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At the beginning of the 21st century, medicine is increasingly
based on understanding the functions of genes and the molec-
ular mechanisms of diseases. In pancreatology, the under-
standing of functions and dysfunctions of the exocrine and
endocrine pancreas is derived from molecular biological data
on the actions of compounds in subcellular compartments and
intracellular transcription pathways. In clinical medicine new
and improved technical devices enable the gastroenterologist
and the gastrointestinal surgeon to identify lesions by high-
resolution imaging techniques, imaging of metabolic processes,
and intrapancreatic ductal investigations. Decision making is
increasingly based on the evidence of data from clinical trials
on treatment modalities of pancreatic lesions. 

Well into the 20th century the pancreas was considered a
hidden organ. Now, at the beginning of the 21st century, only
ductal pancreatic cancer remains largely an uncontrollable
mystery disease. Today, understanding the pancreas, its normal
and abnormal functions, and its morphological pathology has
become an international focus of established scientists. Medical
sciences are not uniform around the world. However, the
impact of information technology, international data exchange,
and global communications networks have resulted in a broadly
increased level in the understanding and practice of pancre-
atology. The synergistic interaction of basic scientists, gastro-
enterologists, and gastrointestinal-tract surgeons in the field of
investigative and clinical pancreatology has led to better
understanding of pancreatic diseases through combining the
knowledge of each to achieve the best evidence-based manage-
ment. Although care of patients cannot be made a global affair,

this book brings the most recent knowledge on the pancreas
from international experts to readers everywhere.

The goal of this second edition of The Pancreas – An
Integrated Textbook of Basic Science, Medicine, and Surgery
is to provide the clinician with the most current data-based
synthesis of understanding of pancreatic diseases, functional
assessments, diagnostic and technical devices, and treatment
options. A major part of this edition has been contributed by
leading international basic scientists, who provide an under-
standing of the molecular basis of pancreatic functions and
diseases.

The editors acknowledge and are deeply indebted to all
authors and co-authors who have contributed to this edition.
Their diligent efforts have provided state-of-the-art knowledge,
particularly in regard to clinical decision making. Our profound
gratitude goes also to all who were involved in the develop-
ment and production of the book. We greatly appreciate their
support. 
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Andrew L. Warshaw, Boston
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Richard A. Kozarek, Seattle
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Acute pancreatitis

Acute pancreatitis comprises different entities with regard to
pathomorphology, clinical course, severity, and risks of disease:
interstitial-edematous pancreatitis, necrotizing pancreatitis with
infected or sterile necrosis, with or without intrapancreatic and
extrapancreatic fatty tissue necrosis, pancreatic abscess, and
pseudocystic lesion after pancreatitis [1].

Acute pancreatitis displays inflammation of pancreatic tissue
secondary to acinar cell necroses. Apoptosis prevails in mild
acute pancreatitis, necrosis in severe acute pancreatitis. In mild
acute pancreatitis, the morphologic changes range from intersti-
tial edema to minimal fat and exocrine tissue necrosis [2]. In
severe acute pancreatitis, large confluent areas of pancreatic tis-
sue necroses, frequently accompanied by hemorrhage into the
tissue, are found. With the exception of infectious pancreatitis,
which results from direct injury to the acinar cells by microor-
ganisms and viruses, all other forms of acute pancreatitis are
due to autodigestion by pancreatic enzymes independent of
their etiology [2].

In terms of etiology, acute pancreatitis is frequently associated
with gallstone disease or is the result of alcohol abuse but may
also be caused by other factors such as shock, trauma, drugs,
hypolipidemia, or hypercalcemia. Clinical signs of acute pan-
creatitis are sudden onset of upper abdominal pain, frequently
with radiation into the back, accompanied by nausea, vomit-
ing and distension of the upper abdomen. Biochemically, in
about 80–90% of patients with acute pancreatitis, there is an
increase in serum amylase and/or lipase concentrations at least
three times the upper limit of normal serum levels. However, 
a subgroup of patients with acute pancreatitis do not have
amylasemia and lipasemia despite onset of severe pancreatitis.
The computed tomography (CT) criteria of acute pancreatitis
are enlargement of the pancreas and edema accumulating in 
pancreatic tissues between acinar lobulations and necrotic
areas, i.e., non-perfused tissue [3]. Frequently, retroperitoneal
fatty tissue necrosis is present in addition to intrapancreatic
necrosis [4].

Pancreatic necrosis

Pancreatic acinar cell necrosis and intrapancreatic fatty tissue
necrosis are the typical lesions of acute pancreatitis. In mild

pancreatitis disseminated, small, intrapancreatic and peripan-
creatic fat necrosis, with or without interstitial edema, is found.
The key lesions of the pancreatic tissue are disseminated acinar
cell, ductal cell and periductal tissue necroses [2]. Interstitial-
edematous pancreatitis is accompanied by pancreatic and fatty
tissue necrosis. According to the degree of tissue inflammation
and the extent of the reduction in the microcirculation, necro-
tizing pancreatitis exhibits focal or diffuse necrosis or extended
necrosis, which can be discriminated with contrast-enhanced
CT [3]. Focal necrosis affects less than one-third to half of the
pancreatic parenchyma, whereas extended necrosis includes
more than 50% of the gland [5]. Dynamic contrast-enhanced
CT is currently the gold standard for clinical diagnosis and loca-
tion of pancreatic necrosis. Contrast density fails to exceed 50
Hounsfield units in areas of necrosis after intravenous contrast
administration compared with well-perfused vital pancreatic
tissue. Focal necrosis of the pancreas causes mild to moderate
clinical symptoms. Mild pancreatitis resolves without complica-
tions with adequate clinical management. Extended necrosis
mostly follows a severe clinical course, more than 50% of
patients developing infection of necrosis [6]. The initial impor-
tant complications in severe acute pancreatitis caused by
extended necrosis are pulmonary insufficiency, with the need
for mechanical ventilation, renal insufficiency, cardiocirculatory
dysfunction, and shock [7]. The most important laboratory cri-
terion for discriminating necrotizing from interstitial-edema-
tous pancreatitis is C-reactive protein (CRP) concentration
above 150 mg/L 48–72 hours after onset of the disease.

