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PREFACE

Diseases of the pancreas have been extremely difficult to study.
Until relatively recently, the pancreas was viewed by surgeons as an
organ to be avoided, given its deep retroperitoneal location and the
sometimes severe consequences of manipulation. Similar difficulties
have plagued careful study of the pancreas. In humans, only infre-
quently have we had the opportunity to evaluate the evolution of dis-
eases of the pancreas; instead, we are confronted with end-stage chronic
pancreatitis or acute pancreatitis with extensive necrosis of the gland.

Within the past decade, revolutionary techniques in molecular
biology, genetics, and animal models have begun to give us dramatic
new insights into pancreatic disease. Coupled with these advances has
been a slow but steady progress in the development of our clinical
tools for diagnosing and treating pancreatic diseases. These advances
place us on the threshold of a much more complete understanding of
pancreatic diseases, opening up new opportunities for novel therapies
and preventive measures.

Pancreatitis and Its Complications brings together many of the world’s
experts in pancreatic diseases. These “pancreatologists” include basic
scientists, endoscopists, gastroenterologists, and surgeons. The chap-
ters have been organized to provide a comprehensive discussion of
acute and chronic pancreatitis, with up-to-date discussions of patho-
physiology, epidemiology, diagnostic strategies, treatment, and com-
plications of disease. It is hoped that this text will serve as a useful
reference for clinicians as well as provide a clinical background for
scientists with an interest in pancreatic or related diseases.

I would like to thank all the contributors for their outstanding con-
tributions and the staff at Humana Press for its superbly competent
support.

Chris E. Forsmark, MD
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INTRODUCTION

Acute pancreatitis (AP) is an acute inflammatory process of the pan-
creas with variable involvement of the pancreas, regional tissues
around the pancreas, or remote organ systems. The clinical course may
range from mild discomfort with minimal pancreatic inflammation to
severe necrotizing pancreatitis, complicated by multiorgan system fail-
ure and death. The most common etiologies are gallstones and alcohol
abuse. The natural history is dependent on the degree of inflammation
and necrosis. Following an acute attack, there is usually complete
recovery of function if the offending agent is identified and removed.
The pathogenesis of AP involves discrete intracellular events that pre-
maturely activate intra-acinar zymogen granules and generate the
release of proinflammatory and proapoptotic mediators. Understanding
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the natural history and specific roles of these cytokines may help devel-
op therapies that can alter the course of severe pancreatitis and decrease
its complications.

ETIOLOGY AND CLASSIFICATION

AP may be classified based on pathology, etiology, severity of dis-
ease, or the presence of necrosis. Risk factors are summarized in Fig. 1.
In approximately 10–20% of patients, no etiology is identified. Some of
these patients may have microlithiasis and/or sphincter of Oddi dys-
function (SOD) as the etiology of AP. With the increasing knowledge
and understanding of the role of genetic abnormalities in hereditary and
idiopathic chronic pancreatitis (CP), it is possible that these abnormali-
ties will be implicated in idiopathic AP. Furthermore, polymorphisms in
inflammatory mediators may influence disease severity.

Clinically, AP may be classified as mild or severe disease (1). Severe
acute pancreatitis (SAP) is associated with organ failure and/or local
complications, such as necrosis, abscess, or pseudocyst. Approximately
10–20% of patients develop severe disease. Various clinical criteria (e.g.,
Ranson’s or Acute Physiology And Chronic Health Evaluation
[APACHE]), serum markers (e.g., interleukin [IL]-6, C-reactive protein,
and trypsinogen activation peptide) and imaging modalities (contrast-
enhanced computed tomography [CT] scan) have been used to predict
severity. Complicated courses are more common in SAP with mortality
rates from 5 to 20% (2). In contrast, mild AP is the more frequent pre-
sentation and is associated with minimal or transient organ dysfunction
and uneventful recovery.

Fig. 1. Etiology of acute pancreatitis.
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The presence of pancreatic necrosis is the single best predictor of out-
come during AP. Pancreatic necrosis is a diffuse or focal area of nonviable
pancreatic parenchyma, typically associated with peripancreatic fat
necrosis, which is observed as nonenhanced pancreatic parenchyma on a
contrast CT scan. The degree of necrosis can predict morbidity and
mortality. Approximately 30% of patients with pancreatic necrosis
develop infected necrosis with a mortality of 6 to 40% and a morbidity
of more than 80%.

Specific Etiologies
GALLSTONES

Gallstones are implicated in the majority of AP cases. Although gall-
stones are common, they rarely cause pancreatitis. It is estimated that
over a 20- to 30-year period, the risk of developing biliary pancreatitis
in patients with asymptomatic gallstones is approximately 2%. Small
gallstones, particularly those smaller than 5 mm in size, increase the
risk of AP. Additionally, a long common channel at the junction of the
bile and pancreatic ducts may increase this risk. The specific mecha-
nism by which gallstones produce pancreatitis is still debated, but most
biliary pancreatitis is precipitated by the transient or persistent obstruction
of the ampulla by gallstones. In the vast majority of patients, these
stones pass into the intestine. Bile crystals, like stones, can cause AP.
Patients with microlithiasis may present with recurrent “idiopathic” AP.
The diagnosis is suggested by transient abnormalities in aminotrans-
ferases and the evidence of microscopic crystals in bile. Treatment by
cholecystectomy eliminates the risk of recurrence.

ALCOHOL

Alcoholic pancreatitis presents as AP, although in most patients, it
occurs in the presence of already established chronic pancreatitis (CP).
It is the most common cause of recurrent pancreatitis. The incidence of
alcoholic pancreatitis is low (about 5%) in alcohol abusers. This esti-
mate suggests that in addition to alcohol ingestion, other factors, such
as genetic background or environmental influences, may affect patient
susceptibility. Several major physiological mechanisms may contribute
to the development of alcoholic pancreatitis, including abnormal SOD
spasm, obstruction of the small ducts by proteinaceous material, and
direct toxic effect of alcohol and its metabolites.

HYPERLIPIDEMIA

Hyperlipidemia is a cause of AP and CP. Triglyceride levels greater
than 1000 mg/dL are usually required for the development of pancreatitis.
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The probable disease mechanism is generation of toxic-free fatty acids
by the action of lipase on high triglyceride levels in the pancreatic cap-
illary beds, which leads to endothelial damage with the recruitment of
inflammatory cells, thrombosis, and ischemia. Following a bout of AP,
patients require lipid-lowering medication, as well as treatment of
concomitant diabetes and alcohol cessation.

DRUGS

Drugs are a rare cause of AP. Various medications have been
implicated in AP. Azathioprine, 6-mercaptopurine, and 2’, 3’-
dideoxyinosine appear to have an unquestionable association. Other
drugs like  angiotensin-converting enzyme inhibitors, and tetracy-
cline have a weaker association. The relationship to AP is uncertain
in such medications as corticosteroids, aminosalicylic acid, and
methyldopa.

ENDOSCOPIC RETROGRADE CHOLANGIOPANCREATOGRAPHY

AP is the most common complication of endoscopic retrograde
cholangiopancreatography (ERCP). Prospective studies have docu-
mented an incidence of approximately 5% with most cases being mild
pancreatitis. Risk factors include young age, normal pancreatic ducts,
operator inexperience, multiple injections of the pancreatic duct with
acinarization, pancreatic sphincterotomy, SOD, and biliary or pancre-
atic sphincter manometry. Several strategies might reduce the inci-
dence of this complication, including the use of protease inhibitors
(gabexate mesilate), somatostatin, IL-6 antibodies, and temporary
pancreatic duct stenting.

STRUCTURAL

A variety of conditions that obstruct the pancreatic duct chronically
or intermittently may cause AP and include SOD, pancreas divisum,
and benign and malignant pancreatic duct strictures. SOD is deter-
mined by measuring pressures through the sphincter segment at the
time of ERCP. This condition is considered when all other possible
etiologies have been eliminated, because performing ERCP with
sphincter manometry is also likely to precipitate an attack of AP.
Pancreas divisum is a condition in which there is failure of fusion of the
dorsal and ventral pancreas during development. Therefore, the secretion
of the larger dorsal pancreas drains through the small minor papilla. This
common variant occurs in 7% of the population, and very few of these
patients develop pancreatitis. In a very small subset, AP may develop.
Finally, patients with pancreatic adenocarcinoma may rarely present
with unexplained AP, which has led to the recommendation that
patients older than 45 years of age with unexplained pancreatitis should
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undergo an ERCP or endoscopic ultrasonography to evaluate for the
possibility of an underlying malignancy.

EPIDEMIOLOGY

Studies on the epidemiology of AP differ considerably in the incidence
of AP, secondary to inadequate reporting, difficulty in making the diag-
nosis, difference in patient populations and prevalence of alcohol intake,
and tertiary care referral bias. In fact, because patients with mild pancre-
atitis may never be diagnosed, the true incidence of AP may be higher
than that suggested in the literature. Several studies have observed an
increase in the incidence of AP in North America and Western Europe.
Some of this increase may be explained by the improvement of diag-
nostic methods, but studies after 1985 have confirmed an increasing inci-
dence, indicating that improved diagnosis is not the only explanation.
The incidence of AP ranges from 10 to 50 per 100,000 per year. Studies
from the United Kingdom from the 1970s suggested an incidence of 5.4
to 9.4 per 100,000 per year. A report from Scotland describes an increas-
ing incidence of discharges with AP from hospitals between 1961 and
1985: 11-fold in male and 4-fold in female with an annual incidence of
23.3 per 100,000 per year (3). The low incidence reported from older
studies in the United Kingdom is true first-attack incidences, as the inclu-
sion of recurrent attacks in other studies lead to much higher rate.
Swedish and Finnish studies have documented a high annual rate of 40
per 100,000 and 50 per 100,000, respectively. These studies have a high
proportion of alcohol-induced pancreatitis. A recent 10-year retrospec-
tive study from Sweden that reviewed first attacks in a defined popula-
tion observed an annual incidence of 23.4 per 100,000; when relapses
were included, this estimate was 38.2 per 100,000 (4). A report from the
Netherlands confirmed an increasing incidence of AP from 12.4/100,000
person years in 1985 to 15.9/100,000 in 1995. Although the incidence of
AP may be rising, multiple studies have documented a stable or reduced
mortality from AP. In a recent analysis from 1999, the number of AP cases
that required hospitalization in the United States was between 166,000
and 252,000 (5). Incidence rates in the United States have been reported
as being as high as 50 per 100,000 per year (6,7). Gallstone disease is
identified as the most common etiology of the first attack, accounting for
30–50%. Alcohol association is between 20 and 40% of patients with AP
(8). Worldwide, the main etiology is biliary tract disease (41%) and alco-
hol abuse (31.7%). There is a strong association between gender and age
with the incidence of AP, being higher in men than women and increasing
with age. The peak incidence of alcoholic pancreatitis is in the third and
fourth decade; for gallstone pancreatitis, it is the seventh decade.
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Acute Biliary Pancreatitis
Gallstones account for between 30 and 50% of AP (9). It is the

most frequent cause of the first AP episode. Most studies exclude
patients with microlithiasis; thus, the incidence is likely higher. The
wide variation in incidence is noted within and between countries,
dependent on the population studied and extent of alcohol use in
the community. Gallstone pancreatitis is most common in women
between the ages of 50 and 70. However, AP occurs more frequent-
ly in males than in females with gallstone disease. The risk for
severe disease is similar to that observed for other etiologies, but
some studies suggest biliary patients have a higher mortality than
alcoholic pancreatitis. This higher mortality may be secondary to
the increased risk of cholangitis and the older age of presentation.
Biliary pancreatitis may be recurrent if the gallstones are left untreat-
ed, although it is not a cause of CP. Recurrence rates are uncertain
but may be as high as 30% in the absence of cholecystectomy or
biliary sphincterotomy.

Acute Alcoholic Pancreatitis
Excess alcohol intake is the most common etiology of AP in males.

Overall, it is the second most common etiology for AP (30%), yet sev-
eral studies from North America suggest that it may be the most com-
mon etiology of AP in the continent. Because alcohol causes recurrent
AP, it becomes the predominant etiology when relapses are included in
the analysis. Although the incidence of AP is increasing, recent studies
do not show any increase in the incidence of alcoholic pancreatitis.
Most attacks of acute alcoholic pancreatitis represent an acute attack on
CP; however, in most cases, the structural and functional aspects of the
pancreas are unknown and the attacks are therefore assumed to be AP.
Despite the fact that alcoholic pancreatitis is complicated by severe
disease, it is a less common cause of fatal pancreatitis.

Other Etiologies
Other etiologies identified include pancreatic cancer in 1% of cases,

post-ERCP in 2–3%, medications in 1%, miscellaneous causes in 2%,
and unknown causes in 15–23% of first attacks of AP.

Recurrent Acute Pancreatitis
Bouts of recurrent AP are most commonly alcohol-related (60%);

other etiologies include unknown causes (17%) and untreated gallstones
(19%). Recurrent AP appears to be relatively benign and is associated
with a low mortality rate.
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NATURAL HISTORY 

Natural History and Long-Term Outcome
The majority of patients with mild pancreatitis recover uneventfully

and once the etiological factor is identified and removed, there are no
long-term complications or recurrences. An estimate of 10–20% of
patients with AP develop severe disease and have a complicated hospi-
tal course. The incidence of necrosis is between 6 and 20%.
Approximately 33% of patients with pancreatic necrosis develop
infected necrosis and have the highest mortality and morbidity with
nearly 90% of these patients developing failure of at least one organ
system (10). In patients with necrotizing pancreatitis, long-term follow-
up has demonstrated pancreatic ductal changes on ERCP, although the
clinical significance of this evidence is uncertain (11). Following
necrosectomy for necrotizing pancreatitis, approximately 50% of
patients will develop long-term pancreatic exocrine and endocrine dys-
function, yet most preserve a good overall functional status (12). The
development of pancreatic insufficiency varies with the extent of pan-
creatic necrosis and resection.

Mortality
The mortality of AP is reported in the literature as being between 1.3

and 10%. A range of 2–5% likely represents a true mortality because the
higher rates are indicated in studies from referral centers and probably do
not include patients with mild disease. Overall, studies suggest a reduc-
tion in mortality in the last decade. Gender is not an independent risk
factor for severity in AP. When necrotizing pancreatitis is considered, the
mortality rate is between 14 and 30%. Approximately half of this mor-
tality is seen in the first 2 weeks. Mortality appears to be influenced by
age, etiology (higher in patients with idiopathic, post-ERCP pancreatitis,
and gallstone), presence of organ failure on admission and, most impor-
tantly, the presence of pancreatic necrosis. Additionally, patients with
severe pancreatitis transferred to tertiary care facilities for management
have higher mortalities (13). Most studies suggest that approximately
10–20% of fatal pancreatitis is missed with the diagnosis only being
made at autopsy. The missed diagnosis appears in patients who present
without abdominal pain, with acute respiratory failure or neurological
changes, and/or normal serum enzymes or pancreatic imaging.

PATHOPHYSIOLOGY

The syndrome of AP represents a series of pathological events. The
initial pathology is likely to involve either the acinar cell or reduced
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blood flow. Thus initiated, the process can involve the whole pan-
creas, surrounding tissues, and cause a systemic reaction that harms
many organs. Because human pathological material is rarely available
from early AP, much of our information is derived from experimental
animal studies.

Acinar Cell Events
Pancreatic acinar cells form approximately 95% of the exocrine

mass. In response to an initiating insult, the acinar cell mounts three
key pathological responses: intracellular zymogen activation, inhibited
secretion, and the generation and release of proinflammatory and
proapoptotic mediators (Fig. 2).

ZYMOGEN ACTIVATION AND INHIBITION OF SECRETION

The majority of pancreatic digestive enzymes, including all proteases,
are synthesized and stored as inactive proeznymes or zymogens.
Within the first minutes to hours of AP, zymogens become activated
within the pancreatic acinar cell (14). At later disease stages, zymogens
that have leaked into the interstitium may also be activated. The cellular
mechanisms responsible for the acinar cell activation have not been
fully defined; however, experimental models have consistently identi-
fied several factors. Elevations in cytosolic calcium mediate many of
the physiological responses of the acinar cell to neurohumoral stimuli.
A pathologically high level of cytosolic calcium may be a key component
of the acinar cell response to an insult. Pathological elevations in cytoso-
lic calcium have been linked to the activation of zymogens, but the basis
for this association is unknown. One possible explanation is that exces-
sive calcium causes fusion between different classes of organelles and

Fig. 2. Early and late cellular events in the pathogenesis of acute pancreatitis.
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thus generates novel organelles that support the conditions for zymogen
activation. In the normal state, zymogens are sequentially activated in
the small intestine. The brush border enzyme, enterokinase, first con-
verts trypsinogen to trypsin, and then the other zymogens are activated
by trypsin. As the pancreas does not contain enterokinase, another
mechanism must be responsible for activation. The leading candidates
are activation of trypsinogen by the lysosomal enzyme, cathepsin B, or
trypsinogen autoactivation (15). Several mechanisms may permit
cathepsin B to mix with trypsinogen. First, although lysosomal
enzymes are usually separated from digestive zymogens in the Golgi
complex, the pancreas directs some lysosomal enzymes to the secretory
compartment. Second, organelles containing the two enzyme families
may fuse (16). Enzyme activation alone may not be sufficient to cause
acinar cell damage, and the decreased secretion of proteins from the
acinar cell observed at the onset of pancreatitis may have a critical role
in disease. The reduced secretion may result from the disruption of the
apical actin cytoskeleton. Conditions that cause zymogen activation but
leave secretion intact do not cause acinar cell injury or pancreatitis.
Thus, both enzyme activation and retention of enzymes in the acinar
cell may be required to initiate disease.

The acinar cell has several safety mechanisms to avoid the damaging
effects of active intracellular enzymes. Packaged within the zymogen
granule is the pancreatic secretory trypsin inhibitor. It is estimated that
the amount of inhibitor is sufficient to block approximately 15% of
trypsin activity within the acinar cell. Thus, extensive levels of activa-
tion could overwhelm the trypsin inhibitor. The low pH value of the
zymogen granule and condensation of content proteins may also limit
enzyme activity. When these protective mechanisms are overwhelmed,
active enzymes escape their membrane-bound organelles, degrade cell
proteins, and cause cell death. This process has been called “autodi-
gestion,” but involves the release of many detrimental substances.
Although the blood has numerous effective protease inhibitors, some
active enzymes may reach and damage other tissues. The release of
trypsin into the interstitium may have a unique role in causing the severe
pain associated with AP. Trypsin may specifically stimulate protease-
activated receptors on nerves that carry pain sensation. Because
zymogen activation appears to be a very early feature of disease, the
therapeutic use of protease inhibitors may be limited to prophylaxis
(e.g., for ERCP-induced pancreatitis). The importance of zymogen
activation in the pathogenesis of pancreatitis is underscored by the
observation that some forms of hereditary pancreatitis are caused by
mutations in cationic trypsinogen that might enhance its activation or
prolong its activity (17).
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CYTOKINE AND CHEMOKINE GENERATION

Two key features of AP are inflammation and cell death. Neutrophil
recruitment and activation are early features of disease and correlate with
the severity of disease. Soluble factors, such as tumor necrosis factor
(TNF)-α and platelet-activating factor, are generated by the acinar cells
and stimulate inflammation. Endothelial expression of intracellular adhe-
sion molecule-1 and selectins promotes inflammatory cell adhesion.
Neurokines, like substance P may also have a key role in disease. Even
in acute disease, mononuclear cells may contribute to injury. Cytokines
generated by the acinar cell (e.g., TNF-α) can also induce programmed
cell death (apoptosis). Release of these soluble factors from the pancreas
may also be responsible for the lung injury associated with severe pan-
creatitis (18,19). Multiple cytokines that cause distinct patterns of organ
injury are released (Fig. 3), which makes it unlikely that inhibition of a
single pathway will be an effective disease treatment.

Pancreatic and Peripancreatic Events
EDEMA

Increased capillary permeability and potentially increased tissue
oncotic pressure lead to early pancreatic edema. Such changes may
contribute to decreased pancreatic blood by the compression of vascular
structures and diminishing intravascular volume.

Fig. 3. Cytokines, chemokines, and neurokines implicated in organ dysfunction in
acute pancreatitis (AP). C5a, complement component C5a; ICAM, intracellular
adhesion molecule 1; IL, interleukin; IL-1ra, interleukin-1 receptor antagonist;
iNOS, inducible nitric oxide; PAF, platelet-activating factor; sIL-2R, soluble inter-
leukin-2 receptor; Sub P, substance P; TNF-α, tumor necrosis factor-α; MCP1,
monocyte chemotactic protein-1; GRO, growth-related oncogene.
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VASCULAR CHANGES AND FREE RADICAL GENERATION

Endothelial injury, vasospasm, and vascular thrombosis can all occur
in AP. Changes in pancreatic perfusion can have two deleterious out-
comes. Vasospasm with later increases in circulation can lead to perfu-
sion–reperfusion injury and free radical generation. Ischemia and loss of
perfusion can lead directly to cell death. Although there is a strong the-
oretical and experimental basis for implicating free radicals in AP, there
has been little clinical support for the use of antioxidant therapy.

CHANGES IN PARACELLULAR CELL PERMEABILITY

Loss of the cell structures that form tight seals, known as “tight junc-
tions,” may occur in the acinar and duct cells. This early event (first 30
minutes) is associated with the breakdown of the actin cytoskeleton, an
anchor for the tight junctions. Such disruptions allow the pancreatic
duct contents to leak into the interstitial space. These changes may con-
tribute to the very rapid increases in serum levels of pancreatic
enzymes and rapid decrease in pancreatic secretion observed at the
onset of disease. Furthermore, zymogens that enter the interstitial space
may undergo activation.

Cell Death
Two general mechanisms of cell death are observed in AP: necrosis

and programmed cell death or apoptosis. The factors that mediate the
two mechanisms of death are not clearly understood. However, more
severe forms of pancreatitis may be more strongly associated with
necrotic death than apoptotic cell death. In humans, necrosis is the ear-
liest and most prominent in adipose tissue. Injured adipocytes may be a
rich source of harmful cytokines (TNF-α) and provide substrates
(triglcyerides) for the generation of harmful free fatty acids. The acinar
cell undergoes a unique form of necrosis after injury; instead of dying,
the cell may respond to injury by pinching off their apical zymogen
granule-rich region. This leaves acini filled with flattened cells—these
glandular structures are known as “tubular complexes.” Such a response
may provide a scaffold for rapid regeneration. Similarly, the high levels
of the pancreatitis-associated protein (PAP) and the pancreatic stone
protein (PSP/reg) generated during the initial days of AP may have a
role in reconstitution. Generally, endocrine and exocrine structure and
function fully recovers from an AP episode. However, with severe dis-
ease, some deficiency in function may be detected for 1 year. 

Systemic Events
Two major processes lead to death in AP: early deaths are caused by

multiorgan failure and later deaths by organ failure and/or infected
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necrosis. The systemic inflammatory response syndrome (SIRS) is also
associated with severe pancreatitis. The lungs are particularly sensitive to
this injury, and the development of adult respiratory distress syndrome
often indicates severe disease. SIRS and organ failure can be present
upon admission but are often reversible. Although the presence of some
organ failure or SIRS upon admission has a worse prognosis, the highest
mortality is observed among those patients with deteriorating organ func-
tion or persistent SIRS. These systemic effects are felt to be caused by the
release of these inflammatory cytokines, chemokines, and neurokines.

CONCLUSION

In conclusion, there appears to be an increasing incidence of AP with
a stable or reduced mortality. Biliary pancreatitis is the most common
etiology worldwide followed by alcohol. Most cases of AP are mild
with full functional recovery following an acute attack. Following an
initiating event, there is intracellular zymogen activation, followed
by the release of proinflammatory mediators, which results in local
and systemic injury. Research continues to provide new insights into
the earliest changes within the cell during AP. Treatment and preven-
tion of AP will be influenced by the effectiveness in targeting specific
cytokines that have been demonstrated to produce local and systemic
inflammatory responses.
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DIAGNOSIS OF ACUTE PANCREATITIS

Patients with acute pancreatitis (AP) usually present with sudden
onset of abdominal pain, nausea, and vomiting. Approximately 80% of
patients have interstitial pancreatitis with mild-to-moderate symptoms,
and 20% have life-threatening necrotizing disease. Careful clinical
assessment and the judicial use of biochemical tests and radiological
imaging enables the practitioner to differentiate AP from other causes
of acute abdomen and to assess the severity of disease (1–7).

History and Physical Exam
AP is typically characterized by abdominal pain located in the epi-

gatsric or supraumbilical regions, often radiating to the mid-thoracic
portion of the back. Pain usually reaches maximum intensity within 20
minutes but may have a more gradual onset. The pain from AP is usu-
ally sharp, constant, lasts hours to days, and is severe enough to force
the patient to visit the emergency room. In mild AP, the pain may
decrease when sitting or leaning forward in comparison to lying flat.
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Nausea and vomiting with or without low-grade fever are the most
commonly associated symptoms (1,4,5).

A recent history of binge drinking may be frequently elicited in
patients with alcohol-induced pancreatitis. The concomitant presence
of jaundice and high-grade fever strongly suggests choledocholithiasis
as the etiology of AP, complicated by coexistent cholangitis (1–6). Less
commonly, respiratory failure, confusion, and even coma are the main
presenting features, which are frequently manifestations of severe
necrotizing pancreatitis. In rare cases, abdominal pain may be absent,
leading to a delayed or missed diagnosis (1).

The usual findings on a physical examination are abdominal disten-
sion, tenderness, guarding, and absent bowel sounds. Fever associated
with AP is generally low grade. High-grade temperature may indicate
the development of infected pancreatic necrosis and associated fluid
collection or cholangitis, particularly if jaundice is present (1,2,5,6).

Severe acute pancreatitis (SAP) is often complicated by massive loss
of fluid into the retroperitoneal spaces. Tachycardia and hypotension
are some of the earliest clues for a moderate-to-severe attack of pan-
creatitis and are markers for significant early depletion of intravascular
volume. These may soon progress to hypovolemic shock caused by
increased vascular permeability, vasodilatation, and hemorrhage (1).
Tachnypnea and dyspnea are also common in severe pancreatitis, owing
to splinting from the subdiaphragmatic inflammatory process, associ-
ated pleural effusions, or pulmonary capillary leak syndrome (adult
respiratory distress syndrome). Pleural effusions are mainly found on the
left side but can be bilateral.

Rare clinical findings include ecchymoses of the umbilicus or flanks,
peripheral subcutaneous fat necrosis, and polyarthritis. Classically, dark
skin discoloration of the flanks and periumbilical areas because of hem-
orrhage is described with severe and hemorrhagic pancreatitis; however
these physical findings may result from any type of retroperitoneal
bleeding (6).

Laboratory Tests
The diagnosis of AP is usually suspected based on the appropriate

clinical features and is confirmed by laboratory and imaging tests.
Leakage of pancreatic enzymes into the circulation is a hallmark of AP.
Although amylase and lipase constitute a small fraction of all pancreatic
enzymes, they are the easiest and the quickest enzymes to measure.
Typically, the elevation of serum amylase in AP is above threefold of the
normal values. Amylase levels are usually increased within a few hours of
disease onset, but they may be cleared from the serum rather quickly.
Serum amylase usually remains elevated for 3–5 days in uncomplicated
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AP. Because many conditions can cause hyperamylasemia (Table 1),
the specificity of elevated serum amylase level is less than 70%. Very
high elevations of serum amylase (more than fivefold normal), how-
ever, are rarely associated with diseases other than AP. Elevations of
three- to fivefold normal are commonly seen in the absence of acute
pancreatitis in patients with renal failure, as a result of decreased
clearance of the enzyme. Measurements of urinary amylase and the
amylase-to-creatinine ratio may be helpful to distinguish AP from other
causes of hyperamylasemia, but such measurements are infrequently
employed (2–6).

Serum amylase isoenzyme measurements may improve the diagnostic
accuracy of serum amylase alone. In healthy people, less than half of
all circulating amylase originates in the pancreas, whereas the remainder
is of salivary origin. Serum pancreatic isoamylase (P-isoamylase)
accounts for the elevated total serum amylase level in AP and tends to
persist for several days. However, pancreatic isoamylase can be elevated in
some other gastrointestinal disorders and in renal insufficiency, making
it difficult to diagnose AP based on P-isoamylase levels alone without
additional diagnostic parameters (2,5,8).

The elevation of serum lipase generally parallels the serum amylase
level in AP. However, the serum lipase level often remains elevated
longer, making it more useful to diagnose pancreatitis after symptoms

Table 1
Causes of Increased Serum Amylase Activity

Pancreatic diseases
Acute pancreatitis
Pancreatic cancer

Abdominal emergencies
Acute cholecystitis
Common bile duct obstruction
Perforated viscous
Intestinal ischemia
Acute appendicitis
Ruptured ectopic pregnancy and acute salpingitis

Salivary gland diseases
Renal insufficiency
Macroamylasemia
Diabetic ketoacidosis
HIV infection/AIDS
Sphincter Oddi stenosis or spasm
Drugs: Morphine
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have subsided. Lipase is considered more specific than amylase for
pancreatic tissue injury, despite that lipase is also produced by numer-
ous other gastrointestinal tissues. Another potential advantage of
lipase is that it is generally not elevated in diabetic ketoacidosis or
macroamylasemia (1).

