses for this
combination.

Rubitecan or RFS2000 has been tested in a phase II
clinical trial for pancreatic cancer. Of the 60 patients
that completed a minimal 2-month treatment period
with the orally administered topoisomerase inhibitor,
19 patients (31.7%) responded to treatment (one pa-
tient surviving 4 years), a further 19 patients (31.7%)
exhibited stable disease, whereas the remaining 22
(36.6%) were nonresponders. These studies have been
extended to pivotal phase III multicenter studies, in-
cluding 50 centers in the USA, comparing rubitecan
with either the most appropriate treatment or with
gemcitabine.

Another topoisomerase I inhibitor, DX-8951f, has
completed phase I evaluation and shows activity
against a wide range of tumor types. DX-8951f may be
of particular interest since it may overcome the usual
mechanism by which cells acquire resistance to camp-
tothecin analogs by reducing intracellular drug accu-
mulation. A phase II study has been completed using
DX-8951f for patients with advanced and metastatic
pancreatic cancer. In this trial, the median survival for
the 39 patients enrolled was 5.5 months, with a 1-year
survival of 27%. These figures increased considerably
to 10.6 months and 35% if only the 19 patients who
had not received prior chemotherapy were considered.
These results have led to a phase III trial comparing
DX-8951f plus gemcitabine with gemcitabine alone.

Nucleoside analogs
Troxacitabine (also known as BCH-4556, Troxatyl,
SPD 758) is a dioxolane nucleoside analog of cytidine.
Incorporation of this analog during DNA replication
results in termination of DNA synthesis and inhibition
of DNA polymerase. In contrast to other cytidine
analogs used in cancer gene therapy, troxacitabine can-
not be degraded by cellular cytidine deaminases. After
good preclinical data in pancreatic human tumor
xenograft models and encouraging results from a phase
I trial, a phase II clinical trial involving about 250 pa-
tients with a number of different types of solid tumor,
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including pancreatic cancer, has been initiated and is
ongoing.

Carbohydrates
Carbohydrates play an important and often underesti-
mated role in tumor biology, for example expression of
the galectin-3 receptor is correlated with metastatic
spread in preclinical animal models. Carbohydrates
such as the pectin derivative GBC-590 have been
shown to bind the galectin-3 receptor, thereby reducing
metastatic potential as well as causing direct shrinkage
of tumors in preclinical models. Based upon encourag-
ing results obtained from a phase I trial in which the
dose-limiting toxicity of GBC-590 was determined, a
phase II clinical trial is ongoing where patients with re-
fractory or relapsing carcinoma are treated with GBC-
590. Preliminary results from this trial were presented
at ASCO 2001 but have subsequently not been pub-
lished as a full paper. Treatment consisted of GBC-590
20 mg/m2 given intravenously over 3 hours twice 
weekly. Toxicity was minimal, the most common ad-
verse effect being progressive fatigue. The preliminary
conclusion of this study was that although GBC-590 is
a well-tolerated agent at the dose used, it did not show
antitumor efficacy at this dose in pancreatic adenocar-
cinoma.

Acylfulvenes
Chemically modified versions of toxins naturally 
produced by the sesquiterpene mushroom Omphalo-
tus illudens are called acylfulvenes. One of these, 
hydoxymethylacylfulvene (HMAF or irofulven) is a
potent antiproliferative agent. Irofulven alkylates cel-
lular nucleophiles to form adducts with proteins, DNA,
and RNA. It induces single-strand DNA breaks that
cause the cells to arrest at the S-phase of the cell cycle,
thereby resulting in cell death by a caspase-dependent
apoptotic pathway. This antitumor activity is spe-
cific and not dependent on the status of the tumor-
suppressor proteins p21 and p53 in the tumor cell. The
interaction of irofulven with so many cellular targets
may account for its potent antitumor activities. Iro-
fulven has shown efficacy against a number of different
xenograft tumor models established by injection of 
various human tumor cells. Even tumors previously
shown to be refractory to other antitumor agents have
responded to treatment with irofulven. Use of an agent
that affects proteins, RNA, and DNA may be expected
to elicit unacceptable adverse effects. However, the re-

sults of a phase I clinical trial with this agent showed
that irofulven dose levels could be attained that were
consistent with those that demonstrated a significant
antitumor response in animal models. Moreover, the
adverse effects observed in the phase I trial also paral-
leled those in animals, with the primary dose-limiting
effect being bone marrow suppression. A phase II clini-
cal trial involving patients who had failed treatment
with gemcitabine revealed that 8 of 22 patients (36%)
treated with irofulven were alive at 6 months and two
of the patients had greater than 50% shrinkage of the
measurable tumor. A pivotal phase III trial for patients
with gemcitabine-refractory pancreatic cancer was ini-
tiated in February 2001 and is ongoing. Other studies
in which irofulven is combined with gemcitabine or
other agents are also planned. The US Food and Drug
Administration has granted Fast Track designation 
for the use of irofulven in patients with gemcitabine-
refractory pancreatic cancer.

Kinase inhibitors
Based on our current understanding of the tumor biol-
ogy of pancreatic carcinoma (see Chapter 56), it
seemed natural to explore the therapeutic effect of a 
variety of inhibitors of pivotal enzymes. One target is
farnesyltransferase, the key enzyme activating the ras
oncogene. While a phase I study demonstrated safety, a
recently published phase II clinical trial using the
R11577 compound resulted in a median survival of 20
weeks, similar to the natural course or gemcitabine
monotherapy. However, several other compounds are
currently being investigated in ongoing clinical studies.
Similar results were obtained with a tyrosine kinase in-
hibitor, raltitrexed (Tomudex), in combination with
gemcitabine during a phase II study, showing a median
survival in 25 patients of 200 days (7.3 months).

Palliative radiotherapy

Combined radiochemotherapy for 
locally advanced disease

About 25% of all pancreatic cancer patients present
with locally advanced, inoperable, but not metasta-
sized tumor. Untreated, these patients have a median
survival time of about 3 months and most patients suf-
fer from local symptoms, e.g., back pain due to infiltra-
tion of the celiac plexus or the vertebral column, or
from obstruction of the bowel. 
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A series of prospective randomized studies, including
the hallmark study from GITSG, defined combined ra-
diochemotherapy using 5-FU as the standard of care for
these patients in the early 1980s. The median survival
time of about 8–9 months was superior to the results
from radiotherapy alone. Escalating the radiation dose
to 60 Gy compared with 40 Gy had no measurable ef-
fect using these irradiation techniques. However, due to
the comparatively high rate of acute gastrointestinal
adverse effects, the question was raised whether this
toxic treatment was justified in patients with a limited
lifespan.

Since then, several newer drugs like gemcitabine or
paclitaxel have shown considerable antitumor efficacy
in pancreas cancer. Several promising phase II studies
with considerable numbers of selected patients have
reached median survival times of up to 11 months, sug-
gesting superiority compared with historical radio-
chemotherapy trials. In contrast, the published results
of the subsequent larger phase III trials including 
unselected patients were rather disappointing, with a
median survival in the range of 6 months and only 15%
of patients surviving 1 year. Complete and partial 
responses have been reported in only about 11% of 
the cases.

Over the last two decades, there has been significant
progress in treatment planning and delivery of 
radiation therapy in parallel with the advances in
chemotherapy. In addition, refined noninvasive staging
methods (e.g., high-resolution ultrasound and mag-
netic resonance imaging) enable reliable detection of
metastases and exclusion of these patients from aggres-
sive therapies.

The main progress in radiation oncology relevant to
the treatment of locally advanced pancreatic cancer is
the advent of treatment planning based on three-
dimensional computed tomography (CT) and confor-
mal delivery to reduce the irradiated volume of normal
tissue. This is especially significant for the small bowel
because nausea and vomiting as well as late intestinal
damage are the major limitations of radiotherapy of or-
gans in the upper abdomen. Compared with the stan-
dard of care 20 years ago (i.e., X-ray simulator planned
administration of opposing anteroposterior portals),
the volume of small bowel in the high dose volume is re-
duced by about 50% simply by using a four-field box
technique. Furthermore, the radiation dose to the kid-
ney, especially relevant when radiotherapy is combined
with chemotherapy, can be markedly reduced, decreas-

ing the probability of late delayed radiation damage.
Using modern radiotherapy techniques, doses up to
72 Gy can be given to the pancreas with a low risk of
acute and late radiation-induced toxicity, as has been
shown in a prospective phase II study from Japan that
yielded a median survival of 11 months and a 1-year
survival of 39%.

Using these conformal radiotherapy techniques,
doses of 50 Gy and more can be safely delivered in com-
bination with chemotherapy. A recent phase III study
demonstrated a median survival of 13 months and 
1-year survival of 53% with radiation and 5-FU. The
patients in the control arm received best supportive
care and survived a median of 6.4 months.

Inoperable, locally advanced tumors of the pancreas
are ideal targets for future developments in image-
guided radiotherapy, e.g., using ultrasound (Fig. 55.1)
and/or CT, and combination therapy. Continuous-
infusion 5-FU, gemcitabine, paclitaxel, oxaliplatin,
and cisplatin all act as potent radiosensitizers and show
considerable activity in this disease entity. It appears
obvious from the literature that patients in good overall
condition without distant metastases benefit from the
addition of radiotherapy to chemotherapy.

Palliative radiotherapy for metastatic or 
recurrent disease

The majority of patients with pancreatic cancer suffer
from distant metastases either at initial diagnosis or
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Figure 55.1 Pancreas and celiac trunk located using a
stereotactic ultrasound device (BAT, Nomos Corp.) before
each daily dose of radiation, increasing the precision of dose
application and reducing the dose to healthy structures.



later during their lifespan. Radiotherapy is an effective
method for alleviating symptoms from circumscribed
metastases like liver, lung, or bone metastases. In addi-
tion, local recurrences or progressive disease can cause
severe symptoms secondary to infiltration of the celiac
plexus or bowel structures. Palliative radiotherapy is
usually given in 10–15 fractions over 2–3 weeks in an
outpatient setting and is a very cost-effective treatment
modality.

Liver and lung metastases
Local treatment options for visceral metastases of gas-
trointestinal tumors were neglected for many years. Ex-
perience from pediatric oncology, where patients with
oligometastases are often treated aggressively with cu-
rative attempt, has spurred recent interest in local abla-
tive treatment of solitary or oligometastases, especially
in the liver and lung. A series of studies demonstrated
that local treatment of metastases especially from 
colorectal cancer can result in 5-year survival rates of
more than 25%.

A noninvasive treatment option for visceral 
metastases is a novel method called stereotactic 
radioablation or extracranial radiosurgery (Fig. 55.2).
Radiosurgery techniques, i.e., the focal application of a
single high dose of radiation (> 20 Gy) in a stereotactic
setup, have been technically transferred from the brain
to extracranial body sites. The patient is immobilized
using alpha cradles or vacuum pillows. After CT-based
radiotherapy treatment planning, 10–15 focused, indi-
vidually collimated treatment portals are used to irradi-
ate the metastasis in a single setting within less than
60 min. Local control rates of 80–90% can be achieved
using this method, comparable to other local ablative
therapy options.

Local recurrence/progression
The uncontrolled local progression of an inoperable or
recurrent pancreatic tumor is often accompanied by se-
vere symptoms, mainly caused by infiltration or com-
pression of the celiac plexus and/or compression of
parts of the bowel. Palliative radiotherapy can reduce
the pain secondary to infiltration of the nerval plexus
when drugs fail. The mechanism of pain reduction is
comparable to the effects radiotherapy induces in the
case of bone metastases. Even a minor shrinkage of the
tumor reduces the compression of the nerve roots. Lym-
phocytes, which constitute a considerable part of the
macroscopic tumor volume and the peritumoral in-

flammation, are very sensitive to radiation-induced cell
killing. Lymphocytes are among the few cell types un-
dergoing rapid apoptosis after exposure to radiation
and therefore symptomatic response may be seen as
early as within hours to a few days after therapy.
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Figure 55.2 CT images of a lung metastasis (a) before and (b)
1 year after radiosurgery with locally applied dose of 20 Gy.



Conclusions

What can be expected from palliative chemotherapy
alone or in combination with radiotherapy? Firstly,
treatment of pancreatic cancer must not be more severe
than the disease itself; this is mandatory and one of the
rules in clinical oncology. This principle is generally ful-
filled by the quasi-standard gemcitabine monotherapy.
However, with response rates oscillating around 15%,
this does not qualify under strict oncologic guidelines
as a standard therapy. Combination chemotherapy, es-
pecially with oxaliplatin, seems to be more efficient but
is also accompanied by increased adverse effects, thus
infringing the quality of life of the patient. Neverthe-
less, with novel substances being entered into clinical
trials, there may be some progress. The combination of
conventional chemotherapy with other principles, e.g.,
enzyme inhibitors or antibodies, is suggestive and
promising, especially because of the few adverse effects
reported to date. The combination of chemotherapy
with radiation seems to offer substantial benefit for pa-
tients with locally advanced disease or local recurrence.
Due to the new technical developments in this field, we
may expect considerable progress here in the next few
years.
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This chapter provides some insight into recent develop-
ments in novel approaches to the treatment of pancre-
atic carcinoma besides conventional chemotherapy
and also covers the growing field of gene therapy for
pancreatic cancer. While there is tremendous progress
being made in the laboratory, the focus is on substances
and concepts that have reached the clinic, albeit in 
experimental settings (phase I/II studies). There is no
doubt that some of the strategies studied in the 
laboratory, such as expression of dominant-negative
receptors or targeting p53-deficient tumor cells, may
eventually make it to early clinical studies.

Immunologic strategies

Monoclonal antibodies

Monoclonal antibodies have been approved and are 
already used in the clinic to treat HER2-expressing
breast cancers (Herceptin) and CD20-expressing non-
Hodgkin’s lymphomas (Rituxan; generic name ritux-
imab). Binding of the monoclonal antibody to the
target tumor-associated protein results in recruitment
of the body’s natural defenses, which attack and kill the
marked B cells. A humanized monoclonal antibody 
directed against carcinoembryonic antigen (CEA), 
expressed on many tumors including those of the 
pancreas (30%), recently received orphan drug status
from the US Food and Drug Administration (FDA) for
the treatment of pancreatic cancer and is currently
being evaluated in phase I clinical trials.

SB408075 is a humanized monoclonal antibody that
recognizes C242, an epitope on the glycoprotein Lewis

A, found on more than 90% of pancreatic cancers 
as well as on other carcinomas. This monoclonal 
antibody has been attached to the chemotherapeutic
antimicrotubule agent maytansine. Evidence for 
antitumor activity was observed in several patients
after administration of SB408075 to 37 patients suffer-
ing from pancreatic or colorectal cancer or certain non-
small-cell cancers. In a second approach, also targeting
C242, the staphylococcal enterotoxin A has been cou-
pled to the Fab fragment of the C242 antibody. Staphy-
lococcal enterotoxin A is a strong superantigen that
binds to both the T-cell receptor and the major histo-
compatibility complex (MHC) II, resulting in more
than 10% of all T cells being stimulated to produce cy-
tokines. The combination of specific antibody response
and the cytokine release from stimulated T cells is ex-
pected to give strong antitumor activity. The results of a
phase I trial at the San Antonio Cancer Institute showed
unexpected severe toxicity resulting in termination of
this study.

The epidermal growth factor receptor (EGFR) is
often expressed on the surface of a number of human
tumor cells, including 30–50% of all pancreatic 
cancers, and this expression is associated with a poor
prognosis. A monoclonal antibody called Erbitux or
IMC-C225, directed against EGFR, blocks the ability
of EGF to initiate receptor activation and thus growth
signaling to the tumor. Erbitux has been tested in com-
bination with gemcitabine in a phase II trial involving
patients with EGFR-positive tumors. The response 
rate was 12%, with a 1-year survival rate of 32.5%. 
Currently, there are some randomized phase II studies
ongoing or just closed using Erbitux in combination
with conventional chemotherapy.
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Herceptin, the above-mentioned antibody against
the second EGFR (HER2/neu), has also been investi-
gated in combination with gemcitabine in a clinical
phase I study. Although only 21% of the tumors were
HER2-positive, the response rate was 24%, the median
survival 7.5 months, and 1-year survival 24% (of 32
patients).

Immunomodulation

The immune response modifier Virulizin is derived
from bovine bile. This agent recruits both monocytes
and macrophages as well as stimulating tumor necro-
sis factor-a production from tumor cells and promot-
ing the apoptosis (programmed cell death) of tumor
cells, though the exact mechanism of action of 
Virulizin is not fully understood and is the subject of
ongoing research. The median survival time recorded
in a small trial of Virulizin at the University of 
Nebraska Medical Center was 6.7 months, with 11 of
19 patients still alive after 6 months and one patient
surviving 2 years. Furthermore, in contrast with other
chemotherapeutic agents and biological response
modifiers, the maximum tolerated dose has yet to be
reached in clinical studies. This lack of toxicity may (i)
provide patients receiving Virulizin with a better qual-
ity of life compared with those receiving classical
chemotherapeutic agents and (ii) allow its use in com-
bination therapies with such chemotherapeutics with-
out additional adverse effects. In a phase II clinical
trial involving 22 patients with measurable biopsy-
proven pancreatic cancer, 6 of 17 evaluable patients
demonstrated stable disease but none of the 17 pa-
tients showed evidence of tumor regression. Recently,
a phase III trial was initiated aimed at enrolling 350
patients with advanced (unresectable, recurrent, or
metastatic) pancreatic cancer with a view to submit-
ting an investigative new drug at the completion of the
study. These patients will be randomized to receive
treatment with either gemcitabine or gemcitabine plus
Virulizin. Those patients who fail to respond, or be-
come refractory, to gemcitabine will then be treated
with 5-fluorouracil (5-FU) either alone or in combina-
tion with Virulizin.

Therapeutic vaccines

A therapeutic vaccine is able to reverse the effects of an
ongoing and established disease process and, as such, is

conceptually different to the more well-known and
widely used prophylactic vaccines. Most tumor cell-
specific vaccines being developed are therapeutic in
that the intention is to direct the immune system against
an already established tumor rather than protecting the
individual from future tumors, although if efficacious
therapeutic vaccines can be produced, they may also be
useful in the long term in a prophylactic setting as has
recently been proven for cervical cancer.

Around 90% of pancreatic cancer patients have acti-
vating mutations in the K-ras oncogene, which makes it
a potential target for therapy. One approach is to inhib-
it the cascade leading to the activation of Ras protein
via the enzyme farnesyltransferase (see Chapter 55).
Another is vaccination. In such an approach, autolo-
gous antigen-presenting cells are either loaded with
synthetic Ras peptides, carrying identical mutations to
those found in the patient, or are transduced and then
reinfused into the patient. In a peptide loading study, a
peptide-specific immune response was detected in two
of five treated patients. The investigators hope to be
able to boost the immune response to the tumor using
multiple vaccinations according to this method. 
However, this has not been published so far. Another
study using synthetic Ras mutant peptides plus 
granulocyte–macrophage colony-stimulating factor
(GM-CSF) as an immunobooster resulted in a signifi-
cant immune response in 58% of the patients. Those
who responded are reported to have a longer survival
(148 vs. 61 days).

The hormone human chorionic gonadotropin (hCG)
plays a role in promoting the growth of a number of dif-
ferent tumor cells. It also promotes angiogenesis and
thus encourages the formation and establishment of
metastases. Peptides derived from hCG have been 
used to create a therapeutic cancer vaccine known as
Avicine. Avicine has been used to treat a variety of solid
tumors including pancreatic cancer. A multicenter
phase II clinical trial of Avicine in patients with ad-
vanced pancreatic cancer was initiated in June 1999
and compares the efficacy of Avicine alone with the 
potential synergistic effects of gemcitabine. The 1-year
survival data for patients receiving Avicine alone were
found to be similar to those reported for gemcitabine.
However, patients had no significant vaccine-related
adverse effects, in contrast to gemcitabine-associated
adverse effects. Interestingly, the 1-year survival for the
patient group treated with both Avicine and gemc-
itabine was significantly better than either treatment
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alone. The trial is still ongoing but of the patients 
treated so far, one has shown survival for 22 months. As
well as survival, the study included as end points (i) spe-
cific antibody responses to the vaccine and (ii) influence
of chemotherapy on antibody response. Patients treat-
ed with chemotherapy and vaccine together had nearly
equivalent antibody responses to vaccination, indicat-
ing that gemcitabine had little or no impact on the abil-
ity of pancreatic cancer patients to respond to a new
immune challenge.