Pathophysiologically, necrotizing pancreatitis is a conse-
quence of an autodigestive process that leads to tissue
necroses of acinar cells and ductal epithelial tissue. In con-
trast, apoptosis (programmed cell death) is not dominantly
observed in necrotizing pancreatitis during the period of acute
inflammation. The predominance of apoptosis over necrosis
has been associated with mild forms of pancreatitis; the oppo-
site holds true for severe pancreatitis.

Infected necrosis

The key finding is colonization by intestinal bacteria of pancre-
atic parenchymal and intrapancreatic and/or peripancreatic fat
necroses [8]. Hemorrhage in necrotic tissues may or may not be
present. In most patients, infected necrosis is accompanied by
systemic organ dysfunction, most frequently pulmonary, cardio-
circulatory, or renal insufficiency. From a clinical point of view,
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patients with pancreatic infections suffer a sepsis syndrome in
addition to clinical and laboratory signs of acute pancreatitis.
The diagnosis of infected necrosis is made by transcutaneous or
ultrasound- or CT-guided needle aspiration of the necrosis and
bacteriologic culturing of the aspirates [9]. A minority of
patients have infected necrosis without sepsis. For this reason, a
distinction has been made between contamination and infection
of necrosis.

Pancreatic abscess

Pancreatic abscess is a circumscribed intraabdominal collection
of pus, usually in proximity to the pancreas, that contains little or
no pancreatic necrosis but which is surrounded by a pseudocap-
sulation. Pancreatic abscess does not develop before the fourth
week after acute pancreatitis and is usually a late consequence of
necrotizing pancreatitis after clinical acute pancreatitis [10]. The
spectrum of bacteria found in pancreatic abscess is different from
that found in primary infected necrosis, Gram-positive bacteria
predominating over Gram-negative bacteria. Clinically, patients
suffer the symptoms of an abdominal abscess. The content of the
abscess consists of necrotic tissue and pus. The diagnosis “pan-
creatic abscess” has to be confirmed by bacteria-positive fine-
needle puncture and/or contrast-enhanced CT.

Pseudocysts after acute pancreatitis

Pseudocysts are intrapancreatic or extrapancreatic fluid collec-
tions that are surrounded by a defined wall and which consist 
of connective tissue with inflammatory cells and adherent
anatomic structures of neighboring organs. The fluid contains
active enzymes and frequently necrotic tissue and inflammatory
cells. In about one-third of patients, a connection to the pancre-
atic ductal system exists [1]. Development of pseudocysts after
acute pancreatitis occurs late in the course. One-third of
pseudocysts disappear spontaneously. Clinical symptoms are
caused by compression of the splenic vein, stomach, large
bowel, duodenum and surrounding structures.

Severe acute pancreatitis

Severe acute pancreatitis is identified by the development of local
morphologic complications of acute pancreatitis and/or the occur-
rence of systemic organ dysfunction. Morphologically, patients
suffering severe acute pancreatitis exhibit necrotizing pancreatitis,
infected necrosis, sterile necrosis, pancreatic abscess, or a pseudo-
cystic lesion after acute disease as well as retroperitoneal fatty tis-
sue necrosis [11]. A high proportion of patients with necrotizing
pancreatitis develop pulmonary insufficiency, renal dysfunc-
tion, cardiocirculatory depression or even shock, gastrointesti-
nal bleeding, hematologic dysfunction, and liver insufficiency.

Early severe acute pancreatitis is present in patients who have,
on admission to hospital, systemic organ complications such as
functional pulmonary insufficiency, renal failure and cardiocir-
culatory depression in the 72 hours after onset [12]. These
patients need maximum intensive care treatment; they have a
high risk for systemic morbidity and a high risk of mortality.

About 60% of the deaths following acute pancreatitis are caused
by early severe acute pancreatitis in the first week of the disease
[13]; 40% of deaths following acute pancreatitis with infected
necrosis occur late in the course of the disease as a consequence
of infected necrosis.

Pancreatic fistula

Three different types of pancreatic fistula are of clinical rele-
vance: external postoperative fistula, internal pancreatic fis-
tula, and pancreatic intestinal fistula caused by disruption of a
pancreatic anastomosis.

An external postoperative pancreatic fistula is a communica-
tion between the pancreatic duct and the skin. An internal fistula
is typically a communication between the pancreatic duct and
intraabdominal organs or peritoneal or pleural cavities. An exter-
nal postoperative pancreatic fistula is considered to complicate
the postoperative course when, from the seventh postoperative
day, more than 10 mL/day of an amylase-rich fluid can be evacu-
ated [15]. A low-output fistula is defined as a fluid output below
200 mL/day and a high-output fistula as above 200 mL/day. A
pancreatic intestinal fistula is a consequence of an anastomotic
leak or disruption of the anastomosis with evacuation of intes-
tinal contents [16]. This type of fistula is located between the
small bowel loop used for pancreatic anastomosis and the skin,
usually along the channel created by the drains or alongside the
abdominal incisional wound [17]. Typically, an intestinal fistula
is preceded by a peripancreatic abscess. Clinical symptoms are
the same as for abdominal sepsis, with increasingly severe sys-
temic complications [18].

An internationally accepted grading of external pancreatic
fistulas has been established [19]:
• Grade A: transient fistula without clinical deterioration of
the patient.
• Grade B: high-output pancreatic fistula frequently associ-
ated with clinical signs such as fever, leukocytosis, increase in
CRP, and upper abdominal discomfort. It is recommended
that the pancreatic anastomosis is checked using ultrasonogra-
phy and CT in order to exclude a fluid collection or develop-
ment of an abscess. Persistence of high-output fistulas beyond
2 weeks demands treatment, e.g. parenteral nutrition and
administration of the somatostatin analog octreotide.
• Grade C: this is not a pancreatic fistula but an intestinal fis-
tula after disruption of a pancreatic anastomosis. Patients
develop clinical signs of abdominal sepsis. Urgent diagnosis
and medical as well as interventional and surgical treatment
are recommended [18,19].