Both amylase and lipase are widely available and are, in general,
rapidly available from hospital laboratories. In practice, combining the
measurement of serum amylase and lipase somewhat enhances the diag-
nostic accuracy for AP. A normal amylase or lipase level makes the
diagnosis of AP unlikely, except in the presence of hyperlipidemia.
Very high levels of serum triglyceride (one of the causes of AP) can
interfere with the laboratory assay for both amylase and lipase; dilu-
tion of the serum may be necessary in this situation to reliably mea-
sure the elevations of amylase or lipase. In some patients with chronic
pancreatitis, acute abdominal pain can be the result of focal acute inflam-
mation of the gland, and serum amylase and lipase levels may remain
normal (5,6). It is important to note that a correlation has not been
found between the degree or trend of serum amylase and lipase eleva-
tion with the amount of structural damage of the pancreas or severity
of AP (9).

Pancreatic enzymes, such as serum trypsin, chymotrypsin, elastase,
ribonuclease, and phospholipase A2 have been all reported to be elevat-
ed in AP, but assays to measure these enzymes are not readily available
for clinical use, and their specificity has not been defined (2,5,6,9).

The use of other clinically available laboratory tests may have a
role in determining the etiology of AP. For example, elevated bilirubin
and hepatic transaminases, particularly alanine aminotransferase more
than 80 IU/L should raise the suspicion of gallstone pancreatitis (1–5;
see Chapter 3).

Imaging
ULTRASONOGRAPHY

Transabdominal ultrasonography is widely available, relatively inex-
pensive, and quite safe. Unfortunately, pancreatic imaging by ultrasound
has limitations from overlying bowel gas and surrounding fat planes,
which tend to be exaggerated in the acutely inflamed pancreas owing
to ileus and peripancreatic edema. Thus the sensitivity and specificity
of this modality for diagnosing AP is low (1). Nonetheless, transab-
dominal ultrasonography is useful in the early stages of AP to search
for gallbladder stones or sludge, evaluate for dilation of the common
bile duct caused by choledocholithiasis, and analyze for other possible
causes of severe abdominal pain.
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COMPUTED TOMOGRAPHY SCAN

The computed tomography (CT) scan, particularly when done with
helical or multidetector technology, is a valuable tool in the diagnosis
and management of AP. However, not every patient with AP requires a
CT scan. CT is mainly indicated if the initial diagnosis is in doubt or
for prognostic purposes in severely ill patients as in the section on Risk
Stratification (4). The role of CT is both to document the appropriate
findings that confirm the diagnosis of AP and to exclude other intra-
abdominal catastrophes that can mimic AP (e.g., a perforated viscus).
CT scan findings, which support the diagnosis of AP, include diffuse
or segmental enlargement of the pancreas, irregularity of the pancre-
atic contour with obliteration of the peripancreatic fat planes, areas of
decreased density within the pancreas, and ill-defined fluid collections
in the pancreas or outside the gland in the lesser sac or pararenal spaces.
The frequency of these findings varies according to the severity of pan-
creatitis, and these findings do not require intravenous administration
of contrast material to be identified.

Intravenous contrast-enhanced computed tomography (CECT) is
mainly used to differentiate pancreatic necrosis from interstitial pancre-
atitis or to monitor for pancreatitis complications in selected cases (i.e.,
to assist in estimating prognosis or managing patients with AP, rather
than simply confirming a diagnosis). Normal CT findings have been
reported in 24–67% of patients with mild AP (2).

Controversy exists as to whether intravenous contrast early in the
clinical course exacerbates the severity of AP. Although deleterious
effects of intravenous contrast have been observed in animal models of
experimental pancreatitis, studies in humans have yielded conflicting
results (10). Many authors agree that CECT scans are unneccessary in
patients with mild AP (see Risk Stratification in Acute Pancreatitis sec-
tion) and should be reserved for those pateints with a more complicated
clinical course. Additionally, early CECT may underestimate the
degree of pancreatic necrosis that may develop over time from the dis-
ruption of pancreatic microvascular circulation that usually occurs in
the first 12–24 hours of SAP (11,12). At present, it is recommended
that CECT be obtained 3–4 days after the onset of SAP for optimal
assessment of pancreatic necrosis (8).

MAGNETIC RESONANCE IMAGING

Currently, magnetic resonance imaging (MRI) has no advantage
over CT scan in the management of AP. MRI has a comparable speci-
ficity and sensitivity for diagnostic and severity assessment of AP (1,2).
Its cost, availability, and contraindication in patients with metallic
implants has limited the application of MRI in AP to date.
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ENDOSCOPIC RETROGRADE CHOLANGIOPANCREATOGRAPHY

Endoscopic retrograde cholangiopancreatography (ERCP) has no
role in diagnosing AP. Therapeutic application of ERCP in moderate-to-
severe acute gallstone pancreatitis has been shown by several controlled
clinical trials to lower morbidity and mortality when compared to tradi-
tional medical treatment alone (see Chapter 3). ERCP is also utilized
in the differential diagnosis and elective treatment of recurrent unex-
plained pancreatitis secondary to sphincter Oddi dysfunction, pancreatic
divisum, and microlithiasis (13–15).

ENDOSCOPIC ULTRASOUND

The diagnostic role of endoscopic ultrasound (EUS) in AP is still
evolving; it is not readily available in all institutions. In recent studies,
the immediate application of EUS for suspected biliary AP may aid
in the diagnosis of gallstone pancreatitis, thereby helping to triage

Fig. 1. A computed tomography scan demonstrating a large area of necrosis as evi-
denced by the lack of contrast enhancement (arrows) after intravenous contrast
administration.
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patients for therapeutic ERCP with endoscopic sphincterotomy and
stone removal (16).

RISK STRATIFICATION IN ACUTE PANCREATITIS

Early evaluation of AP severity is essential to allow the clinician to
predict the patient’s clinical course, estimate prognosis, and determine
the need for intensive care unit admission. Severe pancreatitis can be
defined by various systems that predict complications and mortality or
by the development of the complication itself. Thus, there is a differ-
ence between a predictive system that suggests complications may
develop and the actual development of a complication. (This issue is
discussed in more detail in Chapter 6.) This section focuses on methods
to predict morbidity and mortality. Severe pancreatitis can be predicted
by clinical criteria, multiple factor scoring systems, serum markers, and
radiographic features. The ability of a seasoned clinician’s ability to
detect severe pancreatitis is similar to the accuracy of the multiple fac-
tor scoring systems. Several of these scoring systems have been devel-
oped to assist the clinician in the assessment of the severity of AP. The
most commonly used systems are the Ranson criteria, the modified
Glasgow scoring system, and the Acute Physiology And Chronic
Health Evaluation II (APACHE II; 2,8,16–19).

The Ranson Criteria and the Modified Glasgow System rely on a
collection of clinical and biochemical variables measured within the
first 48 hours of admission, as shown in Table 2. Clearly, from looking
at these systems, many of the variables are factors that any clinician
would be attuned to in managing a critically ill patient, and the scoring
systems merely place these variables within a numerical framework.
Using these systems, it is only possible to predict severity after 48
hours have passed. Higher Ranson or Glasgow scores predict severe
disease with reasonable sensitivity. Mortality is less than 5% in patients
with Ranson score of 0, in comparison to 10% for those with a criteria
of 3–5, and 60% for those with a Ranson score greater than 6. Thus,
many patients with higher Ranson scores do not die and, in fact, do not
develop organ failure or other complications. The same is true for the
modified Glasgow scoring system. Therefore, the Ranson and modified
Glasgow scoring systems lack specificity. It should also be noted that
there are separate Ranson scoring systems for alcohol-induced and biliary
pancreatitis, and the total score cannot be calculated unless all factors are
measured after 48 hours of observation. The most important roles of the
Ranson and Glasgow scoring may be to exclude severe disease. A
Glasgow or Ranson score of 0 or 1 virtually guarantees that complica-
tions will not develop and that mortality will be negligible. A second
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important use of these scoring systems is for clinical research, in charac-
terizing disease severity for comparison between studies.

The APACHE II scoring system is considered more specific and
accurate when compared to clinical assessment and Ranson/modified
Glasgow system (Table 3). The APACHE II may be applied at any time
point in the course of disease, which is an advantage over the Ranson
and Glasgow criteria. The APACHE II system is quite complex (9),
making it unwieldy for everyday clinical use. Many free downloadable
programs for PDA use are available on the Web, which has markedly

Table 2
Variables of the Ranson Criteria and Modified Glasgow System

Ranson Criteria

For Acute Non-Gallstone Pancreatitis
Upon admission:

1. Age >55 years
2. WBC >16,000/mm3

3. Glucose >200 mg/dL
4. LDH >350 IU/L
5. AST >250 IU/L

Within 48 hours:
1. Drop in HCT >10%
2. Serum Ca <8 mg/dL
3. Base deficit >4 mEq/L
4. Increase BUN >5 mg/dL
5. Fluid deficit >6 L
6. Arterial PO2 <60 mmHg

For Acute Gallstone Pancreatitis
Upon admission:

1. Age >70 years
2. WBC >18,000/mm3

3. Glucose >220 mg/dL
4. LDH >400 IU/L
5. AST >440 IU/L

Within 48 hours:
1. Drop in HCT >10%
2. Serum Ca <8 mg/dL
3. Base deficit >5 mEq/L
4. Increase BUN >2 mg/dL
5. Fluid deficit >6 L
6. Arterial PO2 <60 mmHg

HCT, hemoconcentration; WBC, white blood count; LDH, lactate dehydrogenase;
AST, aspartate aminotransferase; BUN, blood urea nitrogen.

Modified Glasgow System

Arterial PO2 <60 mmHg
Serum albumin <3.2 g/dL
Serum Ca <8 mg/dL
WBC >15,000/mm3

AST >200 IU/L
LDH >600 IU/L
Glucose >180 mg/dL
BUN >45 mg/dL



T
ab

le
 3

T
he

 A
PA

C
H

E
 I

I 
Se

ve
ri

ty
 o

f 
D

is
ea

se
 C

la
ss

if
ic

at
io

n 
Sy

st
em

H
ig

h 
ab

no
rm

al
 r

an
ge

L
ow

 a
bn

or
m

al
 r

an
ge

P
hy

si
ol

og
ic

 v
ar

ia
bl

e
+ 

4
+ 

3
+ 

2
+ 

1
0

+ 
1

+ 
2

+ 
3

+ 
4

Po
in

ts

Te
m

pe
ra

tu
re

–r
ec

ta
l (

ºC
)

41
º

39
–4

0.
9º

38
.5

–3
8.

9º
36

–3
8.

4º
34

–3
5.

9º
32

–3
3.

9º
30

–3
1.

9º
29

.9
º

M
ea

n 
ar

te
ri

al
 p

re
ss

ur
e–

16
0

13
0–

15
9

11
0–

12
9

70
–1

09
50

–6
9

49
m

m
H

g
H

ea
rt

 r
at

e 
(v

en
tr

ic
ul

ar
18

0
14

0–
17

9
11

0–
13

9
70

–1
09

55
–6

9
40

–5
4

39
re

sp
on

se
)

R
es

pi
ra

to
ry

 r
at

e
50

35
–4

9
25

–3
4

12
–2

4
10

–1
1

6–
9

5
(n

on
ve

nt
ila

te
d

or
 v

en
til

at
ed

)
O

xy
ge

na
tio

n:
 A

-a
D

O
2

50
0

35
0–

49
9

20
0–

34
9

<
20

0
or

 P
aO

2
(m

m
H

g)
a.

 F
IO

2
0.

5
re

co
rd

 A
-a

D
O

2
b.

 F
IO

2
<

 0
.5

 r
ec

or
d 

Pa
O

2
PO

2
>

70
PO

2
61

–7
0

PO
2

55
–6

0
PO

2
<

55
A

rt
er

ia
l p

H
 (

pr
ef

er
re

d)
7.

7
7.

6–
7.

69
7.

5–
7.

59
7.

33
–7

.4
9

7.
25

–7
.3

2
7.

15
–7

.2
4

<
7.

15
Se

ru
m

 H
C

O
3

52
41

–5
1.

9
32

–4
0.

9
22

–3
1.

9
18

–2
1.

9
15

–1
7.

9
<

15
(v

en
ou

s 
m

E
q/

L
)

(n
ot

 p
re

fe
rr

ed
, b

ut
m

ay
 u

se
 if

 n
o 

A
B

G
s)

Se
ru

m
 s

od
iu

m
 (

m
E

q/
L

)
18

0
16

0–
17

9
15

5–
15

9
15

0–
15

4
13

0–
14

9
12

0–
12

9
11

1–
11

9
11

0
Se

ru
m

 p
ot

as
si

um
 (

m
E

q/
L

)
7

6–
6.

9
5.

5–
5.

9
3.

5–
5.

4
3–

3.
4

2.
5–

2.
9

<
2.

5
Se

ru
m

 c
re

at
in

in
e

3.
5

2–
3.

4
1.

5–
1.

9
0.

6–
1.

4
<

0.
6

(m
g/

dL
) 

D
ou

bl
e 

po
in

t
sc

or
e 

fo
r 

ac
ut

e 
re

na
l f

ai
lu

re
H

em
at

oc
ri

t (
%

)
60

50
–5

9.
9

46
–4

9.
9

30
–4

5.
9

20
–2

9.
9

<
20

C
on

ti
nu

ed

25



T
ab

le
 3

 (
C

on
ti

nu
ed

)

H
ig

h 
ab

no
rm

al
 r

an
ge

L
ow

 a
bn

or
m

al
 r

an
ge

P
hy

si
ol

og
ic

 v
ar

ia
bl

e
+ 

4
+ 

3
+ 

2
+ 

1
0

+ 
1

+ 
2

+ 
3

+ 
4

Po
in

ts

W
hi

te
 b

lo
od

 c
ou

nt
40

20
–3

9.
9

15
–1

9.
9

3–
14

.9
1–

2.
9

<
1

(t
ot

al
/m

m
3
) 

(i
n 

10
00

s)
G

la
sg

ow
 c

om
a 

sc
or

e
(G

C
S)

 S
co

re
 =

15
 m

in
us

ac
tu

al
 G

C
S

A
.

To
ta

l a
cu

te
 p

hy
si

ol
og

y
sc

or
e 

(s
um

 o
f 

12
 a

bo
ve

 p
oi

nt
s)

B
.

A
ge

 p
oi

nt
s 

(y
ea

rs
)

44
=

0;
45

–5
4 

=
2;

55
–6

4 
=

3;
65

–7
4 

=
5;

75
=

6
C

.
C

hr
on

ic
 h

ea
lth

 p
oi

nt
s 

(s
ee

 b
el

ow
)

To
ta

l A
PA

C
H

E
 I

I 
sc

or
e 

(a
dd

 to
ge

th
er

 th
e 

po
in

ts
 f

ro
m

 A
+

B
+

C
)

C
hr

on
ic

 H
ea

lth
 P

oi
nt

s:
 I

f 
th

e 
pa

tie
nt

 h
as

 a
 h

is
to

ry
 o

f 
se

ve
re

 o
rg

an
 s

ys
te

m
 in

su
ff

ic
ie

nc
y 

or
 is

 im
m

un
oc

om
pr

om
is

ed
 a

s 
de

fi
ne

d 
be

lo
w

, a
ss

ig
n 

po
in

ts
as

 f
ol

lo
w

s:

5 
po

in
ts

 f
or

 n
on

op
er

at
iv

e 
or

 e
m

er
ge

nc
y 

po
st

op
er

at
iv

e 
pa

tie
nt

s
2 

po
in

ts
 f

or
 e

le
ct

iv
e 

po
st

op
er

at
iv

e 
pa

tie
nt

s

D
ef

in
iti

on
s:

 o
rg

an
 i

ns
uf

fi
ci

en
cy

 o
r 

im
m

un
oc

om
pr

om
is

ed
 s

ta
te

 m
us

t 
ha

ve
 b

ee
n 

ev
id

en
t 

pr
io

r 
to

 t
hi

s 
ho

sp
ita

l 
ad

m
is

si
on

 a
nd

 c
on

fo
rm

 t
o 

th
e 

fo
llo

w
in

g
cr

ite
ri

a:
Li

ve
r—

bi
op

sy
 p

ro
ve

n 
ci

rr
ho

si
s 

an
d 

do
cu

m
en

te
d 

po
rt

al
 h

yp
er

te
ns

io
n;

 e
pi

so
de

s 
of

 p
as

t u
pp

er
 g

as
tr

oi
nt

es
tin

al
 b

le
ed

in
g 

at
tr

ib
ut

ed
 to

 p
or

ta
l h

yp
er

-
te

ns
io

n;
 o

r 
pr

io
r 

ep
is

od
es

 o
f 

he
pa

tic
 f

ai
lu

re
/e

nc
ep

ha
lo

pa
th

y/
co

m
a.

 C
ar

di
ov

as
cu

la
r—

N
ew

 Y
or

k 
H

ea
rt

 A
ss

oc
ia

tio
n 

C
la

ss
 I

V
. R

es
pi

ra
to

ry
—

C
hr

on
ic

 r
es

tr
ic

-
tiv

e,
 o

bs
tr

uc
tiv

e,
 o

r v
as

cu
la

r d
is

ea
se

 re
su

lti
ng

 in
 s

ev
er

e 
ex

er
ci

se
 re

st
ri

ct
io

n 
(i

.e
., 

un
ab

le
 to

 c
lim

b 
st

ai
rs

 o
r p

er
fo

rm
 h

ou
se

ho
ld

 d
ut

ie
s;

 o
r d

oc
um

en
te

d 
ch

ro
n-

ic
 h

yp
ox

ia
, h

yp
er

ca
pn

ia
, s

ec
on

da
ry

 p
ol

yc
yt

he
m

ia
, s

ev
er

e 
pu

lm
on

ar
y 

hy
pe

rt
en

si
on

 (>
40

 m
m

H
g)

, o
r r

es
pi

ra
to

r d
ep

en
de

nc
y.

 R
en

al
—

re
ce

iv
in

g 
ch

ro
ni

c 
di

al
-

ys
is

.I
m

m
un

oc
om

pr
om

is
ed

—
th

e 
pa

tie
nt

 h
as

 r
ec

ei
ve

d 
th

er
ap

y 
th

at
 s

up
pr

es
se

s 
re

si
st

an
ce

 t
o 

in
fe

ct
io

n 
(e

.g
., 

im
m

un
os

up
pr

es
si

on
, c

he
m

ot
he

ra
py

, r
ad

ia
tio

n,
lo

ng
 te

rm
 o

r 
re

ce
nt

 h
ig

h-
do

se
 s

te
ro

id
s,

 o
r 

ha
s 

a 
di

se
as

e 
th

at
 is

 s
uf

fi
ci

en
tly

 a
dv

an
ce

d 
to

 s
up

pr
es

s 
re

si
st

an
ce

 to
 in

fe
ct

io
n,

 e
.g

., 
le

uk
em

ia
, l

ym
ph

om
a,

 A
ID

S)
.

In
te

rp
re

ta
ti

on
 o

f 
sc

or
e

0–
4

=
~4

%
 d

ea
th

 r
at

e
10

–1
4 

=
~1

5%
 d

ea
th

 r
at

e
20

–2
4 

=
~4

0%
 d

ea
th

 r
at

e
30

–3
4 

=
~7

5%
 d

ea
th

 r
at

e
5–

9
=

~8
%

 d
ea

th
 r

at
e

15
–1

9 
=

~2
5%

 d
ea

th
 r

at
e

25
–2

9 
=

~5
5%

 d
ea

th
 r

at
e

O
ve

r 
34

 =
~8

5%
 d

ea
th

 r
at

e

A
B

G
s,

 a
rt

er
ia

l b
lo

od
 g

as
es

.

26



Chapter 2 / Diagnosis and Risk Stratification 27

improved the ease in using the APACHE II scoring system. Predicted
SAP is defined by a Ranson score of 3 or greater or an APACHE II
score of 8 or greater (8,9). Actual SAP is defined by the presence of
organ failure or local pancreatic complications (e.g., necrosis, infected
necrosis, pseudocyst, and abscess).

CT has also become routinely used in the prediction and determi-
nation of disease severity. The initial CT grading system, which did
not require intravenous contrast administration, was developed by
Balthazar and Ranson (Table 4; 20). However, using CT alone also has
a relatively high false-positive rate (i.e., many patients with grade C
and even D pancreatitis recover without developing organ failure or
dying). Combining the CT grading system with Ranson prognostic signs
further improves the prognostic capacity when compared to either sys-
tem alone. Patients with grade D or E are almost certain to develop
complications, and they have a significantly increased risk of mortality,
and this risk is augmented by the coexistence of a high Ranson score.
Those patients with grade C pancreatitis and a Ranson score less than
3 routinely do well, whereas those with grade C pancreatitis and a
Ranson score more than 3 are much more likely to develop complica-
tions and/or die. A grade of A or B strongly predicts an uncomplicated
outcome (1,20). These grading systems are based on non-CECT scans.
CECT can also be used to determine the presence of pancreatic necro-
sis. Interstitial pancreatitis (the absence of necrosis) is defined by
homogeneous and uniform intravenous contrast enhancement of the
pancreas, which requires rapid scanning over the pancreas timed to
the infusion of intravenous contrast. Necrosis is defined by inhomo-
geneous enhancement with intravenous contrast, especially when
large areas of the pancreas are entirely devoid of enhancement.
Pancreatic necrosis per se is not always associated with other clinical
features of severe disease (e.g., organ failure or infected necrosis), but
the presence of necrosis markedly increases the chance of developing
these severe clinical markers. Particularly, pancreatic necrosis puts

Table 4
Computed Tomography Grading System

Grade A: Normal findings
Grade B: Focal or diffuse pancreatic enlargement
Grade C: Inflammation of the pancreas and pancreatic fat
Grade D: Peripancreatic fluid collection in single location usually

within the anterior para-renal space
Grade E: Two or more fluid collections or the presence

of peripancreatic gas
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patients at risk for infection of the devitalized tissue, one of the most
severe complications of AP (see Chapter 7). CT scans with intra-
venous contrast enhancement is our only method currently available to
identify necrosis.

Given that the multiple factor scoring systems are complex and that
CT scans are expensive, there has been continued interest in identifying
simpler or less expensive methods to predict severity. Several clinical
and serum markers of disease severity have been proposed, which
include routine laboratory tests and novel markers of disease severity.
Despite the diagnostic importance of elevated serum amylase and
lipase in AP, numerous studies have demonstrated that elevated levels
of these enzymes have no prognostic value in AP (2,8,9). This is the
reason why they are excluded in any AP severity scoring system.
Hemoconcentration more than 44% at presentation has been demon-
strated by several investigators to be a reasonably accurate early
marker that predicts pancreatic necrosis and organ failure (21–23). In
contrast, Whitcomb et al. showed that an admission hematocrit of 40%
or below predicts a low risk of pancreatic necrosis and may reduce the
need for diagnostic CT scans (24).

More novel serum tests have also been evaluated. C-reactive protein
(an acute-phase reactant) is cheap, widely available, and commonly used
in Europe as a measure of severity. A level of 150 mg/L of C-reactive
protein has been proposed as a criterion for distinguishing mild AP
from SAP (9). Other markers, such as trypsinogen activation peptide,
interleukin-6, and polymorphonuclear elastase, have been shown in
research studies to be of value to predict severe necrotizing pancreatitis,
but commercial assays are not yet available for clinical use (2–7).

Clinical or demographic features may also predict disease severity.
Obesity has been shown in several studies to be a risk factor for the
severe outcome of AP, and it is associated with an increased risk of
mortality (9). Advanced age and comorbid diseases are also risk factors
for morbidity and mortality from AP. Other clinical parameters like
hypovolemic shock, massive pleural effusion, prolonged hypoxia, and
body echymosis are indicative of a complicated course and a higher
risk of mortality (1).

Many steps have already been taken to guide the clinician’s goal of
predicting the severity of AP. The ability to accurately predict out-
come would allow the improved use of intensive and intermediate
care unit beds and would allow specific therapy (once available) to be
directed at those patients most likely to benefit. However, the ideal
grading system or the predictive marker of choice does not yet exist.
Careful and repeated clinical evaluation by skillful clinicians remains
an important part of detecting complications early. Multiple factor
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scoring systems are useful adjuncts but remain complex, difficult to
use, and all have a high false-positive rate. CT scans are widely used
and seem to provide the best addition to clinical assessment, both to
confirm the diagnosis and/or rule out alternative diagnoses and estimate
the disease severity.
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INTRODUCTION

Acute pancreatitis (AP) is a disease of great social impact with an
incidence of approximately 20/100,000 population per year. The mild
form, which accounts for 75–80% of cases, has virtually no mortality and
benefits from simple symptomatic treatment. In contrast, the severe form
is characterized by local and systemic complications, may lead to multi-
organ failure, and is burdened by a mortality rate between 5 and 20%.

The most frequent form of AP is acute biliary pancreatitis, which in
published reports accounts for a range between 16 and 70% of all cases
in most Western countries. Also, there is evidence that up to one-third
of AP cases that had previously been thought to be idiopathic are, in fact,
caused by microlithiasis or bile crystals.
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In recent years, there have been many changes in the management of
patients suffering from AP. Improvements include the general availability
of contrast-enhanced (dynamic) computed tomography (CECT) scanning,
magnetic resonance imaging, interventional procedures like endoscopic
retrograde cholangiopancreatography (ERCP) and endoscopic sphinctero-
tomy (EST), a better understanding of the underlying pathophysiology,
and improved standards of intensive care, as well as a more aggressive
surgical approach in patients with infected pancreatic necrosis. All of
these advances have only minimally reduced the overall mortality
(~10–15%) during the last two decades. The improved medical and sur-
gical care of these patients has been counterweighed by the increase in
age and comorbid medical conditions of patients.

The purpose of this chapter is to review the principal pathophysio-
logical mechanisms of gallstone pancreatitis and to provide clinical
guidelines for the care of patients with gallstone-induced pancreatitis.

ETIOLOGY AND PATHOGENESIS

Since the 1856 discovery by Claude Bernard (1) that bile is an agent
that can cause pancreatitis when injected into the pancreatic duct of lab-
oratory animals, many studies have been performed to elucidate the
pathophysiology of gallstone pancreatitis. Several conflicting hypothe-
ses have later been proposed to explain how the passage of gallstones
through the biliary tract triggers disease onset. In 1901, Eugene Lindsey
Opie initially postulated that the impairment of pancreatic outflow owing
to obstruction of the pancreatic duct causes pancreatitis (2; Fig. 1). This
initial “duct obstruction” hypothesis was somewhat forgotten when Opie
published his second “common channel” hypothesis in the same year
(3). This second hypothesis predicted that an impacted gallstone at the
papilla of Vater creates a communication between the pancreatic and
bile duct (i.e., the common channel), through which bile flows into the
pancreatic duct and causes pancreatitis.

Although Opie’s common channel hypothesis seems rational from a
mechanistic point of view and had become one of the most accepted
theories in this field, some experimental and clinical evidence is
incompatible with its assumptions (4,5). Anatomical studies have
shown that the communication between the pancreatic duct and com-
mon bile duct is much too short (<6 mm) to permit biliary reflux into
the pancreatic duct (6), and an impacted gallstone would more likely
obstruct both the common bile duct and the pancreatic duct (7). Even
in the event of an existing anatomical communication, pancreatic secre-
tory pressure would still exceed biliary pressure, and pancreatic juice
would flow into the bile duct rather than bile flowing into the pancreatic
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duct (8,9). As a result of this gradient, bile flow into the pancreatic duct
would not occur until 24–48 hours after complete obstruction, a time
point at which necrotic cell damage in the pancreas has already been
established (5). Bilio-pancreatic reflux from a loss of barrier function of
the damaged pancreatic ductal epithelium in the later stages of the dis-
ease may explain the observation of a bile-stained necrotic pancreas at
the time of surgery. However, this is not evidence for the assumption
that reflux of bile into the pancreas is an initial triggering event for the
disease. Experiments performed on the opossum, an animal model that is
anatomically well-suited to test the common channel hypothesis, have
revealed that neither a common channel nor biliopancreatic reflux is
required for the development of acute necrotizing pancreatitis (5). This
does not eliminate the possibility that bile acids can reach the pancreas
by a systemic route and impair cellular Ca2+ signaling in pancreatic aci-
nar cells through specific membrane transporters, as recently reported
(10). Another mechanism through which bile might aggravate pancre-
atitis is when its passage into the gut is obstructed by a gallstone.
Obstruction of bile flow may lead to an impairment of the reticulo-
endothelial system in the liver, a factor that is known to affect the
severity of pancreatitis (11).