The hormone gastrin, like hCG, also stimulates the
growth of many gastrointestinal tract cancers. Conse-
quently, a therapeutic vaccine consisting of the amino-
terminal portion of the hormone linked to a diphtheria
toxoid was produced. This vaccine is expected to raise
antibodies that block the interaction of the amino ter-
minus of gastrin with its receptor. The results from two
phase II trials have been encouraging, with one study
reporting 46% and 82% of patients producing anti-
bodies to gastrin when given low and high doses of 
vaccine, respectively. The median survival calculated
for all patients was 187 days; when limited to patients
showing antigastrin antibodies, it was 217 days com-
pared with 130 days for patients given best supportive
care. In the second study, patients received only the
higher dose of the vaccine and the median survival was
297 days. Over one-third of these patients gained
weight. A pivotal phase III trial with this therapeutic
vaccine alone or in combination with gemcitabine was
started in 2000 but stalled by the company and the FDA
for reasons yet to be unraveled.

Heat-shock proteins (HSPs) act as intracellular po-
licemen or chaperones, keeping other proteins in the
right places and in the correct conformation in cells. As
a result of this function they are intimately associated
with a large number of cellular proteins and recently
have been shown to be involved in the process of anti-
gen presentation. Purification of HSPs results in the
copurification of various peptides. If these HSP–
peptide complexes are purified from tumor cells, they
should carry tumor-specific peptides and thus can be
used as a tumor-specific vaccine. Such autologous
HSP–peptide complexes (HSPPC-96) prepared from
patients with pancreatic cancer as patient-specific
tumor vaccines were studied in a phase I clinical trial.
The HSP–peptide vaccine was applied to each patient
more than once. To date, one of the five vaccinated 
patients has shown a significant CD8+ T-cell-mediated
antitumor response. Like the immune stimulatory 
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approach, for example with GM-CSF (see below), this
method is laborious, since a treatment has to be pre-
pared for each individual patient and this depends 
on access to high-tech facilities [good manufacturing
practice (GMP)].

GM-CSF transfected allogeneic tumor cells

A popular strategy for the immune therapy of a wide
variety of tumors is stimulation of the patient’s own
immune system. This approach makes the assumption
that the immune system is failing to recognize the
tumor as foreign. The immune system may be alerted
to recognize and destroy tumor cells if it is primed
with tumor cells that have been genetically modified
to express a potent immunostimulatory cytokine.
GM-CSF is one such candidate cytokine. It plays a
central role in the recruitment and differentiation of
the cells required for efficient presentation of antigens
to other cells of the immune system, thereby generat-
ing an efficient immune response. In this approach, a
vaccine (called GAX) is produced based on the pa-
tient’s own tumor cells. The cells are obtained from a
biopsy and grown in cell culture, modified by trans-
duction with a retroviral vector carrying the GM-CSF
gene, lethally irradiated, and reintroduced into the 
patient, a so-called ex vivo approach. Researchers 
at Johns Hopkins University Medical Center in 
Baltimore have taken this kind of approach to modify
allogeneic pancreas carcinoma cells. The results of
this phase I trial indicated both antitumor immune re-
sponses and prolonged, ongoing, disease-free survival
for as long as 4 years, albeit in a subset of patients. A
phase II trial has recently been published in which the
efficacy of GVAX was evaluated in up to 60 patients
who had undergone surgical resection of their tumor.
GVAX was given in combination with surgical resec-
tion and followed by standard adjuvant radiation and
chemotherapy. Although disease-free survival was
within the range of 10–15 months, there was a subset
of patients in whom no recurrence has been recorded
to date.

Although there are a large number of immune 
stimulatory molecules to choose from, only single- 
or two-component systems have been used for 
immunotherapy in a number of tumors. Since the 
immune system relies on a series of signals that have 
to be given in a coordinated fashion, this approach may
be insufficient.



patient with pancreatic cancer in a trial combining 
ISIS 5132 with 5-FU and leucovorin.

While promising data have been obtained for this
type of approach in the treatment of a variety of can-
cers, there are problems with the dosing of these agents.
Another point of concern is that although antisense
oligonucleotides are designed to be targeted, the actual
degree of targeting is difficult to ascertain, as is the true
mechanism by which they may exert potential anti-
tumor effects.

Classical gene therapy with suicide gene strategies

The use of suicide genes in combination with prodrugs,
also know as genetic prodrug activation therapy or
gene-directed enzyme prodrug therapy, is a popular
strategy as a potential cancer therapy. The most com-
monly used system is the thymidine kinase gene from
herpes simplex virus (HSV-tk) that converts the pro-
drug ganciclovir into a phosphorylated form that is in-
corporated into newly synthesized DNA, causing chain
termination and cell death. A bystander effect can be
observed using this system, i.e., not all cells have to pro-
duce HSV-tk in order to be killed. In studies employing
xenografted pancreatic tumor cells in nude mice as a
model system, the HSV-tk gene was delivered using
adenoviral or retroviral vectors as gene transfer vehi-
cles. The gene encoding cytosine deaminase (CD) also
has been used as a suicide gene. The product of this gene
deaminates the prodrug 5-fluorocytosine (5-FC) to
form cytotoxic 5-FU. Pancreatic cancer-derived cell
lines modified to express CD showed sensitivity to 5-FC
treatment, and in immunocompetent animal models
the immune system seems to be activated by the resul-
tant cell death, potentiating the effects of the CD/5-FC
treatment.

Another gene that has been exploited as conferring
drug-mediated suicide is the nitroreductase gene from
Escherichia coli. The enzyme this gene encodes can
convert the prodrug CB1954 to a potent DNA alkylat-
ing agent. As with the above suicide genes, animal stud-
ies have been intriguingly promising. In this respect it
should be mentioned that clinical application of any of
the nonreplicating gene transfer systems currently
available is unlikely to result in 100% gene transfer ef-
ficacy. Moreover, this classical suicide gene therapy ap-
proach has not been used in clinical studies until now.
However, a clinical trial has recently been approved in
the UK for the intraarterial delivery of Metxia (Oxford
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Antisense nucleic acid strategies

Many antisense-based approaches to therapy target
and bind to mRNAs encoding proteins that are neces-
sary for maintenance of tumorigenesis. The Ras family
of proteins, which are involved in signal transduction,
represent one such target. Activating mutations at
codon 12 (by far the most common in this disease) as
well as at codons 13 and 61 subvert the normal regula-
tion of these proteins so that they become constitutively
active, driving cells into inappropriate cell divisions.
The validity of these proteins as key players directly in-
volved in the transformation process and the mainte-
nance of tumorigenicity is supported by substantial
evidence.

One potent, chemically synthesized, selective anti-
sense inhibitor of H-ras gene expression, ISIS 2503, has
been designed to bind specifically only the mRNA for
the H-ras protein, and has no effect on the other mem-
bers of the ras gene family. ISIS 2503 therefore has the
potential to achieve a much higher level of specificity
for its gene target than is possible with traditional
drugs. Prolonged and stable disease was observed in a
phase I clinical trial involving four patients, including
one with pancreatic cancer. However, 75–90% of
human pancreatic tumors carry a mutated K-ras gene,
whereas H-ras has not been reported to be activated in
this disease. Indeed, antisense K-ras has been shown to
inhibit pancreatic tumor dissemination in the murine
peritoneal cavity. Thus it would be advantageous to test
an antisense drug directed against K-ras in pancreatic
cancer therapy.

ISIS 5132 is a similar antisense drug that binds to 
an mRNA encoding another oncogenic protein, the
human c-raf kinase, another protein involved in signal
transduction. Raf kinases are downstream of Ras in the
signal transduction cascade and should affect tumors
with raf mutations as well as those with activated ras.
Antisense raf has been shown to have an antitumor 
effect in a lung carcinoma model in nude mice and 
has been used in a clinical trial for advanced solid 
cancers. A liposomal formulation of a nuclease-
sensitive, end-modified, antisense raf oligonucleotide
has been shown clinically to have some potential as a
tumor radiosensitizer. However, results presented at
the 2000 ASCO and AACR/NCI/EORTC meetings
have only described one case of stable disease in a 



Biomedica), a retroviral delivery vehicle carrying cy-
tochrome P450 (CYP2B6) combined with the prodrug
cyclophosphamide for patients with advanced pancre-
atic cancer.

Cell-based gene therapy

The chemotherapeutic agent ifosfamide is often used to
treat a number of different tumors. There is some 
evidence for a therapeutic effect in patients with 
pancreatic cancer, although this is controversial and 
the concentrations required are so high that they 
result in debilitating adverse effects that preclude its
routine use. Ifosfamide itself is not toxic until it is 
metabolized into the 4-hydroxyifosfamide form by
liver cytochrome P450 enzymes such as the 2B1 
isoform (CYP2B1). The 4-hydoxyifosfamide form
spontaneously decays to phosphoramide mustard and
acrolein, which alkylate DNA and protein respectively.
Cells such as tumor cells that are dividing are then 
eliminated, whereas nondividing cells are not harmed.
Since the half-life of these active compounds in plasma
is in the order of a few minutes, ifosfamide must 
be administered systemically at relatively high and 
thus poorly tolerated doses in order to achieve a 
therapeutic effect in pancreatic adenocarcinoma after
liver activation. Use of the ifosfamide-activating cy-
tochrome P450 enzymes has been made in two ways.
Initially, CYP2B1 was transfected into tumor cells prior
to establishing a tumor in nude mice. In this setting, 
an excellent killing of cells carrying the transgene 
plus a substantial bystander effect could be demon-
strated. Another approach used a cell line transfected
with CYP2B1 and further microencapsulated. This 
system also was very successful in killing pancreatic
cancer cells and tumors in the nude mouse. For the 
clinical setting, this concept of cell-based gene therapy
has been developed for intraarterial use in patients 
with advanced pancreatic cancer. A phase I/II study 
has been completed demonstrating stable disease in 
12 of 14 patients and a partial response in 2 of 14 
patients treated with the microencapsulated CYP2B1-
transfected cells (trademarked as CapCell) and low-
dose ifosfamide administered systemically. Further, the
patients did not experience any adverse effects from the
chemotherapy. Survival was almost doubled compared
with a control group (44 vs. 22 weeks). The treatment
also resulted in clinical benefit according to the estab-
lished criteria. A phase II study started but had to be

paused due to problems in upscaling the production of
CapCell.

Tumor suppressor replacement therapy

Targeting tumor-suppressor gene pathways is an at-
tractive therapeutic strategy in cancer. Since the first
clinical trial took place in 1996, at least 20 other trials
have investigated the possibility of restoring p53 func-
tion, either alone or in combination with chemothera-
py, but with limited success. Other recent clinical trials
have sought to harness abnormalities in the p53 path-
way to permit tumor-selective replication of adenoviral
vectors such as dl1520 (Onyx-015). Other tumor-
suppressor genes, such as Rb and PTEN, are potential
targets for future gene therapy.

After the promise of the first clinical trial of p53 gene
replacement in nonsmall-cell lung carcinoma, those
published in the past 2 years have been somewhat dis-
appointing. In patients with locally advanced bladder
cancer treated with intravesical adenoviral p53, only
two of seven (29%) tumors demonstrated p53 trans-
gene expression, with no detectable changes in the 
expression of either p21Waf1/Cip1 or Bax. In a phase I 
recurrent glioma trial, 12 patients received intratu-
moral adenoviral p53 at doses between 3 ¥ 1010 and
3 ¥ 1012 particles, followed by tumor resection, at
which time more adenoviral p53 was injected into the
tumor bed. Before treatment, only one of eight tumors
was p53 positive, whereas 10 of 12 showed nuclear p53
staining after injection and seven of eight showed posi-
tive staining for p21Waf1/Cip1. However, the zone of
transfected cells extended no more than 8 mm from the
injection site and the median overall survival for the
whole cohort was only 43 weeks.

In nonsmall-cell lung cancer, intratumoral injection
of 7.5 ¥ 1012 particles of adenoviral p53 every 21 or 28
days produced transgene expression in 17 of 25 (68%)
tumors. Patients also received chemotherapy (either
carboplatin/paclitaxel or cisplatin/vinorelbine), but the
frequency of overall tumor response was the same 
in adenoviral p53-injected lesions and noninjected
comparator lesions (52% vs. 48% respectively).

The extensive experience of p53 gene therapy 
in ovarian cancer culminated in a phase III trial in
which women with p53 null or p53 mutant tumors
were randomized to chemotherapy alone or chemo-
therapy plus intraperitoneal adenoviral p53 following
optimum debulking primary surgery. However, the first
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interim analysis indicated that not only did adenoviral
p53 fail to improve effectiveness but it was also associ-
ated with increased toxicity. As a result, the study 
has been abandoned. A recent preclinical study in a 
gastric xenograft model showed enhanced efficacy 
of a binary adenoviral vector system expressing the
proapoptotic gene Bax together with p53 in clearing 
intraperitoneal disease.

Rb is the tumor-suppressor gene target for trans-
forming viral proteins such as human papillomavirus
(HPV) E7 and adenovirus E1A. The pathway has many
components that are potential targets for therapy.
Rather surprisingly, there have been many fewer stud-
ies on replacement of Rb family members than p53.
Early reports suggested that the ability of Rb expres-
sion alone to inhibit tumor cell growth is variable 
and that Rb expression may, paradoxically, inhibit
p53-induced apoptosis. Rb phosphorylation mutants 
and truncated variants may have enhanced tumor-
suppressor function compared with the wild-type 
protein. One such derivative is Rb94, a splice variant
initiated from a second AUG codon in the Rb mRNA
and which lacks the N-terminal 112 amino acids of the
full-length protein. There is evidence that Rb94 has a
longer half-life than Rb itself and remains in the hy-
pophosphorylated form for extended periods. Two re-
cent reports suggest that adenovirus-mediated Rb94

gene transfer can induce apoptosis in models of head
and neck and bladder cancers, with minimal effects on
nonimmortalized normal cells. In addition to caspase-
mediated apoptosis, Rb94 appeared to induce cell-cycle
blockade at G2/M (rather than G1) and also rapid
telomere erosion with ensuing chromosomal instabili-
ty. Although it had previously been reported that full-
length Rb could inhibit telomerase, the cell-cycle
findings are novel and as yet unexplained.

Another Rb variant, Rb56, is also a C-terminal deriv-
ative. It contains the regions necessary for E2F binding
and may be capable of inhibiting E2F-mediated tran-
scription more efficiently than full-length Rb. Recent
work on Rb56 has demonstrated the ability of a fusion
protein, consisting of Rb56 and the DP-1 binding do-
mains of E2F, to induce cell-cycle arrest in vascular
smooth muscle cells and inhibit smooth muscle cell hy-
perplasia in response to intimal injury. Taken together,
these reports suggest that Rb mutants and splice vari-
ants may be more potent tumor suppressors than Rb.
Data on the potential of the other two members of the
Rb family, p107 and p130, in gene therapy are very 

limited, but retrovirus-mediated transfer of the p130
gene can suppress the growth of lung carcinoma cells in
vitro and in vivo.

Oncolytic viruses

Since adenoviruses destroy infected cells after replica-
tion by lysis and since the majority of pancreatic tumor
cells carry mutations in the p53 gene, this appears to
represent a good opportunity for a therapeutic ap-
proach toward tumor selective killing. After encourag-
ing results were obtained using nude mice xenografted
with human tumor cell lines derived from cervical, la-
ryngeal, or colorectal carcinomas, a number of human
clinical trials with the Onyx-015 virus were initiated.
These trials generally demonstrated that no serious ad-
verse effects were associated with the treatment. The re-
sults of two phase I trials for pancreatic cancer failed to
show evidence for replication or regression after direct
intratumoral injection (computed tomography or en-
doscopic ultrasound), even though initial results were
reported as encouraging. All the patients had tumor
progression and died.

Following on from dl1520, a second generation of
selectively replicating adenoviral vectors has now been
developed. The viruses nearest to clinical trial specifi-
cally target Rb function. The adenoviral E1A protein
contains two conserved regions, CR-1 (amino acids
30–60) and CR-2 (amino acids 120–127), the latter
critical for binding to and inactivating Rb and whose
deletion prevents formation of E1A–Rb complexes.
Two similar mutants have been described recently:
dl922/947 is deleted in amino acids 122–129, whereas
D24 is deleted in amino acids 121–128. Both have been
assessed in in vitro and in vivo models of cancer and
dl922/947 is capable of replicating with much greater
efficiency within a panel of tumor cell lines (including
pancreatic cancer) than dl1520, with minimal S-phase
induction in quiescent nonimmortalized cells. Most 
recently, D24 has been modified further to include an
RGD-4C peptide into the adenoviral fiber, which per-
mits infection of cells independently of the normal cox-
sackie adenovirus receptor that is frequently expressed
at very low levels on tumor cells. D24-RGD is capable
of lysing carcinoma cells in vitro, as well as extending
the survival of mice bearing tumor xenografts. Of note,
D24-RGD appeared to have a significantly greater cyto-
pathic effect than D24 and its replication on normal
human cells was at least three log scales lower than a
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wild-type adenovirus. Clinical trials of both D24-RGD
and dl922/947 are imminent.

Further adenoviral mutants also explore targeting of
the Rb pathway. Ar6pAE2fF and Onyx-411 both have
an E2F promoter in place of the adenoviral E1A pro-
moter. In addition, Onyx-411 has a second E2F pro-
moter to drive expression of the E4 region and is also
deleted in the E1A CR-2 region, like dl922/947. The 
rationale behind these modifications is that the E2F
promoter is selectively activated in the presence of a 
defective Rb pathway and E4 gene products, especially
E4 orf4/6, cooperate with E1A and E1B proteins to cre-
ate a cellular environment that permits efficient expres-
sion of viral genes and thus productive viral infection.
Both Ar6pAE2fF and Onyx-411 demonstrate tumor-
specific replication with minimal effect on normal cells,
including proliferating epithelial cells, and both were
more potent and tumor-selective than dl1520.

In order to enhance the efficacy of the treatment,
virus application has been combined with cisplatin and
5-FU in a phase II trial for head and neck cancer and re-
sulted in a synergistic effect. Such a combination thera-
py could also be used for pancreatic cancer. Although
the reasons for the observed synergistic effect are not
known, the mechanisms of tumor cell destruction are
independent and thus no cross-resistance is expected;
indeed cells resistant to chemotherapy are apparently
generally more responsive to virus infection.

Conclusions

Although the outlook for the pancreatic cancer patient
is still bleak, there are a few rays of sunshine on the hori-
zon, some of which may translate into efficacious ther-
apies. It is most probable that the ability to extend life
expectancy well past the 1-year mark will come from
the judicious combination of some of the new therapies
mentioned above with existing therapies. Indeed the
way forward for these interesting modalities appears,
in the first instance, to be their combination in new 
clinical trials with gemcitabine.
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Introduction

Cystic tumors of the pancreas are uncommon com-
pared with ductal adenocarcinoma. However, they are
of importance because nowadays most of the cystic 
lesions and neoplasms of the pancreas are curable, 
regardless of their pathology and biology.