Chronic pancreatitis

Definition of chronic pancreatitis

Chronic pancreatitis is a clinical syndrome defined by groups of
signs and symptoms characteristic of longstanding inflamma-
tion of the pancreas. It is important to distinguish the general
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definition of chronic pancreatitis as a syndrome from the clini-
cal diagnosis of chronic pancreatitis because many of the signs
and symptoms can occur as a result of conditions that do not
include longstanding inflammation of the pancreas [20]. This
distinction is relevant to clinical practice because a careless mis-
diagnosis of chronic pancreatitis can lead to inappropriate and
potentially harmful interventions and treatments, stigmatiza-
tion, and failure to address other condition.

The Marseille conferences in 1963, 1984, and 1988 defined
chronic pancreatitis by morphologic, functional, and clinical cri-
teria [21–23]. General morphologic features on histologic exam-
ination include irregular sclerosis with destruction and loss of
exocrine parenchyma, dilation of ductal systems, inflammatory
cells, and loss of acinar cells out of proportion to islet cells. It has
been noted that all the histologic features may be seen regardless
of etiology and that irreversible damage is present. The gross
morphologic features of chronic pancreatitis were later subdi-
vided into obstructive chronic pancreatitis, chronic calcifying
pancreatitis, and chronic inflammatory pancreatitis. Functional
features include the progressive and permanent loss of exocrine
and endocrine function, although some functional improvement
can be seen when an obstruction is removed. The clinical features
include recurrent or persistent abdominal pain, although chronic
pancreatitis is occasionally seen without pain. Other clinical fea-
tures include evidence of functional loss of acinar cells with steat-
orrhea, and loss of islet cell function with diabetes mellitus.

The limitations of defining chronic pancreatitis as a syndrome
have become apparent in cases where some, but not all, of the
typical features are present or when an “early” diagnosis is
desired. If the definition of chronic pancreatitis serves as the basis
of diagnostic criteria, then what are the minimal and essential
features? For example, experts vigorously disagree about
whether a patient with abdominal pain but no clear morphologic
features of chronic pancreatitis on abdominal imaging but with
marginal reduction in bicarbonate concentration on a secretin-
stimulation test has chronic pancreatitis or not. Accurately defin-
ing a group of essential features is also critical for developing and
establishing model systems for experimental investigation.

The biological definition of chronic pancreatitis should be
based on the abnormal presence of inflammatory cells within
the pancreas (linked to the suffix “-itis”) and on the qualifying
term “chronic”, which should be based on the type and func-
tion of active inflammatory cells within the pancreas rather
than the clinical definition of time (e.g., duration �6 months).
Based on this definition, the diagnosis of chronic pancreatitis
would require evaluation of a representative tissue sample in
which the nature of any active processes can be determined.

The characteristic histologic, functional, and clinical fea-
tures of chronic pancreatitis should be a consequence of a
chronic inflammatory process within the pancreas. In this
case, the definition of chronic pancreatitis-associated compli-
cations follows naturally. However, it is often necessary to
make a presumptive diagnosis based on standard signs and
symptoms, and exclusion of other conditions that produce
similar functional and clinical features.

Maldigestion in the chronic pancreatitis syndrome

Maldigestion refers to inadequate digestion of complex nutri-
ents that are normally digested within the gastrointestinal
tract. Maldigestion is distinguished from malabsorption, the
inadequate uptake of normally digested nutrients from the
gastrointestinal tract. Maldigestion in chronic pancreatitis
occurs when the pancreas loses the ability to secrete sufficient
quantities of digestive enzymes to digest the complex nutrients
within the diet. When pancreatic enzyme secretion is below
the amount needed to prevent maldigestion, the term “pancre-
atic insufficiency” is applied.

Maldigestion in chronic pancreatitis is usually clinically rec-
ognized only when the patient has advanced chronic pancre-
atitis, when most of the enzyme-secreting capacity has been
lost and compensatory mechanisms have failed. The most
common clinical sign is steatorrhea.

Maldigestion in chronic pancreatitis should be established
by inclusion and exclusion criteria. Evidence of chronic pan-
creatic inflammation with destruction of acinar cells should 
be present, and either maldigestion or diminished pancreatic
enzyme secretion must be evident. Conditions that should be
excluded include malabsorption, maldigestion due to pancre-
atic enzyme destruction in the intestine (e.g., Zollinger–Ellison
syndrome), or pancreatic insufficiency from other causes (e.g.,
Shwachman–Diamond syndrome, celiac disease, genetic defi-
ciency of specific enzymes, blockage of the main pancreatic
duct, major surgical resection). While the treatment of the lat-
ter disorders is similar to treatment of maldigestion in chronic
pancreatitis, the etiology and other treatment considerations
differ.

Low pancreatic juice bicarbonate concentration in
the chronic pancreatitis syndrome

In humans, pancreatic juice contains concentrations of bicarbon-
ate that may exceed 130 mmol/L. One of the functional conse-
quences of chronic pancreatitis is a reduction in the amount of
secretin-stimulated bicarbonate in pancreatic juice. The high
bicarbonate concentration found in pancreatic juice originates
from the duct cells, especially the more proximal duct cells where
cystic fibrosis transmembrane conductance regulator (CFTR)
expression is high. In patients with chronic pancreatitis and loss
of normal parenchyma, the peak bicarbonate concentration is
usually below 80 mmol/L. However, it has not been determined
whether some CFTR mutations or defects in other ion trans-
porters result in a diminished bicarbonate concentration without
pancreatic inflammation. Thus, low bicarbonate concentrations
are a sign of chronic pancreatitis, but it does not define chronic
pancreatitis or exclude all other possibilities.

Fibrosis in the chronic pancreatitis syndrome

One of the most common complications of chronic pancreatitis
is fibrosis. Fibrosis is the process of excessive deposition of
fibrous matrix proteins in a tissue and is related to injury repair
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or an inflammatory reaction. Resent research has demonstrated
that the matrix proteins that constitute fibrosis originate from
the stellate cell, and that it reflects the deposition of matrix pro-
teins (e.g., collagen) at rates that exceed reabsorption. Stellate
cells normally deposit matrix proteins in response to antiinflam-
matory cytokines (e.g., transforming growth factor β1) that have
the dual effects of counteracting the acute inflammatory response
and promoting healing (scarring) [24–26]. In one study of
patients with typical pancreatitis pain but without abdominal
imaging evidence of fibrosis, it was reported that pancreatic his-
tology revealed evidence of chronic inflammation, duct prolifer-
ation, duct complex formation, adenomatous nodules, and
acinar cell atrophy but no significant fibrosis [27]. The question
of whether fibrosis is an essential component of chronic pancre-
atitis has not been adequately addressed.