The potential communication between the pancreatic and bile duct
through the common channel is controlled by the sphincter of Oddi. The
data regarding function of the sphincter of Oddi in gallstone pancreatitis

Fig. 1. The two “Opie hypotheses” for the pathogenesis of gallstone-induced pan-
creatitis, both reported in 1901, according to Lerch et al. (97) with permission. (A)
The “common channel” reflux hypothesis. A gallstone, impacted at the duodenal
papilla, creates a communication between the pancreatic duct and common bile duct.
Behind it, bile can flow through this common channel into the pancreatic duct and
would trigger the onset of acute pancreatitis (AP). (B) The pancreatic “duct obstruc-
tion” hypotheses. A gallstone on its passage through the biliary tract obstructs the pan-
creatic duct. The intraductal pressure rises and trigger acinar cell damage that leads to
necrosis. Whether or not the common bile duct is also obstructed is immaterial to the
triggering mechanism of pancreatitis, but it may determine later disease severity.
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are conflicting, and both hypotonic (12) and hypertonic (13) sphincter
of Oddi pressures have been reported in up to 72% of cases with recur-
rent AP of unknown origin (14). Another hypothesis that might explain
the pathogenesis of gallstone pancreatitis—reflux of duodenal contents
into the pancreatic duct through an incompetent sphincter after the pas-
sage of a gallstone—has been conclusively ruled out as the cause of
human biliary pancreatitis (15). Perfusion of sterile bile through the pan-
creatic duct has been shown to be completely harmless (16). However,
it is still possible that an influx of infected bile into the pancreas after
prolonged obstruction at the papilla, when the pressure gradient between
the pancreatic duct (higher) and the bile duct (lower) is reversed
(17,18), may represent an aggravating factor of the course of pancreatitis
or a risk factor for infected pancreatic necrosis.

It is now clear that the initial pathophysiological events during the
course of gallstone-induced pancreatitis affect acinar cells (19) and are
triggered by the obstruction or impairment of flow from the pancreatic
duct (20). Bacterial contamination of bile or reflux of bile into the pan-
creatic duct are not involved or required for pancreatitis to occur but
may represent aggravating factors in the later course of disease and could
possibly be important in determining the severity and prognosis of acute
gallstone pancreatitis.

DIAGNOSIS

Since 1929, the diagnosis of AP has been based on the cardinal symp-
toms of abdominal pain and vomiting in combination with a significantly
elevated serum amylase (or lipase) activity. A distinction between biliary
pancreatitis and other etiological varieties is more difficult but should be
made within 48–72 hours following hospital admission to permit effec-
tive and timely endoscopic intervention. Therefore, one goal of an initial
diagnostic work-up is to distinguish AP from other life-threatening intra-
abdominal conditions that begin with acute abdominal pain (e.g., aortic
aneurysm, visceral ischemia, and perforated ulcer). The approach to
diagnosis is reviewed in Chapter 2. The second goal is defining the dis-
tinction between gallstone-induced pancreatitis and other etiological
varieties of the disease and is the focus of this discussion.

Clinical Assessment
The common clinical findings of AP are often a diffuse abdominal

tenderness, upper abdominal pain, and vomiting. Body ecchymosis is
rarely evident (Cullens sign, and Grey-Turner’s sign; 21). Clinical find-
ings alone are often unreliable in determining the diagnosis or etiology
of AP because these features may be found in association with several
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other acute abdominal conditions, especially after abdominal operations
(22). In the particular case of acute gallstone pancreatitis, a history of
previous gallstone-induced illness may be elicited, such as recurrent
right upper pain or a history of obstructive jaundice. A previous case of
drug or alcohol abuse does not always eliminate gallstone-induced pan-
creatitis but is suggestive of other etiologies. In patients who have had
recurrent pancreatitis, particularly if they are less than 25 years of age
or have a positive family history of pancreatitis, the hereditary variety of
pancreatitis associated with trypsinogen mutations must be considered
(23–25). Although helpful, history alone is never sufficient to distinguish
acute gallstone from nongallstone pancreatitis.

Laboratory Studies
Biochemical findings, such as serum amylase or lipase activity of

three times the upper limit, predict the diagnosis of AP with an accuracy
of approximately 95% (26). If available, the advantages of measuring
serum lipase are that its activity will remain increased for a longer period
than amylase and that it is somewhat more specific than serum amylase
(27,28). Rarely, serum lipase concentrations may be within the normal
range in patients with pancreatitis when the pancreas is instantaneously
cut off from its entire blood supply (e.g., appoplexy and infarction).

Elevations in liver chemistries (bilirubin, alkaline phosphatase, and
transaminases) can occur when a gallstone transiently obstructs at the
ampulla and are useful markers for gallstone-induced AP. Serum bilirubin
measurements are one of the most reliable laboratory assays to differ-
entiate a biliary cause of pancreatitis from other etiologies. Levels
greater than twofold the normal value are highly suggestive of a biliary
cause of AP. Similarly, levels of transaminases, particularly alanine
aminotransferase more than 60–80 IU/L (depending on the study) are pre-
dictive of a biliary etiology. Elevations in alkaline phosphatase are less
helpful in identifying gallstone pancreatitis. A very suggestive pattern
is a sharp increase in liver chemistries at the onset of attack, followed by
a rather prompt decrease over 1–2 days. Persistent elevations of liver
chemistries suggest a persistently obstructing common bile duct stone,
a condition that usually merits ERCP with removal of stones (see
below). Further laboratory findings (e.g., white cell count, blood glucose,
blood urea nitrogen, arterial pO2, albumin, calcium, and C-reactive pro-
tein [CRP]) are important for severity stratification, although they do
not directly contribute to the diagnosis of pancreatitis nor the identifi-
cation of gallstones as the etiology.

Several more novel tests show promise for diagnosis and risk stratifi-
cation but are not widely available or used. A novel urinary test strip that
identifies the presence of trypsinogen-2 may have a role in establishing
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the diagnosis of AP in the future (29–32). Quantification of trypsinogen
activation peptide in serum and urine has been found to determine the
disease severity of AP with great accuracy (33) and may be widely used
once the assay becomes available as a urinary test strip. Many other
laboratory tests that have been purported to assist in establishing the
severity of AP, such as antiprotease levels, polymorphonuclear elas-
tase, complement factors, and interleukin and chemokine levels, have
never been used in routine clinical practice. However, these novel tests
do not appear to have any ability to distinguish gallstone from non-
gallstone pancreatitis.

Ultrasound
Ultrasound (US) examination of the abdomen is a cheap and very reli-

able method to detect gallstones within the gallbladder. The finding of
gallstones within the gallbladder is highly suggestive of a biliary cause
of pancreatitis. Dilatation of the common bile duct or stones within the
common bile duct, as well as edema and necrosis within the pancreas,
can also be detected, albeit with less accuracy than gallbladder stones.
Additionally, the US can be useful in assessing for other intra-abdominal
disorders like aortic aneurysm, appendicitis, and abscess formation
(34–36). The accuracy of abdominal US is limited in AP because of the
common presence of overlying intestinal gas. Along with providing
information on the presence of gallstones, US can also help in selecting
patients for urgent therapy. If a patient presents with a history of gall-
stones and has either persistently elevated levels of serum bilirubin or a
dilated bile duct on ultrasound, they will generally require urgent ERCP.
In many European countries where abdominal ultrasound is performed as
a real-time and bedside imaging technique by physicians, the technique
is regarded as an initial diagnostic tool for patients with pancreatitis (37).
It is less popular in North America where radiologists prefer to assess
computed tomography (CT) films over ultrasound films, both of which
are obtained by technicians. Nonetheless, the ultrasound remains a highly
useful initial study in patients with suspected gallstone pancreatitis.

Endoscopic Retrograde Cholangiopancreatography
ERCP allows for the direct visualization of the common bile and pan-

creatic ducts (Fig. 2). It may be required to determine the etiology of pan-
creatitis and detect gallstones or anatomical variants and tumors, but
ERCP is used most commonly for therapy rather than diagnosis. ERCP
is likely the most sensitive and widely available method to determine the
biliary etiology of AP and may detect bile duct stones or gallstones in
nearly all patients with acute gallstone pancreatitis (38) when the bile
duct is visualized. Visualization of the bile duct can be generally
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accomplished in 94–98% of patients without AP but only in approxi-
mately 80–90% of patients with AP (39,40). Nevertheless, the procedure
is expensive, invasive, and carries risk; therefore, it is used sparingly for
the diagnosis of acute gallstone pancreatitis. The role and timing of
ERCP in treating (rather than diagnosing) gallstone pancreatitis has been
the subject of several randomized trials. Controversies continue to exist
involving the endoscopic therapy of AP, and these issues are discussed in
the Treatment section. Endoscopic cannulation of the pancreatic duct in
patients with pancreatitis is generally not required (unless pancreatic
trauma or duct laceration is suspected), but it is also not harmful if per-
formed inadvertently and overinjection of the duct is avoided.

Other Imaging Procedures
CT is widely used in AP and should be performed if the clinical and

biochemical findings are inconclusive for pancreatitis or the patient is

Fig. 2. An endoscopic retrograde cholangiopancreatography demonstrating a stone
in the common bile duct (arrow).
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suspected of having severe pancreatitis or pancreatic necrosis (41).
Moreover, a CECT scan should be performed between 3 and 10 days in
patients who suffer from severe AP that do not respond to appropriate
treatment. It is the method of choice to detect pancreatic necrosis, peri-
pancreatic or intra-abdominal fluid collections, or infected necrosis.
This last complication, which usually develops between 8 and 20 days
after admission, may require surgical intervention (42). CT is actually
less sensitive than US in detecting gallstones, and patients with sus-
pected gallstone pancreatitis often receive both an ultrasound (to assess
for gallstones as the etiology) and CT (to assess for severity). The role
of magnetic resonance cholangiopancreatography (MRCP) in the diag-
nosis of acute gallstone pancreatitis is not yet defined, but promising
studies have been reported from investigations pertaining to other dis-
eases of the biliopancreatic tract (43). To be useful, MRCP should be
able to visualize gallstones within the gallbladder and the bile duct.
MRCP has been shown to be a valid primary imaging alternative to
ERCP in the diagnosis of chronic pancreatitis (CP) and in patients with
malformations of the common bile duct (44). More encouraging,
MRCP has been shown to be an accurate diagnostic tool for the detec-
tion of gallstones in the common bile duct with a sensitivity and positive
predictive value of 92%, along with a specificity and negative predictive
value of 96% (45). This impressive accuracy is a feature relating to the
size of the stones; most patients with gallstone pancreatitis have small
stones that may limit the accuracy of MRCP.

A more accurate alternative for detecting gallstones may be endo-
scopic ultrasound (EUS; 46). EUS appears to have the ability to image
common bile duct stones with an accuracy approaching (in some stud-
ies, even surpassing) that of ERCP and with less overall morbidity.
However, neither MRCP nor EUS will permit the removal of identified
gallstones. Depending on the available endoscopic expertise, EUS
might be a reasonable primary step to select patients for subsequent
ERCP. Yet, in many centers, initial ERCP may be the most practical and
cost-effective approach to patients with suspected gallstone-induced
pancreatitis (46) that require endoscopic therapy (discussed below).

COMPLICATIONS AND SEVERITY STRATIFICATION

In 80% of patients, AP is caused by either gallstone disease or exces-
sive alcohol consumption. The mortality rate of acute edematous pan-
creatitis is below 1%, whereas patients suffering from hemorrhagic
necrotizing pancreatitis die in 10–24% of cases. The short- and long-term
complications of acute gallstone pancreatitis include parenchymal
necrosis, multiorgan failure, pancreatic pseudocyst formation, cholangitis,
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recurrence of pancreatitis, and, rarely, a transition to CP. Systemic
complications include respiratory failure caused by atelectasis, pleural
effusion, mediastinal abscess or acute respiratory distress syndrome,
depression of the cardioavascular system (most commonly, hypoten-
sion owing to hypovolemia and hypoalbuminemia, nonspecific ST-T
changes and pericardial effusion), hematological changes (e.g., dis-
seminated intravascular coagulation), gastrointestinal bleeding, throm-
bosis of the portal vein and renal failure (oliguria, azotemia, renal
artery or renal vein thrombosis, and acute tubular necrosis). Metabolic
complications like hypocalcemia, encephalopathy, sudden blindness
(Purtscher’s retinopathy), and hyperglycemia and hypertriglyceridemia
also occur. Complication rates in two large prospective studies of
patients with gallstone pancreatitis (39,40) are listed in Table 1 and
indicate that the previously mentioned complications mainly occur in

Table 1
Complications of Acute Pancreatitis

Fölsch et al., 1998 Neoptolemos et al., 1988

Invasive Conservative Invasive Conservative
Complication treatment treatment treatment treatment

Total 46 51 17 34
Pseudocyst 4 8 10.1 19.3
Necrosis 16.7 13.4 n.d. n.d.
Abscess 2.4 0.9 n.d. n.d.
Peritonitis 1.6 2.7 n.d. n.d.
Respiratory 11.9 (53) 4.5 (60) 3.4 (50) 14.0 (33)

insufficiency
Renal failure 7.1 (66) 3.6 (75) None 3.3 (100)
Sepsis 10.3 14.3 n.d. n.d.
Cardiovascular 4.8 3.6 1.7 (100) 8.1 (100)

shock
DIC 3.2 1.8 1.7 1.7 (100)
Diabetes 9.5 10.7 n.d. n.d.
Jaundice 0.8 10.7 n.d. n.d.
Cholecystitis 10.3 (0) 17.9 (5) n.d. n.d.
Cholangitis 13.5 11.6 10.2 8.1
Thrombosis 0.8 0.9 n.d. n.d.
Cerebrovascular n.d. n.d. 1.7 None

accident

Complication rates of acute pancreatis according to two prospective controlled trials
by Fölsch et al. (40) and Neoptolemos et al. (39). n.d., not determined; DIC, dissemi-
nated intravascular coagulation; numbers in parentheses indicate percentage of death
within each group of complications.
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cases of severe pancreatitis. Cardiovascular along with pulmonary and
renal complications are causally related to increased mortality in the
early phase of acute necrotizing pancreatitis, whereas sepsis and infect-
ed necrosis predominate after the second week of hospital care. Early
identification of patients with a severe disease course is therefore
important because immediate and aggressive intensive care monitoring
and treatment can alter the clinical course and outcome.

Severity stratification has been shown to be useful to distinguish
between groups with mild and severe AP. This is particularly important
in patients with presumed gallstone pancreatitis, as the severity of the
disease is often used as a significant factor to determine the need for
ERCP in management. Establishment of severity can be performed by
clinical assessment coupled with biochemical parameters and a CECT
scan-based grading system (Table 2; 47). Multifactor scoring systems,
such as the Ranson or Glasgow scoring, have been shown to accurate-
ly predict severity in 70–80% of cases (48–50). As a single parameter,
CRP alone reaches an accuracy of 80% (50). The combination of the
Glasgow system with CRP results in better sensitivity and specificity for
those patients who develop major clinical complications (51) and is
widely used in Europe. Recently, measuring hematocrit as an indicator
of hemoconcentration upon hospital admission has been reported to
have a good prognostic value comparable to that of the more complex
Ranson and Glasgow scores, which are obtained after 48 hours (52).
The major advantage of this single, easily obtainable, and cheap param-
eter on admission, is its high-negative predictive value. On the basis of
a second study evaluating hematocrit Lankisch et al. suggest a strategy
that in the absence of hemoconcentration, CECT would be unnecessary
on admission and would only be necessary if the patient’s condition
does not improve with therapy (53).

To assess the severity of the disease and risk of complication, the
Acute Physiology And Chronic Health Evaluation (APACHE II) score
has also been shown to be useful. Depending on the cut-off level, it will
reach a sensitivity of 95% for cases that will develop severe complica-
tions (cut-off APACHE II score of 6). When the cut-off is raised to a
score of 9, the APACHE II score will indicate severe attacks with higher
specificity, but a significant number of patients who later develop com-
plications will not be detected (54). Other indicators for a systemic
inflammatory response are yet to be established in routine clinical prac-
tice (29–32). If the clinical assessment and laboratory markers, as well
as severity scores, predict a mild clinical course of pancreatitis, imag-
ing studies involving CT scan and magnetic resonance imaging are
generally not required, whereas patients with severe pancreatitis may
require the CECT scan at some point during their clinical course to
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assess complications or the extent of pancreatic necrosis (47). A CT
scan without an intravenous contrast agent is of little value in AP.

TREATMENT

Before the advent of interventional endoscopy, laparotomy was the
only effective approach to the removal of gallstones from the biliary
tract. Since the introduction of ERCP, the management of patients with
AP and CP has rapidly evolved. Particularly, the introduction of EST
in 1973 (55,56) has permitted much more favorable results than open
laparotomy (39,57,58). It is generally accepted that ERCP is the most
effective method to identify an impacted gallstone at the papilla of
Vater as the triggering cause of biliary pancreatitis. ERCP should be
performed in combination with EST when bile duct stones or
microlithiasis are detected. One issue of debate has been when to
perform an ERCP, and whether ERCP is required as an emergency
procedure in all cases. Some studies suggest that all patients with pan-
creatitis in which clinical, laboratory, or imaging assessments indicate
an involvement of gallstones in the ethiopathogenesis of pancreatitis
should undergo ERCP as soon as possible (preferably within 24–72
hours after symptom onset; 59,60). Although this policy clearly
reduces the morbidity and complication rate from concomitant
cholangitis, it remains unclear whether the course of pancreatitis, in
itself, would be directly affected (60–63). It is also uncertain if the
risks of ERCP may outweigh the benefits and if the cost of ERCP was
acceptable. Several randomized controlled trials have attempted to
answer these questions. In a prospective single-center study by Fan

Table 2
Contrast-Enhanced Computed Tomography Grading System

Grade CT Morphology

A Normal
B Focal or diffuse gland enlargement; small intrapancreatic fluid

collection
C Any of the above plus peripancreatic inflammatory changes and

less than 30–50% gland necrosis
D Any of the above plus peripancreatic fluid collection and

30–50% gland necrosis
E Any of the above plus extensive extrapancreatic fluid collection,

pancreatic abscess, and more than 50% gland necrosis

Modified according to Balthazar (47). CT, computed tomography.
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et al. (58), 195 patients were randomized to receive ERCP within 24
hours following admission or conservative management, irrespective
of the etiology of pancreatitis. In the treatment group, EST was only
performed when detectable gallstones were found; in the control
group, ERCP was not carried out unless the clinical conditions deteri-
orated. Fan et al. found that ERCP with EST reduced the incidence of
biliary sepsis when compared with the control group (0% versus 12%,
p < 0.001), but other systemic and local complications were not
reduced. The authors conclude that early ERCP and EST (if gallstones
are found) are indicated in all patients presenting with AP, regardless
of the expected severity of the disease, to prevent biliary sepsis. This
trial has been criticized in that only about two thirds of all patients in
this trial actually had gallstones as the etiology, and nearly one third
of the patients randomized to conservative therapy ultimately under-
went ERCP and EST. In another prospective randomized single-center
trial by Neoptolemos and coworkers (39), 121 patients were enrolled
with suspected acute biliary pancreatitis. Patients were stratified into
groups with mild and severe disease (using the modified Glasgow cri-
teria) within 48 hours after admission. Patients randomized to ERCP
underwent it within 72 hours of admission, and when bile duct stones
were found, sphincterotomy was performed. Those in the conservative
therapy group could receive ERCP after 5 days if necessary. No sig-
nificant differences were observed in the overall mortality rate. There
was a reduction in overall complication rates (17% versus 34%, p <
0.03), but this difference was entirely accounted for by the group of
patients with predicted severe pancreatitis (complication rates of 24%
versus 61%). Within the group with predicted severe disease, there
was also a reduction in hospital stay and mortality (4% versus 18%)
when ERCP was performed. This improvement was limited not only
to the treatment or prevention of cholangitis. The authors conclude
that any evidence for a biliary cause of pancreatitis should be fol-
lowed by an urgent ERCP in patients with pancreatitis that is pre-
dicted to be severe. The authors also emphasize the point that ERCP
in the group predicted to have mild disease, although not beneficial,
does not appear to be harmful. In a recently published, prospective
multicenter study by Fölsch et al. (40), 235 patients were randomized
to ERCP and EST within 72 hours following the onset of abdominal
pain or conservative therapy. Patients were excluded if they were
jaundiced (bilirubin level >5 mg/dL), and all these patients under-
went ERCP and EST outside of the trial. There was no difference in
local or systemic complications between the two groups and no
reduction in mortality. According to these authors, ERCP in combi-
nation with EST is required as an emergency procedure only in
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patients with pancreatitis who have signs of bile duct obstruction and
are at risk for cholangitis (the group that was excluded from this
trial). A fourth randomized trial concluded that ERCP and EST is
indicated in all patients with presumed biliary pancreatitis, regard-
less of the predicted severity of the disease (59). Unfortunately, this
trial has never been published and cannot be commented on further.
Given that EST is a procedure associated with a significant percent-
age of early (5–10%) and late (5–25%) complications (64–66),
depending on the experience of the investigator (67) and institution
(68), a selective (rather than universal) use of ERCP seems justified.
Moreover, risk factors for complications from ERCP, such as sus-
pected sphincter of Oddi dysfunction, advanced age of the patient,
and a nondilated bile duct, need to be taken into account in the deci-
sion for or against ERCP (69,70). Urgent ERCP, EST, and stone
extraction within 72 hours of admission should be performed in
patients with acute biliary pancreatitis with evidence for bile duct
obstruction or biliary sepsis, or in which clinical, imaging, or labo-
ratory parameters predict a severe course of biliary pancreatitis
(39,40,58,71,72).

When multiple stones cannot be safely removed from the common
bile duct after sphincterotomy, the placement of a bile duct stent has been
shown to be an alternative for high-risk patients (73). It might be possible
to first perform endoscopic ultrasonography in such patients, whereas
ERCP is reserved for those patients with visible bile duct stones as a
method to minimize overall complications form ERCP. However,
whether EUS before ERCP is a cost-effective approach (74) will have to
be shown in randomized prospective trials.

Controversy also still exists concerning the subsequent clinical
course of patients whose gallbladder is left in situ following success-
ful endoscopic removal of stones from their common bile duct.
Although the number of gallstone carriers who develop pancreatitis is
small and ranges between 3 and 8% (75), it is clear that stones of less
than 5-mm diameter increase the risk of developing AP fourfold (76).
Furthermore, it has been recognized that the risk of AP in patients with
gallstone disease is reduced to that of the normal population following
removal of the gallbladder (75). From the 1960s to 1980s, early surgi-
cal intervention was recommended for acute gallstone pancreatitis, for
which reduced mortality rates were shown in a retrospective and a
prospective study (77,78). More recently conducted trials (79,80), par-
ticularly a prospective investigation by Kelly et al. in 1988 (57), which
included 165 patients with acute gallstone pancreatitis, showed a
decreased morbidity and mortality rate for delayed surgery and led to
the recommendation that cholecystectomy should be postponed until
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Fig. 3. Algorithm for the therapeutic approach in acute gallstone pancreatitis.
Modified according to Uhl et al. (83). *Based on jaundice, persistently elevated
liver chemistries, a dilated common bile duct, suspected cholangitis, or predicted
severe pancreatitis.
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pancreatitis has subsided. According to the British Society of
Gastroenterology guidelines, patients with mild gallstone pancreatitis
should have definitive management of their gallstone disease ideally
within 2–4 weeks after recovery from an episode of AP (81,82).
Another publication by Uhl et al. (83) recommends laparoscopic
cholecystectomy 5–7 days after the onset of mild/edematous AP.
These data are in line with a National Institutes of Health consensus
conference, recommending cholecystectomy in acute gallstone pan-
creatitis 5–6 days after the onset of the disease. One reason to postpone
surgical cholecystectomy in acute gallstone pancreatitis until day
4–5 is that the development of severe disease with necrosis usually
takes approximately 4 days to develop (84). Cholecystectomy before
day 4, even in mild or edematous pancreatitis, is therefore not recom-
mended, as the rate of complications may rise. A recently published
study by Sargen et al. (82) analyzed the effect of deviation from these
clinical guidelines and concluded that this will result in high rates of
re-admission to the hospital.

In cases of severe/necrotizing AP, cholecystectomy should be per-
formed after 7–21 days, provided that the episode of pancreatitis has
subsided. In elderly high-risk patients with gallstone-induced pancre-
atitis, biliary sphincterotomy and removal of stones from the common
bile duct may be sufficient (85). Whether the placement of a pancreatic
duct stent in combination with sphincterotomy, which has been reported
to lower post-ERCP pancreatitis rates (86,87), is of any benefit for
patients undergoing sphincterotomy for biliary pancreatitis needs further
evaluation. An algorithm for the treatment of acute gallstone pancreatitis
is given in Fig. 3.

PROGNOSIS AND PREVENTION

Because of the high incidence of up to 45% of recurrent pancreati-
tis (88), when the gallbladder is left in situ, cholecystectomy has been
advocated after gallstone pancreatitis. Very low rates (4–8%) of
recurrent pancreatitis in patients who underwent cholecystectomy
have been noted during long-term follow-up (89–91). Recurrent bile
duct calculi have been reported in 2–6% of patients after EST
(92–94). The overall mortality of patients with gallstone pancreatitis
is 6% in the first 28 days with a median age at death of 80.5 years
(95). In severe pancreatitis, which accounts for about 20% of cases,
the mortality rate reaches 20% (96). Unlike alcohol consumption,
gallstones are not an established risk factor for the development of
chronic pancreatitis if cholecystectomy is performed after the first
episode of pancreatitis.
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SUMMARY

• The diagnosis of AP should be established within 48 hours after onset
of symptoms and/or hospital admission.

• Early identification of a biliary etiology is recommended using clinical,
laboratory, and imaging studies.

• In patients with severe pancreatitis a CECT scan or MRCP may be
required to detect complications and the extent of pancreatic necrosis.

• Signs of biliary obstruction, sepsis, and severe gallstone pancreatitis
should prompt an urgent ERCP.

• EST is the treatment of choice in patients with bile duct or papillary
stones.

• For patients with gallstones, cholecystectomy should be performed
within 5–7 days after mild pancreatitis and within 3–4 weeks in patients
with severe pancreatitis.
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INTRODUCTION

Proven and potential causes of acute pancreatitis (AP) are legion. In
most epidemiological studies, alcohol abuse and gallstones are the
most common causes of AP. In most series, the third most common eti-
ology is idiopathic. Several other etiologies are also described, all of
which are rare. However, studies of these rare forms of AP have pro-
vided impressive insight into the pathophysiology of AP and have begun
to allow investigators to study idiopathic acute pancreatitis (IAP) with
progressively more sophisticated scientific tools. Two causes of AP are
described in other chapters and are only briefly discussed here.
Endoscopic retrograde cholangiopancreatography (ERCP)-induced pan-
creatitis is discussed in Chapter 5. Gallstones and microlithiasis are
reviewed in Chapter 3 of this volume. This chapter reviews other causes
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of AP with a particular emphasis on genetic predisposition and autoim-
mune pancreatitis (AIP).

CATEGORIZATION

Causes of AP can be categorized as toxic-metabolic, mechanical,
genetic, autoimmune, and miscellaneous. Items within certain categories
are then characterized as established or suspected based on available data.

TOXIC–METABOLIC CAUSES

Alcohol, hypertriglyceridemia, hypercalcemia, medications, organo-
phosphates, Scorpion toxin, certain infections, and methylene chloride
fall into the category of toxic–metabolic causes. Alcohol is clearly the
most common of these causes and attributes to approximately 30% of
cases of AP in the United States.

The long-standing belief has been that dedicated ethanol ingestion
over a 3- to 5-year period was necessary to “prime” the pancreas before
AP becomes clinically apparent. Although this is true in most cases,
most experts in the field now agree that a single episode of binge
drinking may be sufficient to cause AP (1,2). Most patients fit into the
former category, and the pathophysiological mechanisms differentiating
the two phenotypes have yet to be ascertained. In most patients, it has
been thought that histologic chronic pancreatitis (CP) has already devel-
oped at the time of the initial attack of pancreatitis, which may not be
apparent because histological material is rarely available. If not already
apparent at the time of the initial attack, radiological evidence of CP
usually develops within a few years of the initial attack. A rare number
of patients may have multiple acute attacks of pancreatitis over several
years before developing obvious CP. Yet, a small group of patients will
not progress to CP despite continued alcohol abuse. Once CP develops,
however, abstinence from alcohol may slow but will not stop the subse-
quent continued deterioration of pancreatic function. The mechanism by
which alcohol causes AP and CP remains unknown. Hypotheses include
direct acinar or ductal cell damage by alcohol or one of its metabolites,
changes in acinar cell synthesis or secretion, and other theories.

Sustained serum triglycerides 1000 or greater are generally required
to induce AP (3). Most adults who develop triglyceride elevations of this
magnitude suffer from hyperchylomicronemia owing to type I or IV
hyperlipoproteinemia. Many have a secondary condition that further
increases serum lipids. Diabetes mellitus is the most common condition,
although obesity, pregnancy, estrogen therapy, or glucocorticoid therapy
may also contribute. Estrogens cause AP via hypertriglyceridemia (2). A
normal triglyceride level effectively excludes estrogen supplements as
causative. The mechanism by which triglyceride elevations to this level
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cause pancreatitis is thought to be the release of toxic-free fatty acids
that could directly injure pancreatic acinar cells. Notably, elevations in
serum triglycerides might be seen as a consequence of AP as well as a
cause. In this situation, elevations of triglycerides are usually mild (< 300
mg/dL). The diagnosis of hyperlipidemic pancreatitis may be difficult
in that very high triglyceride levels interfere with the laboratory assay
for amylase. Triglyceride levels usually fall rapidly when these patients
are fasted; occasional patients require plasmapheresis for persistent
high-level elevations. Control of serum lipids after recovery by dietary
and drug therapy prevents recurrent pancreatitis.