Until the end of the 1970s the spectrum of cystic 
diseases of the pancreas was relatively narrow and con-
sisted mainly of serous and mucinous neoplasms. In the
1980s, the development and widespread use of new
imaging techniques led to the discovery and delineation
of new categories of cystic and pseudocystic tumors,
such as intraductal papillary mucinous neoplasms (also
known as mucinous tumors, mucinous ductal ectasia,
or intraductal papillary and mucin-hypersecreting tu-
mors) and solid and pseudopapillary neoplasms (also
known as solid and cystic tumors). In the past 10 years,
improvements in imaging techniques and their system-
atic application in patients suffering from unexplained
abdominal symptoms has led to a further increase in the
number of resected cystic lesions. This in turn advanced
our knowledge about these lesions. New entities (such
as macrocystic serous cystadenoma, serous oligocystic
and ill-demarcated tumor, solid variant of serous cyst-
adenoma, intraductal papillary oncocytic neoplasm,
mucinous nonneoplastic cyst, and acinar cell cystade-
noma) have been described and the pathogenesis, mor-
phology, and biology of the previously known entities
studied in more detail.

Except that they are rare, little is known about the in-
cidence of pancreatic lesions and neoplasms with a cys-
tic appearance and their relative frequency. This is due
to the fact that most series come from referral centers

and are therefore biased with regard to the proportion-
al distribution of the various tumor types to each other
and in comparison with solid tumors. This is also true
of our series of 418 cases (unpublished observations).
In this series, solid pseudopapillary neoplasms with
cystic changes (21.2%), intraductal papillary muci-
nous neoplasms (18.3%), serous cystic neoplasms
(11%), mucinous cystic neoplasms (7.6%), and ductal
adenocarcinomas with cystic changes (7.6%) were
most frequent. The remaining uncommon cystic tu-
mors included such lesions as lymphoepithelial cysts,
cystic endocrine tumors, and cystic nonepithelial neo-
plasms. Pseudocysts accounted for 16.1%. In a series
from the Memorial Sloan-Kettering Center in New
York, the most common cystic tumors were microcystic
serous cystadenomas (35.8%), intraductal papillary
mucinous neoplasms (30.6%), solid pseudopapillary
tumors (11.9%), mucinous cystic neoplasms (9.7%),
and cystic ductal adenocarcinomas (3.7%).

Classification of cystic lesions and
neoplasms of the pancreas

Throughout this chapter the term “cystic lesion” is
used to designate any nonneoplastic tumorous change,
whereas the term “cystic tumor” denotes any cystic
lump regardless of whether it is neoplastic. The oldest
classification systems for pancreatic cystic tumors are
those by Yamane and Wegelin, both published in 1921,
which distinguished congenital cysts, retention cysts,
pseudocysts, and cystadenomas. This classification
was adopted almost unchanged in the different Atlas of
Tumor Pathology fascicles on pancreatic tumors that
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appeared over the years. However, our understanding
of cystic pancreatic tumors has increased notably and
several new entities, mentioned in the introduction to
this chapter, have been described in recent years. The
classification we use in this chapter considers the
histopathologic features and biology of all cystic tu-
mors of the pancreas known so far. We distinguish four
groups: nonneoplastic epithelial tumors, nonneoplas-
tic nonepithelial tumors, neoplastic epithelial tumors,
and neoplastic nonepithelial tumors. The largest and
most important group, the neoplastic epithelial tu-
mors, also contains the most frequent cystic tumors,
such as intraductal papillary mucinous neoplasm
(IPMN), mucinous cystic neoplasm (MCN), serous
cystic neoplasm (SCN), solid pseudopapillary neo-
plasm (SPN), ductal adenocarcinoma with cystic 
features (DAC), and cystic endocrine tumors. We sub-
divide this group, according to the WHO classification,
into benign, borderline, and malignant tumors, a classi-
fication that reflects the biology of these tumors. Table
57.1 shows the detailed classification system.

Intraductal papillary mucinous neoplasm

Among the uncommon exocrine tumors of the pan-
creas, IPMNs have received increasing attention in re-
cent years because of their clinical picture, favorable
prognosis, unclear nature, and their obscure relation-
ship to DAC. Although the diagnosis of IPMNs has 
improved considerably during the past years because
the disease is better recognized, the nature of these 
neoplasms, their pathogenesis, and their relationship to
DAC have remained obscure. Recent studies, however,
seem to throw some light on these issues.

IPMNs are characterized by intraductal prolifera-
tion of mucin-producing cells, which are arranged in
papillary patterns. In many IPMNs hypersecretion of
mucin leads to cystic dilatation of the involved ducts
(Fig. 57.1). In a few IPMNs, focal or diffuse intraductal
papillary growth causes duct dilatation. The cytologic
atypia in IPMNs ranges from minimal to severe; conse-
quently they can be divided into adenomas, borderline
tumors, and intraductal carcinomas. In addition, in-
testinal, pancreatobiliary, and oncocytic differentia-
tion may be distinguished. Although these neoplasms
are usually slow-growing tumors, approximately 30%
may eventually become invasive and metastasize.
IPMNs are most frequently localized in the main duct
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Table 57.1 Classification of cystic neoplasms and
nonneoplastic lesions of the pancreas.

Neoplastic epithelial tumors
Benign
Intraductal papillary mucinous adenoma
Mucinous cystic adenoma
Serous microcystic adenoma
Serous oligocystic ill-demarcated adenoma
Solid serous adenoma
Von Hippel–Lindau associated cystic neoplasm
Acinar cell cystadenoma
Benign neuroendocrine tumor, cystic
Cystic teratoma (dermoid cyst) 
Accessory-splenic epidermoid cyst
Lymphoepithelial cyst

Borderline
Intraductal papillary mucinous neoplasm, borderline
Mucinous cystic neoplasm, borderline

Malignant
Intraductal papillary mucinous carcinoma, invasive or

noninvasive
Mucinous cystic carcinoma, invasive or noninvasive
Ductal adenocarcinoma, cystic
Serous cystadenocarcinoma
Acinar cell carcinoma, cystic
Pancreatoblastoma, cystic 
Solid pseudopapillary neoplasm
Low-grade malignant neuroendocrine tumor, cystic
Cystic metastatic epithelial neoplasm
Rare cystic epithelial neoplasms (e.g., paraganglioma)

Neoplastic nonepithelial tumors
Benign
Lymphangioma, cystic
Other rare nonepithelial neoplasms (e.g., schwannoma)

Malignant
Rare nonepithelial neoplasms (e.g., sarcomas)

Nonneoplastic epithelial tumors
Retention cyst
Mucinous nonneoplastic cyst
Enterogeneous cyst
Paraduodenal wall cyst
Endometrial cyst
Congenital cyst (e.g., intrapancreatic choledochal cyst)
Cystic hamartoma

Nonneoplastic nonepithelial tumors
Pseudocyst
Parasitic cyst



The cause and pathogenesis of IPMN are obscure,
but it is interesting to note that in IPMNs associated
with invasive carcinoma the invasive component shows
either a tubular or a mucinous pattern. The tubular in-
vasion pattern resembles DAC, while the mucinous
pattern shows the features of colloid (mucinous 
noncystic) carcinoma. Moreover, those IPMNs with a
tubular, DAC-like invasion pattern exhibit a pancre-
atobiliary cell type, whereas IPMNs with the mucon-
odular invasion pattern show a gastrointestinal cell
phenotype.

Recent studies in which the mucin production in
IPMNs was typed have shown that IPMNs with a 
gastrointestinal phenotype produce MUC2 but not
MUC1, whereas IPMNs that show a pancreatobiliary
phenotype lack MUC2 expression but may stain for
MUC1. In addition to these distinct types of IPMNs, a
third type that coexpresses MUC1 and MUC2 was dis-
tinguished. This type included the recently described
oncocytic subtype of IPMN. From these studies it ap-
pears that IPMNs form a heterogeneous group of neo-
plasms that can be divided into at least three types on
the basis of their mucin immunophenotype: a common
MUC2+ gastrointestinal type and two less frequent
forms, either MUC2–/MUC1+ pancreatobiliary or
MUC1+/MUC2+ oncocytic types. Although the com-
mon MUC2+ gastrointestinal IPMNs form one group
together with MUC2+ colloid (mucinous noncystic)
carcinoma and may be considered to be the precursor
of this carcinoma, MUC2–/MUC1+ pancreatobiliary
IPMNs appear to have a close relationship to DACs.
The third IPMN type, the oncocytic type, may repre-
sent a group of its own. The molecular mechanisms 
involved in the altered regulation of MUC genes in
IPMNs are not yet known, but they may be related to a
different cell lineage-associated tumorigenesis in these
neoplasms. It also appears that the various types of
IPMNs also differ in prognosis, since MUC2+ IPMNs
obviously fare better than the other IPMNs. Recently,
IPMNs were observed in two patients with Peutz–
Jeghers syndrome.

Mucinous cystic neoplasm

MCNs of the pancreas afflict women almost exclusive-
ly, involve predominantly the body–tail of the pan-
creas, do not communicate with the ductal system, and
may be unilocular or multilocular (Table 57.3). Since
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of the head region of the pancreas. Those IPMNs that
arise from secondary ducts seem to have an even better
prognosis than IPMNs of the main duct.

IPMNs were thought to be very rare, accounting for
1% or less of pancreatic exocrine tumors. However, in
recent years better recognition of this neoplasm has led
to an increase in its incidence. In our series of exocrine
pancreatic tumors, the incidence of IPMNs is approxi-
mately 3%, and among the cystic neoplasms IPMNs 
account for 18.3%. IPMNs occur slightly more fre-
quently in men than in women and the age range is
37–80 with a mean of 64 years (Table 57.2). Symptoms
of acute and/or chronic pancreatitis are most common,
but IPMNs may also be detected incidentally. Recently,
it was reported that a number of patients with 
IPMN showed an increased rate of extrapancreatic 
malignancies.

Figure 57.1 Intraductal papillary mucinous carcinoma in a
47-year-old man: Whipple resection specimen with polypoid
proliferations in the main pancreatic duct.

Table 57.2 Clinicopathologic features of intraductal
papillary mucinous neoplasms of the pancreas.

Ratio of men to women: 1.5 : 1
Age range: 35–85 (mean 64) years
Localization: 74% in the head region
Morphology: intraductal papillary growth and mucin

production
Prognosis: favorable in at least 70% of patients



Invasive MCNs show the pattern of either a DAC or 
an undifferentiated carcinoma with osteoclast-like
giant cells. The stroma may also contain sarcomatous
nodules.

MCNs comprise approximately 1% in our series 
of pancreatic exocrine tumors and among the cystic
neoplasms they account for approximately 7.6%. The
higher frequencies that have been reported in some pre-
vious studies are probably due to the fact that IPMNs
and MCNs were not clearly distinguished from each
other or were still interpreted as a single entity. The
clear differentiation of MCNs from IPMNs also re-
vealed that MCNs are extremely rare in men. The age at
diagnosis ranges from 23 to 78 years, though patients
with invasive carcinoma are often older than 50 years
(Table 57.3). More than 60% of the patients experience
abdominal discomfort or pain or present with a palpa-
ble tumor. In the remaining patients the tumor is an 
incidental finding. The cyst fluid is usually rich in 
carcinoembryonic antigen (CEA) and CA-19-9 and
contains columnar cells.

The prognosis of MCNs has been found to be excel-
lent if the tumors are completely resected, and this can
be achieved today in more than 90% of cases. Two re-
cent studies based on extensive tumor sampling have
shown that recurrence and tumor-related death were
features of deeply invasive MCNs only.

MCNs of the pancreas resemble the same tumor cat-
egory in the ovary. Like ovarian MCNs, the epithelial
cells of pancreatic MCNs show gastroenteropancreatic
differentiation and the stromal cells may express estro-
gen and progesterone receptors as well as inhibin,
which has been recommended as a marker of certain
ovarian neoplasms including MCN. Because of this
similarity between pancreatic and ovarian MCNs, the
“genital ridge hypothesis” has been advanced, which
infers that cellular stromal elements from the genital
ridge may associate with the dorsal pancreatic anlage,
or rarely the ventral anlage, and might thus later give
rise to an MCN.

The differential diagnosis of MCNs is with IPMNs
especially. IPMNs, in contrast to MCNs, communi-
cate with the duct system, are mainly localized in the
pancreatic head, and occur more often in men than in
women. Immunocytochemically, noninvasive MCNs
are negative for MUC1 or MUC2 (except for single
MUC2-positive goblet cells). Only in cases with 
an invasive component was MUC1 expression 
observed.
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the seminal paper by Compagno and Oertel in 1978,
there has been a debate about the prognosis and origin
of these neoplasms. Two recent studies seem to have
settled the first issue. On the second, a hypothesis has
been advanced.

More than 90% of MCNs occur in the body and tail
of the pancreas, where they form large round cystic tu-
mors (Fig. 57.2) showing a unilocular or multilocular
cut surface and diameters between 2.7 and 23 cm. Mul-
tilocularity, localization in the head region, and pres-
ence of papillary projections and stromal nodules all
correlate with an associated invasive component. The
cystic spaces are lined by mucin-producing epithelial
cells that are supported by an ovarian-like stroma
which may be focally hyalinized. MCNs composed of
cells exhibiting only minimal atypia are adenomas,
whereas those with moderate or even severe atypia 
are borderline tumors and carcinomas respectively. 

Table 57.3 Clinicopathologic features of mucinous cystic
neoplasms.

Ratio of women to men: 9 : 1
Age range: 23–78 (mean 47) years
Localization: > 90% in the body–tail region
Morphology: mucinous cyst without duct communication
Prognosis: excellent after complete resection

Figure 57.2 Mucinous cystic adenoma in a 42-year-old
woman: the multicystic tumor is well demarcated.
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Serous cystic neoplasms: serous
microcystic adenoma, serous oligocystic
and ill-demarcated adenoma, 
and von Hippel–Lindau associated 
cystic neoplasm

Serous microcystic adenoma (SMA), serous oligocystic
and ill-demarcated adenoma (SOIA), and von Hippel–
Lindau associated cystic neoplasm (VHL-CN) are com-
posed of the same cell type. This cell is characterized by
glycogen-rich cytoplasm and a ductal immunoprofile.
However, despite these cytologic similarities, the three
types of SCN differ in their localization in the pancreas,
gross appearance, gender distribution, and genetic al-
terations, suggesting that they represent different enti-
ties (Table 57.4). The role of the solid variant of serous
cystic adenoma and of serous cystadenocarcinoma in
the spectrum of SCNs is not yet clear, mainly owing to
the small number of cases that have been reported so
far.

In our series, SMAs equal MCNs in frequency (5.7%
vs. 7.6% of cases). If SOIAs and VHL-CNs are added,
the group of SCNs accounts for approximately 11% of
all pancreatic cystic lesions and neoplasms. Most com-
mon are SMAs, which make up 50% of all SCNs. They
present as single, well-circumscribed, slightly bossel-
ated round tumors, with diameters ranging from 2.5 to

16 cm. Their cut surface shows numerous small (hon-
eycomb-like) cysts arranged around a (para)central
stellate scar (Fig. 57.3), which may contain calcifica-
tions. About two-thirds of SMAs occur in the body–tail
region and almost all in women. They are usually found
incidentally. SOIAs, which account for 35% of SCNs,
are composed of few relatively large cysts (for which
reason they have also been described as macrocystic
serous adenoma), lack the stellate scar and round
shape, and occur predominantly in the head of the pan-
creas, where they may obstruct the common bile duct
and cause jaundice. They show no sex predilection. In
patients with VHL, the SCNs arise at multiple sites and
in advanced stages of the disease they may merge and
involve the entire pancreas. Because VHL-CNs affect
the pancreas diffusely, they differ markedly from the
gross features of both SMAs and SOIAs. Biologically, it
is also important to note that patients with VHL, like
those with SOIA but in contrast to those with SMA, are
not predominantly female. This suggests that SMAs
differ in their pathogenesis from VHL-CNs and SOIAs.
Recently reported molecular data support this assump-
tion. While VHL-CNs were found to be characterized
by both loss of heterozygosity (LOH) at chromosome
3p (which contains the VHL gene) and a germline mu-
tation of the VHL gene, only 40% of SMAs had LOH at
chromosome 3p and of these tumors only two (22%)
exhibited a somatic VHL gene mutation. Interestingly,
more than 50% of SMAs showed LOH at 10q. It ap-
pears therefore that alterations of the VHL gene are of
minor importance in SMAs, while gene changes at 10q
may play a major role. Whether the VHL gene is 
involved in the pathogenesis of SOIAs remains to be

Table 57.4 Clinicopathologic features of serous cystic
tumors of the pancreas.

Serous microcystic adenoma
Ratio of women to men: 9 : 1
Age range: 45–91 (mean 71) years
Localization: more than 75% in body–tail region, stellate scar
Prognosis: good

Serous oligocystic adenoma
Women and men alike
Age range: 38–85 (mean 63) years
Localization: head region (60%)
Prognosis: good

Von Hippel–Lindau associated cystic neoplasm
Women and men alike
Age range: 30–70 (mean 42) years
Localization: diffuse involvement
Prognosis: good Figure 57.3 Serous microcystic adenoma in a 69-year-old

woman: well-demarcated multicystic tumor with central scar.
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elucidated. The same also holds for the extremely 
rare serous cystadenocarcinoma.

The differential diagnosis of SMAs is primarily with
multiloculated MCNs, although their honeycomb 
appearance and stellate scar distinguish them quite
clearly. SOIAs are more difficult to differentiate from
other cystic lesions because of their variegated gross ap-
pearance. Recently we found that inhibin is expressed
in the epithelial cells of all types of SCNs, but not in the
epithelial lining of MCNs (unpublished observation).
In MCNs inhibin only occurs in stromal cells, making
inhibin a good marker for use in differentiating SCNs
from MCNs.

Solid pseudopapillary neoplasm

SPNs are round tumors whose diameters may range
from 2 to 17 cm. They are found in any region of the
pancreas or loosely attached to it. The cut surface typi-
cally shows friable tan-colored tumor tissue, the center
of which is undergoing hemorrhagic cystic degenera-
tion, thereby forming irregular bloody cavities (Fig.
57.4). Usually SPNs appear to be demarcated by a
pseudocapsule in which calcifications may occur. 
Histologically, there are three main features. First, 
solid areas merge with pseudopapillary, hemorrhagic,
and pseudocystic structures. Second, the tumor 
tissue shows a delicate microvasculature that forms
pseudorosettes or may be accompanied by hyalinized
or myxoid stroma. The third feature concerns the

tumor cell itself. It is unique because it does not resem-
ble any of the known cell types in the pancreas. It shows
eosinophilic or foamy cytoplasm (often containing
PAS-positive globules) and a hybrid immuno-
phenotype combining mesenchymal (vimentin, a1-
antitrypsin), endocrine (neuron-specific enolase,
synaptophysin, progesterone receptor), and epithelial
(cytokeratin) differentiation.

Once thought to be very rare, SPNs have distinctly
increased in frequency as they came to be better recog-
nized, and in our series they account for approximately
6% of all exocrine pancreatic tumors. If only cystic tu-
mors are considered, SPNs (with cystic changes) are the
most common type (21.2%). They occur predomin-
antly in young women (15–35 years of age), but may
occasionally be encountered in older women and also
in men (Table 57.5). Many SPNs are detected inciden-
tally. However, the patients may also present with 
sudden pain (because of bleeding into the tumor) or
symptoms related to compression of adjacent organs.

In 90% of the patients the prognosis of SPN is excel-
lent. In the remaining patients, metastases (peri-
toneum, liver) are present at the time of diagnosis or
occur later after removal of the primary. Even if metas-
tases have developed, many of them are amenable to re-
section, usually resulting in long-term survival of the
affected patients. There are still no prognostic factors
that could help in the distinction between SPNs with or
without malignant potential. It is therefore necessary to
treat all SPNs by complete surgical resection.