Pain in the chronic pancreatitis syndrome

Pain is a common feature in chronic pancreatitis but is also
common in other conditions. Pancreatitis-associated pain can
originate from multiple sources, including acute inflammation,
increased interstitial pressure, ischemia, acidosis, perineural
inflammation, and neuropathy pain. One of the striking features
of chronic pancreatic inflammation is nerve growth that appears
to be linked with release of nerve growth factors in some patients.

Visceral pain is poorly localized, making it difficult for physi-
cians and patients to distinguish pancreatic pain from nonpan-
creatic pain. Furthermore, visceral hypersensitivity may occur in
some patients so that symptoms are out of proportion to identi-
fiable stimuli. Current technology does not allow for clinical
testing of patients to determine the location, mechanism, and
sensitivity to pain.

Diabetes mellitus in the chronic pancreatitis
syndrome

Diabetes mellitus is defined as chronic hyperglycemia and distur-
bances of carbohydrate, fat, and protein metabolism resulting
from defects in insulin secretion or response to insulin. Insulin is
synthesized and released from pancreatic islet cells, which also
produce glucagon, somatostatin, and pancreatic polypeptide.
Chronic pancreatitis preferentially destroys the exocrine pan-
creas, but the inflammatory process and the distortion and
replacement of pancreatic architecture by fibrosis eventually
destroys islet cells. However, the complication of diabetes melli-
tus in chronic pancreatitis does not directly correlate with the
loss of exocrine function or fibrosis (see Chapter 40) [28].

Pancreatic cancer in the chronic pancreatitis
syndrome

Pancreatic cancer must be considered a complication of chronic
pancreatitis. The rate of pancreatic cancer in patients with
chronic pancreatitis is greater than that in age-matched controls
[29], and the risk is especially high in patients with prolonged

pancreatic inflammation due to hereditary pancreatitis [30]. The
risk is especially high when pancreatic inflammation is combined
with tobacco smoking [31].

Other features of the chronic pancreatitis syndrome

There is a variety of pathologic findings seen in the context of
chronic pancreatitis that are a consequence of severe acute
pancreatitis. These features include pseudocysts, splenic vein
thrombosis, and injury to surrounding structures (e.g., colonic
strictures).

Cystic neoplastic lesions

Intraductal papillary mucinous neoplasm

Intraductal papillary mucinous neoplasm (IPMN) comprises
cystic dilated ducts filled with mucus that are visible on gross
examination and with endoscopic retrograde cholangiopan-
creatography [32]. Most frequently, the large multicystic
lesions involve the main duct and several connecting branches
(main duct type) or may involve a few branch ducts (branch
duct type). Microscopically, they are composed of tall colum-
nar mucin-producing papillary epithelial cells that show a
spectrum of cytologic and architectural atypia [33]. According
to the degree of atypia, IPMNs are diagnosed as adenoma,
borderline lesion, or noninvasive carcinoma (carcinoma in
situ). Neoplasms of the main-duct type are more frequent than
those of the branch-duct type [34].

Mucinous cystic neoplasm

On gross examination, mucinous cystic neoplasm (MCN) com-
prises large single (often a few) cysts filled with mucus. The cyst
has a thick fibrous wall, which demarcates it from the surround-
ing pancreatic tissue. MCNs usually involve the body or tail of
the pancreas [35]. Microscopically, the cysts are lined with
mucus-containing tall columnar cells, often showing papillary
projections and various degrees of cytologic as well as architec-
tural atypia [36]. An ovarian-type stroma showing a thick layer
of spindle-shaped cells is characteristically seen beneath the neo-
plastic epithelial cells. Ovarian-type stroma has been defined as a
necessary component for the diagnosis of MCN [37]. MCNs are
diagnosed as cystadenoma, cystic neoplasms with moderate dys-
plasia, and cystadenocarcinoma. MCNs develop predominantly
in middle-aged women [38].

Serous cystic neoplasm

On gross examination, serous cystic neoplasm (SCN) usually
appears as a single, well-circumscribed, round tumor involving
the body and tail of the pancreas, although locations in the head
of the pancreas are not rare [39]. The tumor is composed of
multiple small cysts filled with serous fluid that have a honey-
comb-like appearance on the cut surface. Microscopically, the
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cysts are lined by cuboidal cells with clear cytoplasm that are
rich in glycogen and positive for periodic acid–Schiff staining.
The cells contain centrally located, small, round nuclei and
show little cytologic atypia, which leads to the diagnosis of
serous cystadenoma [40]. SCNs are predominantly observed in
younger women. An invariable benign clinical course is
observed. Malignant cases are observed but not frequently [41].

Solid-pseudopapillary neoplasm

Solid-pseudopapillary neoplasm usually appears as a large, soli-
tary, well-demarcated mass in the pancreas. Gross examination
reveals a solid tumor [37], with hemorrhage and cystic degener-
ation on the cut surface, for which reason they are referred to as
solid and cystic tumors [37]. Microscopically, the neoplasm
consists of cells with small round nuclei and eosinophilic cyto-
plasm arranged in a pseudopapillary pattern along fibrovascu-
lar cores [38]. Often necrosis and hemorrhage are developed,
which occasionally may involve the whole tumor. The tumor
occurs predominantly in young women but is occasionally
observed in men. Frequently patients have no metastasis at the
time of diagnosis or later after removal of the primary tumor.
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Introduction

In a world where much that we are aware of remains a mystery,
the pancreas occupies a notably mysterious position, despite
having been scrutinized by many of the finest minds of succeed-
ing generations of physicians and scientists [1]. An organ whose
anatomic position defies easy access for study and whose cellu-
lar function has frustrated biochemists and physiologists has
been no less kind to clinicians and surgeons. Possessed of a
Janusian phenotype (islets and acini) and shrouded in a penum-
bra of inaccessibility and almost incomprehensible function, the
pancreas has seemed to scientists and physicians as either a terra
incognita or an “organland” where clinical interference brooked
consequences akin to the entrance to Dante’s inferno. Thus
enshrouded in a miasma of complex physiology, ill-understood
pathology, difficult surgery, and dubious therapy, the pancreas
has for centuries lurked in its retroperitoneal lair tempting and
punishing the iatros and the cognoscenti alike who dare to con-
front it. While Thebes may have had its Sphinx for millennia,
the abdomen can justly claim from the dawn of humankind to
have its equal in the pancreas. One can only hope that with the
advent of molecular medicine a medical Oedipus may emerge to
solve its vexatious riddle, since to this time its secrets for the
most part elude us. This chapter serves to detail the contribu-
tions of those who have attempted to solve the riddle of the
pancreas and addresses the evolution of our knowledge of this
sweetbread-like gland wrapped in its mystery-shrouded enigma
of cryptic cellular kinetics and enzymatic catalysis.