Numerous medications have been implicated in AP (2), overall,
medications are an uncommon cause of AP. More than 50 drugs have
been implicated. The strongest evidence of causation derives from cases
where pancreatitis repeatedly developed with reexposure. Rechallenge
data exist for α-methyldopa, 5-aminosalicylate, azathioprine and 6-
mercaptopurine, cimetidine, cytosine arabinoside, dexamethasone,
ethinylestradiol/lynestrenol, furosemide, isoniazid, metronidazole,
norethindrone/mestranol, pentamidine, procainamide, stibogluconate,
sulfamethazole, sulfamethoxazole, sulindac, tetracycline, trimethorpim/
sulfamethoxazole, and valproic acid. There is general agreement that
asparaginase, other corticosteroids, didanosine, other estrogens, other
salicylates, and thiazides are also capable of causing acute pancreatitis.
The highest attack rate is with 6-mercaptopurine and azathioprine, where
up to 3% of patients taking these drugs will develop AP. The prognosis
of drug-induced pancreatitis is usually quite good if the offending
agent is removed.

Pancreatitis owing to hypercalcemia is a very rare event. Untreated
hyperparathyroidism, vitamin D toxicity, sarcoidosis, and iatrogenic
hypercalcemia are the most common explanations.

Certain toxins may cause AP. In the Caribbean, a particular scorpion
sting can inject a toxin, which releases acetylcholine from pancreatic
nerves, leading to a hyperstimulation of the pancreatic acinar cells.
This causes AP by the same mechanism used in animal models to
precipitate AP—hyperstimulation by the cholecystokinin analog
caerulein. Organophosphate insecticides also cause AP via a cholinergic
hyperstimulation mechanism.

MECHANICAL CAUSES

Mechanical causes of AP are believed to induce pancreatitis by
transiently or chronically obstructing the pancreatic duct or by direct
trauma to the pancreas. The mechanism by which pancreatic ductal
obstruction leads to AP is not defined. The slow ductal obstruction of
pancreatic cancer rarely leads to AP, whereas the more rapid and transient



54 Ulrich 

passage of a gallstone does. Similarly, pancreas divisum is quite common
in the population, but very few of these patients develop pancreatitis.
The nature, severity, and rapidity of the ductal obstruction appear to
influence the risk of AP.

Gallstones are certainly the most common of these mechanical
causes, accounting for at least 35% of all cases of acute pancreatitis,
which is discussed in detail in Chapter 3. It is worth noting that tiny
stones and biliary crystals (biliary sludge or microlithiasis) are com-
mon explanations for IAP, making gallstones an even more common
cause of AP.

Obstruction of the pancreatic duct at the ampulla or periampullary
region may result from a diverticulum, cyst, polyp, tumors, strictures,
Crohn’s disease of the duodenum, congenital malformations, or a blind
loop. Villous adenomas of the ampulla and periampullary malignancies
may present as AP, leading to a recommendation for a complete diag-
nostic evaluation (including ERCP) in patients more than 45 years of
age with unexplained pancreatitis. Pancreatic adenocarcinoma may also
cause AP, as can other more rare forms of pancreatic neoplasia (e.g.,
intraductal papillary mucinous tumors, and islet cell tumors). Blunt or
penetrating trauma to the pancreas may directly cause pancreatitis by
a crush injury, transect the pancreas, or result in ductal strictures. The
diagnosis is usually suspected based on the clinical circumstances,
although sometimes mild blunt trauma may contuse the pancreas where
it crosses the spine. Diagnosis is commonly made with a high-quality
computed tomography (CT), although ERCP may be needed to define
ductal anatomy and plan therapy. ERCP-induced pancreatitis is thought
to be caused, at least in part, by the obstruction of the pancreatic duct
at the time of the procedure (discussed in more detail in Chapter 5).

Two additional conditions may cause AP by obstructing the pancre-
atic duct: sphincter of Oddi dysfunction (SOD) and pancreas divisum,
both are controversial putative causes. SOD may occur via fibrosis of
the sphincter (likely better termed “ampullary stenosis” than SOD) and,
perhaps, only because of dyskinesia (spasm or other motility distur-
bance in the absence of fixed stenosis). SOD is defined by manometry
of the sphincter performed at the time of ERCP. It is possible to mea-
sure pressures in both the pancreatic and biliary portion of the sphincter
of Oddi. There are syndromes attributed to biliary sphincter dysfunction
(biliary pain, elevated liver chemistries, or a dilated common bile duct)
and syndromes thought to be caused by dysfunction of the pancreatic
portion of the sphincter (pancreatic pain, recurrent pancreatitis, a dilated
pancreatic duct). Pancreatic SOD is usually classified as type I, docu-
mented recurrent attacks of AP with a dilated pancreatic duct and slow
drainage of contrast after ERCP, associated with fixed stenosis of the
pancreatic duct at the sphincter of Oddi; and type II, recurrent AP or
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pancreatic pain with elevated basal sphincter pressures more than 40
mmHg in the absence of stenosis (2). Most clinicians agree that stenosis
of the ampulla is a cause of recurrent pancreatitis, but controversy exists
as to whether dyskinesia alone is a cause of recurrent pancreatitis. The
pancreatic and biliary sphincters are conjoined for much of their length;
it is unknown whether biliary SOD in the absence of pancreatic SOD is
causative of AP. Some studies claim that relief of symptoms is poten-
tially attributable to SOD following biliary sphincterotomy alone in up
to 50% of cases. However, performance of manometry in both sphinc-
ters with subsequent biliary and pancreatic sphincterotomy, the latter if
pancreatic pressures are elevated, has been advocated as more beneficial
than pancreatic sphincterotomy alone (7). Data supporting pancreatic
SOD as causative of AP come from studies with a small number of
patients and all are essentially uncontrolled (4–7). Cumulatively, this
data is supportive and leads many clinicians to pursue pancreatic
sphincter of Oddi manometry in patients with recurrent AP once all
other potential etiologies have been excluded. It should be noted that
the data for symptom improvement after biliary or pancreatic sphinc-
terotomy for SOD is strongest in patients with discrete episodes of
relapsing AP, in whom there is confirmation of attacks by either amylase
greater than three times normal or imaging evidence of AP. Those patients
with pain only, particularly chronic abdominal pain considered of pancre-
atic origin, but without discrete episodes of confirmed pancreatitis,
respond poorly to sphincterotomy. This patient group often has associated
intestinal motility disorders and visceral hyperalgesia with high levels of
somatization and depression.

Documenting SOD with pancreatic or biliary manometry is not
without risk, where rates of ERCP-induced pancreatitis average 20%.
A recent report from Freeman and colleagues suggest sphincterotomy
as the risk factor for ERCP-induced AP in SOD, not the actual manom-
etry (8). Sherman et al. claim a substantial reduction in the risk of
sphincterotomy-induced AP in this cohort through placement of a
small (3 cm, 5 Fr) temporary pancreatic duct stent (9). Therefore, it
may be possible to mitigate the risk to an extent, but a substantial risk
remains that requires careful informed consent. Randomized trials in
this condition are sorely needed.

Pancreas divisum is a congenital variant that occurs in up to 7% of the
general population. In this condition, the dorsal and ventral pancreatic
buds fail to fuse during embryogenesis, leaving the larger dorsal pan-
creas to drain through the smaller minor papilla. The vast majority of
these patients do not suffer from any form of pancreatic disease. In
some patients with pancreas divisum, AP is believed to occur through
pancreatic ductal hypertension caused by an inadequately patent or
stenosed minor papilla or by some excessive stimuli for pancreatic
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secretion, which cannot be accommodated through the minor papilla.
Most but not all numerous studies have reported a significantly higher
prevalence of pancreas divisum in patients with recurrent AP when
compared to controls (10–14). Data supporting pancreas divisum as
causative of AP derive from small studies reporting success of either
transpapillary stent placement across or sphincterotomy of the minor
papilla in preventing recurrent episodes of pancreatitis and relieving
symptoms (15–17). Although these studies are not properly controlled,
the combined data are compelling. Minor papilla sphincterotomy with
short-term stent placement is favored over long-term stent placement
owing to valid concerns that the stents themselves may cause ductal
changes with the potential to contribute to the pathology. As in the case
of SOD, those patients with pancreatic pain only, particularly chronic
pain, do not appear to respond to endoscopic minor papilla therapy.

GENETIC CAUSES

Technological advances in conjunction with the human genome pro-
ject have facilitated the identification of several gene mutations that
may either directly cause, predispose, or enhance the risk of other factors
causing AP.

Cationic Trypsinogen
Hereditary pancreatitis is an autosomal dominant genetic disorder

that consists of recurrent episodes of AP, frequent progression to CP
with a substantially enhanced risk of pancreatic cancer (18). In the
majority of hereditary pancreatitis kindreds, the phenotype is caused by
mutations in the gene encoding cationic trypsinogen (PRSS1), the inac-
tive precursor of a serine protease. Those carrying R122H, R122C,
N29I, or N29T mutations in this gene express the phenotype in 80%
of cases (18,19). Kindreds with K23R, D22G, and A16V mutations in
the same gene have also been described (18). Owing to small num-
bers, the true phenotypic significance of the latter mutations has yet
to be ascertained.

Heated debate exists within the scientific community as to whether or
not these mutations in cationic trypsinogen cause a gain-of-function,
resulting in excessive levels of protease activation within pancreatic acini
or a loss of function that somehow leads to the creation of a milieu
conducive to pancreatitis. Individuals with (1) AP and a family history of
pancreatitis of unclear etiology or (2) otherwise idiopathic recurrent AP in
the absence of a family history should undergo testing for R122H, R122C,
N29I, and N29T mutations in the PRSS1 gene (20). Testing for other
mutations in this gene is controversial outside of research protocols. All
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patients undergoing testing should be appropriately counseled before and
after testing regarding the potential risks (e.g., impact on insurability) and
benefits (e.g., risk factor reduction, enrollment in pancreatic cancer
screening protocols, and family planning).

Cystic Fibrosis Transmembrane Conductance Regulator
Mutations in the cystic fibrosis (CFTR) gene, which encodes the

cystic fibrosis transmembrane conductance regulator (CFTR) chloride
channel, may enhance the risk of pancreatitis (18,21). Several studies
have documented that patients with otherwise idiopathic recurrent AP
lacking a family history of pancreatitis have a much higher prevalence
of CFTR mutations than PRSS1 gene mutations (22). The majority of
patients with recurrent AP or CP attributable to CFTR gene mutations
are compound heterozygotes (i.e., they have one dominant CF-causing
gene mutation and one mild/variable mutation; 22). This results in a
phenotype lacking the overt pulmonary manifestations of CF, yet capa-
ble of causing pancreatitis. Indeed, most of the patients exhibit normal
sweat chloride and baseline nasal potential difference (PD) with a ΔPD
less abnormal than that seen in overt CF.

Not all CFTR compound heterozygotes develop pancreatitis. In fact,
the exact risk of developing pancreatitis for a compound heterozygote
has yet to be defined. The natural history of the disease and risk of
developing pancreatic cancer is not well-described and likely varies
depending on which mutations are present and what other risk factors
(e.g., environmental or genetic) are present. Counseling of these patients
is consequently problematic. Most investigators in the field advocate
testing for CFTR gene mutations only within research protocols. If
genetic testing is to be performed outside of Institutional Review
Board-approved protocols, it should be driven by abnormal nasal ΔPD
testing. An initial search for dominant CF-causing mutations should be
undertaken prior to the consideration of complete sequencing of the
CFTR gene for mild/variable mutations.

Pancreatic Secretory Trypsin Inhibitor
Pancreatic secretory trypsin inhibitor (PSTI), otherwise known as

SPINK1, is an inhibitor of trypsin. Patients with AP have an increased
prevalence of N34S SPINK1 mutations when compared to the general
population (23). Families with a history of pancreatitis but no known
cause, including no detectable mutations in PRSS1, have an increased
prevalence of the N34S SPINK1 mutation (24). Concomitance of CFTR
and SPINK1 mutations enhances the risk of pancreatitis above that of
CFTR mutations alone (600-fold versus 40-fold; 22). SPINK1 muta-
tions are also associated with tropical pancreatitis and type II diabetes
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mellitus in Bangladesh (25). However, the vast majority of patients
with SPINK1 mutations never develop pancreatitis (23). The spectrum
of pancreatic manifestations attributable to mutations in SPINK1, or
lack thereof, is likely the result of variations in concomitant genetic
and/or environmental factors.

AUTOIMMUNE PANCREATITIS

In 1965, Sarles and colleagues reported a case of pancreatitis associ-
ated with hypergammaglobulinemia (26). Only in the past few years has
“autoimmune pancreatitis” (AIP) become recognized as a distinct entity
of clinical relevance. In a recent review of the topic (27), Okazaki and
Chiba summarized the features characterizing AIP as:

1. Increased levels of serum γ-globulins or immunoglobulin G (IgG).
2. Presence of autoantibodies.
3. Diffuse enlargement of the pancreas.
4. Diffusely irregular narrowing of the main pancreatic duct and occa-

sional stenosis of the intrapancreatic bile duct.
5. Fibrotic changes with lymphocytic infiltration.
6. No symptoms or only mild symptoms, usually without acute attacks of

pancreatitis.
7. Rare pancreatic calcification or cysts.
8. Occasional association with other autoimmune diseases.
9. Effective steroid therapy.

Primary AIP occurs in the absence of an established autoimmune
syndrome outside of the pancreas. Serologic markers may include
antinuclear antibody, antilactoferrin antibody, anticarbonic anyhydrase
II antibody, and rheumatoid factor. Serum levels of IgG4 are frequently
elevated. Unfortunately, none of these markers are adequately specific
to make the diagnosis independent of other clinical, radiological, or
histological features. The presence of such features in the setting of
another autoimmune disease process (e.g., Sjogren’s syndrome, sys-
temic lupus erythematosis, primary sclerosing cholangitis, or ulcerative
colitis) suggests a diagnosis of secondary AIP. Diabetes mellitus is
frequently shown in patients with AIP (43–68%).

Most experts in the field agree that AIP should be considered a
diagnosis of exclusion in the setting of suggestive serologic markers
and typical clinical, radiological and histological features. An exten-
sive evaluation leading to the identification and elimination of other
causative factors of AP or CP should precede any consideration of a
trial of steroid therapy. In a subset of these patients, glucose intolerance
improves with steroid therapy. The appropriate duration of therapy and
possible need for chronic immunosuppression has yet to be defined.
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Therefore, physicians managing a patient with suspected AIP should
involve a pancreatic specialist prior to the initiation of steroids.

MISCELLANEOUS CAUSES

Hypotension, vasculitis, hypercoagulable states, and embolic dis-
ease may lead to vascular insufficiency and ischemic pancreatitis (2).
Infectious agents, such as cytomegalovirus, Myocardium tuberculosis,
Coxsackie virus, mumps, human immunodeficiency virus, and para-
sites, are also capable of inducing an episode of pancreatitis (2).
Tropical pancreatitis is generally classified as chronic (25).

IDIOPATHIC ACUTE PANCREATITIS

No obvious cause of AP is found in 25–30% of patients. Some
patients are alcohol users, but this cause is not elucidated in the med-
ical history. Many of these patients suffer from microlithiasis, and
certainly some have genetic mutations as delineated previously. As the
understanding of AP causes expands, the percentage of patients with
true IAP will continue to decrease. In one study, only 1 of 31 patients
with IAP had a second attack within the following 36 months (28),
leading to the recommendation that extensive evaluation of unexplained
AP be delayed until after the second attack. This approach is usually
modified in those patients with a higher risk for malignancy causing AP
(age >40–45 years).

SUMMARY

The differential diagnosis in patients with AP is broad. Identification
and elimination of factors inciting AP is of paramount importance in
reducing the risk of recurrent episodes and progression to CP.
Toxic–metabolic causes of AP are both common and can be eliminated.
Knowledge of the mechanisms through which ethanol may cause AP is
still evolving. Risk factors for and the prevention of ERCP-induced
pancreatitis, as well as the diagnosis and management of patients with
gallstone pancreatitis, are discussed in other chapters of this volume.
Although evidence is mounting that SOD and pancreas divisum may
play an important role in patients with AP of otherwise unclear etiology,
endoscopic intervention remains controversial.

Recent advances have led to the identification of genetic mutations
that are either directly causative (R122H, R122C, N29I, or N29T
mutations in cationic trypsinogen), presumably causative (compound
heterozygous mutations in CFTR), or enhance the risk of AP (N34S
mutations in SPINK1). Testing for such mutations must be undertaken
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only in an appropriate clinical setting and with prospective counseling
regarding the potential ramifications of a positive test. Autoimmune
pancreatitis is an accepted entity that should be treated only follow-
ing the exclusion of other potential etiologies of pancreatitis and in
collaboration with a pancreatic specialist.
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INTRODUCTION

The treatment of mild acute pancreatitis (AP) is largely supportive
and includes the administration of fluids intravenously, pain medications,
antiemetics, and bowel rest until nausea and vomiting have resolved and
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narcotics are not required for pain control. Several medications have
been studied with the goal to improve patient outcomes, avoid compli-
cations associated with pancreatitis, and reduce the time needed for
recovery. However, to date, there is no medication proven to alter the
course of the disease. This data, as well as the limited data available for
the initiation of analgesics and feeding, are reviewed in this chapter.
Additionally, the literature on prophylaxis of post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis is reviewed.

TREATMENT OF MILD ACUTE PANCREATITIS

Fluids
Patients with mild AP are frequently dehydrated but rarely exhibit

signs of severe hypotension or third spacing of fluid, which is much
more common with severe acute pancreatitis (SAP). Normal saline
should be administered intravenously to prevent dehydration, as possibly
manifested by tachycardia, hypotension, the presence of orthostasis, an
elevated blood urea netrogen (BUN) or creatinine, or elevated serum
sodium. Hemoconcentration is another marker of third-space fluid loss
and is also a predictor of more severe pancreatitis. A case-control study
showed that an admission hematocrit of 47% or greater or a failure of
admission hematocrit to decrease at 24 hours were strong risk factors
for the development of pancreatic necrosis (1). The rate of administration
varies based on other possible coexisting conditions, such as end-stage
renal disease or congestive heart failure, and also based on the degree
of dehydration. There are no published studies in humans that provide
an evidence-based approach to the administration of fluids in the AP
setting, but adequate fluid resuscitation is generally thought to be a key
component of medical management.

Analgesia
Pain control is an important part of the management of patients with

AP. The preferred route of analgesic administration is intravenous.
There has been much debate about the choice of narcotic in this patient
population. Traditional teaching states that morphine sulphate is con-
traindicated in patients with pancreatitis as this can lead to sphincter of
Oddi spasm, which could worsen pancreatitis and pain. Meperidine has
historically been the preferred narcotic for the treatment of pain associ-
ated with pancreatitis because of a widely held belief that this medication
does not affect the sphincter of Oddi in the manner morphine does.
During direct measurements, sphincter of Oddi mean basal pressure
was not affected by meperidine, whereas morphine, at doses of 10–20
μg/kg, resulted in an average increase from 12 to 30 mmHg (2). This
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result is still below the threshold used to diagnose sphincter of Oddi
dysfunction (SOD). The clinical significance of these findings is
unknown. No studies have directly compared the effects of meperidine
and morphine on sphincter of Oddi manometry, and there have been no
clinical studies that compares the use of the two drugs in patients with AP.
No direct evidence exists that indicates morphine is contraindicated or
should not be used in the treatment of AP-induced pain. In fact, morphine
may offer longer pain relief with less risk of seizures in comparison to
meperidine. Hydromorphone is also an alternative drug.

Typically, patients with mild AP will have adequate pain relief with the
aforementioned intravenous or intramuscular narcotics. Additional bene-
fit may be obtained with the use of patient-controlled analgesia. Segmental
epidural blocks have been reported to control pain successfully in those
cases where traditional methods of pain management fail (3).

Nutrition
Because of pain, nausea, and vomiting, oral intake is usually with-

held in the early phases of the disease. Important considerations in
patient care with pancreatitis are when and how to initiate nutrition.
Decreased oral intake in the setting of a hypermetabolic condition leads
to a negative energy and nitrogen balance. In mild cases of pancreatitis,
this is of little clinical importance as most patients are able to eat within
5 days. Insufficient nutrition in this brief time does not seem to nega-
tively influence outcome (4). There is considerable variation to the
approaches of when and by what means these patients should be fed.
Most patients are not fed orally until their pain and appetite are con-
siderably improved. Although there is no data to support this approach,
some advocate awaiting a normalization of the amylase level. A random-
ized trial compared early initiation (within 24 hours) of total parenteral
nutrition (TPN) with management that included intravenous fluids, anal-
gesics, nasogastric (NG) suction, and cimetidine in patients with mild
pancreatitis. The TPN group was found to have a higher rate of
catheter-related sepsis (10.5 versus 1.5%). No advantage was found in
using early TPN with respect to the length of days to oral intake, total
hospital stay, or number of complications of pancreatitis (5). A more
recent study of TPN versus enteral feeding in patients with mild AP to
SAP showed that enteral feeding improved the acute phase response
and indicated a trend toward improvement in clinical disease severity
over TPN. How clinically applicable this data is remains unclear owing
to the small number of patients included in the study (6).

There have been several studies that evaluated enteral versus par-
enteral nutrition in mild AP. A recent review of these studies concluded
that enteral nutrition via nasojejunal tubes is substantially less costly
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than TPN and is associated with similar outcomes, including length of
stay, time to oral feeding, and complications (7). Thus, enteral nutrition
beyond the ligament of Treitz should be given to those patients with
pancreatitis who are unable to tolerate oral feeding within 48–72 hours of
admission, as long as they do not have an ileus severe enough to preclude
this approach.

Nasogastric Suction
NG suction is often used in the treatment of AP, especially if associ-

ated with vomiting. In addition, NG suction has been used with the
rationale that it will prevent hormone-stimulated pancreatic secretion
by removing acid from the stomach before it reaches the duodenum and
therefore beneficially alter the course of the disease. This practice has
been studied comparing NG suction to fasting in patients with mild to
moderately severe pancreatitis and did not demonstrate a difference
between NG suction and fasting regarding the duration or intensity of
abdominal pain, the necessity for narcotic administration, or the inci-
dence of complications associated with pancreatitis (8). Another study
that compares NG suction with fasting and cimetidine actually showed
a prolonged duration of pain and hospitalization and increased analgesic
needs in the NG suction group (9). These findings have been consistent
regardless of the etiology of pancreatitis (10). Consequently, NG suction
should be reserved for those patients who meet other indications for its
use, such as bowel obstruction, ileus, or intractable vomiting.

Acid Suppression
Antacids, antihistamines, and more recently, proton pump inhibitors,

have been used in the treatment of AP with similar reasoning as NG suc-
tion, i.e., to decrease acid-induced pancreatic secretions. Randomized
studies of this practice have demonstrated that antacids or cimetidine are
not superior to fasting in any measured variable, including duration of
abdominal pain, length of hospital stay, and time taken for patients
to resume an oral diet (11,12). There have been no randomized studies
of proton pump inhibitors in the AP setting, but substantial beneficial
effects in the absence of other indications seem unlikely.

Somatostatin/Octreotide
Somatostatin is a hormone that suppresses pancreatic exocrine func-

tion directly by depressing pancreatic exocrine secretion and indirectly
by suppressing gastrointestinal hormone secretion. Octreotide is a
long-acting analog of somatostatin that can be given subcutaneously.
Theoretical benefit from the use of these medications to suppress
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pancreatic secretions in the AP setting has never materialized. An early
study showed statistically significant benefits with somatostatin use in
the surrogate endpoints of laboratory values e.g., white blood count and
lactate dehydrogenase, along with trend toward fewer complications
(13). One study showed a statistically significant difference between
those given 0.5 μg/kg/hour octreotide versus the control group in earli-
er intake of oral feedings, but the effect was small (3.76 days versus 4.9
days; 14). A study of octreotide in moderate-to-severe pancreatitis
failed to show any benefit of therapy over placebo in mortality or com-
plications of pancreatitis (15). Overall, the results of these studies have
not shown consistent benefits, and, thus, somatostatin or its analogs are
not routinely recommended.

Gabexate Mesilate
Gabexate mesilate is a low-molecular-weight protease inhibitor. As

intracellular activation of proteolytic enzymes is believed to play an
important role in the development of AP (16), blockade of this process
appears to be a logical therapeutic and prophylactic target. An early
controlled study demonstrated a trend toward lower morbidity and
mortality in the gabexate group versus the control group (17). A retro-
spective study of 88 patients with mild AP to moderately SAP showed
that gabexate administration within 24 hours of admission resulted in
significantly earlier recovery from abdominal pain, hyperamylasemia,
and leukocytosis when compared to late administration of the drug
(18). However, a subsequent prospective, double-blinded, randomized
study failed to show any benefit with the administration of gabexate
over placebo in patients with mostly mild AP (19). These conflicting
results were addressed in a meta-analysis of five randomized trials
evaluating the three endpoints of mortality, complications, and compli-
cations that require surgery. This analysis showed no mortality benefit
of gabexate but did demonstrate a significant reduction in the inci-
dence of complications needing surgery with an odds ratio (OR) of
0.61 and of general complications with OR of 0.69. However, the overall
clinical impact seemed small, and the use of this expensive medication
may not be cost-effective, particularly in mild pancreatitis expected to fol-
low a benign course (20). Furthermore, a multicenter, double-blind,
randomized, controlled trial of gabexate mesilate failed to show benefit
in patients with moderate AP to SAP (21). This medication is not
currently available in the United States.

Other Interventions and Treatments
Continuous peritoneal lavage with crystalloid solution has been eval-

uated in numerous studies in patients with varying degrees of severity of
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pancreatitis. Eight randomized, prospective trials were evaluated in
one recent meta-analysis which found effect on morbidity and mortality
when compared to control patients (22).

Pirenzepine, an anticholinergic drug with specific antagonistic
action on cholinergic receptors in the acinar cells of the pancreas, was
studied in one prospective randomized trial of 115 patients with mild
AP to SAP. Patients received either 10 or 20 mg intravenously of piren-
zepine every 12 hours. This study showed a statistically significant
benefit in the surrogate duration endpoint of hyperamalyasemia and the
duration of pain with no major side effects (23). For reasons that are
unclear, there have been no other published clinical studies that evaluate
the utility of pirenzepine in AP.

Calcitonin has been shown to depress the basal- and pentagastrin-
stimulated secretion of gastric acid, pepsin, and gastrin release.
Because of this, it was considered to be of potential benefit in patients
with AP. Synthetic salmon calcitonin was evaluated in a randomized
double-blind placebo-controlled trial of 99 patients with AP. Most
patients had mild-to-moderate disease. Salmon calcitonin was given
three times per day at a dose of 20 μg intravenously for 6 days. The
number of patients without pain and with normalized serum amylase
was significantly higher in the group treated with salmon calcitonin
(24). This data has not been confirmed in other studies but raises
interesting questions about the potential utility of calcitonin.

SUMMARY: TREATMENT OF MILD ACUTE
PANCREATITIS

Patients who present with mild AP should be hydrated aggressively
based on body weight, degree of dehydration, and on the presence of
comorbid conditions that may affect fluid tolerance. Pain control is
important in symptomatic management, and it is usually accomplished
by narcotics as needed. There is no convincing evidence to suggest that
morphine is contraindicated. Patients should be kept null per os and the
use of NG tubes should be reserved for those with ileus or intractable
vomiting. If patients are not able to resume oral intake within several
days of admission, nutrition should be administered, preferably via
nasojejunal feeding tubes, which have proven to be less expensive and
safer than TPN. There is no data to support the use of acid suppression
in mild AP. Strategies that have been evaluated, but appear to have no
proven role in the management of these patients, include peritoneal
lavage, octreotide, somatostatin, and gabexate. Further studies are
needed before the use of calcitonin or pirenzepine can be recommended.
Table 1 summarizes the proposed mechanism of action and efficacy for
some agents evaluated in the treatment of pancreatitis.
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PHARMACOLOGICAL PREVENTION
OF POST-ERCP PANCREATITIS

Pancreatitis is a known complication of ERCP, occurring in approx-
imately 5–7% of all patients who undergo the procedure. Independent
risk factors found on multivariate analysis for the development of post-
ERCP pancreatitis included a prior history of pancreatitis after ERCP,
suspected SOD, female gender, difficulty with cannulation, pancreatic
sphincterotomy, biliary sphincter balloon dilation, more than one injec-
tion into the pancreatic duct, absence of chronic pancreatitis, and a
normal serum bilirubin (25). To decrease the frequency of post-ERCP
pancreatitis, many trials have been performed using various medica-
tions prior to ERCP. Research has focused on gabexate, corticosteroids,
somatostatin and its analog octreotide, glyceryl trinitrate, heparin,
interleukin (IL)-10, and diclofenac.