The pathogenesis of SPN is obscure. Because of its
complex and hybrid immunoprofile, the cellular 
phenotype is not consistent with any of the known 
pancreatic cell types. In view of their striking female
preponderance and the known close approximation of
the genital ridges to the pancreatic anlage during 
embryogenesis, it has been hypothesized that SPNs,
like MCNs, might derive from genital ridges/ovarian
anlage-related cells, which were attached to the 

Figure 57.4 Solid pseudopapillary neoplasm in a 42-year-old
woman: pseudocystic and partly hemorrhagic tumor in the
tail of the pancreas.

Table 57.5 Clinicopathologic features of solid
pseudopapillary neoplasms.

Ratio of women to men: 9:1
Age range: 11–73 (mean 30) years
Localization: no preference
Morphology: hemorrhagic pseudocyst in tumor
Prognosis: rarely malignant (5–10%)



pancreatic tissue during early embryogenesis. Recently
it was found that most SPNs show nuclear expression
of b-catenin, associated with mutations in exon 3 of the
b-catenin gene.

The differential diagnosis of cystic SPNs includes
pseudocysts and cystic forms of endocrine tumors of
the pancreas. Apart from the typical histologic features
of SPNs, the expression of such markers as vimentin
and neuron-specific enolase in the absence of chromo-
granin A and the very faint expression of cytokeratin
and synaptophysin distinguish this most enigmatic
neoplasm of the pancreas from all other tumors.

Ductal adenocarcinoma and variants
with cystic features

DACs and variants thereof showing cystic features are
relatively frequent. In our series of cystic tumors they
account for 7.6%. Three pathologic mechanisms may
explain the development of cystic changes in these pri-
marily solid neoplasms. Well-differentiated DACs may
show ectatic duct-like structures that acquire a micro-
cystic, grossly visible appearance. However, the cysts
are usually no larger than 0.5 cm. The second mecha-
nism by which DACs and their variants can become
cystic is central tumor necrosis. This may occur in large
tumors and especially in poorly differentiated or undif-
ferentiated sarcomatoid carcinomas. Finally, DACs
may obstruct not only the main pancreatic duct but also
single secondary ducts, thereby producing small non-
neoplastic retention cysts. While in the first and third
cases the cystic changes are so subtle that they are usu-
ally not revealed by imaging techniques, central tumor
necrosis may produce a radiographically visible cystic
cavity.

Uncommon cystic neoplasms and lesions

Among the uncommon cystic tumors of the pancreas
are a variety of neoplastic and nonneoplastic changes.
The neoplasms include such tumors as cystic acinar cell
carcinomas, cystic endocrine tumors, cystic metastases
(i.e., from renal cell carcinoma), dermoid cysts, and a
number of cystic nonepithelial tumors. The rare benign
cystic changes include lymphoepithelial cysts, paraam-
pullary duodenal wall cysts usually associated with
duodenal wall pancreatitis (also called groove pancre-
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atitis), ciliated foregut cysts, enteric duplication cysts,
dermoid cysts, multicystic hamartoma, congenital
cysts, endometrial cysts, parasitic cysts, and the 
recently briefly mentioned mucinous nonneoplastic
cyst and acinar cell cystadenoma. Although the prog-
nosis of cystic epithelial neoplasms depends on the 
malignant potential of the respective type of tumor, 
the prognosis of nonneoplastic cystic lesions is good.

Pseudocysts

The frequent pancreatitis-associated pseudocyst be-
longs to the nonneoplastic/nonepithelial group, indi-
cating that it takes a benign course. A pseudocyst
presents as a grossly visible and well-demarcated cystic
lesion, which contains necrotic–hemorrhagic material
and/or turbid fluid rich in pancreatic enzymes. The cys-
tic contents are enclosed by a wall of inflammatory and
fibrous tissue devoid of an epithelial cell lining. Pseudo-
cysts usually occur attached to the pancreas and are a
sequela of extensive confluent autodigestive tissue
necrosis caused by alcoholic, biliary, or traumatic acute
pancreatitis.

Pseudocysts are thought to be the most common type
of cystic lesion of the pancreas, with an estimated rela-
tive frequency of 75%. In our series, pseudocysts ac-
count for only 16.1% of the cases, most likely because
this is a series from a referral center, which accumulates
more tumors than pseudocyst cases. The correct preva-
lence figures may therefore be higher than 16.1% but
probably also lower than 75%, since the latter figure
was generated at a time when only large cystic lesions in
the pancreas were detected with certainty.

Pseudocysts develop as a consequence of an episode
of severe acute pancreatitis, usually in the setting of 
alcoholic pancreatitis. Most of the patients are men in
the age range 31–62 years (Table 57.6). If children and

Table 57.6 Clinicopathologic features of pancreatitis-
associated pseudocysts in the pancreas.

Ratio of men to women: 3 : 1
Age range: 31–62 years
Localization: extrapancreatic > intrapancreatic
Morphology: no epithelial lining, hemorrhagic debris
Pathogenesis: caused by severe episodes of acute pancreatitis
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adolescents are affected by pseudocysts, these are
caused by hereditary or traumatic pancreatitis.

The most common differential diagnosis of pseudo-
cyst is with IPMN, MCN, and SPN, because the gross
appearance of the latter may be similar to that of
pseudocysts. Histologically and cytologically, howev-
er, pseudocysts differ from the cystic neoplasms in that
they lack any epithelial lining but display hemorrhagic
debris and inflammatory cells. Moreover, pseudocysts
contain pancreatic enzymes, such as amylase and li-
pase, and lack elevated levels of CEA and CA-19-9.
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Introduction

The identification of cystic tumors of the pancreas has
become clearer only in the past few years. Since first
identified by Becourt in 1930, the major unsolved issue
has been a definitive preoperative diagnosis. This clini-
cal problem is obviously due to the fact that different
cystic neoplasms require different treatment. The ini-
tial differentiation of pancreatic cystic lesions is be-
tween cystic tumors and nonneoplastic cystic lesions:
this is based on the presence or absence of an epithelial
lining inside the cystic wall and permits the exclusion of
all simple cysts and pseudocysts. Once an epithelial lin-
ing is detected, its characteristics define different kinds
of tumors.

This chapter attempts to resolve the diagnostic prob-
lems and doubts that always affect clinicians and sur-
geons in the management of pancreatic cystic tumors.

Classification

Our understanding of pancreatic cystic tumors is based
on the WHO classification of tumors (Table 58.1).

Laboratory findings

There is no reliable serum tumor marker that can diag-
nose serous cystic tumor (SCT) and spare some patients
unnecessary operations. Nonetheless, positive carci-
noembryonic antigen (CEA) serum marker status
and/or the presence of more than two positive serum
markers (CEA, CA-19-9, CA-125) indicates the 

presence of a mucinous cystic tumor (MCT) and can
prevent delay in diagnosis. Positive CEA or presence 
of more than two markers suggests a definitely or 
potentially malignant tumor and can prevent delay in
diagnosis.

Serous cystic tumors

Women in their fifties seem to be the population more
affected by SCTs. Any portion of the pancreatic gland
can be affected by SCTs but they are more frequently
detected in the pancreatic head. At histology, SCTs take
the form of multiple cysts lined with cuboid flat epithe-
lium with clear cytoplasm rich in glycogen. Based on
morphologic aspects these tumors can be divided into
three types: microcystic, macrocystic or oligocystic
(< 3% of cases), and mixed (micro-macrocystic).

Serous cystic adenoma

Clinical findings
Serous cystic adenomas (SCAs) are mostly asympto-
matic and are often detected incidentally during radio-
logic investigations for symptoms that may not be
related to the pancreas (Fig. 58.1). When present, the
most common clinical complaint is some degree of 
abdominal discomfort or pain. Weight loss, palpable
mass, jaundice, and obstruction of the upper gastroin-
testinal tract are very rare and may correlate with ex-
tensive growth of the lesion. Once detected, accurate
characterization of a pancreatic mass as an SCA is of
primary importance since this tumor, unlike the other
cystic tumors of the pancreas, is benign and therefore a
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tions of SCA. The diagnosis is easily made when ultra-
sound shows a mass with multilobulated borders, no
posterior acoustic enhancement, and an internal “hon-
eycomb” architecture due to the presence of multiple
septae that delimit small (< 2 cm diameter) cystic
spaces. In 10–30% of cases, there can be calcifications
within the septae and, even less frequently, a central cal-
cified scar. The microcystic appearance is also seen in
SCA associated with von Hippel–Lindau syndrome, 
although in these cases the tumor is multicentric or 
diffusely involves the whole gland. There are two 
circumstances where ultrasound may fail to recognize a
microcystic SCA: in the presence of a sponge-like mass
where the multiplicity of small cysts and thick fibrous
stroma produce the false impression that the tumor is
solid; and in the case of a mixed tumor when the macro-
cystic component conceals the microcystic with the
misdiagnosis of a macrocystic mass. The macrocystic
type is easily detectable even when the size is small. The
aspect is of a sharply marginated, hypoechoic mass;
there might be sparse, thin, central septae and in this
case the differential diagnosis from the other cystic
mass is very difficult. In the mixed SCA, together with
the microcysts, larger (> 2 cm) cystic spaces can be
found at the periphery of the lesions resulting in a
mixed pattern. The macrocyst can grow up to 8–10 cm,
making it difficult to recognize the true nature of the
tumor. The false-negative rate is low and is due to
tumor location (tail) or patient characteristics (obesity,
meteorism).

The appearance of SCA on computed tomography
(CT) depends on two factors: macroscopic features and
timing of data acquisition. Microcystic tumors appear
as an unenhanced mass affecting or deforming the pro-
file of the gland. The density is homogeneous or slightly
superior to that of water, isodense in respect to the
parenchyma. When calcifications are present the loca-
tion is always quite central, punctate, or globular, as
opposed to the lamellar calcifications seen in MCTs.
Usually a central fibrous scar is visible in the larger
masses since it forms later. Maximal visualization of
septae, as well as the honeycomb appearance, occurs in
the pancreatic parenchymal phase. The presence of
central calcification in conjunction with scars or septae
definitively characterizes a cystic mass as an SCA. In the
mixed forms peripheral macrocysts are even more 
easily recognizable than by ultrasound, thus making
the diagnosis easier. In the delayed phase of contrast 
injection, recognition of septae is very difficult because
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conservative approach should be the treatment of
choice whenever possible. Despite the fact that 
symptoms are not helpful for diagnosis, overall they
can guide the identification of a benign or malignant
neoplasm. Suspicion of SCA should also arise in the
presence of Von Hippel–Lindau syndrome, a genetic
condition associated in 15% of cases with SCA.

Radiology
Ultrasound is usually the first step in diagnosis, and as a
result of its widespread use in clinical practice it has sig-
nificantly increased the number of incidental observa-

Table 58.1 Histologic classification of pancreatic cystic
tumors.

Serous cystic tumors
Serous cystadenoma
Serous cystadenocarcinoma

Mucinous cystic tumors
Mucinous cystadenoma
Mucinous cystadenoma with moderate dysplasia
Mucinous cystadenocarcinoma

Not infiltrating
Infiltrating

Intraductal papillary mucinous adenoma
Intraductal papillary mucinous tumors with moderate
dysplasia
Intraductal papillary mucinous carcinoma

Not infiltrating
Infiltrating

Figure 58.1 Macroscopic view of a serous cystic adenoma
(microcystic pattern).



of their resemblance to intracystic liquid. Macrocystic
patterns are indistinguishable from other macrocystic
masses of the pancreas (e.g., MCTs). 

Magnetic resonance imaging (MRI) is assuming an
important role in the work-up of these tumors due to
the accurate information it provides about the struc-
ture of the lesion, in particular the presence of septae. In
the microcystic pattern, MRI is able to demonstrate
even a small amount of fluid within the dense septae of
a “sponge-like” mass but has the disadvantage that it is
insensitive to calcifications. In macro-microcystic cases
the two components are easily recognizable. The tech-
nique of magnetic resonance cholangiopancreatogra-
phy (MRCP) provides even better evaluation of the
spatial relationship between the mass and the biliary or
pancreatic duct and thus can be used to discriminate the
diagnosis with intraductal papillary mucinous neo-
plasm (IPMN), particularly when the tumor is located
on the head or in the uncinate process of the gland.
MRCP should be carried out routinely in the staging 
of these tumors since it helps to distinguish micro-
cystic SCA from intraductal tumor of the peripheral
branches, which has a septate appearance. The absence
of communication with the Wirsung duct confirms the
diagnosis of SCA. MRI investigation of oligocystic
forms is nonspecific and does not lead to a definitive dif-
ferential diagnosis from mucinous forms.

Serous cystic adenocarcinoma

Serous cystic adenocarcinoma is a malignant form of
SCT, all cases being described as microcystic forms. We
concur that SCT should be basically considered a 
benign lesion and, if no complications or diagnostic
doubts occur, conservative treatment and follow-up is
the chosen policy.

Differential diagnosis
The finding of a mass with the described features in the
pancreatic head of a female patient with no dilation of
the duct, a normal parenchyma, and calcification leads
to a definitive diagnosis of SCT. The diagnosis can be
considered definite when the lesion shows a mixed as-
pect with macrocysts in the periphery of a microcystic
nucleus. Despite the microcystic aspect, the diagnosis is
less certain when the cystic mass is located in the unci-
nate process of a male patient and associated with main
duct dilation: in this event, in order to make the dif-

ferential diagnosis with IPMN of branch ducts, it is
mandatory to demonstrate the relationship between
the mass and the duct of Wirsung. MRCP is useful for
this purpose, but in those cases where the lesion is very
close to the main duct endoscopic retrograde cholan-
giopancreatography (ERCP) is necessary. For different
reasons, as we previously stressed, a mass can appear as
a solid lesion therefore leading to misdiagnosis with
other bright enhanced solid lesions, such as nonfunc-
tioning neuroendocrine tumors. In these cases MRI will
be able to detect the microcystic aspect. 

Since accurate radiologic characterization of 
macrocystic SCT is not possible using ultrasound, CT,
or MRI, endoscopic ultrasound seems to be the only
technique able to supply further information.

Mucinous cystic tumors

Epidemiology
MCTs occur exclusively in women. These neoplasms
are preferentially located in the body and tail and are
characterized by unilocular/multilocular cysts that do
not communicate with the ductal system. The tumor is
encapsulated and lined by columnar mucin-producing
cells overlying an ovarian-type stroma, thus explaining
the exclusive incidence in a female population. The 
patient age range is huge, with an average that seems to
depend on the degree of malignancy of the neoplasm:
patients with malignant MCT appear to be older, sug-
gesting a time-related degeneration from benign le-
sions. Early diagnosis of malignant transformation of
MCT is essential since the prognosis, once the malig-
nant form occurs, is the same as for ductal adenocarci-
noma, whereas in the in situ forms surgery could be
curative.

MCT is, at best, a premalignant lesion and it is there-
fore important to distinguish it from other cystic lesions
of the pancreas. Pathologically, all the different degrees
of malignant transformation can be detected at the
same time in the same lesion. This has a great relevance,
suggesting an adenoma–carcinoma sequence.

Clinical findings
Once again symptoms are few, nonspecific, and do 
not help in the diagnostic process. Abdominal dis-
comfort or pain is the most frequent in both benign 
and malignant lesions and, even if present, it is unusual
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for patients to complain about pancreatic-specific 
pain (radiation to the flanks); even early symptoms
might not be of concern. However, nonspecific 
symptoms can also suggest malignant forms: weight
loss, anorexia, and obstructive jaundice are common in
malignancies.

Radiology
Radiologic investigations describe two patterns of
MCT: macrocystic multilocular and macrocystic
unilocular. The macrocystic multilocular pattern is 
not pathognomonic but is frequently located in the
body–tail of the gland, appearing on ultrasound images
as a sharply defined mass surrounded by a variably
thickened wall. Thin septae delimit cystic spaces and
calcifications are a common finding. On CT, the pre-
contrast phase can easily detect calcifications. The den-
sity of the content depends on the amount of mucin or
fluid–fluid level from underlying bleeding. This pattern
is clearly demonstrated by contrast medium: walls and
septae display lower enhancement compared with the
surrounding pancreatic parenchyma because of the fi-
brous composition and minimal vascularization. The
outer wall and septa have similar thickness. The macro-
cystic unilocular pattern is less specific and simulates
any kind of pancreatic cystic mass on both ultrasound
and CT. As a consequence, differentiation cannot be
made easily in cases with unique cysts having a thin
wall, no calcifications, and no parietal nodules.

From the radiologic point of view, thickened wall,
presence of papillary proliferations arising from the
wall or septae, evidence of peripheral calcifications, as
well as invasion of surrounding vascular structure are
considered the best signs of malignancy (Fig. 58.2). The
diagnosis will be clearer if extracapsular extension of
the lesion is detected on contrast-enhanced CT. When

thick walls, thick septae, and calcifications are simulta-
neously present, the probability of malignancy is 95%.
When fewer than three signs are present, the probabil-
ity of malignancy declines, being zero when there are no
calcifications, no septae, and the wall is thin. Because
calcifications cannot be detected by MRI, CT is the pri-
mary imaging modality for these patients (Figs 58.3 &
58.4).

The predominant fluid content of these masses ren-
ders MCT brighter on T2-weighted MRI. The pres-
ence, features, and distribution of internal septae are
better seen with these techniques. T2-weighted images
are optimal for the study of the Wirsung duct. When the
mass clearly appears to be isolated from it, thereby 

Figure 58.2 Mucinous cystic tumor of
the pancreatic tail with radiologic
features suggesting malignancy: thick
wall, papillary growth on the posterior
wall, and collateral vessels from
vascular compression/infiltration
(computed tomography and magnetic
resonance respectively).

Figure 58.3 Computed tomography of a mucinous cystic
tumor of the pancreatic tail showing intratumoral septae.
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excluding the possibility of an intraductal tumor, no
further examination with MRCP is required.

Differential diagnosis
The macrocystic multilocular pattern is considered 
typical but not pathognomonic. Oligocystic SCT, solid
pseudopapillary tumors (cystic variant), and cystic 
endrocrine tumors have identical appearance. In 
these cases, clinical history and laboratory data are 
essential for diagnosis. Oligocystic SCT is almost never
preoperatively differentiated from benign MCT. 

In neuroendocrine and pseudopapillary tumors, the
cystic component is due to previous necrosis and intra-
tumoral bleeding. In the former the clinical syndrome
might help in diagnosis; in the latter MRI will enhance
the different appearance of fluid content.

Pseudocysts make the diagnosis difficult, mainly
with the macrocystic unilocular pattern. MCT should
be suspected if there is no history of severe acute pan-
creatitis that might explain the presence of a cystic le-
sion as a pseudocyst.

Intraductal papillary mucinous tumors

IPMNs of the pancreas are a relatively new entity
among mucinous cystic tumors. Described for the 
first time in 1982 as neoplasms with mucin hyper-
production, dilatation of the duct of Wirsung, and 

protruding papilla (the Ohashi triad), there has been a
true epidemiologic “explosion” in recent years. The
disease originates in the epithelium of the pancreatic
ducts, all the biological stages (i.e., from slight dyspla-
sia to carcinoma) being simultaneously present within
the same lesion. Currently, most agree that evolution
toward the carcinoma stage is slow but probably 
inexorable.

Initially, the main clinical problem was to recognize
IPMN and to differentiate it from chronic pancreatitis.
The majority of undiagnosed IPMNs are, in fact,
wrongly interpreted as chronic pancreatitis. Increased
awareness of these tumors has decreased the number of
incorrect diagnoses. Nowadays, preoperative recogni-
tion of the histologic grading of these tumors is 
desirable. The need for this is related to a series of 
considerations concerning patients and disease: the
only option for treatment is partial or total surgical re-
section although this option applies to patients who are
generally elderly (65–70 years old) with comorbidity.
However, patients with malignant tumor benefit from
surgery and resection, whereas patients harboring a be-
nign tumor should be strictly followed up.