As might be expected of so complex an organ, it is in the
Babylonian Talmud that one can find one of the earliest refer-
ences to the pancreas as a distinct appendage, referred to as the
“finger of the liver” [2]. Despite an apparent recognition of the
pancreas, there is however no allusion as to its function or
commentary on its role in the divine scheme, though the
assumption must be implicit that it played a role in allowing
the digestion of the apple that laid Adam low. The initial classi-
cal anatomic descriptions of the pancreas are generally consid-
ered to have originated with the Greek Alexandrian physicians
Herophilus, Erasistratos, and Eudemus in the third century BC.
Aristotle (384–322 BC) had considered the pancreas, because of
its position in the abdomen, to be an organ whose sole task
was to protect the neighboring vessels [3]. This implausible
proposal was nevertheless still acceptable to Galen (129–199
CE) almost four centuries later, who further adumbrated upon

the subject claiming that the gland acted as a cushion for the
stomach. A similar vagueness surrounds the origin of the term
“pancreas” and it has become widely accepted that the deriva-
tion is based on the ancient Greek concept of pan kreas (mean-
ing “all flesh”) as a derivation of the earlier Hippocratic notion
that all “glandular structures” (as opposed to bony, cartilagi-
nous, or air-filled organs) were composed entirely of flesh.

The shroud of ignorance in which human anatomy and partic-
ularly the pancreas remained veiled reflected for the most part
the intellectually inhibitory influence of the church during 
the Dark Ages. Indeed, until the advent of the Middle Ages,
anatomy for the most part remained a speculative science since
ecclesiastical authorities forbade the desecration of the human
body, believing it to be the work of a divine entity and thus sacro-
sanct from the meddling fingers and minds of humanity.
Fortunately, a degree of relaxation of the rigidity of the church
and the fortuitous advent of the genius of the Flemish anatomist
Andreas Vesalius (1514–1564) led to the resurgence of anatomic
enquiry in Padua and heralded the renaissance of the pancreas.
This anatomic delineation, however, presaged by some centuries
the recognition of the functional role of the pancreas given the
confusion that surrounded the entire concept of digestion and the
role of the abdominal organs in the process of coction (Fig. 2.1).

Digestion and symptomatology

In the earliest times, physicians believed that the various organs
were the seat of separate spiritual agencies that, in a divine
manner, controlled bodily function (Table 2.1) [2]. The precise
regulatory mechanism of such events was unknown and a con-
stant source of speculation and disputation. As the foremost
arbiters of intellectual discourse, the ancient Greeks proposed
that digestion was a process of concoction or heating, and that
food was converted initially to chyle and then to the four
humors (blood, phlegm, yellow and black bile) prior to use by
the mortal body. Hippocrates termed the process of digestion
“pepsis” and proposed that it was akin to the preparation of
food by cooking or “coction” [4]. Given the observation that
heat was intrinsic to the process of cooking, it was considered
that the clinical symptoms of fever and sweating were related
to internal coction and disease therefore might reflect an 
aberration of normal digestion. The organs responsible for
digestion were held by Galenic physiology to be the stomach,
intestine, and liver and this process was overall considered to
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represent successive phases of “cooking” whereby the food was
sequentially converted into blood. Galen (129–199 CE) distin-
guished three stages of digestion: chymosis (gastric digestion),
chylosis (intestinal digestion), and hepatic processing of chyle.
The resultant release of the vital properties was then associated
with transport and transformation into pneuma (literally trans-
lated as “breath”), which was then transmitted through nerves,
veins, and arteries as pneuma physikon (natural spirit), pneuma
zotikon (vital spirit), and pneuma psychikon (psychic spirit) to
interact with the bodily fluids (humors) [1]. At this time, the pan-
creas remained unrecognized as an agent of digestion [5]. Indeed,
these early views of the digestive process survived until the sev-
enteenth century and the advent of the iatrochemical school of
thought and the early physiologists. Although the conjectures of
Galen and Hippocratic teaching utilized the iatromechanical
concept, which proposed that food was cooked or transformed
in different vats each of which represented various parts of the
gut, no consideration was given to the role of the pancreas.

Indeed, Galen considered the utility of the pancreas to be
simply as a cushion for the stomach. The ancients considered
digestion as necessary to release the vital properties of food and
transport the “spirits” in vessels to different parts of the body
including the heart, lungs, and liver where they were imbued
with another set of vital properties and transformed into an
assortment of pneuma. The latter in a variety of forms was con-
sidered inherent to the maintenance of life, with each type reg-
ulated by a different organ.

Although digestion was initially considered to be either a pas-
sive process or due to putrefaction, the introduction of the iatro-
chemical doctrine (J. van Helmont 1577–1644, H. Boerhaave
1668–1738) held that a variety of chemical agents were pro-
duced at each site and were variously responsible for the diges-
tion and processing of food prior to its assimilation. Although
van Helmont proposed that there was an acid of some kind in
the stomach and called it “ensurinum,” he was unclear as to its
nature and believed that the alkaline gall in the duodenum was
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Figure 2.1 Timeline of notable advances in elucidation of the anatomy, physiology, pathology, and therapy of the pancreas. The horizontal and
vertical axes indicate general advances in medical science that contributed to progress in the management of pancreatic disease. R. de Graaf
(bottom left) defined early pancreatic secretory physiology, O. Minkowski (top left) identified the relationship between the pancreas and diabetes,
J. Purkinje (top right) demonstrated its role in fat digestion, and W. Kuhne (bottom right) identified the proteolytic powers of trypsin. See also
Plate 2.1.
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Table 2.1 The recognition of the pancreas in the evolution of concepts of digestion.