Gabexate Mesilate
Two small, nonrandomized studies showed a reduction in post-ERCP

pancreatitis with the use of gabexate mesilate (26,27). These findings
were confirmed via a prospective, double-blinded, randomized, placebo-
controlled study of gabexate that indicated statistically significant benefits
in favor of gabexate over placebo in the development of pancreatitis

Table 1
Pharmacological Treatment of Mild Acute Pancreatitis

Agent Mechanism of action Efficacy

Antacids/cimetidine Decreased acid-induced Proven to be of no benefit
pancreatic secretion

Somatostatin/ Inhibition of pancreatic Proven to be of little to no
octreotide secretion benefit especially in

mild acute pancreatitis
Gabexate mesilate Blocks intracellular Proven to be of no benefit,

activation of expensive, and unavail-
proteolytic enzymes able in United States

Pirenzipine Antagonizes cholinergic Shown to be beneficial
receptors on pancreatic in one RCT. No
acinar cells confirmatory studies 

have been performed
Salmon calcitonin Decreases pentagastrin- Demonstrated to be useful 

stimulated secretion in one RCT. No
of gastric acid, pepsin, confirmatory studies
and release of gastrin have been performed

RCT, randomized controlled trial.



70 Morelli and Somogyi

after ERCP (2.4 versus 7.6%). The benefit was seen using 1 g of intra-
venous gabexate by continuous infusion starting 30–90 minutes prior to
the procedure and continuing for 12 hours following. No significant
differences between the two groups regarding side effects were noted
(28), despite that rare cases of anaphylaxis have been reported with
gabexate. A meta-analysis of these trials concluded that gabexate low-
ers the risk of post-ERCP pancreatitis with a number needed to treat
(NNT) of 27 to prevent one case of post-ERCP pancreatitis (29). One
recent study using a shorter infusion that began 30 minutes before
ERCP and continued for 2 hours afterward showed no benefit, sug-
gesting a longer infusion is required (30). Gabexate is unavailable in
the United States.

Corticosteroids
Hydrocortisone at a dose of 100 mg intravenously given immediately

before ERCP was compared to placebo in a randomized, double-blinded,
placebo-controlled trial and was found to be no different from placebo
in the prevention of post-ERCP pancreatitis (31). Another prospective
randomized trial involving 40 mg prednisone in comparison with 200 mg
allopurinol and placebo given 3 and 15 hours prior to ERCP showed no
statistically significant difference between groups in the development of
pancreatitis (32). These studies indicate that corticosteroids have no
benefit for prophylaxis of post-ERCP pancreatitis.

Somatostatin/Octreotide
The studies using somatostatin as prophylaxis for ERCP-induced

pancreatitis have yielded conflicting results. Several small randomized
studies of 20–60 patients showed no benefit from somatostatin in the
prevention of post-ERCP pancreatitis (33–35). A larger prospective,
randomized, double-blind study of 230 patients using somatostatin
infusion versus placebo infusion that started 30 minutes prior to ERCP
and continued for 12 hours postprocedure, however, showed that clini-
cal post-ERCP pancreatitis was significantly higher in the placebo
group than in the somatostatin group (10% versus 3%). No difference
existed between groups pertaining to factors that may predispose
patients to developing post-ERCP pancreatitis, including pancreatic
duct injection, difficulty of bile duct cannulation, sphincterotomy, and
stenting. No difference in side effects was noted (36). This expensive
and time-consuming intervention to prevent a typically mild disease is
unlikely to be cost-effective.

The use of bolus somatostatin given at the time of papilla identifica-
tion versus placebo to prevent pancreatitis after ERCP has also been
addressed in a double-blind randomized study of 160 patients, which
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showed a statistically significant difference in favor of somatostatin in
the development of post-ERCP pancreatitis (2.5% versus 10%).
Subgroup analysis revealed that the difference was in those patients
undergoing sphincterotomy rather than routine ERCP (37). The results
of this study were in direct contrast to an earlier, but smaller study, of 33
patients by the same authors that showed no difference in the rate of
post-ERCP pancreatitis with the use of bolus somatostatin (38).

Multiple randomized studies of octreotide for the prevention of post-
ERCP pancreatitis have failed to demonstrate any significant benefit
over placebo, and it is therefore not currently recommended (39–42).

Glyceryl Trinitrate
Glyceryl trinitrate, a nitric oxide donor, lowers basal pressure and

contraction amplitude of the sphincter of Oddi (43). Difficult cannula-
tion is a known risk factor for post-ERCP pancreatitis. It is conceivable
that glyceryl trinitrate administration will result in decreased sphincter
of Oddi tone and might either make cannulation easier or reduce the
chance of postmanipulation spasm, which could reduce the incidence of
post-ERCP pancreatitis. A randomized double-blinded placebo-controlled
trial was conducted in 186 patients using glyceryl trinitrate in the pre-
vention of post-ERCP pancreatitis. Glyceryl trinitrate was given in a
dose of 2 mg sublingual 5 minutes before the procedure. This study doc-
umented a statistically significant difference between groups in the
development of pancreatitis after ERCP in favor of glyceryl trinitrate
(7% versus 18%). Subgoup analysis showed that results were greatest
in patients having cholangiography only without delineation of the pan-
creatic duct and in those undergoing diagnostic rather than therapeutic
ERCP (44). It should be noted that the rate of post-ERCP pancreatitis
in the glyceryl trinitrate group was similar to the usually reported rate
of pancreatitis in those patients who do not receive prophylactic medi-
cation. Interestingly, the rate was unusually high in the control group,
which may have resulted in statistical differences, and the significance
of this study is therefore unclear. A letter to the editor reported prelim-
inary results of another double-blind study using a 15 mg glyceryl trini-
trate patch applied 30–40 minutes before the procedure that showed a
reduction in post-ERCP pancreatitis (45). More confirmatory studies are
needed before this medication to be recommended for routine use.

Heparin
Heparin has been shown to have a direct inhibitory effect on pan-

creatic proteases and improve pancreatic microcirculation in studies of
experimentally induced pancreatitis in animals (46,47). Based on this
evidence, heparin has been postulated to have a role in the prevention
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of post-ERCP pancreatitis. An exploratory analysis of the effect of hep-
arin on post-ERCP pancreatitis in 815 patients who underwent ERCP
with sphincterotomy demonstrated possible beneficial effects of heparin
versus control group. Patients received heparin for reasons unrelated to
the procedure, and the review was made on patients who were prospec-
tively studied to evaluate risk factors using multivariate analysis for
complications that arise from endoscopic sphincterotomy (EST). The
overall rate of pancreatitis was 6.4%, the heparin group rate was 3.4%
(9 of 268), and the control group (no heparin) rate was 7.9% (43 of
547), a difference that reached statistical significance. No increase in
bleeding complications between the two groups was noted. Although
interesting, this study was not originally designed to assess the effect
of heparin on the development of post-ERCP pancreatitis, and other
confounding variables may therefore have contributed to the observed
outcomes (48). More studies are needed before heparin can be recom-
mended for routine use.

Interleukin-10
Two randomized studies on the use of IL-10 for the prevention of

pancreatitis after ERCP have yielded conflicting results. One prospec-
tive randomized study of 144 patients displayed a decrease in the inci-
dence of pancreatitis with the use of IL-10 given as a single injection
30 minutes prior to the procedure versus placebo (49). It should be
noted that the rate of pancreatitis in the placebo group was unusually
high at 24%. The other study was also prospective, randomized, and
double-blind and included 200 patients but failed to show a decrease in
the incidence of post-procedure pancreatitis (50). Therefore, IL-10 use
should be limited at this point to further randomized trials.

Diclofenac
A prospective double-blind, randomized, placebo-controlled trial

was recently performed reviewing the use of 100 mg rectal suppository
diclofenac given immediately after endoscopy for the prevention of
post-ERCP pancreatitis. This study was limited to patients undergoing
ERP and to patients with manometrically confirmed sphincter of Oddi
hypertension. A total of 7 of 110 patients (6.4%) who received rectal
diclofenac and 17 of 110 patients (15.5%) who receiving placebo suf-
fered from post-ERCP pancreatitis (p < 0.05), yielding an absolute risk
reduction (ARR) of 9% and a NNT of 11. Subgroup analysis suggested
that the benefit was limited to those patients who underwent EST (116
patients) and did not extend to those who had sphincter of Oddi hyper-
tension (53 patients), although the study was not focused specifically at
this subgroup. The benefit is thought to occur via an inhibition of phos-
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pholipase 2 and the inflammatory cascade that results (51). Even if a
single study, it was well-designed and represents a practical and inex-
pensive method to prevent post-ERCP pancreatitis in a group of
patients at the highest risk for this complication.

SUMMARY: PHARMACOLOGICAL PREVENTION
OF PANCREATITIS AFTER ERCP

Given the relatively low incidence of pancreatitis post-ERCP, large
studies are needed to show significant differences with the adminis-
tration of medications prior to procedure. Additionally, the NNT to
prevent one episode of severe pancreatitis are high and nay not be
worth the associated costs, especially if medication administration
requires hospitalization in patients that would otherwise be managed
in an outpatient setting. The available data do not support the routine
use of somatostatin, gabexate, corticosteroids, allopurinol, octreotide,
and IL-10. Prophylactic glyceryl trinitrate and heparin are promising,
but more confirmatory studies are needed before they can be recom-
mended. Rectal diclofenac may represent a practical and inexpensive
intervention in high-risk patients undergoing EST. Table 2 summarizes
the proposed mechanism of action and efficacy of these agents in the
prevention of post-ERCP pancreatitis.

TECHNIQUE-RELATED PREVENTION
OF POST-ERCP PANCREATITIS

The precise mechanism of pancreatitis post ERCP is not clear, but
is felt to be secondary to papillary edema/spasm and pancreatic
sphincter hypertension in the setting of sphincterotomy or repeated
injection of the pancreatic duct. Based on this theory, five studies
have been performed analyzing the effect of the placement of pan-
creatic duct stents to relieve ductal hypertension during ERCP on the
incidence of post-ERCP pancreatitis.

The first analysis was a prospective randomized study that
reviewed the effect of stenting of the main pancreatic duct on the inci-
dence of post-ERCP pancreatitis in high-risk patients undergoing bil-
iary sphincterotomy. High-risk patients were defined as those with
SOD, a common bile duct less than 10 mm or those requiring precut
sphincterotomy. Patients were randomized to stent (48 patients with
stent removal 10–14 days after placement) or no stent (50 patients).
The incidence of post-ERCP pancreatitis was 18% in the no-stent
group and 14% in the stent group (p = 0.6). Trends in favor of the
stent group were noted with respect to hospital days required to treat
pancreatitis (2.5 days versus 9.5 days) and regarding frequency of
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moderate-to-severe pancreatitis (2% versus 8%). Small common bile
duct diameter of less than 6 mm was found to be an independent risk
factor for pancreatitis after EST (52).

Another prospective randomized study of 93 patients was performed
reviewing the incidence of post-procedure pancreatitis in patients who
underwent pancreatic duct stenting as a guide to precut biliary sphinc-
terotomy in those patients where free cannulation of the bile duct was not
able to be performed. This demonstrated that maintaining the pancreatic

Table 2
Pharmacological Prevention of Post-ERCP Pancreatitis

Agent Mechanism of action Efficacy

Gabexate Blocks intracellular activation Efficacious but expensive,
mesilate of proteolytic enzymes must be given for 12

hours postprocedure
and not available in
Unites States

Corticosteroids Inhibition of pancreatic Proven to be of no benefit
inflammation

Somatostatin Inhibition of pancreatic Conflicting results but
secretion appears to be effective.

Requires prolonged
postprocedure infusion

Octreotide Inhibition of pancreatic Proven to be of no benefit
secretion

Glyceryl Lowers basal pressure of Proven to be useful in two
trinitrate SO and decreases SO studies: inexpensive and

contraction pressure easy to administer;
should be considered for
use pending further trials

Heparin Improved pancreatic- Post-hoc analysis suggested
micro circulation and acts benefit, but more valid
as protease inhibitor studies are needed before

further recommendations
can be made

Interleukin-10 Decrease inflammatory Conflicting results in trials
cytokines released during but does not appear to
pancreatitis that may cause be effective
parenchymal edema
and necrosis

Diclofenac Inhibits phospholipase A2 Found useful in one
suppository and resulting randomized controlled

inflammatory cascade study

ERCP, endoscopic retrograde cholangiopancreatography; SO, Sphincter of Oddi.
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duct stent in place for 7–10 days reduced the frequency of post-ERCP
pancreatitis from 21% to 2% when compared to patients who had
immediate removal of the pancreatic stent after successful precut
sphincterotomy. The rate of pancreatitis following precut sphincterotmy
in 58 patients who did not have pancreatic duct stent placement as a
guidance to precut sphincterotomy was 13%. The results of this study
were published in abstract form, only making it difficult to determine
the validity of the study and consequently to generalize the results to
clinical practice (53).

The next study involved 80 patients with unexplained pancreatico-
biliary pain or prior AP who had manometrically confirmed pancreatic
sphincter hypertension. Patients were randomized to the placement of
pancreatic duct stent (41 patients) or no stent (39 patients) after biliary
sphincterotomy. The incidence of post-ERCP pancreatitis in the stent
group was 2% versus 26% in the no-stent group (p = 0.003, ARR of
24% with an NNT of 4). Of note, the no-stent group had a significantly
greater difficulty of cannulation and a significantly longer time to
repeat pancreatic access after biliary sphincterotomy. After the correc-
tion for these differences by logistic regression analysis, the risk of
post-ERCP pancreatitis after biliary sphincterotomy remained signifi-
cantly higher in the no-stent group (OR 14.4; 95% confidence interval
(CI) 1.7–125; p = 0.002). Subgroup analysis revealed that the incidence
of post-ERCP pancreatitis was much greater in those without a patent
accessory papilla (23% versus 0%), and that all of the patients in the
no-stent group who developed post-ERCP pancreatitis (43%) had a
nonpatent accessory papilla. Criticisms of this study include unblinded
investigators who were analyzing the primary outcome and the fact that
patients in both study groups underwent repeat pancreatic manometry
and, if not done already, pancreatography after biliary sphincterotomy.
This may have contributed to the development of post-ERCP pancreatitis
and confounded the results of the study (54).

Another study was performed that analyzed the effect of pancreatic
duct stent placement in patients undergoing endoscopic sphincter dila-
tion for removal of bile duct stones. In this analysis, 38 of 40 patients
who had successful placement of a pancreatic duct stent during ERCP
were compared to 92 controls undergoing the same procedure that did
not have a stent placed. No randomization was done, but there were no
significant difference between the stated group characteristics. There
was a nonsignificant (p = 0.11) trend toward a decreased rate of pan-
creatitis in the stent group (0%) versus the no-stent control group (6%).
However, the study, may not have been powered enough to demon-
strate a significant difference. A significant difference in favor of the
stent group between levels of postprocedure hyperamylasemia was
seen, but the clinical importance is likely negligible (55).
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A recent prospective, randomized controlled trial was performed
analyzing the effect of pancreatic duct stent placement versus no-stent
placement on the incidence of post-ERCP pancreatitis in 76 patients
considered at high risk for the complication, including those with diffi-
cult ductal cannulation (defined as >30 minutes required to cannulate)
or the performance of sphincter Oddi manometry and/or EST. Twenty-
eight percent of the no-stent group versus 5% (p < 0.05) of the stent
group developed post-ERCP pancreatitis. Pancreatitis tended to be less
severe in patients who had a pancreatic duct stent placed. No CIs were
mentioned in this unblinded study (56).

A meta-analysis published in abstract form only compiled data on
371 patients at higher than average risk for post-ERCP pancreatitis,
including the presence of SOD, performance of precut sphincterotomy,
or a common bile duct less than 10 mm. Pancreatic duct stents were
placed in 158 patients and not placed in 213 patients. A significantly
lower incidence of postprocedure pancreatitis was observed in the stent
group vs. no stent group (9% versus 18%; OR = 0.3. 95% CI, 0.18–0.7;
p = 0.003; NNT 11; 57).

SUMMARY: TECHNIQUE-RELATED PREVENTION
OF POST-ERCP PANCREATITIS

Although small in numbers and variable in patient characteristics,
the studies to date, report an overall reduction in post-ERCP pancre-
atitis in those patients at a high risk for this complication, including
those patients undergoing precut sphincterotomy, those with SOD,
and those with a common bile duct diameter of less than 10 mm. It is
estimated that 11 main pancreatic duct stents would have to be placed
to prevent one case of post-ERCP pancreatitis, which appears to be a
cost-effective measure and should be considered by experienced
endoscopists. Use of stents without internal barbs would prevent
inward migration and reduce the need for a repeat procedure to
remove the stents.
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INTRODUCTION

Acute pancreatitis (AP) is a protean disease capable of wide clinical
variation, ranging from mild discomfort to overwhelming organ failure
and death. This chapter introduces definitions, discusses the diagnosis of
severe AP (SAP), and examines in detail the various therapeutic options
for management of patients with SAP.

DEFINITIONS

The variability in presentation and clinical course has plagued the
study and management of AP since its original clinical description. It
is crucial for practicing clinicians in the care of individual patients, as
well as to academicians seeking to compare interinstitutional data, to
have a classification system that is clinician-friendly and universally
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accepted. In the fall of 1992, following 3 days of group meetings and
open discussions, unanimous consensus on a series of definitions and
a clinically based classification system for AP was achieved by a
diverse group of 40 international authorities from six medical disci-
plines and 15 countries (Table 1; 1). Since the meeting occurred in
Atlanta, Georgia, this classification is frequently referred to as the
“Atlanta consensus.”

Severe Acute Pancreatitis
According to the Atlanta consensus, SAP is associated with organ

failure and/or local complications, such as necrosis, abscess, or
pseudocyst, coupled with unfavorable early prognostic signs
(Ranson’s criteria).

Table 1
Acute Pancreatitis Definitions According to the Atlanta Conference

Category Definition

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

Acute fluid collections Acute fluid collections occur early in the
course of acute pancreatitis, are located in
or near the pancreas, and always lack a
wall of granulation or fibrous tissue

Pancreatic necrosis Pancreatic necrosis is a diffuse or focal
area(s) of nonviable pancreatic paren-
chyma,which is typically associated
with peripancreatic fat necrosis

Acute pseudocyst A pseudocyst is a collection of pancreatic
juice enclosed by a wall of fibrous or
granulation tissue, which arises as a
consequence of acute pancreatitis,
pancreatic trauma, or chronic pancreatitis

Pancreatic abscess A pancreatic abscess is a circumscribed
intra-abdominal collection of pus, usually
in proximity to the pancreas, containing
little or nopancreaticnecrosis, which arises
as a consequence of acute pancreatitis or
pancreatic trauma

Pancreatic phlegmon, infected The use of these ambiguous terms is
pseudocyst, hemorrhagic discouraged
pancreatitis, persistent
acute pancreatitis



Chapter 6 / Treatment of SAP 83

Organ Failure
The most important indicator of severity in AP is the presence of

organ failure. The consensus definitions of organ failure include the
presence of shock (systolic blood pressure <90 mmHg), pulmonary
insufficiency (PaO2 <60 mmHg), renal failure (creatinine >2 mg/dL
after initial rehydration), and gastrointestinal (GI) bleeding (>500
mL/24 h). Systemic complications, such as disseminated intravascular
coagulation and hypocalcemia, may also be seen but are not part of the
consensus definitions.

Local Complicatios
Pancreatic necrosis: Pancreatic necrosis is a diffuse or focal area of
nonviable pancreatic parenchyma, which is typically associated with
peripancreatic fat necrosis. Most patients with severe pancreatitis have
pancreatic necrosis. The necrosis may remain sterile or become infected
(infected necrosis). Infected necrosis is a mixture of devitalized tissue,
fluid, pus, and bacteria.
Acute fluid collections: Acute fluid collections occur early in the
course of AP, are located in or near the pancreas, and always lack a
wall of granulation or fibrous tissue. Most acute fluid collections
regress spontaneously, whereas others progress to become an abscess
or pseudocyst (2).
Pancreatic abscess: A pancreatic abscess is a circumscribed intra-
abdominal collection of pus, usually in proximity to the pancreas that
contains little or no pancreatic necrosis, which arises as a consequence
of AP. The term “pancreatic abscess” has been used improperly in the
past for all forms of pancreatic infection. The distinction between pan-
creatic abscess and infected necrosis is critical for two reasons: the
mortality risk for infected necrosis is double that for pancreatic
abscess (3) and the specific therapy for each condition may be
markedly different (4).
Acute pseudocyst: A pseudocyst is a collection of pancreatic juice
enclosed by a wall of fibrous or granulation tissue. Formation of a pseu-
docyst requires at least 4 weeks from the onset of AP (5). In this regard,
an acute pseudocyst is a fluid collection that arises in association with
an episode of AP, is of more than 4 week duration, and is surrounded by
a defined wall. Fluid collections of less than 4 week duration that lack a
defined wall are more properly termed “acute fluid collections.”

These definitions are now used routinely in both clinical practice
and clinical research. Several other terms, including “phlegmon” and
“infected pseudocyst,” have been abandoned either because no consensus
on their definition could be reached (phlegmon), or because an alterna-
tive term was more appropriate (i.e., pancreatic abscess instead of
infected pseudocyst).
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DIAGNOSIS OF SEVERE ACUTE PANCREATITIS

The diagnosis of SAP is based on the detection of systemic and/or
local complications.

Systemic Complications
Systemic complications are usually easy to detect if clinicians actively

monitor for them. All patients with AP should be routinely monitored
for the presence of hypotension, renal failure, pulmonary insufficiency,
GI bleeding, disseminated intravascular coagulation, and hypocal-
cemia. In a recent retrospective series of 67 patients with SAP, the most
common systemic complications were respiratory failure (44%), acute
renal failure (35%), and shock (20%; 6). Although these complications
are discussed separately, it is not unusual for patients to have multiple
complications concurrently or sequentially.

Shock (systolic blood pressure <90 mmHg) carries a poor prognosis
(7). Patients suffering from AP show indirect signs of hypovolemia; the
filling pressure of the right heart and pulmonary capillary wedge pres-
sure, as a parameter for the pressure in the left atrium, are lowered (8).
Once shock has occurred, it can convert edematous pancreatitis to
necrotizing pancreatitis (9). The mechanism of this effect remains
unclear. As hypoperfusion seems to be a critical factor in the progres-
sion of the disease, adequate fluid replacement and resuscitation is an
important therapeutic principle. Although there are no controlled clini-
cal studies that verify the hypothesis of a shock-induced conversion of
pancreatic edema into necrosis, breaking this vicious cycle is considered
by most clinicians of paramount therapeutic importance.

Respiratory failure is characterized by arterial hypoxemia (PaO2 <60
mmHg). The spectrum of pulmonary complications ranges from isolat-
ed arterial hypoxemia without clinical symptoms or radiological abnor-
malities to severe life-threatening adult respiratory distress syndrome
(10,11). The development of radiographic abnormalities, such as pleu-
ral effusions (most are left-sided), atelectasis, elevation of the
diaphragm, or focal pulmonary infiltrates, are associated with higher
rates of respiratory failure than that associated with hypoxia alone.
Adult respiratory distress syndrome is the most serious respiratory com-
plication of AP and carries a mortality rate that may exceed 60% (10).

Renal failure carries a mortality rate of more than 50% (12).The
pathogenesis of renal failure is complex and not completely understood.
Although hypovolemia and shock are considered to be major etiolog-
ical factors in the pathogenesis; a decreased glomerular filtration rate
and renal plasma flow have been shown even after the correction of
volume depletion (12,13). Early correction of hypovolemia is critical in
attempting to prevent renal failure.
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Biochemical and metabolic abnormalities like hypocalcemia
(7,14,15), hyperglycemia (7,15), hyperlipidemia (16), and coagulation
abnormalities (17,18) are seen in 28–52% of cases with AP. Both
hypocalcemia and hyperglycemia indicate poor prognosis and are
included in the Ranson criteria (7,19). Hyperlipidemia is associated
with AP as a possible etiological factor or consequence (20). It is often
impossible to decide during an AP attack whether the lipid abnormali-
ties are primary or secondary. For that reason, if the etiology of the
episode of AP is unclear, repeating the lipid profile is recommended
after the attack of pancreatitis is resolved. Generally, however, levels of
triglyceride above 1000 mg/dL are required to initiate AP, whereas lev-
els of less than 300 mg/dL are seen as a consequence of AP.
Coagulation disorders can vary from a hypercoagulable state present-
ing with thrombosis (17) to coagulopathy that presents with bleeding
(18). Some studies have attempted to use the coagulation abnormalities
as a prognostic factor (21,22). The development of disseminated
intravascular coagulation appears to worsen prognosis, although it is
not a strong independent predictor of mortality. Trials with the protease
inhibitor, aprotinin, or heparin have not given positive results and spe-
cific therapy of the coagulation disorders is not currently available.

GI bleeding is relatively uncommon, occurring in 4–8% of AP
episodes (15,23). The usual causes are gastric or duodenal ulcerations,
gastritis, and varices. Varices may be present owing to underlying cir-
rhosis or as a result of splenic vein thrombosis (a well-recognized
complication of AP; 24,25). This produces a “left-sided” portal hyper-
tension with gastric varices out of proportion to esophageal varices.
Bleeding from a pseudoaneurysm in the wall of a pseudocyst is usually
seen in chronic pancreatitis (CP) but can also occur in AP (26).

Local Complications
Local complications of AP, including acute fluid collections, pan-

creatic abscess, pseudocyst and pancreatic necrosis, are best detected
by dynamic intravenous contrast-enhanced computed tomography
(CECT; 27). The severity of pancreatitis can be graded by computed
tomography (CT; 28–30). A CT severity index can be calculated based
on these findings (see Chapter 2). Although not every patient with
severe pancreatitis on CT will develop organ failure, the chance of
organ failure increases with the severity of CT appearance. The high-
er the CT severity index is, the worse the prognosis (29,31). In a
prospective study the incidence of organ failure increased significantly
with the increases of CT score (32). It is of critical importance to
obtain an intravenous CECT to properly evaluate a patient for local
complications of AP. A noncontrast CT will be of very limited value,
because it will not detect pancreatic necrosis. Although CT is very
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helpful in the management of patients with AP, not every patient with
AP needs CT. After all, most patients with AP recover uneventfully.
One obvious consideration is the issue of cost. That issue aside, there
has been a concern that the use of intravenous contrast media in the
initial course of AP might increase or extend pancreatic necrosis.
Decreased pancreatic capillary flow rates and worsening pancreatitis
have been observed in two animal studies (33,34). One retrospective
study found that patients who underwent CECT had longer hospital-
ization than those who did not (35), yet this could easily have been
because of selection bias. In a cohort analytic study, an increased inci-
dence of local and systemic complications was observed in patients
with mild AP who underwent CECT (36). Because prospective and
randomized human studies are unavailable, it is reasonable to reserve
CECT scans for patients with SAP, those with smoldering AP that is
slow to improve, or in those with suspected local septic complications.
The dilemma clinicians face is that CT is indicated in patients with
SAP and, in contrast, one of the prerequisites of SAP is the presence
of local complications best detected by CT scan. There are no firm
guidelines on which patient should recieve a CT scan. One could argue
that CT scans are useful in every patient, which may relate that those
with SAP need a CT to document severity and that a normal or near-
normal CT in those with mild AP would reassure the responsible clin-
ician and allow one to triage that patient to a less expensive venue
(e.g., a general floor bed rather than in intermediate care unit or inten-
sive care unit). However, obtaining a CT scan on every patient might
use health care resources unwisely. One reasonable approach is to
reserve CT for patients with unfavorable early prognostic signs and/or
patients who develop systemic complications of AP. On the other
hand, if the early prognostic signs are favorable and systemic compli-
cations are absent, then CT scan may not be indicated.

The most commonly used early prognostic signs are the Ranson’s cri-
teria (see Chapter 2) and the Acute Physiology And Chronic Health
Evaluation (APACHE II) scoring system. In many clinicians’ experience,
the APACHE II system is complex and difficult to use in every-day patient
care, but it has an important  role as a research tool. The Ranson’s criteria
are somewhat easier to use and are reasonably accurate at predicting the
severity of AP at the extremes of the scoring system. If a patient has 0 or
1 criteria, they will almost certainly recover uneventfully and likely do not
require a CECT scan. A patient with more than 4 criteria score will most
likely develop SAP. Most patients, unfortunately, fall in the middle cate-
gory of 2–4 criteria. At this level, the mortality is still a significant at
10–15%, but the Ranson criteria cannot identify which patient with a 4
criteria score will develop organ failure and die and which patient with
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this criteria will recover without incident. Nonetheless, a recent meta-
analysis evaluated the discriminant power of Ranson’s signs in the pre-
diction of AP severity and outcome when compared to clinical judgment
(37). Nineteen studies (n = 2728) for severity prediction and 10 (n =
1513) for prognosis were included. The Ranson’s criteria show a poor
predictive power for severity and outcome of AP and did not differ from
that of clinical judgment. The Ranson (and other multiple factor scoring
systems) are perhaps best useful in deciding who does not need a CECT
scan, but they can also guide clinicians in triage by identifying a group
of patients who are more likely to benefit from intensive care unit or
intermediate care unit admission.