Diagnosis and the evaluation of clinical/radiologic
data for preoperative staging are the main goals in the
assessment of IPMNs.

Epidemiology
Men and women, equally distributed, in their sixties
and seventies represent the population affected by this
tumor, a feature useful for distinguishing IPMN from
chronic pancreatitis (marked male predominance and
average age of 42). In our experience alcohol and 
tobacco intake are also important.

Clinical findings
Unlike the other cystic tumors, recurrent pain is com-
mon and described as pancreatitis-like. The painful
symptomatology is generally continuous, related to
meals, and localized in the upper area of the abdomen,
radiating to the back. However, in our experience an
episode of acute pancreatitis severe enough to poten-
tially develop a pseudocyst has occurred in less than
2% of all IPMNs observed. Another frequent symptom
is weight loss, which is found in 42% of our patients.
Weight loss might be caused by two different phys-
iopathologic mechanisms related to the stage of the dis-
ease. In the early phases, hyperproduction of mucin
obstructs normal pancreatic secretion, causing the pain

Figure 58.4 Computed tomography of a mucinous cystic
tumor of the body–tail of the pancreas showing thin septae.



related to meals. Thus patients stop eating in order to
avoid pain, as happens in those with chronic pancreati-
tis. In more advanced stages, the weight loss is more
likely due to the production of neoplastic factors re-
sponsible for cachexia. Asthenia was more frequent in
those patients with advanced disease (P < 0.05). The
sudden onset of diabetes almost always leads to the sus-
picion of ductal adenocarcinoma; 11% of patients suf-
fering from IPMN have diabetes. In our experience, the
recent onset of diabetes or its worsening within a year
more frequently occurred in patients with advanced 
tumors (P < 0.005). The symptom, when present, 
therefore has a double significance: suspicion of the
neoplasm and tumor malignancy. Jaundice, like dia-
betes, plays an important role, being a typical symptom
of pancreatic head disease. Jaundice is a sign of the
tumor in its advanced stages. In conclusion, incidental
diagnosis of IPMN occurs only in 30–35% of cases,
while the majority are symptomatic.

Radiology
The widespread use of ultrasound and CT and the
greater familiarity with the typical findings are the 
most important reasons why these lesions are more fre-
quently recognized. The imaging findings depend on
whether the tumor is located in the main duct or in the
collateral duct or both (Figs 58.5–58.7).

Ultrasound detection of a dilated main duct in the ab-
sence of an obstructing mass or a history that explains a
postinflammatory stenosis should arouse suspicion of
segmental IPMN. In the diffuse form, the whole duct is
dilated to different degrees and, unlike the segmental
forms, it is common to find ectasia of the duct, typically
in the head. In this case it is not always easy to establish
whether the whole duct is affected or if the cephalic
tract neoplasm is associated with dilation of the up-
stream duct because of the obstruction. Parenchymal
atrophy is usually proportional to ductal dilation. It is
not always possible to distinguish whether echogenic
spots within the ducts are due to mucin plugs or papil-
lary proliferation. IPMN of collateral ducts is easier to
identify because of its location mainly in the head or un-
cinate process. The lesion, with honeycomb microcys-
tic or unilocular/multilocular macrocystic architecture,
never appears as a solid mass. Ultrasound fails to 
identify the communication of cystic lesions with the
pancreatic ducts.

CT has significantly improved the recognition of
IPMN. With noncontrast images it is possible to identi-
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fy the ectasia and, by distending the duodenal lumen
with water, to recognize the protruding papilla. Calcifi-
cations can be due to associated chronic pancreatitis or,
when centrally located in the duct, to deposits of 
calcium within the mucin. When the lesion originates in
collateral branches, it is recognizable whenever it 

Figure 58.5 Computed tomography of a diffuse intraductal
papillary mucinous tumor of the main duct.

Figure 58.6 Diffuse intraductal papillary mucinous tumor of
the main duct with massive dilation of the duct of Wirsung
Colangio–Wirsung magnetic resonance image.



ly this information was achievable only with ERCP.
Nowadays, the thin sections obtained by both CT and
MRI allow the communication to be recognized. In
particular, MRCP with intravenous injection of se-
cretin is very sensitive. The thick mucin can obstruct the
small collateral ducts, and therefore the contrast me-
dium cannot spread into the most peripheral branches
to allow visualization of the cystic dilation.

In the forms involving both the main duct and collat-
eral branches, the true site of origin cannot be dis-
cerned. Ultrasound can distinguish the main duct from
secondary branches but more often there may be one
large mass that occupies the whole pancreatic head. 
Dilation of the bile duct is the result of this mass effect.
CT documents the multiple ductal ectasia associated
with dilation of the main duct. Mucin deposit is always
seen in the advanced forms. Despite their large size,
multiple lesions sometimes have thin walls that pro-
trude toward the peritoneal cavity, with the appearance
of ascites.

Differential diagnosis
Demographic data (sex, age) and lifestyle may con-
tribute to the differential diagnosis between IPMN and
chronic pancreatitis, whereas once the diagnosis is
made the presence of jaundice and diabetes are sugges-
tive of malignancy. Although IPMNs of the main duct
can simulate chronic pancreatitis, tumors involving the
secondary ducts (“side branch” IPMNs) must be differ-
entiated from other cystic tumors.

The differential diagnosis between branch side
IPMNs and SCA is difficult and particularly important
since the latter is almost always benign. SCA is more
common in females (female to male ratio 6.7 : 1), with
an average age of 51.8 years, 10 years younger than for
IPMN. The tumor is mainly located in the head of the
pancreas. In our experience, about 45% of SCAs were
located within the head and the pancreatic neck, 27%
in the body, and 28% in the tail. The demographic char-
acteristics, case history, and lifestyle do not lead to dif-
ferentiation between the two types of tumor. The
presence of symptoms, mainly jaundice, diabetes and
“pancreatitis-like” pain, may indicate IPMN since al-
most all SCAs (75%) are discovered incidentally.

The differences in clinical presentation between
IPMN and MCT are less important, because the poten-
tial malignancy of all these forms always indicates sur-
gical treatment. MCT occurs almost exclusively in
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produces a localized mass. On contrast-enhanced im-
ages the central lesion is better outlined against the con-
trast-enhanced parenchyma. In the lumen of the duct it
is possible to recognize mucin or papillary prolifera-
tions because of their higher density. Malignant degen-
eration must be considered whenever significant ductal
dilation with normal or increased parenchymal thick-
ness is present. This suspicion is also supported by the
presence of papillary proliferations. Even in advanced
stages of malignancy, the cystic component is always
recognizable, allowing differentiation from ductal ade-
nocarcinoma. Coexisting cystic ectasia of the collateral
ducts and a protruding papilla make the diagnosis of
diffuse forms easier. In segmental forms, CT is nonspe-
cific. If the pattern is of a cystic mass, most commonly in
the tail, a communication with the pancreatic duct
should confirm the diagnosis.

Frequently, but not always, IPMN of collateral ducts
has a unifocal character. When multiple lesions are pre-
sent, they can involve the whole gland. Assessment of
wall and septal thickness is a useful indicator of malig-
nancy, but it should be stressed that a thin wall does not
rule out a malignant form.

Demonstration of a communication with the main
duct is mandatory for a precise diagnosis. Until recent-

Figure 58.7 Magnetic resonance image of a peripheral-
branch intraductal papillary mucinous tumor of the uncinate
process.
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women of around 45 years of age. The average age is
higher when the neoplasm exhibits malignant behavior.
The topography of the neoplasm can be useful for 
differential diagnosis, since IPMN is usually located 
in the uncinate process whereas 93% of MCTs involve
the body–tail. Moreover, it is necessary to point 
out that IPMN is almost always symptomatic, mimick-
ing chronic pancreatitis, whereas MCT is almost 
always asymptomatic. At imaging, the radiologist
should be aware of all appropriate history and clinical 
information.
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Introduction

Pancreatic cysts may be classified as benign lesions or as
malignant lesions or lesions with malignant potential.
It is important to accurately differentiate those cysts
that have a potential for degeneration from those that
do not, as treatment decision and patient prognosis de-
pends on the nature of the lesion. Differential diagnosis
is usually based on a combination of clinical symptoms,
laboratory data, and imaging studies such as transab-
dominal ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI), sometimes com-
plemented with biopsy sampling and cyst aspiration for
fluid analysis. However, in certain cases, the limited res-
olution of these imaging tests may preclude adequate
imaging of small pancreatic cystic lesions or prevent
differentiation of a macrocystic mucinous tumor from
a benign inflammatory pseudocyst. The image resolu-
tion provided by current endoscopic ultrasound (EUS)
processors, which is higher than that of conventional
imaging techniques, has permitted the targeting of tiny
cystic lesions of the pancreas that are often too small to
be identified by these complementary imaging tech-
niques or too well encased by surrounding vascular
structures to allow percutaneous biopsy methods. For
these reasons, EUS and EUS-guided fine-needle aspira-
tion (FNA) have acquired in recent years a prominent
role in the evaluation of patients with known or sus-
pected pancreatic cystic lesions.

Equipment

Current echoendoscopes consist of a conventional 

endoscope provided with an oblique forward viewing
fiber or video optic system, and a high-frequency ultra-
sound transducer located at the tip of the scope. High-
resolution images of the gut wall and surrounding
organs, including the pancreas, may be obtained with
the echoendoscope.

Two different types of dedicated instrument are cur-
rently employed for EUS examinations. The most com-
monly used is the radial echoendoscope (mechanical
Olympus GIF-UM 160: 5–20 MHz, 360∞ image; elec-
tronic Pentax EG-3630UR: 5–10 MHz, 270∞ image),
which provides a transverse image perpendicular to the
longitudinal axis of the endoscope. The ultrasound
transducer operates at different frequencies and can be
switched remotely from one frequency to another 
during the examination, modifying the depth of 
penetration and the degree of definition (e.g., higher 
ultrasound frequencies provide higher image reso-
lution but lower penetration than the lower frequen-
cies). The curved linear electronic array echoendoscope 
(Pentax EG-3630U, EG-3830UT, FG-34/36/38X:
5–10 MHz; Olympus GF-UC30P, GF-UCT160-OL5:
7.5 MHz) provides a sagittal scan parallel to the longi-
tudinal axis of the endoscope, allowing one to biopsy
lesions under real-time EUS guidance. Doppler and
color Doppler are also available and may be employed
to identify vascular structures. At present, different
types of needles are available for EUS FNA. The most
commonly used in clinical practice are made by Wilson-
Cook (Echotip EUSN-1, Echotip EUSN-19T, Quick-
Core EUSN1-19QC: 19–22 gauge), GIP-Mediglobe
(Sonotip: 19–22 gauge), and Olympus (NA-10J-1: 19
gauge).

59 The role of endoscopic
ultrasonography in the diagnosis
and management of cystic tumors 
of the pancreas
Enrique Vazquez-Sequeiros and Julio Iglesias-García



Technique

The EUS examination typically commences with use 
of the radial echoendoscope to identify the lesion 
and characterize its location, morphology (presence of
septa, solid component, debris), and size and to estab-
lish a diagnosis of suspicion. When clinically indicated,
the cystic lesion of the pancreas is sampled and aspir-
ated fluid sent for analysis. EUS-guided cyst aspiration
is performed by gradually advancing the needle to the
center of the cyst. Traversal of the muscularis propria
and the cyst wall may sometimes be difficult and occa-
sionally a swift jabbing motion is necessary to accom-
plish this. When the needle has entered the lesion, 
the needle stylet is removed and negative pressure is 
applied to aspirate the cyst fluid. Occasionally, the 
aspirated fluid can be quite viscous (mucinous tumors
and chronic pseudocysts) and it may take some time to
completely drain the material.

Although infrequent, infection of the cyst, hemor-
rhage, or pancreatitis related to EUS FNA may occur.
To minimize the risk of infection, most experts recom-
mend making a single needle pass into the cyst in order
to drain the cyst dry and to administer prophylactic 
antibiotics for a few days. To avoid accidental vessel
puncture and bleeding, the use of Doppler is advised; 
to prevent pancreatitis, care should be taken to avoid
traversing normal pancreatic parenchyma during cyst
aspiration.

Pancreatic cystic lesions

The evaluation of cystic lesions of the pancreas is com-
plicated due to the wide spectrum of pathologies that
may present in this way and to the difficulty of differen-
tiating lesions that are malignant or have a malignant
potential (mucinous-type tumors) from those that have
no malignant potential (e.g., serous cystadenomas,
pseudocysts) (Table 59.1). As previously mentioned,
the treatment decision differs depending on the histol-
ogy of the tumor. Mucinous cystadenomas should be
resected by surgery, as some reports have suggested that
approximately 20% of surgical specimens have malig-
nant degeneration. The prognosis in patients with 
mucinous cystadenomas is impaired, with a 5-year sur-
vival rate of 30–64% according to literature reports. In
contrast, serous cystadenomas have a much better
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prognosis and rarely degenerate. For this reason 
surgical resection is only recommended if symptoms
due to obstruction of the duodenum are present. 
Inflammatory pseudocysts arise in patients with a
background of acute or chronic pancreatitis, and in
most cases resolve with conservative measures. How-
ever, those pseudocysts that cause abdominal pain or
duodenal obstruction or present signs of infection
should be drained by radiologic, endoscopic, or surgi-
cal means.

Although ultrasound, CT, and MRI may identify cys-
tic lesions of the pancreas, in many cases it is not possi-
ble to determine the nature of the lesion using these
imaging techniques. In these cases, the higher resolu-
tion of current EUS scopes (as low as 0.07 mm) may
help obtain the correct diagnosis. The precise images
provided by EUS allow the identification of certain
morphologic features that are of great assistance in the
differential diagnosis of these lesions, e.g., septation,
thickness and presence of irregularities in the septum,
intramural internal projections, debris in the cyst fluid,
communication with the main pancreatic duct, size of
the cyst (microcystic vs. macrocystic lesions), presence
of a central scar (microcystic adenoma). The accuracy
of EUS in the diagnosis of these patients appears to 
be high, with most studies reporting more than 80% 
accuracy. EUS can also help differentiation if the cystic
lesion identified by other imaging tests (i) arises in 
an extrapancreatic location (mesentery, kidney), (ii)
represents a dilated pancreatic or bile duct imaged in

Table 59.1 Benign and malignant pancreatic cystic lesions.

Benign/no malignant potential
Inflammatory (pseudocyst)
Serous cystadenoma (microcystic)
Lymphangioma
Hemangioma
Cystic teratoma
Paraganglioma

Malignant/malignant potential
Mucinous cystadenoma
Mucinous cystadenocarcinoma
Intraductal papillary mucinous tumor
Cystic islet-cell tumor



cross-section, or (iii) denotes a fluid-filled diverticulum
in the duodenum mimicking a cystic lesion of the pan-
creas.

The following sections present the results of EUS 
and EUS FNA of the most common pancreatic cystic 
lesions.

Serous-type tumor (serous cystadenoma)

The endosonographic appearance of this type of lesion
is characterized by the presence of a cluster of small
cysts (< 1 cm) separated by a thin wall that adopt a hon-
eycomb pattern distribution (microcystic lesion) (Fig.
59.1a). Occasionally, a characteristic central scar or
calcification may be present in the center of the lesion.
Typically, microcystic adenomas do not invade the pan-
creatic duct. The fluid aspirated from the cyst should
not be viscous and may exhibit glycogen-staining cells,
which are diagnostic of serous cystadenoma. Cytologic
analysis of the aspirated fluid has shown to be of little
help in diagnosing this pathology (accuracy < 50%).

Mucinous-type tumors

Mucinous cystadenoma and cystadenocarcinoma
Contrary to serous-type lesions, mucinous cystadeno-
mas typically adopt a macrocystic pattern (cysts > 1 cm
in diameter) (Fig. 59.1b). More commonly, these 
types of lesions are unilocular, but sometimes thin 
septations may be observed inside the cyst. The pres-
ence of a solid component in the cystic lesion or a focal
thickening in the cyst wall should raise concerns re-
garding malignant degeneration. Infiltration of the
pancreatic duct may be observed in patients with 
mucinous cystadenocarcinoma.

The aspirate from these cysts is typically a dense mu-
coid fluid, and may sometimes require large needles to
be aspirated. Needling of the cyst wall and/or any solid
component of the lesion is advised in order to improve
the yield of cytology. Cytologic analysis of the aspirated
fluid may show columnar epithelial cells and mucin in
approximately 48% of cases. This finding is diagnostic
of mucinous cystadenoma. Malignant epithelial cells
may be seen in the aspirate when malignant degenera-
tion (cystadenocarcinoma) is present.

Intraductal papillary mucinous tumor
Intraductal papillary mucinous tumor (IPMT) is a rela-
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tively rare tumor that originates in the pancreatic duct,
producing a diffusely dilated duct with mucus inside,
papillary projections, and sometimes a solid mass 
component. Intraductal ultrasound has been recently
shown to be a useful tool for diagnosing this type of le-
sion and determining its extension. On certain occa-
sions, IPMT may present as a cystic lesion (macrocystic
or microcystic) in the pancreas. When IPMT is sus-
pected, both the pancreatic duct and the cyst should 
be aspirated and the fluid obtained sent for cytology.
Cytologic findings are similar to those observed in 
mucinous cystadenomas.

Inflammatory pseudocyst

These lesions may be unilocular or multilocular.
Chronic pseudocysts typically show complex septa-
tions, a thick wall adherent to the gastric or duodenal
wall, and solid material inside the cyst (debris and
necrotic tissue) (Fig. 59.1c). Aspirated fluid tends to be
dark and shows inflammatory cells under the micro-
scope. Amylase levels in cyst fluid tend to be elevated in
this type of patient, while tumor markers are within the
range of normal values.

Pancreatic fluid analysis

As previously mentioned, EUS FNA allows aspiration
of fluid from the cyst (Fig. 59.2). However, the useful-
ness of pancreatic fluid analysis is controversial. 
Although some studies provide data supporting this
practice, others have not been able to reproduce the
same positive results.

Apart from cytology, several markers have been em-
ployed to study the nature of pancreatic cysts (Table
59.2). Fluid aspirate viscosity is elevated in mucinous
tumors but not in inflammatory cysts or serous cystade-
noma. Amylase levels are elevated in the cyst fluid in
those lesions communicating with the pancreatic duct,
such as pseudocysts (very high levels of amylase) or
side-branch IPMT. Several studies have shown carci-
noembryonic antigen (CEA) and CA-72-4 to be elevat-
ed in the cyst aspirate of mucinous tumors but not in
inflammatory or serous cysts (CA-72-4: sensitivity
87.5%, specificity 94%). CA-19-9 has been found 
elevated in both benign and malignant lesions and 
does not appear to be useful in the evaluation of these
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(a) (b)

(c)

Figure 59.1 (a) Serous cystadenoma: a microcystic tumor 
of the pancreas (cysts < 10 mm in diameter). The lesion
measures 18 ¥ 24 mm and presents the characteristic central
scar (arrowheads). (b) Mucinous cystadenoma: pancreatic
cyst that shows longitudinal septae dividing the cyst cavity
(arrowheads). The endosonographic appearence of the lesion
is consistent with a macrocystic tumor of the pancreas (cysts
> 10 mm in diameter). In this particular case it was confirmed
by surgery to be a mucinous cystadenoma. (c) Inflammatory
pseudocyst: a large cyst is observed in the pancreatic gland
(80 ¥ 91 mm) in a patient with a recent episode of acute
pancreatitis. The cyst presents thin walls, is not septated, and
shows echogenic material inside (debris) (arrowheads). These
findings are suggestive of an inflammatory pseudocyst in the
acute/subacute phase.

patients. Although one small study showed that 
K-ras mutations were absent in all cases of serous 
cystadenoma and present in all cases of cystadenocarci-
noma, the role of K-ras mutation detection in these 
patients is still under evaluation.