DATE PROPONENT PHYSIOLOGIC CONCEPT

600 BC Talmud Associates digestion with saliva and gastric churning
460 BC Empedocles Considers digestion the conversion of food by decay or putrefaction
430 BC Hippocrates Opines that digestion (pepsis) is equivalent to coction (cooking)
400 BC Coan School Develops the initial humoral theory of digestion: food conversion to chyle then to the 

four humors (essences of earth, air, fire, and water)
360 BC Plato Considers the colon important in prolonging digestion
300 BC Eudemus Proposes a digestive function for the pancreas
250 BC Erasistratus Proposes that stomach grinds food and digested food diffuses into tissues
150 Galen Considers digestion as a sequence of coction (stomach), transit (intestine), uptake 

(chyle to liver), and distribution (veins)
1260 Salemo School Develops and codifies the dietetic precepts of health
1515 Paracelsus Promulgates the first alchemical theory of digestion. Establishes the principle of Archeus

(vital principle) as a controller of organ function and rejects coction and humoral theories 
in favor of broad role of acids

1622 G. Aselli Proposes the pancreas to be a sponge that soaks up chyle and transports it to liver
1648 J. von Helmont Iatrochemical theory. Postulates that digestion is an acid fementation under the influence 

of a “special” spirit called Blas
1663 F. Sylvius Refines Iatrochemical doctrine. Regards digestion as a chemical fermentation and focuses 

on saliva, “acidic” pancreatic juice and bile as key elements of the process
1680 G. Borelli Supports Iatrophysical theory whereby digestion is mechanical and the stomach a mill
1683 J. Brunner Undertakes pancreatic excision experiments and suggests the pancreas is not a vital organ (not

essential to life) hence unimportant
1684 G. Stahl Considers digestion a special type of fermentation controlled by the “energy of the soul,” and

notes importance of saliva and pancreatic juice
1696 G. Baglivi Amplifies Iatromechanical theory. Considers digestion a trituration process: teeth scissors, 

stomach a stirring pot and colon a sump drain
1708 H. Boerhaave Merges Iatrochemical and Iatrophysical theories of digestion and proposes the process to be a 

combination of chemical and mechanical alterations. Thus food undergoes an attenuated 
fermentation controlled by heat in the stomach, followed by trituration

1727 A. Pitcairn Calculates triturative force of the stomach to be 12.951 lbs
1752 R-A. Reamur Demonstrates gastric juice is acidic and digests meat in birds (buzzards)
1765 A. von Haller Proposes that digestion comprises three phases: trituration, fermentation and putrefaction
1776 L. Spallanzani Proves the solvent action of gastric juice and codifies the chemical theory of digestion
1777 E. Stevens Thesis on the digestion of food based upon in vivo human experiments
1791 T. Sömmerring Proposes the pancreas to be an intraabdominal salivary gland (Bauchespeicheldrüse)
1803 J. Young Notes gastric juice to be acidic (phosphoric)
1817 F. Magendie Demonstrates pancreatic juice to be alkaline and contains protein
1816 W. Prout Considers digestion as confined to the stomach, followed by chyme formation (duodenum), 

chyle (lacteals), and nutrient uptake (blood vessels)
1823 W. Prout Identifies hydrochloric acid as the acid and active principle of gastric juice
1827 W. Prout Defines the composition of food stuffs: saccharinous (carbohydrate), oleaginous (fat), and 

albuminous (protein)
1833 W. Beaumont Experimental demonstration of gastric digestion in human
1834 J. Eberle Proposes an enzymatic theory of digestion and suggests that acid and a “peptic substance” 

is required
1836 T. Schwann Identifies the peptic substance in gastric juice as pepsin
1836 J. Purkinje and S. Pappenheim Note the proteolytic action of pancreatic juice
1844 G. Valentin Identifies the starch-digesting properties of pancreatic juice
1849 C. Bernard Demonstrates the pivotal role of the pancreas in digestion and metabolism and clarifies 

the roles of gastric and pancreatic secretion in the digestion of starch, protein, and fat
1858 J-N. Corvisart Resurrects the pancreatic “ferment” theory of digestion
1862 A. Danilevsky Describes three “ferment” agents in pancreatic juice
1875 R. Heidenhain Rejects the ferment theory and demonstrates pancreatic juice contains zymogens
1876 W. Kühne Proposes “enzyme” for chemical “ferments” and identified pancreatic “trypsin”
1897 I. Pavlov Defines the neural regulation of pancreatic function
1902 W. Bayliss and E. Starling Identifies the hormonal regulation of pancreatic function (secretin) and the role of the 

stomach in regulating pancreatic secretion
1922 F. Banting and C. Best Isolate insulin from the islets and define the role of pancreas in glucose homeostasis
1927 A. Ivy and E. Oldberg Identifies cholecystokinin (CCK) and the intestinal phase of pancreatic function
1933 J. Northrop Distinguishes chymotrypsin from trypsin and synthesizes its crystalline form
1950 Delineation of cephalic, gastric, intestinal phases of digestion
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in some way related to its function. Deeply impressed with this
idea of the action of ferments, van Helmont made it the basis of
his system of physiology and proposed that there were six diges-
tions or concoctions by which the dead food becomes the living,
active flesh. van Helmont provided a remarkable generalization
and in so doing anticipated conclusions that were not reached
until many years after his death: “The sixth and last digestion
takes place in the kitchens of the several members, for there are
as many stomachs as there are nutritive members” [4]. In this
sixth digestion a spiritus, a “ferment innate in each place cooks
its food for itself” [4]. His consideration of the role of ferments
would long precede the elucidation of the concept of enzymes
that only became apparent in the early nineteenth century
based on the work of Jöns Jacob Berzelius (1779–1848) in
Stockholm. The pancreas hitherto unremarked upon would of
course, based on the work of the early deducers of the science
of the chemical basis of digestion including Theodor Schwann
(1810–1882), Johann Purkinje (1787–1869), and Gabriel
Valentin (1810–1883), subsequently become the heir to the
throne of enzymatic assimilation of foodstuffs [5].