Pancreatic necrosis develops in approximately 10–20% of patients
with AP (Fig. 1; 38). Of those, approximately 30–35% will  develop
infected necrosis, which is usually documented during the second or

Fig. 1. A computed tomography (CT) demonstrates a large area of pancreas in the
mid-body of the gland, which does not opacify with intravenous contrast. A small
amount of opacified pancreas can be seen in the head and tail. This CT finding is
consistent with necrosis of the majority of the body of the gland.
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third week of illness and occasionally beyond this timeframe.
Pancreatic infection should be suspected among patients with necrotizing
pancreatitis when there is ongoing systemic toxicity, including persisting
leukocytosis and fever and/or unresolved organ failure. When pancreatic
infection is suspected, a CT-guided percutaneous aspiration with Gram
stain and culture should be performed. CT-guided percutaneous aspira-
tion has proven to be a safe and accurate method to distinguish infect-
ed from sterile necrosis (39). In a longitudinal study of 194 patients
with unequivocal AP, pancreatic necrosis developed in 20%. All
patients with documented necrosis underwent fine-needle aspiration
and infection was documented in 71% of the patients (38). Once sus-
pected, documentation of infected necrosis via percutaneous fine-nee-
dle aspiration is of paramount importance for two reasons: it has poor
prognostic implications, and it requires prompt specific therapy (see
the next section and Chapter 7).

THERAPY OF SEVERE ACUTE PANCREATITIS

Most patients with SAP and all patients with systemic complica-
tions should be monitored in an intensive care unit under the coordi-
nated care of a multidisciplinary team. To date, no specific therapy has
been shown to be effective for SAP. The lack of specific therapy under-
scores why skillful supportive care becomes paramount and conse-
quently the need for gastroenterologists to coordinate the care with
intensivists, surgeons, and radiologists. Several drugs have been evalu-
ated by prospective controlled trials and found ineffective in the treat-
ment of AP. The list, by no means complete, includes glucagon
(40–43), atropine (44), H-2 receptor antagonists (45–47), protease
inhibitors, such as aprotinin and gabexate (48–51), calcitonin (52), and
somatostatin and its analog octreotide (53–56). The latest disappoint-
ment is the platelet-activating factor antagonist lexipafant (57).
Although still not reported in manuscript form, a recent randomized
double-blind, placebo-controlled, multicenter trial involving more than
1500 patients showed that lexipafant had no effect on the incidence of
organ failure, local complications, or death (58).

Therefore, at present, meticulous supportive care and treatment of
local and systemic complications as they arise remains the cornerstone
of therapy in patients with SAP.

The Role of Fasting in Severe Acute Pancreatitis
Most patients with AP cannot tolerate oral intake secondary to abdom-

inal pain, nausea, and vomiting. Null per os is routinely recommended in
all patients with AP and particularly in those with SAP. However, the role
of fasting as a way to rest the pancreas and reduce the severity of AP has
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not been established. Theoretically, this would reduce cholecystokinin
(CCK)-stimulated pancreatic secretion. It has been demonstrated that
CCK-stimulated pancreatic secretion is nearly abolished in four differ-
ent experimental models of AP. This probably explains the reason why
maneuvers aimed to “rest the pancreas” have failed to demonstrate any
therapeutic benefit (59). There are no firm criteria when to reintroduce
oral intake in patients with SAP. The decision is based on clinical judg-
ment. The usual criteria used are that abdominal pain has resolved or sub-
stantially decreased, organ dysfunction (if present) has improved, and the
patient is hungry. Some authors recommend that the elevation of serum
amylase/lipase or persistent inflammatory changes seen on CT should
not discourage the clinician from feeding a hungry asymptomatic patient.
Two prospective nonblinded studies showed that resolution of inflam-
matory changes on CT scan and elevation of amylase and lipase may not
take place for several months (60,61). In a recent multicenter prospective
study from France, longer duration of initial pain, high CT severity
index, and serum lipase concentrations more than three times the upper
limit of normal 1 day before refeeding were independently associated
with and increased the risk of pain relapse (62).

The Role of Nasogastric Tube Suctioning in Severe
Acute Pancreatitis

In the past, it was believed that removing acid-dependent stimulation
of the pancreas would “rest” the inflamed organ and promote recovery,
but there is no evidence to support such a belief. Two relatively small
prospective randomized trials have examined the role of nasogastric
(NG) tube suction in the management of AP (63,64). In both trials, no
benefit from NG tube suction was observed. In these studies, stratifica-
tion of severity was done on clinical grounds rather than CT findings
and precludes us the ability to separate necrotizing from interstitial
pancreatitis. Current consensus based on clinical trials suggests a lim-
ited use of NG suction in patients with significant ileus and to provide
symptomatic relief in patients with vomiting (65).

The Role of Intravenous Fluid Therapy in Severe
Acute Pancreatitis

Fluid resuscitation is a cornerstone in the management of SAP. It is
believed that correction of intravascular volume loss may protect against
hypotension, acute renal failure, and may preserve the pancreatic micro-
circulation. The pancreatic vessels are particularly poor at responding to
ischemia, and the pancreas is prone to ischemia-related injury. In the
early treatment of SAP, the replacement fluid of choice is normal saline,
and 5–6 L are required each day. It is advisable to use colloid replace-
ment (e.g., albumin) if the serum albumin falls below 2.0 g/L. Packed red
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blood cells should be used to maintain a hematocrit of approximately
30%. Occasionally, patients with SAP may require in excess of 10 L daily
to maintain an adequate intravascular volume. The adequacy of fluid
resuscitation is usually judged based on clinical parameters, including
patient’s intake and output, vital signs, renal function, electrolytes, and
hematocrit. The role of a pulmonary artery catheter (Swan-Ganz) has not
been formally evaluated in randomized trials, and the decision to use it
in patients with SAP should be individualized. In general, the use of
pulmonary artery catheter monitoring should be considered if there are
substantial fluid requirements, the cardiovascular status is unstable, and
there is deterioration of respiratory function.

The Role of Symptomatic Pain Medications in Severe
Acute Pancreatitis

The majority of patients with AP suffer from severe abdominal pain
that requires narcotic analgesics for symptomatic relief. Because most
patients are nauseated, and many pateints have significant vomiting,
intravenous administration is the preferred route. Pain medications can
be given when needed or via patient-controlled anesthesia. A variety of
narcotic agonist agents are available, all can increase the pressure of the
sphincter of Oddi, and, in theory, might impede drainage from the
pancreas that leads to worsening pancreatitis. Morphine has a more
pronounced effect in increasing sphincter pressures and is avoided by
some physicians as a first choice for symptomatic pain therapy in AP.
There is currently no evidence that morphine actually worsens pancre-
atitis. A frequently used narcotic is meperidine, but it should not be
used in high dosages in patients with renal impairment because one of
the meperidine metabolites is excreted via the kidney. If that metabo-
lite accumulates, as it can in patients with renal failure, it can cause
seizures. Also, using meperidine and imipenem in combination should
be avoided, as both drugs can cause seizures. This is particularly true
in patients with renal failure. My biased choice of narcotic agonist in
patients with AP is hydromorphone, because seizures are less likely and
it has less pronounced effects on the sphincter of Oddi.

The Role of Nutritional Support in Severe Acute Pancreatitis
Patients with SAP may not be able to receive oral nourishment for a

few weeks and need nutritional support. Two controversial issues regard-
ing nutritional support in patients with SAP remain unresolved. The first
issue is the proper timing of initiation of nutritional support. One school
of thought is that as patients with severe SAP will not be able to initiate
full oral intake for at least a few weeks, nutritional support early in the
course should be considered. In contrast, total parenteral nutrition (TPN),
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which is the most commonly used system of nutrient supplementation in
this country, is associated with several complications that tend to increase
with increased duration of TPN use. The second controversial issue is the
preferred route of providing exogenous nutrients, either TPN or enteral
jejunal feeding. Some retrospective studies suggest that pancreatitis
patients given early TPN are at increased risk for sepsis and pancreatic
infection (66–68). A prospective study has demonstrated that enteral
feeding infused distal to the ligament of Treitz is associated with a
decreased rate of complications, including infection when compared to
TPN (69). Most studies demonstrate enteral feeding is less expensive
than TPN. However, a recent evidence-based review suggests that
although there is a trend toward reductions in the adverse outcomes of
AP after administration of enteral feeding, there are clearly insufficient
data to draw firm conclusions about the effectiveness and safety of enteral
feeding versus TPN (70). Since that review was published, another ran-
domized trial showed that hypocaloric enteral feeding seems to be safer
and less expensive than TPN. In this study, patients with more than 3
Ranson’s criteria fed enterally had a decreased duration of nutritional
support. In the enteric nutrition group, the mean duration of feeding was
6.8 days, and in the TPN group, 12.8 days (p = 0.03). A trend toward
shorter hospital stay was noted in the enteral nutrition group but the dif-
ference did not reach statistical significance (12.8 days versus 20.1 days;
71). Presently, there is accumulating evidence that enteral feeding using
a tube placed beyond the ligament of Treitz is safer and less expensive
than TPN. Enteral feeding using a nasojejunal tube should be strongly
considered in patients with SAP who do not have such a severe ileus to
preclude such therapy.

The Role of Endoscopic Retrograde Cholangiopancreatography
in Severe Biliary Acute Pancreatitis

Acute biliary (gallstone) pancreatitis is defined as AP with a finding
of gallstones and in the absence of other known causes, especially alco-
hol. Acute biliary pancreatitis is the most common cause of AP and
likely accounts for well over half of the cases. Most patients with acute
biliary pancreatitis have mild-to-moderate clinical disease and recover
spontaneously within a few days, presumably as stones pass. In con-
trast, 20–25% experience severe pancreatitis with mortality up to 10%.
Bacteremia, cholangitis, and infected necrosis are more common,
whereas the incidence of pseudocyst formation, splenic vein thrombo-
sis, and pancreatic ascites is less than that in alcoholic pancreatitis.
Although the association is well-established, the exact means by which
gallstones cause AP is a subject of much debate. All theories revolve
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around the presence of stones in the common bile duct or their passage
via the ampulla of Vater. Most patients with acute biliary pancreatitis
have already passed the offending common bile duct stone into the
duodenum at the onset of the illness. Some patients have persistent or
multiple bile duct stones, and in these patients, there is both a predispo-
sition to concomitant cholangitis as well as a tendency toward more
severe pancreatitis. By extracting the stones from the common bile duct
and performing biliary sphincterotomy one could hope to improve the
outcome of biliary pancreatitis, prevent cholangitis, and avoid further
attacks of acute biliary pancreatitis.

Four prospective randomized trials have examined the role of endo-
scopic retrograde cholangiopancreatography (ERCP) versus conserva-
tive management in acute biliary pancreatitis. A study from the United
Kingdom found no difference in outcomes in the patients with mild dis-
ease, but in patients with severe disease, a significant reduction of com-
plications and mortality in the ERCP group was seen when compared
with the conservative therapy group (24% versus 61% complications
and 4% versus 18% mortality; 72). A study from Hong Kong in AP (bil-
iary and others like Ascaris worm-induced) found that biliary sepsis
was higher in the conservatively treated group. In the group predicted
to have severe pancreatitis, the benefit was most marked from ERCP
(73). This study did not demonstrate a reduction in mortality in the
overall groups, but it did demonstrate significantly less mortality in the
subgroup that actually had gallstones (about two thirds of the entire
group). A study from Poland found a significant reduction of both com-
plications and mortality in the ERCP/sphincterotomy group as com-
pared with the conservative management group (17% versus 36% com-
plications and 2% versus 13% mortality). The ERCP was particularly
beneficial if performed within 24 hours. The benefits of sphincterotomy
were present in patients with mild as well as with severe pancreatitis,
although the trend was more pronounced in patients with severe dis-
ease. (This study has never been published in manuscript form.) A final
study from Germany found no benefit from ERCP. Notably, patients
with jaundice and cholangitis (most likely to benefit from ERCP) were
excluded from enrollment (74). These studies are discussed in more
detail in Chapter 3. The results of these trials are not uniform.
Clinicians can draw their own conclusions, but the following list
reflects the author’s conclusions and represents areas of general agree-
ment. Patients with acute biliary pancreatitis fall in one of three groups.

1. Patient most likely to benefit from ERCP are those with severe biliary AP
or with bile duct stones documented on imaging study (transabdominal
ultrasound, CT, magnetic resonance cholangiopancreatography, or endo-
scopic ultrasound), or those who have developed coexistent cholangitis.
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2. Patients that may benefit from ERCP are those with smoldering
pancreatitis or strong suspicion of retained bile duct stones (judged
by persistent elevation of liver chemistries, dilated bile duct, but no
direct evidence of ductal stones).

3. Patients most likely to not benefit from ERCP are those with resolved
acute biliary pancreatitis prior to planned elective laparoscopic
cholecystectomy.

The Role of Antibiotics in Severe Acute Pancreatitis
Over the years, many trials have evaluated the role of antibiotics in

patients with AP, and the results have been contradictory. A number of
reasons may have contributed to conflicting results, which include the
use of different antibiotics, inclusion of patients with varying severity of
AP, and different definitions of severity and local complications of AP.
Despite these difficulties, the following recommendations can be made:

1. Antibiotics are not indicated in patients with mild (interstitial) AP.
2. Antibiotics are indicated in patients with documented infection,

including cholangitis, infected pancreatic necrosis, and infected pseudo-
cyst. The choice of antibiotic preferably should be based on bacterial
identification and sensitivity testing.

3. The use of antibiotics remains controversial in patients with SAP and
documented necrosis, but without documented infection. If used,
broad-spectrum empiric antibiotic coverage should be considered in
patients with noninfected pancreatic necrosis with the following pos-
sible regimens based on trial evidence: imipenem alone (two trials),
cefuroxime alone (one trial), a combination of ceftazidime, amikacin,
and metronidazole (one trial), or a combination of ofloxacin and
metronidazole (one trial). Antibiotics were beneficial in four recently
completed studies (75). Imipenem significantly reduced pancreatic
and nonpancreatic sepsis (p 0.01; 76); cefuroxime reduced all infec-
tious complications (p < 0.01) and deaths (p = 0.0284; 77); a regimen
of ceftazidime, amikacin, and metronidazole reduced all infectious
complications (p < 0.03; 78); and protocol use of imipenem signifi-
cantly reduced pancreatic infection compared with nonprotocol antibi-
otics (p = 0.04) and no antibiotics (p < 0.001).

A recent meta-analysis on controlled trials that compared antibiotic
prophylaxis with no prophylaxis in patients with acute necrotizing pan-
creatitis showed significant reduction in sepsis by 21% (number needed
to treat [NNT] = 5) and mortality by 12.3% (NNT = 8; 79). There was
also a nonsignificant trend toward a decrease in local pancreatic infec-
tions. Several recent reports have noted the development of fungal
superinfection of pancreatic necrosis in patients receiving these broad-
spectrum regiments. Proponents and opponents of antibiotic prophylaxis
have nearly equal ammunition to argue for or against the practice. In
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the author’s opinion, early antibiotic prophylaxis in patients with
necrotizing pancreatitis is reasonable if there is significant necrosis
(more than one third of gland necrotic), and the patient is likely to
remain hospitalized for a significant period of time. Although a regi-
men utilizing imipenem is most often used at my institution, the best
drug and duration of therapy are unknown.

TREATMENT OF INFECTED PANCREATIC NECROSIS

Intravenous antibiotics should be initiated in patients with docu-
mented infected pancreatic necrosis. In these cases, the choice of
antibiotic is best guided by the identification and sensitivity testing of
the offending microorganism. The treatment of choice for infected
necrosis is surgical debridement (80–82). This approach is based on
clinical experience that infected necrosis is usually fatal without
debridement, delay in surgery increases mortality, and at least half of
the deaths in necrotizing pancreatitis are as a result of pancreatic infec-
tion. To date, no prospective randomized trial has been conducted that
compares surgery with medical therapy, and such a study will likely
never be done. The anecdotal experience with radiological and endo-
scopic drainage is growing (83–86). The role of these approaches
remains under active study. There are a few reports of successful man-
agement with antibiotics alone, yet this approach is not recommended.
At present, they should be considered as a therapeutic alternative in
patients deemed not to be surgical candidates. Currently, radiological
and endoscopic drainage attempts at therapy of infected pancreatic
necrosis should be limited to major tertiary centers in the setting of
ongoing clinical trials.

Therapy of SAP remains a formidable challenge. Until a specific
therapeutic agent is discovered, meticulous supportive care remains the
cornerstone for success. This therapy includes appropriate triage to a
intensive care unit, a multidisciplinary care team, intense clinical
surveillance to detect complications and organ failure, and the judicious
use of CT to guide therapy.
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INTRODUCTION

The majority of patients with acute pancreatitis (AP) have a mild
“edematous” form of the disease with a self-limited course devoid of
serious local or systemic sequelae. However, in 3–5% of patients
(10–20% in tertiary referral centers), a more severe form involving
pancreatic and/or peripancreatic necrosis occurs. Necrotizing pancre-
atitis is the most severe form and is the predominant cause of serious
morbidity and mortality in the spectrum of patients with AP. One of the
most serious complications of necrotizing pancreatitis is infection of
the necrosis, occurring in 15–30% of patients. This “superinfection” is
important, because it significantly increases morbidity and mortality.
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With growing understanding of the etiopathogenesis of AP, many novel
therapies are in development, and the optimal management of necro-
tizing pancreatitis continues to evolve. In recent decades, the clinical
outcome of these patients has improved owing to advances in critical
care management, as well as our knowledge of the natural history of the
disease process, and careful selection and timing of patients for surgical
intervention. This section describes the presentation, diagnosis, man-
agement, and outcomes of patients with acute necrotizing pancreatitis
and the associated complications of superinfection.

DEFINITION

In an effort to standardize the terminology in AP and its complications,
an international consensus conference of world authorities established
the “Atlanta classification” (1). Necrotizing pancreatitis was classified
as sterile necrosis, infected necrosis, or pancreatic abscess. Sterile
necrosis implies pancreatic or peripancreatic necrosis without proven
infection. Infected necrosis is documented when the nonviable pancreatic
or peripancreatic tissue has culture-proven bacterial or fungal super-
infection. Pancreatic abscess is defined as a localized collection of
purulent material in the absence of significant necrosis. Although these
definitions have been adopted (albeit, not universally), ostensibly
allowed a common terminology, and were well-meaning, there are some
problems with the latter term of “pancreatic abscess.” By the strict def-
inition of the Atlanta classification, a pancreatic abscess would be quite
unusual. Most patients with necrotizing pancreatitis do not have a single
localized area of suppurative infection without necrosis, but rather, they
have a combination of necrosis and suppurative changes, especially
later in the course of the disease (3–6 weeks after the onset of pancre-
atitis). Although these patients would be considered as having “infected
necrosis,” they represent a different clinical scenario from the other
group of patients with infected necrosis who become clinically evident
usually 1–3 weeks after the onset of pancreatitis. This latter group har-
bor necrosis that is infected but has not yet progressed to suppurative
changes. Indeed, a pancreatic abscess as defined by the Atlanta classi-
fication would be best represented by the formerly used term of an
infected pseudocyst.

PRESENTATION/DIAGNOSIS

The diagnosis of necrotizing pancreatitis is based on the suspicion
and exclusion of other abdominal catastrophes. The onset of disease
is usually quite abrupt and progresses rapidly over the initial 48
hours. Patients complain of severe abdominal pain and manifest
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tachycardia, fluid sequestration, and fever. An increased serum amy-
lase or lipase activity is supportive of the diagnosis within the first
2–4 days in the absence of an intra-abdominal upper gut perforation.
Thus, in large part, the diagnosis is based on clinical suspicion and is
a diagnosis of exclusion.

Severe necrotizing pancreatitis progresses through two main phases.
The initial phase is characterized by a noninfective systemic inflamma-
tory response syndrome (SIRS) that predominates in the first 2 weeks
of the illness that may lead to multisystem organ failure. The second
phase is associated with either slow resolution and eventual reabsorp-
tion of the necrosis (3–6 months) or with a more aggressive course with
superinfection of the pancreatic and/or peripancreatic necrosis, leading
to the sepsis syndrome and progressive organ failure (2). Patients in
this latter phase account for the vast majority of the mortality in AP.
The pathophysiology of each phase is different, and the optimal man-
agement differs accordingly. The incidence of organ failure correlates
with both the extent of necrosis and the presence of superinfection of
the associated necrosis. In those patients with evidence of pancreatic
necrosis greater than 50% on contrast-enhanced computed tomography
(CECT) (see below), local complications and systemic organ failure
involving lungs, kidneys, liver, gut, and cardiovascular organs may
develop early in the course of disease (3).

In an attempt to maximize care, several staging systems have been
proposed to predict the severity and prognosis of patients with AP ini-
tially in the course of the disease. The two well-known staging systems
of Ranson (4) and Imrie (5) are based on multiple clinical, biochemi-
cal, and hematologic indices obtained in the first 48 hours of disease
onset and can predict severity and outcome of patients with AP with
reasonable accuracy (80–85%). Limitations of these systems are the
necessity of 48-hour assessment prior to categorization and the inabil-
ity to monitor clinical progression or response to treatment throughout
the course of disease. As a result, these early staging or prognostic
systems have been replaced in some centers by the Acute Physiology
And Chronic Health Evaluation (APACHE-II) grading system that
can accurately predict severity and outcome of patients with AP. This
scoring system is a dynamic and allows immediate stratification of
patients upon admission and repeated assessments throughout the
course of illness (6). An APACHE-II score of 6 is considered predic-
tive of severe pancreatitis. A modification of this system, which
includes body mass index, has been suggested as well (APACHE-O),
because some studies suggest a higher incidence of severe necrotiz-
ing pancreatitis in the obese patient (7,8). These systems are discussed
in Chapter 2.
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A number of single-factor indicators have also been evaluated in the
hope of being able to predict severity of AP within the first 6–12 hours
of onset of the disease. The rationale for believing such an approach
to be feasible originates from the observation based on computed
tomography (CT) that the necrosis (or at least the initial signs of
parenchymal nonperfusion, i.e., irreversible ischemia) is an early process
that is already established at the time of clinical presentation. Various
nonspecific early response factors, such as interleukins (IL), IL-6 and
IL-8, and polymorphonuclear elastase, have been shown to peak in the
first 24 hours and can discriminate between mild and severe pancreatitis
(9,10). C-reactive protein is likely the best discriminator of disease
severity, but it also requires a 48-hour assessment after the onset of
symptoms and has been shown to be as accurate as the more clinically
based, multifactor scoring systems (9,11). Attempts to identify a pan-
creas-specific factor (e.g., amylase, lipase, and so on) with the ability to
predict severity have been discouraging. One recent pancreas-specific
candidate is trypsin activation peptide, which can be assessed in the
urine and may be helpful (12).

The diagnosis of pancreatic necrosis and the complication of superin-
fection begins with clinical assessment. Patients with a severe course
based on hemodynamic and laboratory profiles, progressive fluid
requirements, and intensive supportive care should be suspected of
having necrotizing pancreatitis. Dynamic CECT is the mainstay in the
objective diagnosis of pancreatic and peripancreatic necrosis and is able
to accurately estimate the extent of necrosis (13) (Fig. 1). The presence
of extravisceral air within the pancreatic or peripancreatic necrosis as

Fig. 1. Computed tomography of a patient with necrotizing pancreatitis at the
same anatomic level before (A) and after (B) intravenous administration of the
contrast agent. Note in B the lack of enhancement (signifying absence of blood
flow) in much of the body and tail of the pancreas.
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demonstrated by CT is virtually pathognomonic of infected necrosis, but
it is an uncommon finding (Fig. 2; 13a). Suspicion of pancreatic infec-
tion based on signs of sepsis warrants evaluation by CT or percutaneous,
ultrasound-guided, fine-needle aspiration (14,15). Debate continues
regarding the optimal timing and frequency of aspiration, as there exists a
theoretic risk of introducing organisms into the otherwise sterile necrosis.
Although this risk remains to be substantiated, routine early pancreatic
aspiration in patients who have clinically stable pancreatic necrosis is not
indicated as it will likely not change immediate management.

Ultimately, approximately 30% of patients with necrotizing pancre-
atitis will develop infection. Superinfection of the necrotic process has
been shown to be a time-dependent complication. Bacterial contamina-
tion rates have been estimated to be as high as 24% at 1 week, 36% at
2 weeks, and 71% at 3 weeks postonset of necrotizing pancreatitis in
those patients eventually undergoing operative treatment (16). Because
septic complications resulting from bacterial infection of pancreatic
necrosis account for more than 80% of deaths in AP (17), early recog-
nition and treatment of the infected necrosis assume paramount
importance. Multiple routes of bacterial infection have been implicated,
but evidence suggests that the predominant route of infection is via a
colonic source; whether “superinfection” in humans occurs via bacterial

Fig. 2. Computed tomography of a patient with infected pancreatic necrosis. Note
the presence of extraluminal peripancreatic gas pathognomonic of infection.
(Reprinted with permission from ref. 13a.)
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translocation, intermittent bacteremia, lymphatic drainage, or direct
transperitoneal spread remains undefined.

Necrosis of extrapancreatic tissue alone with viable pancreatic tissue
occurs in up to 19% of patients with necrotizing pancreatitis (18).
Although this may portend a more favorable prognosis, treatment
follows the same principles as for pancreatic necrosis.

MANAGEMENT

The initial management approach for patients with pancreatic necrosis
is primarily nonoperative with aggressive cardiorespiratory resuscita-
tion and attempts at prevention of secondary complications related to
hemodynamic instability. Prompt restoration and maintenance of circu-
lating volume and arterial oxygen tension during the initial 48–72
hours are the main objectives, but full intensive care of other failing
organ systems is required. Severe pancreatitis is often accompanied by
SIRS, resulting from a cascade of proinflammatory mediators that
leads to multiorgan system failure. When this response is not abated by
natural defenses or therapeutic intervention, progression to sepsis often
ensues, particularly when infection complicates necrosis (usually during
the second and third week).

Intravenous administration of a broad-spectrum antibiotic should
probably begin early (within 24–48 hours) in patients with necrotizing
pancreatitis in an attempt to prevent subsequent pancreatic superinfec-
tion. Two principles guide the initial antibiotic selection: appropriate
spectrum and ability to penetrate pancreatic parenchyma. The carbapen-
ems, such as imipenem, have been shown to decrease the incidence of
superinfection, and in several studies, mortality as well (19–21). We
administer imipenem to all patients with severe acute pancreatitis
(SAP) (APACHE-II score of 6 or higher). The optimal duration of
antibiotic treatment is unknown, but most pancreatologists consider
2–3 weeks to be appropriate. The prophylactic use of broad-spectrum
antibiotics has increased the presence of Candida species, complicating
necrosis in 5–24% of patients who develop infection; fungal infection
is also associated with an increased mortality (22,23). Whether anti-
fungal prophylaxis is beneficial remains unclear; however, treatment of
documented fungal infection is imperative. The role of antibiotics in
severe pancreatitis is also discussed in Chapter 6.

Despite intriguing preliminary preclinical trials, no inflammatory
modifiers (platelet activating factor antagonists, IL receptor antago-
nists, and so on) have had a significant clinical effect on mortality in
patients with SAP. Although much of the pathogenesis of the develop-
ment and progression of SIRS and the sepsis syndrome is understood, the
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inflammatory cascade has already been initiated and amplified by
the time the diagnosis is made. Thus, monotherapy directed at one of the
early mediators, such as tumor necrosis factor or platelet-activating
factor, or the use of monoclonal antibodies directed at a specific
inflammatory cytokine or IL is likely doomed to fail because the cas-
cade of multiple factors has become broad and multifactorial by the time
treatment is initiated. A more rational approach might be to not target the
inflammatory cascade in the pancreas (the damage has already occurred
by the time the diagnosis is made), but rather, institute a more global
approach using inhibitors of systemic, particularly hepatic and pul-
monary monocyte function, in an attempt to blunt the extrapancreatic
amplification of the release of pancreatic-derived cytokines in the liver,
lungs, and gut.

The nutritional needs of the patient also require consideration early in
the course of necrotizing pancreatitis. Total parenteral nutrition should be
started initially with conversion to enteral nutrition as soon as possible
and delivered intrajejunally as opposed to intraduodenally. Several
experimental studies demonstrate that severe pancreatitis promotes bac-
terial overgrowth in the gut lumen, alters the gut mucosal barrier, and
increases permeability. This process leads to bacterial translocation from
the gut in rodents with consequent superinfection of pancreatic necrosis
and mortality (24,25). In patients with severe pancreatitis, several ran-
domized studies have suggested a reduction of complications and possibly
mortality from early enteral feeding delivered beyond the ligament of
Treitz (26). The intuitive advantages of enteral over parenteral nutrition
include reduced cost, maintenance of gut integrity, and avoidance of
catheter-related sepsis (especially fungal infections).