EUS-guided celiac plexus block

Patients with pancreatic neoplasms frequently seek re-
lief from pain related to their pancreatic disease. When
analgesic medication is no longer effective for pain 

control in these patients, celiac plexus block (CPB)
should be considered. Patients with advanced pancre-
atic cystic tumors may benefit from CPB. The celiac
ganglia are located at the level where the celiac artery
leaves the aorta, which is easily visualized with EUS due
to its proximity to the posterior gastric wall. This pro-
ximity allows a needle to be inserted into the celiac gan-
glia under EUS guidance and alcohol to be injected in
order to achieve chemical neurolysis of the celiac
plexus. Wiersema and Gunaratnam performed EUS
CPB for palliation of pancreatic cancer pain in 58 
patients, showing a significant improvement in pain
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Table 59.2 Laboratory findings in pancreas cyst aspirate.

Diagnosis Viscosity Amylase CA-72-4 CEA CA-15-3 CA-19-9

Pseudocyst Low High Low Low Low Variable
Serous cystadenoma Low Variable Low Low Low Variable
Mucinous cystadenoma Often high Variable High High High Variable
Mucinous cystadenocarcinoma High Variable High High High Variable

CEA, carcinoembryonic antigen.

(a) (b)

Figure 59.2 Endoscopic ultrasound (EUS) fine-needle
aspiration of a pancreatic cystic lesion and surgical resection
of the lesion. (a) A cystic lesion is identified in the pancreas by
EUS. Under EUS guidance, a 22 gauge fine needle is advanced

scores in 78% of patients at 2 weeks after the proce-
dure. This improvement in patient symptoms persisted
for at least 24 weeks (6 months), independent of adju-
vant therapy or concomitant analgesics administered.
No major complications were registered in this study.

Summary

EUS is a very useful technique for detecting the presence
of a pancreatic cystic lesion and for characterizing its
nature. EUS FNA permits cyst aspiration and fluid

analysis that may provide a definitive diagnosis of 
the nature of the lesion. Table 59.3 is a summary of 
the most characteristic clinical, endosonographic, 
and laboratory findings observed in patients with 
pancreatic cystic lesions.
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into the cyst and fluid is aspirated for analysis. (b)
Macroscopic appearance of the pancreatic cyst at surgery.
Surgical pathology established a definitive diagnosis of serous
cystadenoma.
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Introduction

In the last few years, cystic neoplasms of the pancreas
have been diagnosed much more frequently and the
treatment varies with the type of neoplasm. In patients
with serous cystic neoplasms, resection should proba-
bly be reserved for mass-related symptoms or when dif-
ferentiation from mucinous cystic neoplasms cannot 
be made confidently. However, mucinous cystic neo-
plasms of the pancreas should be considered premalig-
nant or overtly malignant and, whenever safe, resected.
For cystic neoplasms in the body or tail of the pancreas,
a classical distal pancreatectomy with splenectomy
may be the best treatment. Nevertheless, splenic preser-
vation has been described in conjunction with distal
pancreatectomy. Warshaw describes a technique of dis-
tal pancreatectomy with splenic preservation in which
splenic vessels are ligated but the short gastric and left
gastroepiploic vessels are preserved. Others have de-
scribed the technique of preserving both the splenic
artery and vein. Both strategies work and each has its
place.

Laparoscopic pancreatic procedures are still at the
stage of evaluation with regard to their indications and
the technical variations used. Laparoscopic pancreatic
surgery is currently used for staging malignant pancre-
atic tumors, for occasional management of inflamma-
tory disorders of the pancreas, and for the resection of
benign pancreatic tumors.

The use of laparoscopic ultrasonography and the ad-
vent of technologic refinements in laparoscopic instru-
ments have led some groups, including our own, to
explore the role of laparoscopic surgery in patients with
cystic neoplasms of the pancreas. This chapter evalu-

ates the feasibility and outcome of laparoscopic 
spleen-preserving distal pancreatectomy (LapSPDP) 
in patients with cystic neoplasms of the pancreas 
and provides information on the indications and 
limitations of the procedure.

Patients and methods

In January 1999 a prospective study was initiated using
the laparoscopic approach in patients with cystic neo-
plasms of the pancreas. The group included 19 patients,
17 women and 2 men, with a mean age of 55 (range
34–70) years. Abdominal or back pain was the most
common complaint. The tumors were characterized by
computed tomography (CT). The average size was
5.2 cm (range 4–8 cm) and they were located in the
body–tail of the pancreas.

In all patients a LapSPDP was planned. In a subgroup
of 11 consecutive patients, splenic vessel preservation
was performed; in this subgroup, the mean tumor size
was 5.3 cm. In another subgroup of eight consecutive
patients a LapSPDP without splenic vessel preserva-
tion, following Warshaw’s technique, was performed.
In this latter group, the spleen was kept vascularized by
preserving the short gastric vessels and the left gas-
troepiploic vessels. In this subgroup of patients the
mean tumor size was 5.1 cm.

Laparoscopic surgery

In our approach, the patient is placed in the half-lateral
position with the left side up. The surgeon and assistant
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stand on the left side of the patient and the camera 
person and scrub nurse on the opposite side. Four
10–12 mm trocars are inserted in the abdominal wall
3–4 cm above the umbilicus, on the xiphoid area, sub-
costal on the midaxillary line, and subcostal to the mid-
clavicular line. Two monitors are used. Carbon dioxide
pneumoperitoneum is used. Abdominal pressure is
monitored and maintained at less than 14 mmHg. A
30∞ scope is used. The liver is explored visually and by
laparoscopic ultrasonography (7.5 MHz probe, 10 mm
diameter; B-K Medical, Gentolfe, Denmark).

The first step is to section the lienorenal ligament and
dissect the subjacent fascia lateral to the spleen. The
splenocolic ligament is divided using the harmonic
scalpel (Fig. 60.1). The splenic flexure of the colon is
mobilized downward. The gastrocolic omentum is
widely opened up to the level of the mesenteric vessels,
and the body–tail of the pancreas is then visualized. The
anterior aspect of the pancreas is exposed by dividing
the adhesions between the posterior surface of the
stomach and the pancreas. Care must be taken to pre-
serve the short gastric and left gastroepiploic vessels.
The inferior border of the pancreas is dissected and the
body and tail of the pancreas are completely detached
from the retroperitoneum. This mobilization of the left
pancreas allows visualization of the posterior wall of
the gland, where the splenic vein is easily identified (Fig.
60.2). The splenic vein is pushed away from the poster-

ior pancreatic wall with gentle blunt dissection. Visual
magnification through the laparoscope permits excel-
lent control of the small pancreatic veins, which are 
coagulated using the LigaSure device, the harmonic
scalpel, or clipped with titanium clips. A tunnel is cre-
ated between the splenic vein and the pancreas. The
splenic artery is identified through this space using care-
ful blunt dissection with a curve dissector. The pancreas
is then transected with a 30-mm endoscopic linear sta-
pler. Usually two stapler applications are necessary.
The tail of the pancreas is then grasped and retracted
anteriorly with a 5-mm forceps, and traction is applied
to expose the small branches of the splenic artery and
vein, which are coagulated using the LigaSure device
(Fig. 60.3). The dissection is continued laterally to the
splenic hilum. All specimens are extracted within an en-
doscopic plastic bag.

The technique of SPDP without splenic vessel preser-
vation follows the same surgical steps as described
above until the plane behind the neck–body of the 
pancreas and in front of the superior mesenteric and
portal veins. At this point the splenic vein is divided 
between clips. The use of laparoscopic ultrasonogra-
phy demarcates the line of pancreatic transection 2 cm
away from the tumor. After pancreatic transection 
the splenic artery is divided between clips. The left 
pancreas is then lifted up and mobilized posteriorly
with the splenic artery and vein. The latter are clipped

CHAPTER 60

505

Figure 60.1 The splenocolic ligament is divided using the
Harmonic Scalpel. The splenic flexure of the colon is
mobilized downward.

Figure 60.2 A tunnel is created between the splenic vessels
and the pancreas.



and divided as they emerge from the pancreatic tail 
to enter the hilum of the spleen. The spleen is kept 
vascularized solely from the short gastric and left 
gastroepiploic vessels (Fig. 60.4). All specimens are 
extracted in an endoscopic plastic bag. A silicon drain 
is left in the pancreatic bed close to the pancreatic
stump.

Evaluation criteria included operative factors, such
as estimated blood loss, operative time, and intraoper-
ative complications, and postoperative factors such 
as length of hospital stay and postoperative com-
plications, with a specific focus on pancreatic leak, 
intraabdominal abscess, splenic complications, and
other major infectious complications (i.e., pneumonia,
wound infection). Postoperative pancreatic leaks were
defined as a drain amylase level (measured after the
third postoperative day) more than three times the
upper limit of the normal serum amylase level in the ab-
sence of clinical sequelae. A clinical leak was defined as
a biochemical leak in the presence of clinical sequelae
such as fever or elevated white blood cell count, in-
traabdominal abscess, or the need for percutaneous
drainage or reoperation.

Color Doppler ultrasound was performed with a
Toshiba Powervision or a Sequoia (Acuson, Siemens)

with a multifrequency 2–4 MHz transducer. Color
Doppler studies were carried out in the postoperative
period in all patients undergoing LapSPDP without
splenic vessel preservation and when clinically indicat-
ed (i.e., unexplained fever, abdominal pain, or elevated
white cell count). The color Doppler study included a
complete abdominal examination: liver, bile ducts, por-
tal vein patency, kidneys, pancreatic area, spleen, and
search for intraabdominal fluid collections. Spleen
evaluation included size, echostructure, and presence
of fluid collections, which were evaluated by real-time
ultrasonography. The Doppler study (pulsed and color)
was done at hilar and parenchymal levels, just at the
point at which the branches enter into the spleen. The
arterial waveform was quantified by the resistive index
(RI), where RI = (peak systolic velocity – end-diastolic
velocity)/peak systolic velocity. Doppler parameters
were adjusted to optimize the detection of low blood
flow velocities.

Statistical analysis was performed using the 
Sigma Plot software package for Windows (SPSS Inc.,
Chicago, IL). Data were expressed as mean ± SD.
The Kruskal–Wallis test and Student’s t test were 
applicable. A P value less than 0.05 was considered 
significant.
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Figure 60.3 The pancreas is transected with a 30-mm
endoscopic linear stapler. The head of the pancreas is
retracted anteriorly and traction is applied to explore the
small connections of the splenic artery and vein, which are
coagulated with the LigaSure device.

Figure 60.4 Laparoscopic spleen-preserving distal
pancreatectomy without splenic vessel preservation. 
The spleen is kept vascularized by the short gastric and 
left gastroepiploic vessels.



Results

In the subgroup of 11 patients undergoing LapSPDP
with preservation of splenic vessels, splenic vessel
preservation was feasible in six patients; however, five
patients suffered intraoperative bleeding, at the time of
pancreatic transection in two patients and during dis-
section of the splenic vessels when separating the tumor
from the pancreas in three patients. As a result, in three
patients the splenic artery was ligated using four clips
and then divided so that two clips were left in the rem-
nant, although the splenic vein remained intact. In one
patient the splenic vessels were divided using endoscop-
ic staplers. In another patient, with a tumor 8 cm in di-
ameter, following stapling of the splenic vessels the
procedure was converted to a hand-assisted technique
and en bloc resection that included the spleen because
the tumor was densely adherent to the splenic hilum.
The mean operative time of the whole group with
splenic vessel preservation was 222.7 ± 65.2 min 
(range 180–400 min) and intraoperative blood loss
495 ± 228.5 mL (range 200–850 mL). No patient 
required blood transfusion. In the subgroup of eight
patients undergoing LapSPDP without splenic vessel
preservation following Warshaw’s technique, the 
mean operative time was 165 ± 16.9 min (range
150–190 min) and the mean blood loss 275 ± 84.5 mL
(range 200–450 mL) (Table 60.1). No patient required
blood transfusion. A comparative study between the
two subgroups showed that the mean operative time
was significantly shorter (P = 0.002) and mean blood

loss significantly lower (P = 0.017) in the subgroup with
LapSPDP using Warshaw’s technique.

Overall postoperative complications (31.6%) were
observed in six patients following LapSPDP. Pancreatic
fistulas of low volume (< 100 mL) and a drain amylase
greater than 5000 U/L developed postoperatively in
two patients after LapSPDP with splenic vessel preser-
vation and in one patient after LapSPDP without
splenic vessel preservation, but without clinical symp-
tomatology. These patients had a hospital stay of 5 days
but were discharged home with the drain in situ based
on persistent drain output. The drain was discontinued
2 weeks after surgery.

Evaluation of the vascularity of the spleen by
Doppler showed an RI between 0.44 and 0.52 in 
the patients undergoing LapSPDP without splenic 
vessel preservation. Splenic complications occurred in
three patients (RI 0.44, 0.46, and 0.48 respectively).
One patient, in whom splenic vessel division was 
performed for intraoperative bleeding, was discharged
5 days after surgery; however, 2 days later he presented
with fever (38∞C) and clinical sepsis. The patient 
was rehospitalized and splenectomy was performed 
for massive necrosis of the spleen. Two other patients
who underwent LapSPDP without splenic vessel
preservation presented early in the postoperative peri-
od with pain in the left upper quadrant of the abdomen.
Color Doppler ultrasound showed a focal splenic in-
farct of 3 and 4 cm respectively. Both patients were
treated with antibiotics to prevent abscess formation in
the splenic infarct.
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Table 60.1 Laparoscopic spleen-preserving distal pancreatectomy with and without splenic vessel preservation.

Splenic vessel Without splenic vessel
preservation preservation P

Patients (n) 11 8 NS
Mean tumor size (cm) 5.3 5.1 NS
Patients with intraoperative complications (bleeding) 5 0 NS
Mean operative time (min) 222.7 ± 65.2 165 ± 16.9 0.002
Mean blood loss (mL) 495.5 ± 228.5 275 ± 84.5 0.017
Postoperative complications

Pancreas related 2 1 NS
Spleen related 1 2 NS

Mean hospital stay (days) 5.45 5.63 NS

NS, not significant.



The mean length of postoperative hospital stay was
5.7 days (range 5–8 days). In patients who had an un-
complicated course, the mean hospital stay was 5 days,
whereas patients with complications had a mean hospi-
tal stay of 6.6 days; this difference was statistically sig-
nificant (P = 0.01). There were no late postoperative
complications and no deaths within 30 days of opera-
tion. The majority of patients returned to previous ac-
tivities 3 weeks after the operation. The final pathology
report showed mucinous cystadenoma in 17 patients,
mucinous cystic tumor bordeline in one patient, and
mucinous cystadenocarcinoma in another patient. The
mean follow-up was 22 months (range 6–42 months).
No tumor recurrences were observed.

Discussion

The use of laparoscopy for managing benign pancreat-
ic tumors has still not been defined. With the introduc-
tion of each new laparoscopic technique, there have
been predictable cycles characterized by an introduc-
tory phase (in which the surgical technique is devel-
oped), a definition phase (with exploration of technical
variations and classification of the operative indica-
tions), and an educational phase. The definition phase
is currently underway for laparoscopic pancreatic
surgery. Laparoscopic pancreatic surgery must be 
considered an advanced laparoscopic procedure and
should be performed only in institutions with exper-
tise in pancreatic surgery by a team with advanced 
laparoscopic skills. Most published reports on laparo-
scopic pancreatic surgery resections are on single cases
or limited series of patients. Moreover, the follow-up 
is short, so little is known about the long-term 
results. Three factors should be considered when 
formulating the indications for this new procedure: 
the proper patient, the proper procedure, and proper
performance.

Proper patient

The apropriate treatment for cystic neoplasms of the
pancreas varies considerably based on the specific
type of neoplasm. Serous cystadenoma of the pan-
creas affects predominantly women with an average
age of 50 (range 35–84) years. Most patients experi-
ence vague abdominal pain and symptoms seemingly
related to the mass effect of the tumor. Serous cystade-

noma can often be distinguished quite reliably by their
characteristics: multiple small (< 2 cm) cystic areas,
often resembling a honeycomb both grossly and on
imaging. Occasionally they have a starburst appear-
ance, with a centrally located calcified scar. These
neoplasms are universally benign, although there
have been occasional cases with histologically docu-
mented malignant serous cystadenocarcinomas. Sur-
gical treatment is indicated in symptomatic patients.
Mucinous cystic neoplasms are the most frequently
encountered cystic tumors of the pancreas, account-
ing for 45% of cases. These neoplasms predominate
in women with an average age of 53 (range 19–82)
years. The most common symptoms seem to be re-
lated to a local mass effect. These neoplasms, more
common in the body or tail of the pancreas (70%), are
composed of cystic areas filled with viscous mucous
material, and the cyst walls are dense and fibrous with
occasional calcification. Pathognomonic findings on
CT include the presence of thin or thick papillary
fronds or septae on the individual cysts. A detailed
clinicopathologic correlation has been proposed by
Sarr et al., which separates these tumors into three
groups:
1 mucinous cystadenomas, comprising 65% of muci-
nous tumors;
2 proliferative cystic mucinous neoplasms (30% of
mucinous neoplasms) composed of varying degrees of
atypia, dysplasia, and even changes of carcinoma in situ
but without tissue invasion;
3 mucinous cystadenocarcinomas (< 10% of all muci-
nous cystic neoplasms) with frank stromal invasion 
beyond the epithelium.
The latter group behaves like ductal adenocarcinoma
of the pancreas. However, according to the Mayo 
Clinic experience, there were no recurrences in patients
with either cystadenoma or proliferative mucinous 
cystic neoplasms on follow-up of up to 30 years. How-
ever, two recent series of mucinous cystic neoplasms 
describe invasive carcinoma in 36% (47/130) and 
29% (16/56).

We believe that serous cystadenomas and mucinous
cystic neoplasms are suitable for the laparoscopic 
approach based on the frequent location of these 
tumors in the body and tail of the pancreas and the 
high frecuency of these neoplasms being benign or 
premalignant lesions. The laparoscopic approach is
probably unsuitable for large tumors with evidence of
malignancy.
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Proper procedure

The aim here is to reproduce the technique used for
open pancreatic surgery and the application of the prin-
ciples of oncologic surgery. Enucleation or pancreatic
resection has been advocated in open surgery of these
tumors. Enucleation of pancreatic cystic tumors offers
the possibility of complete tumor removal without 
loss of pancreatic parenchyma, possible diabetes, and
splenectomy. Enucleation can be safely performed la-
paroscopically and has been proposed as the technique
of choice in patients with insulinoma. However, enucle-
ation appears to be a debatable procedure in patients
with cystic neoplasms of the pancreas. Tumor enucle-
ation does not address the malignant potential of these
tumors and should be used (in selected cases) with cau-
tion to avoid inadequate tumor margins. In addition,
the incidence of pancreatic fistulas after tumor enucle-
ation was reported to be 30–50%, leading to long hos-
pital stay (19.5 days in the Johns Hopkins’ series).

In the literature, when the tumor was located in the
body or tail of the pancreas, the technique most fre-
quently used was distal pancreatectomy with en bloc
resection that included the spleen. Talamini et al.
reported that 74% of patients with mucinous 
cystadenomas undergoing distal pancreatectomy had
splenectomy. One late septic death occurred in this
group. Nevertheless, distal pancreatectomy with
splenic preservation has been advocated by a number of
others. The question of spleen-preserving distal pancre-
atectomy is controversial. Recently, Lillemoe et al. have
reported the largest single-institution experience with
distal pancreatectomy (235 patients) for a variety of
pancreatic disorders, including chronic pancreatitis
and benign and malignant pancreatic tumors; only
16% of patients had splenic preservation. In another
series of 71 patients reported by Fernández-del Castillo
et al., the incidence of spleen preservation was 20%. It
might be suspected that for patients in whom distal
pancreatectomy is considered appropriate, simultane-
ous splenectomy is routine because of its technical 
simplicity. However, since it became apparent that 
the incidence of sepsis after splenectomy is about
0.28–1.9%, with a mortality rate of 2.2%, the signifi-
cance of spleen preservation has come to be widely 
recognized.