However, iatromathematicians such as G. Baglivi (1668–
1706), G. Borelli (1608–1679), and A. Pitcairn (1711–1791)
maintained a contrary view to the role of ferments as expressed
by van Helmont [6]. This group insisted that the entire digestive
system was a mechanical device whereby the teeth were scissors,
the stomach a fermenting tank, and the intestines transport tubes
directed to the septic tank of the cloaca. Boerhaave, an adept
intellect, chose a compromise by proposing that chemical activ-
ity comprised the initial phase of digestion followed by mechan-
ical trituration to complete the process prior to absorption [3].

Early concepts of disease

The symptomatology of disease was generally attributed to
the influence of spirits, fate, and malfunction of pneuma [7].
Although an appreciation of the specific chemical secretions of
individual organs was not well understood until millennia
later, early Greek medicine recognized digestive abnormalities
generically as disorganization of digestion (pepsis) and the
term “dyspepsia” broadly connoted an abnormality or illness
originating in the abdomen that might well have more diffuse
manifestations. As early as 350 BC, Diocles of Carystos recog-
nized the relationship of a specific intraabdominal organ to a
disease. He noted that “abdominal discomfort and dyspepsia
associated with sour eruptions, watery spitting gas, heartburn,
and epigastric hunger pains radiating to the back with occa-
sional splashing noises and vomiting” were symptoms of 
a “melancholy gassy illness” originating in the stomach [7].
No such proposals were made in regards to the pancreas until
the Italians Antonio Benivieni (1443–1502) and subsequently
Giovanni Morgagni (1681–1777) correlated clinical sympto-
matology with autopsy observations. Thus, by the eighteenth
century a variety of lesions had been noted in the pancreas
including stones and “scirrhous” masses that may have been

pancreatitis, tumors, or even tuberculosis [5]. A similar inter-
est in function, initiated by Regnier de Graaf (1641–1673)
and amplified by François de le Boë Sylvius (1614–1672),
facilitated the understanding of pancreatic secretion and
allowed development of the concept of the role of active secre-
tions in the digestive process as opposed to the previously held
view of putrefaction. Little attention was paid specifically to the
pancreas during the eighteenth century, although Rene Reaumur
(1683–1777) and Lazarro Spallanzani (1729–1799) gave much
consideration to the role of gastric acid in digestion and laid
the basis for the investigation of pancreatic secretion in the
assimilation of food [4]. Ultimately, the nineteenth-century
physiologists (Heidenhain, Kuhne, Danilevsky, Bernard) rec-
onciled structure and function within a general matrix of
anatomic and physiologic information, allowing the delin-
eation of normality versus abnormality, and the role of the
pancreas in digestive function began to emerge [5]. The formal
categorization of anatomic and then microscopic pancreatic
pathology by Karl Rokitansky (1804–1878), Rudolf Virchow
(1821–1902), and Heinrich Claessen facilitated the under-
standing of pancreatic disease and the elucidation of how such
aberrations became clinically manifest. Heinrich Claessen, a
general practitioner in Cologne, published a book in 1842
entitled The Diseases of the Pancreas that reviewed reports of
45 patients with acute pancreatitis from the earlier German,
French, and English literature. The twentieth century repre-
sents the first century within which physicians were able to
identify symptoms as of pancreatic origin, define specific dis-
ease entities, and topographically localize pancreatic lesions.
Medicinal agents were developed to support exocrine func-
tion, ameliorate diabetes, and treat infection while intrepid
surgeons and endoscopists, supported by the new discipline of
anesthesiology, addressed the possibilities of resecting tumors,
removing fibrotic glands, and draining ducts [1].

Anatomy

Galen (129–199) provided the first rudimentary description 
of the pancreas but simplistically considered it to function as 
a cushion for the stomach. The first recorded depiction of 
the pancreas (canine) is attributed to Bartolomeo Eustachio
(1510–1574), although its publication by Giovanni Maria
Lancisi only occurred in 1714 (Tabulae Anatomicae Bartho-
lomaei Eustachii), a century and half after the demise of
Eustachio [8]. It remained for Andreas Vesalius (1514–1564)
in the fifth book of De Humani Corporis Fabrica (1543) to
provide the first definitive topography of the human gland
(Fig. 2.2). Vesalius refers to the pancreas as a “glandulous
organ or kannelly body of substance growing in the near pan-
icle of the caule (omentum).” His illustrator, Jan van Kalkar
(1499–1546), a pupil of Titian, portrayed it accurately embed-
ded in the retroperitoneum behind the stomach, but despite
the masterful dissection and depiction thereof, no understand-
ing of its function was derived and the illustrations and 
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commentary deal chiefly with its vascular structure. Vesalius,
following the commentary of Galen, considered the pancreas
to play a protective function (Schutzorgan) for the stomach
and provide it with a “bed to lie upon.” In addition, it was
also thought that the pancreas might exert pressure on the
stomach in such a way that the undigested food would not
flow into the duodenum.

Gabriele Falloppio (1523–1562), initially of Ferrara and sub-
sequently Padua, was among the first to question the “stomach
cushion” theory of pancreatic function. In 1561, just prior to his
early death, he published a work of great individuality, Obser-
vationes Anatomicae, in which he attempted to address aspects
of the physiologic nature of individual organs and in this con-
text disagreed with the pancreatic cushion theory. In his treatise
he argued that “If this were true [i.e., the cushion theory], then
this organ would be completely useless in animals which do not
go about upright, because in them the pancreas lies above the
stomach and not below it” [2]. Instead, he proposed a novel
and utterly prescient idea that the true nature of this organ was
“that it had a buried channel, through which every important
vein that leads from the liver to the spleen is carried safely. It is
placed beneath them like a cushion and protects against every-
thing that could squeeze them together” [2].