During the second week of severe pancreatitis, the continued require-
ment of intensive care management with marginal or no clinical
improvement should prompt evaluation for extensive necrosis and/or
superinfection. The use of CECT is paramount at this point and defines
the extent of necrosis, suggesting signs of pancreatic superinfection and
guiding percutaneous fine-needle aspiration for the culture of necrotic
tissue. The use of CECT early in the course of pancreatitis (first 7 days)
when superinfection is unlikely, will not change the management, and
is unnecessary unless the diagnosis remains doubtful.

Without evidence of superinfection, management continues to be
supportive. Severe clinical deterioration within the first 7–10 days often
initiates surgical necrosectomy in desperation as a “last ditch” resort.
Currently, however, there is no evidence that this approach decreases
mortality. Ongoing failure to clinically improve in patients with sterile
necrosis is a controversial topic with some surgeons advocating
necrosectomy after 3 weeks (27). Yet, others maintain that operative
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intervention is rarely, if ever, indicated in the absence of infection (28).
Once diagnosis of infected necrosis has been established, however, the
current standard of care is surgical necrosectomy and debridement. The
pendulum has swung from early operative debridement to delayed
operative intervention whenever possible. This delay in operative inter-
vention in the stable patient provides time for the necrotic process to
fully demarcate, allowing a safer and more complete debridement
while allowing the preservation of viable pancreas. This delayed oper-
ative approach is supported by a prospective randomized study showing
decreased morbidity and mortality when the necrosectomy is delayed
as long as possible (29). The optimal timing for operative necrosectomy
may be 1 month to 6 weeks with the best patient outcome (28,30). Thus,
after documented infection, the preferred approach seems to be continued
aggressive, nonoperative management as long as there is hemodynamic
stability; percutaneous aspiration for culture and sensitivity may allow
targeted antibiotic therapy to suppress bacteremia and sepsis, as well as
allow delayed operative intervention. Necrosectomy may then be planned
later in the course of disease (20–40 days) when the necrotic process has
ceased, viable and nonviable tissues are well-defined, and the infected
necrotic tissues are organized.

Unlike the early phase of infected necrosis that often lacks suppura-
tion, the later phases of infected necrosis using the Atlanta classification
occurs more commonly as a late complication of necrotizing pancreati-
tis (>4 weeks) and may have suppurative changes in the background of
associated necrosis (although the bacteriology is similar). In our expe-
rience, pancreatic abscess by the Atlanta classification occurs in much
less than 5% of patients with acute necrotizing pancreatitis. The clini-
cal severity and mortality of patients with pancreatic abscess is much
less than that for infected necrosis, because by the Atlanta classifica-
tion, this entity represents a localized abscess without significant
necrosis (Fig. 3; 30a). Pancreatic abscess can be treated with appropri-
ate percutaneous interventional management (31,32). Laparoscopic
minimal access debridement of more confined areas of organized
necrosis has been proposed recently (33) and may be appropriate in
selected patients (see next section).

OPERATIVE MANAGEMENT

Although the techniques of operative necrosectomy are similar,
multiple techniques have been reported to manage the operative bed
afterward. Means for allowing either ongoing debridement, evacuation
of the exudative response, and controlled egress of “leaking” pancreatic
exocrine secretions from areas of injured pancreatic parenchyma are
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very important in allowing the necrotizing process to abate and the
peripancreatic area to eventually heal. Methods of controlled open
drainage (laparostomy or marsupialization of the lesser sac), wide-closed
peripancreatic drainage, continuous postoperative-closed peripancreatic
lavage, and planned repeated necrosectomy with delayed primary clo-
sure over drains have all been described (2,30,34–36). Overall results
are similar, where the differences exist predominantly with the inci-
dence and type of various complications. We prefer an approach of
planned repeated necrosectomy, which appears to have a lesser incidence
of recurrent intra-abdominal abscesses, albeit requiring an additional
one to three reoperations for operative debridement (2). The contro-
versy regarding management of the pancreatic and peripancreatic bed
after necrosectomy is becoming less of an issue given the trend of
delayed operation, which increases the likelihood of a complete initial
necrosectomy with primary closure; reoperations (planned or unplanned)
are less likely.

CECT serves as an invaluable intraoperative guide to necrosectomy
by defining the site and extent of the necrosis and directing a complete
operative necrosectomy, especially in areas remote from the pancreas
(perinephric space, paracolic gutters, suprapancreatic retroperitoneum,
and small bowel mesentery). Emphasis must be placed on identifying,

Fig. 3. Computed tomography of a patient with a pancreatic abscess. (Reprinted
with permission from ref. 30a.)
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unroofing, debriding, and draining all areas of pancreatic and peripan-
creatic necrosis.

The necrosectomy begins with the appropriate incision, preferably a
midline incision, because it allows the best exposure to all potential
remote areas of necrosis. Initial exploration of the abdominal cavity
involves a systematic and comprehensive evaluation of all known and
potential pancreatic and peripancreatic spaces, as well as directed explo-
ration as guided by the CECT. The entire pancreas, paracolic gutters,
infracolic root of the small bowel mesentery, transverse mesocolon, and
the suprapancreatic retroperitoneum are all carefully assessed. Adequate
exposure entails entering the lesser sac through the gastrocolic omentum
and, if necessary, mobilizing the ascending and descending colon to
approach extensive retroperitoneal necrosis extending down to the
paracolic gutters. Mobilization of the spleen is rarely ever necessary
and may be hazardous. With the necrosis identified, blunt manual dis-
section of all necrotic material is performed; careful attention must be
paid to the major vessels. Aggressive necrosectomy of tissue adherent
to inflamed, viable, hypervascular tissue is dangerous and must be
carefully contemplated to avoid bleeding. These areas are often best
left in situ and debrided at a subsequent re-exploration 2 days later,
when better demarcation with autoseparation has occurred.

After completing the necrosectomy, we prefer to use blunt liquid
debridement using a type of gentle jet irrigation (Water-Pik irrigator,
Surgilav, model 201, Stryker, Kalamazoo, MI) to remove devitalized
tissue and residual bacteria. If the surgeon is satisfied that the necro-
sectomy is complete and/or optimal, the abdomen is closed primarily
over drains. Soft closed-suction Silastic® drains are placed in each
anatomic area of débrided necrosis. Drains are exteriorized through
separate stab incisions in the lateral abdominal wall. Generally, we also
place a gastrostomy tube and feeding jejunostomy tube (usually a needle
catheter gastrojejunostomy; 2,37).

If it is apparent that the necrotic process is still in evolution, or the
necrosectomy was incomplete owing to adherent friable tissue, the
debrided areas are packed with moistened gauze, and any exposed
vessels are protected from direct contact with the gauze packs by a
sheet of Silastic®. Soft closed suction drains are then placed on top of
the gauze packing to evacuate any serous drainage until the next
planned re-exploration 2 days later. The abdominal wall closure is
then completed with a zipper sewn to the fascial edges for ease of re-
exploration, thereby minimizing repeated trauma to the fascial edges.
Open laparostomy “closures,” while preventing the possibility of an
abdominal compartment syndrome, allow the fascial edges to separate,
often preventing a delayed primary closure. Use of a zipper not only
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maintains the abdominal domain but keeps the fascial edges close
together between operative debridements, thereby facilitating a delayed
primary closure after the necrosectomy is fully completed. Reoperation
is then planned 48 hours later, and exploration/debridement is repeated
in the same systematic and comprehensive manner as previously per-
formed. With cessation of ongoing necrosis and confirmation of a
complete necrosectomy, the abdomen is definitively closed over drains.

LONG-TERM SEQUELA

In-hospital morbidity and mortality have been the main focus of out-
come in patients with necrotizing pancreatitis. As mortality has
improved from the 40–70% rate of the 1960s and 1970s to the current
mortality of 10–20%, more interest has emerged in defining the long-term
clinical outcome and quality of life.

Some extent of endocrine pancreatic insufficiency has been reported
in approximately 50% of patients (38–40). Although overt diabetes
mellitus develops in up to 25% of patients, abnormal glucose tolerance
is found in an additional 10–25%. Endocrine insufficiency is more fre-
quent in patients with alcohol versus gallstone-induced necrotizing
pancreatitis (64% vs 22%), likely because of chronic and repeated
pancreatic parenchymal damage secondary to alcohol abuse.

As with endocrine insufficiency, exocrine insufficiency is more
common in patients with alcohol-induced necrotizing pancreatitis.
Even though a certain degree of exocrine insufficiency can be docu-
mented via formal tests of pancreatic function in 70–100% of cases,
clinically significant steatorrhea is present in only 16–20% (40–42).

The natural history of endocrine and exocrine pancreatic insuffi-
ciency is not well-defined. We evaluated our experience in 44 patients
successfully treated with necrotizing pancreatitis who were followed
for a mean of 5 years (40). Endocrine insufficiency was present in 50%,
and clinically significant exocrine insufficiency (steatorrhea) was
found in 25%. Most patients manifested signs of pancreatic endocrine
insufficiency prior to hospital discharge and in the remaining patients,
within 2 years. Endocrine function tended to either deteriorate with time
or remain stable but did not improve in any patients. In contrast, exocrine
function tended to improve with time in 45% of patients. Patients with
either endocrine (52%) or exocrine pancreatic insufficiency (66%) were
more likely to have had extensive pancreatic parenchymal necrosis than
those with maintenance of normal pancreatic function (27%).

Recurrent episodes of AP may occur in 5–30% of patients who sur-
vive necrotizing pancreatitis and is seen predominantly in association
with alcoholic pancreatitis in patients continuing alcohol consumption
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and those with hereditary pancreatitis (43). For patients with gallstone
pancreatitis, recurrent pancreatitis is quite unusual (40).

The incidence of abdominal wall hernias after surgical treatment of
necrotizing pancreatitis ranges from 4 to 39%, with the incidence varying
depending on the technique of operative management. The loss of abdom-
inal wall fascia because of repeated abdominal explorations, fistulas, and
extensive intraperitoneal inflammation poses a challenging repair. Initial
management of these hernias should be conservative to allow sufficient
resolution of the inflammatory process and assure that further intervention
for debridement or management of intra-abdominal sepsis is not indicat-
ed. We generally wait 6–12 months prior to consideration of repair. Most
of these hernias require a mesh-based repair to allow closure.

QUALITY OF LIFE

Despite the sequela of necrotizing pancreatitis, most patients are
able to return to work and report an excellent or good outcome. In our
experience, decreased performance status (9%) and inability to return
to work (23%) was associated with a higher APACHE-II score on
admission (40). Thus, regardless of the time and resource-consuming
care required for patients with necrotizing pancreatitis, the expected
quality of life and productivity of most patients with necrotizing
pancreatitis justifies the aggressive management.
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INTRODUCTION

Acute pancreatitis (AP) has a wide range of pathological features,
radiological appearances, and treatment options (1). In most cases, it is
a mild and self-limiting disease. However, severe disease develops in
approximately 20% of patients associated with local and systemic com-
plications (2–5). Fluid collections commonly complicate AP and occur
in up to half of cases of patients with moderate-to-severe cases (6,7).
These fluid collections are associated with increased morbidity and
mortality (8) and represent an exudative or serous reaction to injury of
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the pancreas. Around 50% of these acute fluid collections resolve spon-
taneously within 6 weeks (7,9,10). Between 10 and 15% may progress
to pseudocyst formation after developing a capsule, and pseudocysts
present further potential clinical and management problems.

This chapter reviews the pathophysiology, clinical presentation,
investigation and management of acute fluid collections, and pancre-
atic pseudocysts. Additionally, other cystic lesions of the pancreas are
briefly discussed.

FLUID COLLECTIONS IN ACUTE PANCREATITIS

Acute Fluid Collections
Understanding the pancreatic ductal anatomy when a pancreatic fluid

collection is present enables appropriate management. Disruption of the
pancreatic duct or acinar integrity is necessary to allow formation of a
pancreatic fluid collection (11,12). These collections may consist of
enzyme-rich pancreatic juice with or without necrotic debris (9). By def-
inition, they lack a definite wall, may be single or multiple, and usually
develop early in the course of AP (7). They can be intra- or extrapancre-
atic (12,13): intrapancreatic collections can occur anywhere in the
pancreatic head, body, or tail (14); extrapancreatic locations include
the lesser sac, around the spleen and liver, pararenal spaces, peritoneal
cavity, and the mediastinum (14–16). The presentation of extrapancreatic
collections is variable, depending on the location of the fluid. For exam-
ple, patients may develop gastric outlet obstruction or have findings that
mimic hepatomegaly or splenomegaly. Pancreatic ascites can occur
owing to leakage of pancreatic exocrine secretions into the peritoneal
cavity, which typically follows major pancreatic ductal disruption (14).

As a rule, nearly 50% of these collections settle spontaneously (7),
but those that persist may develop into pseudocysts, abscesses, or sterile
necrotic collections (9).

Pseudocysts
Pseudocysts are the most common cystic lesions in the pancreas and

result from episodes of AP or as part of chronic pancreatitis. Only acute
pseudocysts are considered here. Pancreatic cysts other than pseudocysts
are described later in this chapter.

A pancreatic pseudocyst is a collection of pancreatic juice encased
by granulation tissue and collagen occurring in or around the pancreas
as a result of autodigestive fat necrosis in AP or ductal leakage (17–19).
Development of an acute pseudocyst requires at least 4 weeks (9) and
is usually preceded by, and should be differentiated from, an AP fluid
collection (20). Pseudocysts lack a true epithelial lining. By definition,
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pseudocysts contain fluid, but they also often contain debris. There is
some overlap between pseudocysts and organized pancreatic necrosis,
in which there is solid material frequently surrounded by fluid (20).

Pseudocysts present in a variety of ways: failure of an episode of
pancreatitis to resolve; persistently high-serum amylase levels; persis-
tent pain, pressure or fullness, vomiting or jaundice from pressure on
adjacent organs, such as stomach, duodenum, and bile duct (9,18,20).
Occasionally, a smooth epigastric mass may be palpable.

COMPLICATIONS OF PSEUDOCYSTS

The potential complications of untreated pseudocysts are listed in
Table 1 (7,14,20,21). Infection, usually with gut flora, occurs in up to
10% of pseudocysts. If left untreated, this may progress to peritonitis
and/or systemic sepsis. Pseudocysts may also rupture into a neighbor-
ing viscus (stomach, duodenum, or colon) or directly into the peritoneal
cavity, presenting as an acute abdominal emergency or as pancreatic
ascites or pleural effusion. Pancreatic ascites is rich in amylase and pro-
tein. A rare but rightly feared complication of pancreatic pseudocysts is
erosion into a major artery (typically, the splenic artery), resulting in
the development of a pseudoaneurysm and subsequent bleeding. When
there is communication between the pseudoaneurysm and pancreatic
duct, massive gastrointestinal bleeding (hemosuccus pancreaticus) can
result (22,23). Not infrequently, portal or splenic vein thrombosis may
complicate pancreatitis and pseudocysts (24). Thrombosis of the
splenic vein may produce a segmental or left-sided portal hypertension
with isolated gastric varices.

IMAGING OF PANCREATIC FLUID COLLECTIONS/
PSEUDOCYSTS

Pseudocysts are usually diagnosed using transabdominal ultrasound
(US) or computed tomography (CT; Fig. 1) and, more recently, magnetic

Table 1
Complications of Pseudocysts

Infection
Pancreatic fistulas
Gastrointestinal or urinary obstruction
Jaundice
Pseudoaneurysm formation
Pancreatic ascites
Rupture (peritonitis)
Splenic or portal vein thrombosis



116 Byrne and Baillie

Fig. 1. Computed tomography scan showing a large pancreatic pseudocyst.

resonance imaging (MRI) and endoscopic ultrasound (EUS)
(20,25–27). However, it should be noted that true pancreatic cysts
(benign or malignant) can be mistaken for pseudocysts. Fine-needle
aspiration (FNA) under EUS or CT guidance has increased the diag-
nostic accuracy of these imaging modalities (28,29). EUS-guided FNA
has been shown to be useful in distinguishing the various cystic lesions
of the pancreas; in one study, it had an 89% sensitivity for detecting
malignant cysts (29). Pseudocyst fluid usually has high-amylase levels
and low levels of tumor markers, such as carcinoembryonic antigen
(CEA) and CA19-9.

CT and EUS are also able to provide valuable information about
the likely severity of pancreatic damage, such as echogenicity and
degree of peripancreatic fluid in the setting of AP. One study showed
that a score based on the EUS appearance of the pancreas in AP cor-
related well with the number of days in the hospital and in intensive
care (30). EUS may also allow the distinction of necrotizing from
edematous AP and more accurate prognostic predictions (31), but fur-
ther studies are needed before EUS can be recommended as a tool to
reliably prove this important distinction. Another study using a CT
scoring system devised by Balthazar (32) showed that the presence
and extent of extrapancreatic fluid collections as detected by CT are
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indicators of severe AP (13). This CT-based study also confirmed pre-
vious suggestions that involvement of the anterior and posterior
pararenal spaces by extrapancreatic fluid collections indicated the
most severe prognosis (13,33).

TREATMENT

Acute Fluid Collections
Acute fluid collections are very common early in the course of AP;

the majority regress spontaneously within weeks (7,9,10). Drainage of
these immature collections with no clear wall of granulation tissue is
not recommended (9) unless they are large and symptomatic, causing
pain or obstructive complications, such as hydronephrosis or gastric
outlet obstruction, or there is a concern about infection, in which case
a diagnostic tap is indicated. If the collections mature and persist beyond
4–6 weeks, they become pseudocysts and are treated as discussed in the
following section.

Pancreatic Pseudocysts
MEDICAL MANAGEMENT

No clear consensus exists regarding the optimal management of
asymptomatic pseudocysts. Because up to 40–50% of acute pseudo-
cysts resolve spontaneously within 6 weeks, an expectant policy with
asymptomatic pseudocysts may be warranted (7,9). Vitas et al.
reviewed a series of 68 pancreatic pseudocysts that were managed
expectantly (34). There were serious complications in 9% of patients,
all within the first 8 weeks. In this series, 80% of cysts less than 6-cm
diameter resolved without intervention. One suggested policy is that
small pseudocysts (<6 cm), asymptomatic pseudocysts, and uncom-
plicated pseudocysts can be managed expectantly (35). However, this
belief is not universally held. Some series show a complication rate
as high as 60% in medically managed pseudocysts that fail to resolve
by 12 weeks (7,21). It seems reasonable to withhold intervention
unless symptoms arise or the pseudocyst is clearly enlarging on
serial measurement (36). It has been recommended that if interven-
tional therapy is considered, 4–6 weeks should be allowed for the
pseudocyst to mature (9). Yet, early intervention may be dictated by
changes in the patient’s condition. The interventional options avail-
able are now described.

INTERVENTIONAL MANAGEMENT

Case Selection for Intervention. The indications for drainage of
acute pseudocysts include ongoing symptoms, complications, progressive
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enlargement, or suspicion of malignancy (20). Before intervening, it is
important to consider the likelihood that the apparent pseudocyst may
actually be a cystic tumor, taking into account the radiological and
FNA features described previously.

Pseudocysts can be drained endoscopically, radiologically, or surgi-
cally. Essential information required in choosing the appropriate inter-
vention pertains to the pancreatic ductal anatomy. It is important to
know if there is a pancreatic duct obstruction or stricture, and if there
is communication between a pseudocyst and the pancreatic duct (14).
In the presence of either of these features, percutaneous drainage is
more likely to fail or result in recurrence, as continued pancreatic
secretion will keep the cyst from resolving if ductal integrity is not
restored. An endoscopic retrograde cholangiopanecreatography
(ERCP)-based algorithm was proposed by Ahearne et al. from our insti-
tution in 1992 (37), which suggested that all patients with pseudocysts

Fig. 2. Endoscopic retrograde cholangiopancreatography (ERCP)-based algo-
rithm for the management of pancreatic pseudocysts. Modified from Ahearne et al.
(37). *Refer to Table 2.
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treated electively should first have ERCP to appropriately allocate
treatment. In this algorithm, if there was main pancreatic duct obstruc-
tion or pseudocyst communication, surgical treatment was indicated,
whereas those pseudocysts that did not communicate and were unas-
sociated with duct obstruction could be safely treated with percuta-
neous drainage. In the emergency situation where immediate drainage
is indicated, it was suggested that the patient should be stabilized with
the least invasive procedure, and definitive treatment should be per-
formed later if necessary.

This algorithm was suggested before endoscopic drainage of pseudo-
cysts became more widely accepted. A modified ERCP-based algorithm
that takes the major therapeutic options into account is shown in Fig. 2.
The same principles relating to ductal anatomy apply, but endoscopic
drainage can justifiably be attempted in the majority of cases (assuming

Table 2
Do’s and Don’ts of Endoscopic Pseudocyst Drainage

Do’s
1. Confirm that lesion actually is a pseudocyst.
2. Collaborate with surgical and radiological colleagues.
3. Fully inform patient of risks.
4. Use EUS if available.
5. Make small puncture and enlarge with a balloon. Maintain access with

wire. Use large double pigtail stents.
6. Keep patient overnight for observation.
7. Repeat endoscopy to remove stents once pseudocyst decompression is

confirmed.
Don’ts

1. Don’t do the procedure unless skilled in advanced ERCP. Don’t evacuate
necrotic material.

2. Don’t perform endoscopic drainage for multiple pseudocysts as there is
high risk of introducing infection.

3. Don’t perform endoscopic drainage procedure on asymptomatic, frail,
elderly population. Watch and wait.

4. Don’t make a large hole in the stomach or duodenum with a needle
knife. Make a small puncture and dilate with balloon to minimize the
bleeding risk.

5. Don’t hesitate to discontinue procedure if problems are encountered.
Don’t attempt blind puncture.

6. Don’t lose patients to follow-up.
7. Don’t forget that the apparent pseudocyst may actually be a cystic

neoplasm. Be sure of the diagnosis before attempting drainage.

EUS, endoscopic ultrasound; ERCP, endoscopic retrograde cholangiopancreato-
graphy.
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applicability of a transmural or transpapillary approach as detailed
below; see Table 2). It should be noted that if preoperative ERCP is per-
formed, any instrumented fluid collections should be drained as soon as
logistically possible and preferably within 72 hours, as these collections
may become colonized (14).

It is also critical to know about the presence of underlying pancreatic
necrosis. If there is solid material or debris in the pseudocyst, this
should be considered a contraindication to endoscopic or radiological
drainage, because this material may not be readily removed, and the
risk of infection is high (38). Endoscopic drainage of so-called “orga-
nized pancreatic necrosis” has been described by Baron et al. but the
complication rate was high (39). At present, endoscopic necrosectomy
remains experimental and should not be attempted in routine clinical
practice. Partially liquefied necrotic collections may be confused for
pseudocysts. Some believe that if a fluid collection contains any solid
material (as seen on CT or MRI), this is not a true pseudocyst and
should be regarded as suspicious for necrosis (38). Further manage-
ment of these so-called “necromas” should employ the same principles
as those applied to management of obvious pancreatic necrosis, which
is discussed in Chapter 7.

Fig. 3. Magnetic resonance imaging image of a pancreatic pseudocyst with an
associated pseudoaneurysm.
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Finally, in the selection of patients for intervention, it is crucial to
exclude the possibility of a pseudoaneurysm prior to treatment (Fig. 3).
Fatal hemorrhage has complicated endoscopic “drainage” of unsus-
pected pancreatic pseudoaneurysms. It is reported that pseudoa-
neurysms can occur in up to 10% of pseudocysts (40,41), although
experienced pancreatologists would find this a surprisingly high num-
ber. Pseudoaneurysms can usually be detected by dynamic CT scanning,
although if there is any concern about missing a pseudoaneurysm, selec-
tive mesenteric angiography is the definitive test. Pseudoaneurysms
should be embolized before surgery is attempted owing to the high risk
of catastrophic bleeding.

ENDOSCOPIC THERAPY

Endoscopic therapy of pancreatic pseudocysts has been reported in
many studies since the first description by Rodgers in 1975 (42). Two
main endoscopic approaches—transmural and transpapillary—are used,
depending on ductal anatomy (19,43–47).

If the pseudocyst communicates with the main pancreatic duct,
drainage can be achieved by placing a small stent into the pancreatic
duct (transpapillary cyst drainage; 48–50). Although experience with
this approach is less than with transmural cyst drainage, some feel it is
the most appropriate way to deal with communicating pseudocysts,
particularly if they are relatively small. Pseudocysts communicate with
the pancreatic duct in 55–69% of cases (51,52). The transpapillary
approach is less invasive and potentially safer than transmural
drainage. In some but not all series, a pancreatic sphincterotomy is first
performed (19,53,54). Then, a soft-tipped guidewire is placed across
the ductal disruption; a 5-Fr or 7-Fr gauge straight stent is advanced
over the guidewire (53,54). It is not clear whether these stents work by
occluding the ductal leak or simply by equalizing the pressure between
the pancreatic duct and the duodenum. Thus, it is not clear whether
transpapillary stents actually need to bridge the fistula or not. In some
series, if a pseudocyst was large, a nasopancreatic drain was placed for
approximately 5 days to achieve direct cyst drainage (48,53).
Intravenous antibiotics should be given prior to these procedures.
Repeat CT or transabdominal US should be performed 4–6 weeks later
(19) and, if follow-up ERCP confirms pseudocyst resolution and unim-
peded pancreatic duct drainage, the stent is removed. It is important to
deal with any downstream pancreatic duct stones or stricture at initial
or follow-up ERCP, because failure to do so will likely result in pseu-
docyst recurrence (14,19). In Kozarek’s series, stents were left in situ
for an average of 6 weeks with a range of 1–18 months (53). However,
pancreatic stents left in place for more than 4–6 weeks have the
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potential to cause side branch injury and focal pancreatitis, and if they
become blocked, patients may develop septicemia. Recent studies that
evaluated the transpapillary technique for pseudocyst drainage have
reported success rates similar to those for transgastric drainage
(45,47,55), and the transpapillary approach has a lower incidence of
bleeding and perforation.

The other endoscopic approach to pseudocyst drainage is transmu-
ral. If the pseudocyst is not communicating with the pancreatic duct,
and there is an endoscopically visible bulge, or CT predicts the site of
compression of the pseudocyst on the stomach or duodenum, a trans-
gastric or transduodenal approach is indicated (19,44–47,54). If no
endoscopically visible bulge is noted, a safe and suitable access must
be identifiable by EUS. Indeed, where EUS is available, it should be
used to target the access site. A fistula must be created to drain pseu-
docysts directly into the stomach or duodenum. The pseudocyst should
be punctured with a standard needle catheter (22-gauge needle, 7-Fr
catheter), fluid aspirated (and sent for cytology and culture), and con-
trast-instilled to confirm entry into the cyst (56; Fig. 4). The distance
from the gut lumen to the pseudocyst lumen should be no greater than
10 mm when contemplating endoscopic cyst-gastrostomy or cyst-duo-
denostomy (57,58). Thereafter, a small incision is made using a needle
knife papillotome and a wire advanced into the cyst. This opening is
dilated to 5–10 mm with a balloon and two double pigtail stents are
placed. Bleeding and perforation can complicate entry through the gas-
tric or duodenal wall (44,56,59). More recently, a Seldinger technique
without electrocautery has been compared to standard needle-knife
electrocautery (60).The results suggest that this technique is equally
effective but also safer when compared to the standard needle-knife
technique. Once the pigtail stents are in place, management is similar
to that for transpapillary drainage. Cyst size is monitored radiologically,
and the stents are removed endoscopically once complete drainage has
been confirmed.

An early study by Cremer et al. in 1989 showed success and recur-
rence rates for transgastric and transduodenal pseudocyst drainage of
100 and 18%, and 96 and 9%, respectively (57). Complications were
low for transduodenal drainage but reported as 18% for transgastric
procedures. Since this study, the reported success rates for endoscopic
pseudocyst drainage have varied widely between 70 and 94% with
overall complication rates between 11 and 24%. Recurrence rates range
from 4 to 23% (20,45,54,55).

EUS has augmented the endoscopic management of pancreatic pseu-
docysts (61–63). Unaided endoscopic cystogastrostomy is done in a
relatively “blind” fashion. If no significant intragastric bulge is
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observed, there is an increased risk of perforation or bleeding (52).
EUS is useful for locating a puncture site devoid of vessels and other
structures, and the site is marked by biopsy (64) or tattooing. In the
series of 32 patients described by Fockens et al. (62), preinterventional
EUS provided essential information that resulted in a major change in
therapeutic management in one third of patients. Some argue that
endoscopic drainage should not be done without prior endosonographic
examination. It has been shown with newer interventional echoendo-
scopes that pseudocyst drainage is possible using EUS techniques
alone (Fig. 5; 65).

Endoscopic pseudocyst drainage is a very useful procedure in
selected cases if certain “do’s” and “don’ts” are observed (see Table 2).