Published data from two retrospective reviews com-
paring patients who had surgery mainly for trauma or
pancreatitis, undergoing distal pancreatectomy with

and without splenectomy, showed no differences in
complication rates between groups, the reports con-
cluding that splenectomy should not be a routine part
of distal pancreatic resection. On the other hand,
Benoist et al. analyzed 40 patients undergoing distal
pancreatectomy for indications other than chronic
pancreatitis; 15 patients underwent distal pancreatec-
tomy with spleen conservation and 25 had splenec-
tomy. Pancreatic left resection with splenectomy
turned out to have a lower morbidity rate, as pancreatic
complications such as fistula or subphrenic abscess 
occurred more frequently in patients after spleen-
conserving surgery. More recently, Shoup et al.
reported the series from the Memorial Sloan-Kettering
Cancer Center including 211 patients undergoing dis-
tal pancreatectomy. Splenectomy was performed in 79
patients (63%) and splenic preservation in 46 (37%).
The most common histopathologic conditions were
neuroendocrine tumors (n = 45) and benign cystic tu-
mors (n = 44). Perioperative complications occurred in
49% following splenectomy and in 39% following
splenic preservation. Perioperative infectious compli-
cations and severe complications were significantly
higher in the splenectomy group (28% and 11%) com-
pared with the splenic preservation group (9% and
2%). Length of hospital stay was 9 days following
splenectomy and 7 days following splenic preservation.

We encourage laparoscopic spleen-preserving pan-
createctomy in order to prevent the potential long- and
short-term complications associated with splenectomy.
The question is whether it should be performed with or
without splenic vessel preservation. The latter tech-
nique, in which the short gastric and gastroepiploic 
arteries are the only blood suply to the spleen, was 
described by Warshaw. Splenomegaly is a contraindica-
tion for this method of spleen conservation because the
increased mass is insufficiently nourished by the short
gastric vessels. There is no doubt that by preserving the
splenic artery and vein, the blood supply to the spleen is
well maintained and the danger of splenic necrosis and
abscess formation is reduced. On the other hand, distal
pancreatectomy with conservation of the splenic artery
and vein is both time- and labor-consuming. Dissecting
the splenic vessels from the pancreas may be difficult to
perform in the presence of tumors distorting and com-
pressing the course of the vessels.

In this report we conducted a prospective study to
evaluate the feasibility and outcome of LapSPDP with
and without splenic vessel preservation. In this series
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the mean tumor diameter was 5.2 cm. Splenic vessel
preservation was performed in 11 patients. Only in six
of these patients (54.5%) was the spleen preserved with
an intact splenic artery and vein. In the remainder, in-
traoperative bleeding due to injury of splenic vessels re-
quired the sacrifice of the splenic artery (but the splenic
vein remained intact) or the splenic artery and vein, and
the spleen was kept vascularized by the short gastric
and left gastroepiploic vessels. Our results indicate that
preservation of the splenic vessels is not always possible
when dealing with large tumors. In another eight con-
secutive patients, the splenic artery and vein were se-
cured by clips and the short gastric and gastroepiploic
collaterals were preserved to nourish the spleen. The
comparison between the groups undergoing splenic
vessel preservation and Warshaw’s technique demon-
strates a statistically significant difference in the para-
meters of operative time and intraoperative blood loss
in favor of division of the splenic vessels.

In all circumstances, we advocate LapSPDP that pre-
serves the short gastric and gastroepiploic vessels, and
thus where it is necessary to remove the splenic artery
and vein the spleen will be kept vascularized. Further-
more, Warshaw’s technique is less technically demand-
ing than the dissection and conservation of the splenic
artery and vein. In answer to the question of whether to
conserve the splenic vessels, we believe, in accordance
with Warshaw, “if the goal is to save the spleen, having
options allows the surgeons to match the tactics to the
terrain.”

Proper performance

The aims of minimally invasive surgery are not only 
to minimize parietal damage but also to disminish the
incidence of postoperative complications. In this 
report the overall complication rate was 31.6%, 
which includes pancreatic leaks as well as splenic 
complications.

In patients undergoing open surgery, significant mor-
bidity follows distal pancreatic resection. In the litera-
ture, pancreas-related complications ranged from 5 to
26%. In the published reports there is a lack of consen-
sus regarding the optimal method of pancreatic stump
closure and the contribution of spleen salvage on the
development of pancreatic leak. Also, the role for rou-
tine use of somatostatin analogs after elective left pan-
createctomy remains unclear. In our current series, 3 of
19 patients (15.7%) after laparoscopic pancreatic re-

section (mechanical stapling) developed a low-volume
pancreatic fistula without clinical symptomatology,
classified as a biochemical leak. Patients with this 
complication were managed as outpatients until the
drainage decreased and the drain was discontinued. In
a recent report, the incidence of pancreatic leak was 
reduced significantly when the pancreatic duct was
identified, dissected, and ligated during open left 
pancreatectomy. This technical approach could be in-
corporated after laparoscopic mechanical stapling of
the parenchyma. This technical refinement may result
in a reduction of the rate of postoperative pancreatic
leaks.

Spleen salvage was possible in the majority of pa-
tients. Only in one patient was hand-assisted laparo-
scopic distal pancreatectomy with en bloc resection of
the spleen thought to be necessary because of the close
relation of the tumor (8 cm diameter) to the splenic
hilum. Splenic complications were observed in 3 of 18
patients (16.6%) after LapSPDP, and interestingly this
complication was only observed in patients undergoing
Warshaw’s technique. One explanation could be that
after division of the splenic vessels in cases of inadver-
tent injury to the gastroepiploic vessels during dissec-
tion of the inferior margin of the tail of the pancreas, the
organ receives blood directly from the short gastric ves-
sels, and in the abscence of vascular communication 
between superior and inferior splenic lobes, splenic 
infarct results. This complication may be suspected
clinically with the presence of fever and left upper ab-
dominal pain. Color Doppler ultrasonography will
show the area of infarct. Abscess formation can be pre-
vented with antibiotic administration. A more serious
complication is massive necrosis of the organ with local
infection that requires splenectomy. Shein et al. report-
ed that splenectomy had to be performed 24 hours after
Warshaw’s technique because of necrosis of the spleen.
However, the reduction of blood supply leading to
splenic necrosis may take days, as happened in our 
patient, who was discharged 5 days after operation 
but rehospitalized 2 days later with clinical sepsis,
splenectomy being performed through a left subcostal
incision. It might be that the splenic complications fol-
lowing Warshaw’s technique are not the result of fail-
ure of the technique but a failure of proper performance
of the method as it was originally described, i.e., preser-
vation of all the vascular collaterals to nourish the
spleen.

Our study suggests that patients undergoing spleen-
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preserving distal pancreatectomy using Warshaw’s
technique should be followed carefully from the imme-
diate postoperative period with color Doppler ultra-
sonography in order to detect morphologic changes in
the spleen, so that when focal splenic infarct is identi-
fied prompt treatment with antibiotics prevents splenic
abscess. It is noteworthy that after LapSPDP without
splenic vessel preservation the RI at the splenic hilum
was in the range 0.48–0.52, lower than that reported in
healthy controls (0.53–0.56). This finding could be at-
tributed to the small caliber of the collateral vessels
nourishing the spleen. Similar low-resistance arterial
waveforms (< 0.50) are observed in liver transplant pa-
tients with hepatic artery thrombosis in whom collater-
al arterial vessels are newly formed or in patients with
hepatic artery stenosis.

In this study the mean hospital stay of the whole
group was 5.7 days. This is a notable reduction of the
postoperative length of stay in comparison with the
largest single-institution experience with distal pancre-
atectomy (mean stay 15 days). A recent report from the
Massachusetts General Hospital demonstrated that the
length of stay after distal pancreatectomy decreased
from 9 to 7 days.

Conclusions

Laparoscopic distal pancreatectomy is feasible, with an
acceptable complication rate in patients with cystic
neoplasms of the pancreas. Laparoscopic ultrasound
should be routinely used to achieve an adequate mar-
gin. Spleen salvage is posible in 94.7% of cases during
pancreatic resection with or without splenic vessel
preservation. Warshaw’s technique is faster and less
technically demanding than splenic vessel preservation
but associated splenic complications are usually man-
aged conservatively. Color Doppler ultrasonography is
mandatory in the immediate postoperative period in
cases of division of the splenic vessels in order to detect
splenic abnormalities. The advantages of the laparo-
scopic approach are reasonably short hospital stay and
an early return to previous activities. A cosmetic advan-
tage is also clear because of the abscence of long 
abdominal incisions. Surgical cure can be achieved in
most patients with cystic neoplasms of the pancreas,
with complete relief of symptoms. No tumor recur-
rences were observed but the follow-up is relatively
short.
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18F-fluorodeoxyglucose (18F-FDG) 386
fibrates 173
fibrinogen 108
fibroblast growth factor (FGF) 355, 356

receptors 355
fibroblasts 255
fine-needle aspiration

abscess 150
chronic pancreatitis 250
CT-guided 385
cystic tumors 498
endoscopic ultrasound-guided 386, 409–10, 417, 498

cystic lesion 501
lymph nodes 420
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necrotizing pancreatitis diagnosis 133–4
needles 497
pancreatic cancer 312
percutaneous 416–17
pseudocysts 327
ultrasound-guided and pancreatic infection 128

fistula
pancreaticopleural 312
transduodenal 311

fistula, pancreatic 130–1, 271
external 312
infections 311
postoperative 138–9, 399

fluconazole 104
fluid aspirate viscosity 499
fluid collections, acute 7
fluid replacement therapy 81
fluid resuscitation 176–7
fluorodeoxyglucose PET 415
5-fluorouracil 441, 442, 446

adjuvant chemoradiotherapy 447, 448
adjuvant systemic 444, 445
combination palliative chemotherapy 466
cytotoxic 475
maintenance with adjuvant chemoradiotherapy 448, 

449, 450
neoadjuvant therapy 451, 452
palliation 465, 466
radiosensitizer action 469
radiotherapy combination 469

folinic acid 441, 442
adjuvant systemic 444–5, 446
maintenance with adjuvant chemoradiotherapy 448, 

449, 450
food, oral after acute pancreatitis 167–8
fungal-infected pancreatic necrosis 148

gabapentin 277
gabexate mesylate 172
gallbladder, stone formation 168–9
gallstone pancreatitis 12

cholecystectomy 85
CT 63
diagnosis 43, 113–14
endoscopic sphincterotomy 85
etiology 202–3
management 125–6
recurrence 126
severity grading 114
surgical studies 114–15
ultrasound diagnosis 58

gallstones 40, 41
abdominal ultrasound 43

acute pancreatitis 113
impacted 203
management 125–6
pain 232
pancreatic cancer risk factor 334

gastrectomy
digestive physiology changes 299–300
pancreatic cancer risk factor 334

gastric acid secretion inhibition 277–8
therapeutic role 291–2

gastric compression 324
gastric content aspiration 82
gastric emptying 299

poor 324
gastric nutrition 177
gastric outlet obstruction 455, 456, 459

palliation 461, 462
gastric varices 462
gastric vessels, short 510
gastrin 396

vaccine 474
gastrinoma 396
gastroenterostomy 438
gastroepiploic vessel preservation 510
gastrointestinal bleeding

palliation 462–3
endotherapy 455, 456

pseudocysts 324
gastrointestinal surgery

exocrine pancreatic insufficiency 299–301
maldigestion 301
pancreatic function after 301

gastrointestinal tract
acute pancreatitis 30–1

pathophysiology 97, 98–9
cytokines 99
intestines

permeability 30–1, 98
reperfusion 99

motility 99
obstruction 130

GBC-590 pectin derivative 468
gemcitabine

adjuvant chemoradiotherapy 447, 448
adjuvant systemic 445
combination palliative chemotherapy 466
maintenance with adjuvant chemoradiotherapy 450
palliation 465–6
radiosensitizer action 469
topotecan combination 467

GEMOX palliative chemotherapy 466
gene therapy 363–4

cell-based 476
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pancreatic cancer 475–8
suicide gene strategies 475–6

genes, candidate disease 380
genetic factors in pancreatic cancer 336, 347, 349
genetic markers 378–9
Glasgow scoring system 49–50, 54
gluconeogenesis, endogenous 96
glucose

blood levels 83, 96
diabetes mellitus 304

impaired metabolism 370
cancer association 371–2

serum levels 57
glucose tolerance, impaired 370–1, 372–3, 374–5
glutamine supplementation 97
glutathione S-transferase null genotype 199
Golgi complex 14
granulocyte–macrophage colony stimulating factor (GM-

CSF) vaccine 474
Grey Turner’s sign, acute pancreatitis 35, 57

severe 6
groove pancreatitis 62–3, 65, 274
growth factors 351, 352
growth-associated protein 43 (GAP-43) 274
growth-related oncogene (GRO)-a 28
gut see gastrointestinal tract
GVAX vaccine 474

H2-receptor antagonists 291
Harris–Benedict equation 95, 96
heat-shock proteins 24

vaccines 474
hemocholedochus 462
hemodialysis 83, 177
hemofiltration 83, 177
hemoglobin

glycosylated 304
levels 84

hemopancreaticus 462
hemorrhage

intraabdominal 72–3
pancreas 129
see also gastrointestinal bleeding

hemorrhage syndrome, acute pseudocyst 142–3
hepaticojejunostomy, end-to-side 438
hepatitis, autoimmune 194
hepatocyte growth factor (HGF) 29
Herceptin 472, 473
hereditary pancreatitis 11, 12, 42–3, 181, 187–8, 201

adenocarcinoma risk 364
pancreatic cancer 270
R122C mutations 207

herpes simplex virus (HSV) thymidine kinase 475

highly active antiretroviral therapy (HAART) 305
HIV infection, exocrine pancreatic function 304–5
HLA gene 193
HLA-dR 32
HLA-DRB1 040 allele 199
host defense 99
HSP70 24
human chorionic gonadotrophin (hCG) peptide vaccine 473–4
human EGFR (HER) 351, 353

antibodies 354
hydromorphone 90
hydrostatic balloons, through-the-scope 461, 462
hydrothorax, pancreatic 312
hydroxymethylacylfulvene 468
hyperamylasemia 35–6, 57
hypercalcemia 12, 41

acute pancreatitis 173, 199
chronic pancreatitis 198–9
endocrine diseases 209

hypercholecystokininemia 277–8
hypercholesterolemia 173
hypercytokinemia 30
hyperglycemia 96

total parenteral nutrition 100
treatment 177

hyperlipasemia 37
hyperlipidemia 41

chronic pancreatitis 172–3
syndromes 198

hyperparathyroidism 173
hypersplenism 325
hypertriglyceridemia 41, 83, 96

acute pancreatitis 172–3
chronic pancreatitis 198

hypocalcemia 32, 96–7
treatment 177

hypoglycemic coma 304
hypothyroidism 173

lipid disorder aggravation 172
hypovolemia correction 81
hypoxemia 81, 177
hypoxia 27, 99

pancreatic tumors 355–6
hypoxia-inducible factor 1 (HIF-1) 356

ifosfamide 476
ileum, nutrient presence 300
imaging 38, 48

chronic pancreatitis 182–3, 189–90, 233, 236–44
diagnostic 415
gallstone pancreatitis 114
modalities 58–76, 77–9
pancreatic duct system 237–41
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percutaneous drainage 152, 153
pseudocysts 326–7
see also named modalities

IMC-C225 472
imipenem 104
imipenem–cilastatin 102–3
immunoglobulin G (IgG) receptor 32
immunological strategies in pancreatic cancer 472–4
immunomodulation 473
immunonutrition 97
immunosuppression 96
indomethacin 91
infections

acute pancreatitis 43
pancreatic necrosis 148

diagnosis 128
pseudocysts 324–5
risk factors 127–8
secondary 149, 153

infertility, male 214
inflammation, chronic pancreatitis 255, 256, 257, 273

neurogenic 274, 275
inflammatory cells activation/recruitment 23
inflammatory factors, generation 23
inflammatory lesions, benign localized 414
inflammatory mediators 52–3
inflammatory response

markers 52–3
modulation in acute pancreatitis 106–12

inhibin 482, 484
inositol-1,4,5-triphosphate (IP3) 19
insulin

deficiency 303
response 96

insulin-like growth factor 1 (IGF-1) 332
insulinoma 396

enucleation 509
interleukin(s) 23

antiinflammatory 211
prognostic classification of acute pancreatitis 53
proinflammatory 211

interleukin 1 (IL-1) 32
acute pancreatitis 107–8
therapeutic target 109

interleukin 1 (IL-1) converting enzyme inhibitor 109
interleukin 1 receptor antagonist (IL-1ra) 29, 109
interleukin 1b (IL-1b) 29
interleukin 6 (IL-6) 29, 52, 53, 95

acute pancreatitis 107, 108
interleukin 8 (IL-8) 28, 52

acute pancreatitis 107, 108
interleukin 10 (IL-10) 29, 32, 33, 84

acute pancreatitis 108–9

gene therapy 109
therapeutic target 109

intestines
permeability 30–1, 98
reperfusion 99

intraabdominal hemorrhage 72–3
intracellular adhesion molecule 1 (ICAM-1) 28, 30

antibodies 109
intracellular adhesion molecule 1 (ICAM-1) antagonists 33
intraductal papillary mucinous tumors (IPMTs) 398, 480–1

clinical findings 492–3
collateral ducts 494
diagnosis 492
differential diagnosis 494–5
endoscopic ultrasound 499
epidemiology 492
mucinous cystic neoplasm differential diagnosis 482
pseudocyst differential diagnosis 486
radiology 493–4
serous cystic adenoma/adenocarcinoma differential

diagnosis 490
side branch 494

irinotecan 467
irofulven 468
ischemia 61, 64

acute pancreatitis 43
intestinal barrier 99

ischemia/reperfusion injury 27, 30, 99
ISIS 2503 475
ISIS 5132 475
islet cells 368, 369

alteration in pancreatic cancer 372–3
carcinogenesis involvement 369–71, 372–3, 373–4
differentiation 366
distribution 367
hormones 303, 373
neoplasms 396–7
pancreatic development 367
size 367
transdifferentiation potency 369