Johann Georg Wirsung (1589–1643) of Augsburg obtained
his doctorate in 1630 at Padua based on not only his intellect
but also the strong support of Johan Vesling (1598–1649), the
Professor of Anatomy. While working under the direction of
Vesling as a prosector at the San Francesco Hospital on March
2, 1642, Wirsung identified a duct in the pancreas of an exe-
cuted murderer, Zuane Viaro della Badia. The observation
was well documented, having been undertaken in the presence
of not only Vesling, the Register of the Deceased, but also the
highly regarded Thomas Bartholin (1616–1680) of Denmark

and Moritz Hoffman (1622–1698) [1]. Although Wirsung had
no understanding of the nature of the pancreatic duct and its
function, he was astute enough to recognize the significance 
of a novel structure and sought to further his knowledge in
respect to its relevance. He personally engraved his findings
on a single copper plate, and made seven identical impres-
sions. In a wonderful quest for enlightenment he then sent the
plates to famous anatomists throughout Europe, including
Ole Worm (1588–1654) of Copenhagen (Bartholin’s brother-
in-law), Kasper Hoffman of Altdorf, Marco-Aurelio Severino
(1580–1656) of Naples, Jean Riolan (1580–1657) of Paris,
and anatomists at Jena, Hamburg, and Nuremberg seeking
their opinion as to the function of the ductal structure.

None of the learned authorities could offer any definitive
insight into the function of the duct; Worm thought it might be
involved in lymphatic drainage, while Hoffman suggested chyle
transport; Riolan, an ardent supporter of Galen, would not
reconsider his position. Instead, he chose to support Aselli’s view
of the pancreas as a filter or sponge. Sadly, Wirsung would never
resolve the matter. Six weeks later, on the evening of August 22,
1643, while conversing with his fellow lodgers at the door of his
home, he was assassinated with a carbine by a Flemish student
Jacob Cambier. The reasons for the murder are unclear to this
day. Five years after the death of Wirsung, Moritz Hoffman,
who had attended the initial dissection in 1642, developed the
retrospective claim that it was in fact he who had discovered the
pancreatic duct in a turkey rooster in 1641 and had communi-
cated this information to Wirsung who had then sought it dur-
ing human dissections. In 1685, Johan van Horne (1621–1670),
Professor of Surgery and Anatomy at Leiden, honored his col-
league Wirsung, and acknowledged his primacy in the observa-
tion by applying the name “Wirsungianus” to the duct. Of
note is the report by Johann Rhode in 1646 who described an
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Figure 2.2 A. Vesalius (1514–1564) (top
left) of Padua and B. Eustachio (1510–1574)
of Rome (bottom right) were among the first
to define the anatomy of the pancreas.
However, it was Vesalius who provided the
first definitive anatomic depiction of the
human pancreas (center) in his De Humani
Corporis Fabrica (frontispiece at
background left) of 1543 but erroneously
considered its function to be a cushion to the
stomach and valve to close the pylorus. See
also Plate 2.2.
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accessory pancreatic duct in humans but only published the
observation in 1661. Prior to this observation, Thomas Wharton
(1614– 1673) had reported the presence of accessory ducts in
both fish and poultry in 1656 [1].

Although the accessory duct of the pancreas is named after
G.D. Santorini (1681–1737), early descriptions of the pancreas
failed to distinguish adequately between the accessory duct and
the concept of a divided pancreas or divisum. Unfortunately, the
work that led to the identification of additional ducts and recog-
nition of the structures that facilitated a secondary site of pancre-
atic secretion were for the most part overlooked by anatomists
and physiologists of the nineteenth century (Fig. 2.3) [5].

Vater of Wittenberg

Born in Wittenberg, Abraham Vater (1684–1751) obtained his
doctorate in medicine from the University of Leipzig (1710) and
in 1720, while Professor of Anatomy at Wittenberg, presented
the first description of the tubercle or diverticulum that was later
named the “ampulla of Vater.” The 1720 article “De novo bilis
diverticulo, circa orificium ductus choledochi” documents clearly
that there was no simple combination of the pancreatic and bile
ducts [1]. Vater noted that the two ducts were fused in a complex
fashion and ended as an elevation of the mucosa (the ampulla).
He considered that the tubercle consisted of the mingling of the
branches of the two organs, and utilizing the injection technique
of Frederik Ruysch (1638–1731) of the Netherlands demon-
strated that the ampulla had two orifices. In addition to defining
the anatomy of the area, he provided an extensive description of
his injection and dissection technique as well as commenting
erroneously on the “lack of a spiral valve” in the cystic duct that
had been previously described by Heister [5].

Santorini: accessory to the fact

The initial investigations of Giovanni Domenico Santorini
(1681–1737) of Venice covered almost the entire body, and 
in 1724 he published Observationum Anatomicarum. Subse-
quently, he worked on a second book, Observationes Anatom-
icae: quibus inventorum plurima, tabularum non modica
accessio adjuncta est that was only published 38 years after
his death and then only in part [1]. Santorini had undertaken
several hundred duodenopancreatic dissections that he had
studied minutely with the aid of a magnifying glass. All illus-
trations of the work undertaken were drawn to scale, allowing
the true size and proper relationship of structures to be readily
visible. Of particular interest is the fact that in the description of
one of the exquisite plates of the pancreas Santorini indicated
that a second duct was a normal finding and, indeed, a rule
and not the exception. A careful perusal of the text and the
accompanying drawing indicates that apart from his recognition
of the second duct, Santorini may arguably also be credited with
primacy in the discovery of the ampulla of “Vater” [5].

Hyrtl and divisum

Although the identification of a pancreas divisum is sometimes
ascribed to J. Hyrtl (1810–1894), one of the contributors to the
medical renaissance of Vienna who in 1866 wrote “there was,
in the posterior wall of the omental bursa, an accessory pan-
creas, of the size and shape of an almond,” he was more likely
referring to an accessory pancreas. It appears that de Graaf in
1664 may have been the first to describe separate ducts in a
human, although he failed to appreciate the concept of divisum.
By 1812, Johann F. Meckel (1781–1833), also credited with the
discovery of Meckel’s diverticulum, developed and published an
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Figure 2.3 A copper engraved plate (center)
made by J. Wirsung (1589–1643) depicting
his initial identification of the human
pancreas in 1642 in the dissecting room of
Padua (bottom left). Sadly his blazon (top
right) remains the only extant image of
Wirsung who was tragically murdered by a
student. The small oblong folio drawing of
the pancreas clearly distinguishes 21
branches of the pancreatic duct as well as
the bile and pancreatic ducts, the duodenum,
and spleen. The medical cognoscenti of the
time were unable to explain the function of
the duct. See also Plate 2.3.

9781405146647_4_002.qxd  1/31/08  3:44 PM  Page 14