Jackson–Pratt drains 152
Japanese Pancreatic Society (JPS) 384
jaundice

intraductal papillary mucinous tumors 493
obstructive 83

endoscopic sphincterotomy 177–8
groove pancreatitis 274
nodal cancer invasion 404–5
prosthesis insertion 455, 456, 457
recurrent 459

pseudocysts 324
Juracz intervention 144
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Kausch–Whipple procedure, classical 435–6, 
439, 442

kinase inhibitors 468
KOC gene 378
K-ras gene 359, 360

cancer prognosis 380
colony formation 363
gene therapy 364, 475
mutations 361, 362, 378, 475

pancreatic adenocarcinoma diagnosis 364–5
pancreatic cysts 500
tumor markers 379

lactate dehydrogenase 114
laparoscopy

cystic tumors 504
lesser omentum dissection 422–3
metastatic disease detection 420–1
necrotizing pancreatitis 137–8
pancreatic cancer diagnosis 417–18
staging 386, 419–21

algorithms 422–3
indications 419–20
neoadjuvant therapy 423
patient management 423
peritoneal cytology 422
specificity 421
technique 420
ultrasound 421

technique 504–6
ultrasonography probes 420
ultrasound 421, 504, 505

leukocytes
chemoattraction 28–30
migration 32

leukopenia 325
leukotrienes 274
lexipafant 110–11
lienorenal ligament 505
lipase 36–7, 107, 292

activity 288
deficiency in CF 295
endogenous secretion 291
proteolytic inactivation 290
supplements 289–90

cystic fibrosis 296
lipid peroxidation products 226
lipids

apheresis 173
metabolism 96

lipoprotein A 288
lipoprotein C 288
lithostathine 195

liver
alcoholic disease 271
biopsy 420
function tests 37, 43
metastases 470

lung
disease 214, 216
injury

acute 10
pancreatitis-associated 11, 16–17, 22, 23

metastases 470
see also cystic fibrosis

lymph nodes, fine-needle aspiration 420
lymphadenectomy

extended 440, 441
extent 436–7, 440–1

lymphocytes, radiation-induced cell-killing sensitivity 470
lysosomal hydrolases 14, 15, 17
lysosomes 14–15

magnetic resonance cholangiopancreatography (MRCP) 74,
76, 114, 172, 415

biliary obstruction 395
chronic pancreatitis 189–90, 236–41, 244

complications 242, 244
sensitivity in detection 239–41

pancreatic cancer staging 386
pancreatic duct system 237–41
secretin-enhanced 280, 281–2

endoscopic pancreatic duct drainage 281
serous cystic adenoma 490

magnetic resonance imaging (MRI) 38, 44, 45, 74–6, 77–9
biliary obstruction 395
cardiac failure 83
chronic pancreatitis 236–7, 244

complications 242–4
endoscopic pancreatic duct drainage 281
fast breath-hold pulse sequences 415
fat suppression 74
gadolinium chelate enhancement 76
gadolinium-enhanced 415
islet-cell tumors 396
mucinous cystic neoplasms 397–8
pancreatic cancer staging 386
pancreatic parenchyma 241–2
technique 74–6
vascular imaging 74

major histocompatibility complex (MHC) class II 32
malabsorption 182
maldigestion

cystic fibrosis 294–7
gastrointestinal surgery 301
HIV infection 304–5
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management 288–92
pancreatic surgery 301

malnutrition 30, 95–6
cystic fibrosis 294–5

manganese administration with MRI 415
mannose-6-phosphate 14–15
manometry, endoscopic 281
marimastat 466
Marseilles classification 180, 181, 182, 212
Marshall score 84
matrix metalloproteinase(s) 24
matrix metalloproteinase 1 (MMP-1) 30
matrix metalloproteinase (MMP) inhibitors 466
mda-7 gene therapy 364
meat consumption 336

pancreatic cancer risk 342
melanoma 335
meperidine 82, 89, 90, 91–2, 94
mesenteric artery, superior 392, 394, 404
mesenteric lymph nodes, superior 396
mesenteric vein, superior 393
mesotrypsin 205
metabolic derangement 173
metabolic disorders, acute pancreatitis 41
metabolic insults 12
metabolic syndrome, acute pancreatitis 172
metamizol 94, 275
metastases 399–400

celiac lymph nodes 411
laparoscopic detection 420–1
liver 470
lung 470
palliative radiotherapy 469–70
pancreatic cancer 396, 417–18

met-RANTES 109–10
microangiopathy, diabetic 303
microbiopsy 408
microcrystal passage 11
microcystic adenoma 498

serous 483–4
microlithiasis 45, 121–2

biliary pancreatitis risk 168, 169
microsatellite instability 363
mitomycin C

adjuvant systemic 444, 445
maintenance with adjuvant chemoradiotherapy 450

mitoxantrone 446
mixed antagonist response syndrome 31
monoclonal antibodies 472–3
monocyte chemoattractant protein 1 (MCP-1) 109
morphine 82, 89, 92, 94, 431

administration route 431, 432
chronic pancreatitis pain 277

dosage 431
infusion pump 432
side effects 431–2
sphincter of Oddi pressure 90–1

mortality
abscesses 153
acute pancreatitis 84–5, 106–7, 129, 167
alcohol-induced pancreatitis 271–2
cephalic duodenopancreatectomy 414
chronic pancreatitis 271–2
infected pancreatic necrosis 153
necrotizing pancreatitis 129, 133, 153
pancreatic cancer resection 435

MUC1 379, 481, 482
MUC2 481, 482
MUC4 379
mucinous cystic neoplasms 397–8, 480, 481–2

clinical findings 490–1
cystadenocarcinoma 499, 508
cystadenoma 498, 499, 508
epidemiology 490
intraductal papillary mucinous tumor differential

diagnosis 494–5
patterns 491
pseudocyst differential diagnosis 486
radiology 491–2
serous cystic tumor differential diagnosis 484
serous microcystic adenoma differential diagnosis 484

mucinous cysts 502
mucins 378–9, 481

intraductal papillary mucinous tumors 494
multiple endocrine neoplasia (MEN) type 1 syndrome 396
multiple organ dysfunction syndrome (MODS) 30, 

31–2, 106–7
acute pancreatitis 106–7

multiple organ failure (MOF) 95
pathophysiology 52

myofibroblasts 255

necrosectomy techniques 159–62
transgastric retroperitoneal endoscopic 159–60
transperitoneal percutaneous puncture with endoscopic

management 160
transperitoneal/translumbar approach with endoscopic

management 160–2
necrosis 24

endoscopic drainage of tissue 329
necrosis–fibrosis hypothesis 10–11, 184, 195
necrosis–fibrosis sequence 249
necrotizing pancreatitis 2–4, 126–9, 148

CECT scanning 3–4
choline-deficient diets 16
clinical determinants 4
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clinical discussion 8
clinical manifestations 7–8
continuous closed lavage 136, 137
CT 64, 65, 66
débridement 134–5
definition 7
development 66
diagnosis 133–4
drainage 134, 135
endoscopic drainage of necrotic tissue 329
infected 68, 69, 70, 127–8, 148

antibiotic treatment 102, 104
contamination 178
diagnosis 128
drainage 161–2
extraperitoneal lumbar approach 161–2
fungal 148
laparoscopic surgery 156–64
mortality rate 133, 153
percutaneous puncture techniques 158–9
surgery 135, 136

laparostomy 136
management 134–6
mortality rate 129, 133
MRI 77, 78
necrosectomy 136, 159–62

minimally invasive 137–8
open management 135–6
pathology 8
postoperative complications 138–9
prophylaxis 104
protocols 104
semiopen management 135–6
small intestine 31
sterile 127, 129
surgery 135–8, 156

indications 134–5
laparoscopic 137–8
necrosectomy techniques 136, 137–8, 159–62

needle, biopsy, endoscopic ultrasound-guided 406–7, 
497, 498

needle-track seeding 416–17
neoadjuvant therapy 450, 451, 452

aggressive 423
staging laparoscopy 423
tissue diagnosis requirement 414

neopterin 29
neuregulins 353
neuritis, pancreatitis-associated 427
neuroendocrine tumors 396–7

mucinous cystic neoplasm differential diagnosis 492
pancreatic resection 509

neuroleptanesthesia 407–8

neuroleptics 430
neuropeptide expression 427
neutrophils

depletion 23
priming 99

NF-kB 22–3, 225
activation downregulation 226

nitric oxide (NO) 27
nitrogen loss 95–6
nitroreductase gene 475
N-nitrosobis(2-oxopropyl)amine (BOP) 367–8, 372
NO synthase, inducible (iNOs) 27
nonsteroidal antiinflammatory drugs (NSAIDs)

88–9, 276–7
acetaminophen combination 430
cancer pain management 430
peptic ulcer 429

nucleoside analogs 467–8
numeric rating scale (NRS) 429
nutrition

acute phase of pancreatitis 95–100
alcohol-induced pancreatitis 223
see also diet; enteral nutrition; malnutrition; parenteral

nutrition; total parenteral nutrition
nutritional support 177

obesity 50
pancreatic cancer risk factor 332

occupational risk factors in pancreatic cancer 336, 344–6
octreotide 172, 269, 278, 312

left-sided pancreatic resection 440
oligocystic and ill-demarcated adenoma, serous 483–4
Olympus endoscope 406, 497
omentum, lesser 422–3
omeprazole 277–8
oncolytic viruses 477–8
Onyx-015 476–7
Onyx-411 478
open-packing technique 129, 152
opiates 82
opioids 89–92, 94, 277, 432

constipation 429, 432
oral tests 263–5
organ failure

severe acute pancreatitis 6
see also multiple organ dysfunction syndrome (MODS);

multiple organ failure (MOF)
oxaliplatin

combination palliative chemotherapy 466
radiosensitizer action 469

oxidative stress 28–30
oxygen metabolites, toxic 427
oxygen therapy 81
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p16 gene 360
aberrations 361, 362
mutations 379

p53 tumor-suppressor gene 360
alterations 378
cancer prognosis 380
colony formation 363
gene therapy 364, 476–7
inactivation 362

paclitaxel 469
pain

chronic pancreatitis 182, 231–2, 256–7, 267
characteristics 274–5
conservative treatment 275–9
endoscopic treatment 280–7
pathogenesis 280
surgery 307–9, 313

duodenum-preserving head resection 319–20
extrapancreatic causes 274
gallstones 232
intensity estimation 275, 429
neuropathic 274, 426
nociceptive 274, 275
nutritional support 429–30
pancreatic cancer 425–33, 500–1

characteristics 427–8
ductular adenocarcinoma 460
due to concomitant disease 428
intensity 429
management 425–33
management algorithm 428–33
origin 426–72
patient influence 429
prevalence 425–6
severity 429
treatment option evaluation 433

pancreatic causes 273–4
pancreatic enzymes 429–30
parenteral drug treatment 88–92
pseudocysts 232, 269, 284–5, 324
relapse 167
relief 425
sleep quality 431
social support 430
somatic 426
stenting 284–5
surgery 306–8

timing 313
symptom complex 425
treatment 82

guidelines 87–94
visceral 426
see also analgesic ladder (WHO)

palliation
bile duct obstruction 455–6, 457–8, 459–60
chemotherapy 465–8
gastric outlet obstruction 461, 462
gastrointestinal bleeding 462–3

endotherapy 455, 456
planning 414
radiotherapy 468–70

metastatic/recurrent disease 469–70
staging laparoscopy 420

pancreas
alcohol susceptibility 202
alcohol-induced damage mechanisms 221–7
blood flow 222
circulatory changes 27
congenital variations 60
CT of normal 60
development 367
enucleation of cystic tumors 509
exocrine dysfunction 259

severity classification 261
exocrine function

evaluation 259
exploration 241

exocrine secretion 223–5
extravasated exudate 67, 71
fibrosis 274
hemorrhage 129
ischemia 427
oxygenation 355–6
parenchyma 248, 249

evaluation 241–2
secretion negative feedback 300

pancreas anulare 170
pancreas divisum 42, 45, 170–1

chronic pancreatitis 194, 240
pancreatectomy 145

laparoscopic spleen-preserving distal 504–11
results 507–8
technique 504–6

total 315, 438–9
pancreatic cysts

aspirate 501
findings 502

pancreatic disease in cystic fibrosis 214
pancreatic duct

adenocarcinoma 396
anatomical variations 170
cancer precursor lesions 361–2
cell loss in chronic pancreatitis 253
compression 171
distortions 188
drainage procedure 307–9, 310, 311, 315
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Frey modification 316, 317
Partington–Rochelle 316, 317

endoscopic drainage 281, 285
endoscopic ultrasound 249
imaging 237–41
integrity loss in chronic pancreatitis 256
leak 324
ligation 14
obstruction 181–2

alcohol-induced damage 222
cystic fibrosis 218
molecular aspects 203–4
palliation 460–1
pancreatic cancer 393, 395–6

pressure 222
increase 273–4

pseudocyst indirect access 146
stenosis surgery 309–10
stenting 309–10, 455, 456
stones 309

pancreatic fluid analysis 499–500
pancreatic function

endocrine 267–8
exocrine 267–8

AIDS 304–5
diabetes mellitus 301–4

pancreatic function tests 259–66
direct 260–2
endoscopic 261–2
exocrine 234
fecal 262–3
indirect 262–5
oral 263–5
tubeless noninvasive 168

pancreatic head, inflammatory mass 316
pancreatic head resection

duodenum-preserving 308, 309, 315, 317–21
pain 319–20

pylorus-preserving 315, 316, 321
subtotal 318

pancreatic hydrothorax 312
pancreatic insufficiency

cystic fibrosis 295
treatment 296

endocrine retarding with surgery 313
exocrine 139, 268, 291

diabetes mellitus 304–5
dietary modification 288
fat maldigestion 288
gastrointestinal surgery 299–301
retarding with surgery 313
steatorrhea 288

mild/moderate 268

pancreatic juice
cancer screening 379
chronic alcohol consumption 194
flow

obstruction 42, 45
rate 224

pseudocyst 148
pancreatic nerves

alteration in pancreatic cancer 427
chronic pancreatitis 256–7

pancreatic polypeptide (PP) 367
pancreatic proteins 14–15
pancreatic resection 435–43

adjuvant postoperative radiochemotherapy
441–2

cystic tumors 509
distal 301
extended 437–8
left 437–8, 440
neuroendocrine tumors 509
radical left 437
recurrence 441
splenectomy 509
standard left 437
survival 441

postoperative adjuvant treatment 442
pancreatic secretory trypsin inhibitor (PSTI) 201, 205
pancreatic tissue, pressure increase 273–4
pancreaticobiliary malformations 170–1
pancreaticobiliary strictures 457
pancreaticoduodenectomy see duodenopancreatectomy,

cephalic
pancreaticogastrostomy, endoscopic ultrasound-

guided 284
pancreaticojejunostomy 74

longitudinal 309
pancreatitis

acinar cells 16–19
alcohol consumption 220–1
diagnosis 125
ERCP 43, 61, 84, 88–9
familial 201, 347
genetic factors 12
iatrogenic 43
metabolic changes 95–6
metabolic factors 192–3
MRCP 236–41
neuritis 427
pancreatic cancer differential diagnosis 390, 392
pathogenesis 10–25
phases 25
refeeding 135
relapsing 44
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severe
cause of death 133
intraabdominal hemorrhage 72–3

severity 125
toxic factors 192–3
trypsin-dependent protease cascade 207
see also autoimmune pancreatitis; gallstone pancreatitis;

hereditary pancreatitis; necrotizing pancreatitis;
tropical pancreatitis

pancreatitis, acute 1–9, 10, 25
antibiotic prophylaxis 102–5
Atlanta classification 48
biochemical abnormalities 83
chronic 10–11
chronic pancreatitis differentiation 183–4, 212, 221
clinical discussion 6–7
clinical manifestations 6
clinical staging 57–8
complications 67–74, 166
cytokine response 107–9
definitions 1, 5–6, 5–9
diagnosis 5, 6, 34–8

CT 60–2, 76
etiologic 43–5
limitations 56–7

differential diagnosis 34
drug-induced 174
early pathogenic changes 13–14
edematous 167
energy supply 96–7
enteral nutrition 111–12
etiologic factor detection 40–5
etiology 11, 40–3, 139
exocrine pancreatic function test 234
experimental models 13–14
fluid collections 323
functional changes 139
gallstones 113
gut role 30–1, 97, 98–9
hematologic abnormalities 84
hemorrhagic complications 72–4
history 34–5, 43
hypercalcemia 173, 199
hyperlipidemia 172–3
inflammatory response modulation 106–12
intensive monitoring 176–7
interstitial 4
laboratory evaluation 35–7
laparoscopic surgery 156–64
mild 6–7

treatment 176
MODS development 106–7
morphologic changes 139

mortality 84–5, 106–7, 129, 167
early 84–5

MRI 76, 77, 78
natural history 106–7
nutrition 95–100
nutritional support 177
obstructive nonbiliary 170–1
pain treatment 82

guidelines 87–94
pathology 6, 10–11
pathophysiology 27–33
physical examination 34–5
prognostic evaluation 47–54

early 53–4
progression to chronic 194
prophylaxis 24
pseudocysts 323
recovery 167–8
recurrence 166, 194, 202

prevention 85
severity 211

relapse prevention 166–74
resting energy expenditure 95
retroperitoneal fluid collections 60–1
segmental 62
sentinel event hypothesis 195–6, 211, 212
septic complications prevention 178
sequelae 194
severe 6

laparoscopic surgery 156–64
progression to chronic 194
surgery 126–7
transgastric endoscopic drainage 162
treatment 176–8, 179

severity
determinants 22–4, 32
prediction 47–53
stratification 2–4

staging 64–6
supportive therapy 5
surgery

complications 129
goals 128–9
indications 125–31
management international guidelines 131

systemic support 176–7
therapeutic approaches 33
therapeutic decisions 4
therapeutic potential targets 109–11
therapy 48, 81–5
total parenteral nutrition 97–8
treatment 24, 176–9
triggers 166–7
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vascular complications 72–4
see also biliary pancreatitis, acute; necrotizing pancreatitis

pancreatitis, chronic 10, 24, 25, 180–5
acute alcoholic pancreatitis 41
acute exacerbation 63–4, 313
acute pancreatitis differentiation 183–4, 212, 221
advanced 187, 188, 268–9
antiinflammatory response alteration 199
calcifying 239, 285, 286
celiac neurolysis 411
classification 180, 185, 185
clinical manifestations 182
complications 269–72, 316, 325

imaging 242–4
definition 180
detection 229–33
diabetes mellitus 182, 232, 268–9

difference from cancer-associated 374
diagnosis 184, 185

early 229–33
endoscopic ultrasound 247, 248,

249–50, 251–2
gold standard 253–7
multiple techniques 257

drug-induced 230
early stage 187, 243, 254
early-onset 193
endocrine insufficiency 230
endoscopic ultrasound 189–90, 246–52

diagnosis 247, 248, 249–50
diagnostic role 251–2

epidemiology 187–91
ERCP 236, 237, 239–40, 241, 244, 246
etiology 181–2, 192–4, 201, 202, 316
etiopathogenesis 192–200
exocrine insufficiency 230
fibrosis 255
follow-up 267–9
function tests 232–3
genetic predisposition 194
genetic variations 196–9
histopathology 181, 188–9, 254–5
hypercalcemia 198–9
idiopathic 182, 192, 193–4, 217–18

detection in nonalcoholics 230
early onset 281–2
severe 238
subgroups 201

imaging 233, 236–44
incidence 190
inflammation 255, 256, 257, 273

neurogenic 274
inflammatory cells 211

juvenile 230
late period 187
latent 187
local anesthetics 89
maldigestion management 288–92
minimal change 193
mortality 271–2
MRI 79, 236–7, 244
obstructive 194
optimal management 268
pain 182, 231–2, 256–7, 267

characteristics 274–5
conservative treatment 275–9
endoscopic treatment 280–7
pathogenesis 280
surgery 307–9, 313

painless 230
pancreas divisum 194, 240
pancreas function 182
pancreatic cancer association 321, 332, 335
pancreatic ducts 253, 256
pancreatic nerves 256–7
pathogenesis 194–6
pathophysiology 201–12
percutaneous biopsy 257
prevalence 190
progression 253–4
proinflammatory response alteration 199
pseudocysts 315, 323
radiotherapy 231
reference standards 250–1
regressive changes of epithelial cells 254–5
senile 230
severity 250
signs/symptoms 231–2
skin signs 232, 233
subclinical 187
subgroups 230
surgery

approaches 315–21
indications 305–12, 315–16, 317
options 316
timing 312–13

ultrasound 236, 237
weight loss 232
well-developed 254

pancreatogastrosotomy 439–40
pancreatojejunostomy 301, 439, 440
pancreolauryl test 190, 262, 263–4
pantoprazole 277–8
papilla, sphincter of Oddi dysfunction 170
papillary obstruction 170
papillary stenosis 45
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parenteral nutrition 30, 97
acute pancreatitis 97–8
hyperglycemia risk 96
see also total parenteral nutrition

patient-controlled analgesia 82, 87–8, 92–3
PDX1 (pancreatic duodenal homeobox) gene 380
pefloxacin 103
Penrose drains 152
Pentax-Hitachi endoscope 406, 497
peptic ulceration 232
percutaneous puncture

direct transperitoneal 158–9
lumbotomy-associated extraperitoneal with laparoscopic

assistance 159
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