Fig. 4. Endoscopic retrograde cholagiopancreatography image of a large dumb-
bell-shaped pancreatic pseudocyst filled with contrast.
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PERCUTANEOUS THERAPY

Before the advent of endoscopic decompression, the only alternative
to surgical drainage of pseudocysts was percutaneous drainage. Using
US guidance, external drainage with an internal–external catheter or
internal cystogastric drainage with a double-pigtail catheter can be per-
formed percutaneously (66–68). Percutaneous aspiration is relatively
easy to perform. However, simple aspiration without drain placement
had a high recurrence rate (63%) and overall failure rate (54%) in a
collation of nine studies (69). Percutaneous drainage with catheter
placement, again performed under US guidance, is usually successful
in resolving the pseudocysts (70–90%; 66,70,67), with a recurrence
rate of 8–25% (71–74). This approach is thought to be particularly indi-
cated for infected pseudocysts (75). But, there can be difficulties in
maintaining catheter drainage, and the introduction of new infection
may be a problem (71,76). The other major problem with percuta-
neously placed external catheters is that up to one fourth of such place-
ments will result in the formation of a pancreatic-cutaneous fistula,
especially if there is communication between the pseudocyst and pan-
creatic duct (74,77). The overall complication rate from percutaneous
drainage is estimated in some series as high as 16% (67,71,76,78) of

Fig. 5. Aspiration of a pseudocyst under endoscopic ultrasound guidance.
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cases. Use of octreotide and/or placement of progressively smaller
catheters may encourage closure of these fistulas (77,79). Careful
patient selection, including preintervention ERCP to outline the ductal
anatomy, will minimize these problems. External drainage catheters are
usually removed after 2–6 weeks, but they are sometimes left in place
for up to 6 months to achieve complete drainage. The presence of dis-
tal pancreatic ductal disruption or obstruction is considered by some to
be a relative contraindication to percutaneous drainage, as these
patients tend to develop persistent pancreatic-cutaneous fistulas (37).

An US-guided percutaneous approach can be used to place pigtail
stents for prolonged internal cystogastric drainage (until the pseudocyst
collapses and seals off [80–82]). This approach employs the same prin-
ciple as endoscopic cystogastrostomy, which is done as an outpatient
procedure under local anesthesia. The pseudocyst should preferably be
greater than 5-cm diameter and adherent to the posterior wall of the
stomach (68). Monthly screening US examinations allow the physician
to decide when to remove the stent endoscopically.

SURGICAL THERAPY

Historically, if pseudocyst drainage became necessary because of
increasing size, symptoms, or complications, surgical intervention was
the only option (14,69,71,83). Currently, surgery for pseudocyst treat-
ment is indicated only in patients in whom endoscopic or percutaneous
drainage is not feasible and in those patients suspected of having a cys-
tic tumor. As a rule, surgical pseudocyst drainage uses a technique of
internal drainage with a reported morbidity of 15–30% and a mortality
of less than 3% (84,85,86). Surgery allows pseudocyst drainage,
debridement of any surrounding necrotic material, and correction of
ductal problems (36). The pseudocyst recurrence rate after surgical
treatment ranges between 10 and 20% (84–86). It is difficult to make
direct comparisons between nonsurgical and surgical drainage of pseu-
docysts, as in many surgical series, the sicker patients were excluded
and drained percutaneously. In cases of duct obstruction or persistent
disruption, some have advocated surgical treatment over endoscopic or
percutaneous approaches (83). If there is disruption or disconnection of
the pancreas in the head, a proximal pancreatic resection is necessary.
If, in contrast, pancreatic duct disruption occurs in the neck or body of
the gland, a distal resection is performed.

There are still hospitals with little or no expertise in the latest endo-
scopic or percutaneous techniques for pseudocyst drainage. Although
there are indications for one technique over another depending on the
particular situation, local expertise still plays a significant role in
deciding which drainage procedure will be employed.
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CYSTIC LESIONS OF THE PANCREAS

Classification
Unlike pseudocysts, true pancreatic cysts have an epithelial lining;

they can be broadly divided into non-neoplastic cysts and primary neo-
plastic cysts (87–90). Overall, true cysts account for approximately
10–15% of all pancreatic cystic lesions (91). The non-neoplastic cysts
include simple cysts and duplication cysts. Cysts that are malignant
include mucinous cystadenocarcinoma (Fig. 6) and adenocarcinoma
with cystic degeneration. Those regarded as premalignant lesions
include mucinous cystadenoma and intraductal papillary mucinous
tumor (formerly mucinous ductal ectasia). Cystic neoplasms regarded as
benign include serous cystadenomas (microcystic adenoma) (Fig. 7) and
dermoid lymphangiomas. Approximately 10% of pancreatic cysts are
neoplastic (87). Cystic tumors of the pancreas account for only about
1% of all pancreatic cancers (91,92). Cystic neoplasms of the pancreas
can present in a number of ways: abdominal pain, weight loss, anorex-
ia, jaundice, and a palpable mass. They may also be asymptomatic and
detected incidentally. The most common and clinically important of the
cystic tumors are serous and mucinous cystadenomas and mucinous
cystadenocarcinomas. Serous cystadenomas may be multiple in cases of
the von Hippel-Lindau disease (93), an autosomally dominant inherit-
ed condition in which there are associated central nervous system

Fig. 6. Transabdominal ultrasound image showing a markedly dilated pancreatic
duct in a patient with a pancreatic mucinous cystadenocarcinoma.
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hemangioblastomas and retinal angiomas. This disorder is associated
with other tumors, such as pheochromocytoma and renal cell cancer (94).

Diagnosis
Although rare, cystic tumors of the pancreas are now more frequently

diagnosed because of modern imaging techniques (87). The largest clin-
ical problem associated with these cystic neoplasms is in being mistak-
en for pseudocysts and treated inappropriately. Accurate diagnosis is
consequently critical. The classic history is that of an incidentally dis-
covered or minimally symptomatic cystic lesion in a middle-aged or
elderly patient with no previous history of pancreatitis and no risk fac-
tors for pancreatitis. A definite histological diagnosis cannot be made
until a cystic lesion has been totally resected. However, certain radiolog-
ical features aid appropriate diagnosis. ERCP findings may contribute to
the diagnosis. For example, ductal obstruction or stenosis in the presence
of cysts suggest malignancy, as does a lack or communication between

Fig. 7. A computed tomography tomography scan of a pancreatic microcystic
adenoma (serous cystadenoma).
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the cyst and the pancreatic duct (87,89). Traditionally, imaging of these
cystic lesions of the pancreas has been with CT, MRI, or more recently,
EUS. CT will reliably detect cystic structures but has variable success
for distinguishing benign from malignant disease (95,96). For EUS
imaging, it has been suggested that well-defined, simple, uniloculated
cysts are likely benign and that complex cystic lesions with thick walls
and septations or with solid matter protruding into the cyst lumen are
often malignant (97). Some reports have suggested that the nature of a
pancreatic cyst can be predicted with greater than 90% accuracy using
EUS findings alone (97,98). However, as highlighted in a recent study,
EUS alone cannot be considered the gold standard (99). Although some
limitations of this study were highlighted in an accompanying editorial
(100), nonetheless, it shows that further advances are required in the
diagnosis and management of pancreatic cysts. One advance has been
the use of fine-needle aspiration under CT or EUS guidance. A recent
multicenter study showed that the combination of fluid cytology, CEA
levels, and EUS features increased the sensitivity of EUS for diagnos-
ing malignant cysts to 89% (29). It must be remembered that a negative
FNA does not exclude malignancy. There has also been some concern
that FNA of cystic lesions may lead to a higher rate of infection than
FNA of solid lesions (101). Further study is needed to elucidate this, but
we currently recommend the use of prophylactic antibiotics for FNA
procedures (102).

Clinical differentiation between benign and malignant cystic pan-
creatic tumors remains difficult, as does the differentiation between
true cysts and pseudocysts. Despite clear advances in the imaging of
these lesions, the poor specificity of radiological imaging has led some
to suggest, in view of the risk of malignancy within these cystic lesions
and favorable outcome with resection, that all suspected cystic tumors
of the pancreas should be resected (103,104).

Treatment
As a rule, most cystic neoplasms of the pancreas are relatively slow

growing (87). Curative surgery may be possible if lesions are detected
at an early stage. Certainly, if there is any doubt in the diagnosis,
surgery should be strongly considered. Serous cystadenomas are essen-
tially benign; there has been only one report of malignancy developing
in such a lesion (87). The most appropriate treatment may be simple
observation in high-operative risk patients, specifically the elderly. If
these lesions cause symptoms or there is uncertainty about the diagnosis,
surgical resection is indicated.

Mucinous cystic neoplasms (subclassified as cystadenomas and
cystadenocarcinomas) can contain both benign and malignant epithelium
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(105,106). As such, they should all be considered as potentially malig-
nant, and surgical resection is the treatment of choice. The 2-year
survival rate for patients with invasive mucinous cystadenocarcinoma in
one series was 67% (107), which is significantly better than for pancre-
atic ductal adenocarcinoma. For less invasive and less differentiated
mucinous cystic neoplasms, 5- to 12-year survival rates after resection
range from 40 to 75% (89,90,108). Left untreated, the prognosis likely
approaches that of unresected pancreatic adenocarcinoma (109). Thus, it
is very important to consider surgery if there is any doubt to the nature of
a cystic tumor to avoid missing a potentially treatable neoplasm.

SUMMARY

Intrapancreatic and extrapancreatic fluid collections are common in
the early course of AP and often resolve spontaneously. If collections
persist, they may become infected and progress to necrotic collections
or abscesses, or they can become surrounded by granulation tissue and
evolve into pseudocysts. Pseudocysts can be managed expectantly if
they are uncomplicated, asymptomatic, and do not increase in size. If
intervention is indicated, current management favors endoscopic
drainage techniques that compare favorably to percutaneous and surgi-
cal drainage. An appreciation of ductal anatomy is critical in guiding
appropriate intervention, and in the elective management of pseudo-
cysts, an ERCP should first be performed. Adhering to certain guide-
lines lessens the complications of endoscopic intervention. The
increasing use of EUS will certainly play a key role in improving the
safety of endoscopic drainage. It is likely that newer echoendoscopes
will allow direct pseudocyst drainage without the need for a separate
endoscopic procedure. With that said, in any one center, the most
appropriate form of drainage (endoscopic, percutaneous, or surgical)
will be determined by the local expertise available.

True pancreatic cysts represent approximately 15% of all pancreatic
cystic neoplasms, and these cysts can be benign or malignant. Use of
fine-needle aspiration under CT and EUS has increased the diagnostic
accuracy of malignant lesions. Unlike pancreatic cancer, this is critical,
as many early pancreatic cystic neoplasms have a good prognosis if
resected. Thus, it is crucial to determine the nature of a pancreatic cys-
tic lesion. If there is any doubt at all, surgical resection is indicated
unless the patient is not a surgical candidate.
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CHRONIC PANCREATITISII



INTRODUCTION

Despite decades of research, the epidemiology of chronic pancreati-
titis (CP) remains mysterious. As in other parts of the digestive tract, it
is reasonable to assume that CP develops after numerous antecedent
bouts of acute pancreatitis (AP). Although generally accepted, it is diffi-
cult to document this logical sequence of events.

The etiology of CP is not completely known. In approximately
70–80% of patients, alcohol (or alcohol and smoking) is the proba-
ble cause, but it is not clear why so few heavy drinkers develop CP,
or what factors predict the development of CP instead of chronic
alcoholic cirrhosis.

This section reviews the data relating to the epidemiology of CP.
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DESCRIPTIVE EPIDEMIOLOGY

The frequency and descriptive epidemiology of CP is poorly docu-
mented likely because: (1) The diagnosis of CP is observer-dependent;
(2) the criteria for a definitive diagnosis varies from center to center
and depends on the type and extent of diagnostic investigations carried
out; (3) disagreement concerning the test that should be considered as
the “gold standard” for the diagnosis of CP.

From hospital discharge data, information can be accumulated about
the frequency of this disorder. Table 1 presents data from the United
States that compares the number of patients with a hospital discharge
diagnosis of CP to the number of patients with a discharge diagnosis of
AP (1). In all groups, AP is more common than CP.

The same data source can be used to estimate discharge rates for
patients with CP and examine time trends. Discharge rates range from
about 6 to 10 per 100,000 persons per year with some fluctuation, and
there are no clear time trends during the period from 1990 to 1999. The
frequency of CP as recorded in different countries varies widely, but, as
noted previously, it is difficult to determine how much of this variation
is related to regional differences in diagnostic criteria or to the use
of different denominators. Some studies have reported prevalence
rates of about 3–5 per 1000 in hospitalized patients (2). Within
European populations, the incidence of recently diagnosed cases per
100,000 population varies widely (3). Because alcohol consumption in
combination with smoking are the major causes of CP (see below),
one would predict that the frequency of CP would be closely related to
variation in these two lifestyle variables.

From data reported from more than 2000 patients with CP diagnosed
and treated at major referral centers in the United States and Europe,
some of the main characteristics of the disease can be determined. (4;
Table 2). The mean age at diagnosis of CP was 44.6 years and, as in

Table 1
Number of First-Listed Hospital Discharges for Acute and Chronic

Pancreatitis (in Thousands) in the United States: 1999

Age group (years)

Total Male Female 15–44 45–64 65

Acute pancreatitis 191 92 99 70 67 52
Chronic pancreatitis 27 8 12 8 7 –
Ratio acute/chronic 7.1 11.5 8.2 8.8 9.6 –

Data from ref. 1.
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Table 2 
Characteristics of 2015 Patients With Chronic Pancreatitis 

Variable Percent of patients with characteristic

Age at diagnosis
<40 35%
40–59 50%

60 15%

Gender
Male 79%
Female 21%

Pancreatitis type
Alcoholic 78%
Nonalcoholic 22%

Diabetes
Present 52%
Absent 48%

Calcification
Present 37%
Absent 63%

Cirrhosis
Present 10%
Absent 90%

Alcohol consumption
Nonconsumer 12%
<5 drinks/day 26%

5 drinks/day 62%

Smoking status
Ever 86%
Never 14%

Surgery*

Yes 48%
No 52%

Cancer diagnosed during follow-up*

No 89%
Yes 11%
Pancreas cancer 3%
Other cancer 8%

Data from ref. 4.
*During mean follow-up of 7.4 years.
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other series, males accounted for nearly 80% of the total group.
Alcoholic pancreatitis, the most common type, was diagnosed in 1515
(75%) of patients, and most patients were heavy drinkers, consuming
five or more drinks per day. Eighty-six percent of all patients were or
had been smokers—much higher than the prevalence of smoking in the
background population. During a mean follow-up period of 7.4 years,
11% of patients developed cancer, of which 3% were primary pancreatic
tumors and 8% developed in other organs.

Regarding racial factors, we have studied the frequency of alcoholic
cirrhosis and alcoholic pancreatitis in white and black populations
(5). The findings suggest that there are differences in the occurrence
of these two diseases in different racial groups: blacks who drink
heavily are more likely to develop pancreatitis, whereas whites who
consume large amounts of alcohol are more likely to develop alco-
holic cirrhosis. The cause for these racial differences are unknown,
but the reason may be related to racial differences in ability to
detoxify carcinogens contained in tobacco smoke (6) or possibly
from a result of different exposure patterns for alcohol and tobacco in
varying racial groups.

ETIOLOGIC ASPECTS

Excess alcohol consumption has been linked to the onset of both AP
and CP, as well as to many other digestive and nondigestive disorders.
Twenty-five years ago, Durbec and Sarles noted that the logarithm of
the risk of pancreatitis was linearly related to alcohol consumption (7).
Recent data confirms this linear relationship as shown in the figure pre-
pared from case-control data (8; Fig. 1). Small amounts of alcohol do
not appear to cause chronic alcoholic pancreatitis, but it is not known
whether or not there is a “threshold” level that must be exceeded before
CP develops. Furthermore, little is known about individual variation in
susceptibility to alcohol-induced CP.

Smoking and Chronic Pancreatitis
Smoking doubles the risk of pancreatic cancer (9–12) thus, it is

not surprising that several studies conducted in different populations
suggest that smoking is also an independent risk factor for CP
(8,13–19). The results, even after corrected for alcohol consumption,
show that the risk of pancreatitis in those who smoke one or more
packs of cigarettes per day is about ten times higher than in light
smokers or nonsmokers. The relationship may be stronger in males
than in females. Both the duration and quantity of cigarettes consumed
contribute to the excess risk.
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The exact mechanism to explain why smoking is related to CP has
not been well-documented, but smoking appears to reduce the age at
which CP is first diagnosed, and it also increases the likelihood of
pancreatic calcification (Fig. 2; 15,20).

Smoking has been overlooked as an important cofactor that leads to
chronic relapsing pancreatitis. Clinicians should recognize the importance
of smoking as a risk factor for this disease and should urge patients who
suffer from any form of pancreatitis to reduce their exposure to both
tobacco and alcohol.

CHRONIC PANCREATITIS AND CANCER

Pancreatic Cancer
In many parts of the digestive tract, such as the stomach, large

bowel, and liver, there is a well-developed pattern where, after many
years, longstanding pre-existing benign disease progresses to cancer
within the target organ. Many studies have been published to determine
if this same pattern attributes to the pancreas. Gastroenterologists often
remember a patient with well-documented CP who, after many years,
succumbed to pancreatic cancer. Anecdotal evidence from case reports
provided the stimulus for larger and stronger studies.

Several case-control studies have shown that a history of CP is more
common in patients with pancreatic cancer than in control subjects. The

Fig. 1. Relation between alcohol consumption and risk of chronic pancreatitis.
Cumulative amount of alcohol = average amount of ethanol intake per day × 365 ×
years of alcohol exposure. The baseline comparison group consists of noncon-
sumers of alcohol or consumers whose cumulative intake is less than 365 L of
alcohol. Based on data from Lin and coworkers (8).
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evidence from these studies is somewhat limited because in some cancer
cases, symptoms of pancreatitis can be an early manifestation of pancre-
atic cancer. Also, pancreatitis is an uncommon digestive event; therefore,
only a few patients with pancreatic cancer will have suffered from CP.
However, in general, case-control studies provide evidence that supports
an association between prior attacks of CP and pancreatic cancer (21–27).

Cohort studies of patients with CP provide additional evidence for
the importance of CP as an etiologic stimulus that leads to the devel-
opment of pancreatic cancer. In 1993, we reported a follow-up study of
more than 2000 patients with CP who were diagnosed, treated, and
followed at major centers in Europe and the United States. Even after
eliminating cancers arising in the first 2 years of the follow-up period,
there was still an increased risk of pancreatic cancer. After a follow-up
period of 7.4 years, pancreas cancer was about 16 times more common
in patients with CP than in the general population (4). However, even
in this high-risk population, only approximately 2% of the entire group
developed pancreatic cancer. The findings in a similar, more recent,
study based on a longer follow-up period were nearly identical (28).
Other study types, such as record linkage studies, have also found that
pancreatitis results in an increased risk of pancreatic cancer, although
the estimated risk was somewhat lower than in cohort studies (29–31).

Fig. 2. In addition to alcohol, smoking also increases the risk of calcific pancreatitis.
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Hereditary pancreatitis (HP) is a rare autosomal dominant inherited
disorder, causing symptoms and signs that closely resemble more com-
mon types of pancreatitis. HP is characterized by frequent attacks of
AP, which begin during childhood or early adult life and eventually
lead to CP. The cumulative lifetime risk of pancreatic cancer in these
patients has been estimated to be near 40% (32). The explanation for
this dramatic increase in risk is unknown.

Other Cancers
Although there appears to be a high risk of pancreatic cancer in

patients with CP, the burden of other tumors is much higher. For example,
in our CP cohort of 2015 subjects, 159 patients developed nonpancreatic
cancer during the mean follow-up observation period when compared
to 56 patients with pancreatic cancer. Most of the nonpancreatic
tumors were related to smoking—an additional important risk factor
for alcoholic pancreatitis (33).

GENETIC EPIDEMIOLOGY OF CHRONIC PANCREATITIS

Although chronic alcoholism is the most frequent cause of CP, muta-
tions in several genes can also cause CP (Table 3). In 1952, Comfort

Table 3
Chronic Pancreatitis and Genetic Mutations

Cationic Serine protease
trypsinogen inhibitor

(PRSS1) (SPINK1) CFTR

Affected chromosome 7 5 7
Inheritance pattern Autosomal Complex: Autosomal

dominant might only recessive
act as disease
modifier

Frequency Extremely rare 1–3% 5%
in population

Frequency About 1% About 12% 20% in patients
in CP patients with ICP

Presence in patients Rarely found 6% No
with ACP

Cumulative risk 40% Likely around 5% Likely around 5%
of pancreas cancer

CP, chronic pancreatitis; CFTR, cystic fibrosis transmembrane conductance regula-
tor; ICP, idiopathic chronic pancreatitis; ACP, alcoholic pancreatitis.
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and Steinberg first described a kindred with relapsing pancreatitis,
which affected multiple family members and appeared to follow an
autosomal dominant inheritance pattern (34). In 1996, Whitcomb and
coworkers discovered the cause to be a mutation in the cationic
trypsinogen gene located on chromosome 7 (35). The signs and symp-
toms of this rare hereditary type of pancreatitis are similar to more
common types of pancreatitis, but the age of onset is usually before
age 20, a strong family history exists, and the risk of pancreatic cancer
is high.

Mutations in a pancreatic secretory trypsin inhibitor gene, PSTI or
SPINK1, have also been linked to pancreatitis. The frequency of this
mutation is increased in both idiopathic chronic pancreatitis (ICP) and
in alcoholic chronic pancreatitis (ACP), but it is unclear whether
SPINK1 causes pancreatitis directly or by acting as a disease modifier—
perhaps by increasing susceptibility to other genetic or environmental
factors (36–41).

Cystic fibrosis transmembrane conductance regulator (CFTR) muta-
tions are now believed to cause ICP but not ACP. Genetic mutations were
detected in nearly half of a sample of patients with ICP when compared
to a background frequency of approximately 5% (42). After detailed test-
ing, most patients were found to carry at least one mutated gene, and
some were compound heterozygotes with one mild CFTR mutation.

The issue of genetic testing for patients with ICP has not been
resolved. Because of issues like insurance discrimination, implications
for nontested family members, reproductive issues, and high-risk can-
cer in HP, genetic testing should be preceded and followed by genetic
counseling (43). Commercial testing for CFTR mutations usually
screens only for the most common mutations and will miss many of the
pancreatitis-causing mutations. The genetics of CP are discussed in
more detail in Chapter 10.

SUMMARY

Even though the cumulative risk of CP is low in heavy drinkers,
alcohol is the most common cause of CP, accounting for 70–80% of all
cases. Recent studies suggest that smoking is also an important risk fac-
tor for CP. Additionally, mutations in genes often associated with cystic
fibrosis appear to increase the probability of developing ICP.

Reliable population-based estimates of the frequency of CP are not
widely available, but the evidence suggests that the incidence is
approximately 5–10 per 100,000 per year—considerably lower than the
incidence of AP.
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Evidence from several case-control, cohort, and record linkage
studies confirms that patients with CP are at increased risk of pan-
creatic cancer, although only about 5% of patients with common
forms of pancreatitis will develop pancreatic cancer. Patients with
early onset of pancreatitis, as in HP, have a high risk of developing
pancreatic cancer.
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INTRODUCTION

Chronic pancreatitis (CP) has been defined as a continuing inflamma-
tory disease of the pancreas characterized by irreversible morphologic
changes that typically cause pain and/or permanent loss of function
(1–3). Rather than a single disease, CP is a syndrome of destructive
inflammatory conditions that encompasses the many sequelae of long-
standing pancreatic injury (4). Until recently, most research and treatment
energy focused on managing end-stage CP and its complications after
most of the functional pancreas was destroyed, and the patient was left
with endocrine and exocrine insufficiency and chronic pain. New
research is focusing on identifying environmental, genetic, and other
risk factors, as well as on the inflammatory and cellular mechanisms
driving the process. Furthermore, efforts are underway to improve the
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diagnosis of CP at the earliest stages when the organ might be saved
and returned toward normal.

In developed countries, CP is usually attributed to excess alcohol
consumption (4). However, a single factor seldom causes pancreatitis,
and even prolonged excessive alcohol consumption in animal models and
in most humans does not cause CP (4). Instead, alcohol appears to be
one of several specific environmental, metabolic, and genetic factors
that play synergistic roles in increasing susceptibility to acute pancre-
atitis (AP) and in driving the pancreatic inflammation, fibrosis, and
parenchymal destruction that eventually results in clinically recognized
CP. In addition, CP may require a triggering event to initiate the
inflammatory process that is a key factor in this disease (5).
Organizing, classifying, and understanding the major issues involved
in the etiology and progression of CP will form the basis for updated
methods of early detection, diagnosis, treatment, and prevention.

DIAGNOSIS

The gold standard for diagnosing CP is histology (4) with represen-
tative specimens demonstrating the presence of chronic inflammatory
cells, acinar cell drop-out, and fibrosis (Fig. 1). Other pathological
features, including duct proliferation, nerve trunk inflammation and
enlargement, and distortion or loss of islets are later findings that confirm

Fig. 1. Histology of chronic pancreatitis (CP). During the progression of CP the
normal acini (A) are lost and replaced by progressive fibrosis (F). Note the lym-
phocytic infiltration associated with fibrosis. The islets (i) are relatively spared
until late in the disease process.
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the diagnosis. Unfortunately, histology is not usually available. Instead,
high-resolution imaging studies, such as computed tomography, is often
used to diagnose clinically suspected CP (Fig. 2). Although major findings
on imaging studies correlate with histology in moderate-to-severe CP, early
diagnosis of CP remains challenging. Endoscopic ultrasound is promising,
but clear and consistent criteria are yet to be developed and confirmed.
Pancreatic exocrine insufficiency determined by a tubed secretin test
appears to be one of the most sensitive and earliest signs of CP. However,
a function test cannot always confirm the diagnosis because pancreatic
insufficiency can occur without inflammation (e.g., Shwachman-
Diamond syndrome and Celiac Sprue with hypoproteinemia). Thus, there
remains room for improvement in the methods for diagnosing CP.

ETIOLOGY OF CHRONIC PANCREATITIS

Link Between Acute Pancreatitis and Chronic Pancreatitis
AP and CP represent opposite ends of an interrelated process. Evidence

for a link between recurrent AP and CP continues to grow, bringing

Fig. 2. Computed tomography demonstrating chronic pancreatitis (CP). Multiple
complications of CP are identified through abdominal imaging techniques. This
section illustrates (A) pseudocysts, (B) calcifications, (C) dilated main pancreatic
duct, (D) pancreatic parenchymal atrophy, (E) dilated common bile duct, (F)
splenic vein thrombosis, and (G) gastric varices. (With permission from
www.pancreas.org.)
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important insights into the mechanisms that lead to CP. The strongest
evidence for this link is hereditary pancreatitis (HP; 6,7). HP is a
condition characterized by recurrent attacks of AP in approximately
80% of patients with the disease gene (8,9). About half of the patients
with recurrent AP progress to CP, demonstrating the connection
between AP and CP. HP is caused by mutations in the cationic
trypsinogen gene (protease, serine 1; PRSS1), causing trypsinogen to
be prematurely activated to trypsin and/or preventing trypsin from
being destroyed through autolysis (see below). Excess active trypsin
inside the pancreas is pathologic because it activates other pancreatic
digestive enzymes, which, in turn, cause pancreatic autodigestion and
pancreatitis. Because hereditary CP appears like CP from other eti-
ologies, and the etiology clearly involves inappropriately active
trypsin and recurrent attacks of AP, the link between recurrent AP and
subsequent CP is now confirmed. A similar relationship between
recurrent AP and CP appears with hypertriglyceridemia, chronic
hypercalcemia, and alcoholic pancreatitis. Indeed, at least one attack
of AP may even be required to initiate the process that leads to CP in
some cases (see below).

ETIOLOGY OF PANCREATITIS

Historically, CP was usually attributed to a single etiology like
alcohol (~70%), idiopathic (~20%), or other rare identifiable causes
(~10%). However, growing evidence suggests that alcoholic chronic
pancreatitis (ACP) and idiopathic chronic pancreatitis (ICP) are com-
plex diseases developing within the context of multiple risk factors. The
evidence that ACP is a complex disease stems from the consideration
of epidemiological data, animal model findings, and genetic factors.
First, fewer than 10% of chronic heavy alcohol users ever develop
pancreatitis (10,11), whereas others develop alcoholic liver disease,
neuropathy, other alcohol-associated problems, or few major conse-
quences at all (12). Second, laboratory animals fed large amounts of
alcohol for prolonged periods of time fail to develop typical CP (13,14),
suggesting that other factors are also important. Third, the observations
that heavy alcohol users from a black African background are more
likely to develop pancreatic diseases than Caucasians, whereas the oppo-
site is true for the development of liver disease (15), which suggests
underlying genetic susceptibility. Together, this evidence implies that
ACP is a complex disease requiring cofactors, such as deleterious
genetic polymorphisms, toxins, environmental stresses (particularly
tobacco), or the interaction between these factors. The relative contribu-
tion of each factor may differ, and the ease of reversing or compensating
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for each may also differ. However, the early identification, organization,
and elimination of these factors in individuals susceptible to, or deve-
loping, pancreatitis may prove to be the most inexpensive and effective
therapeutic approach.

Risk Factors
Humans are highly resistant to the development of CP because

numerous protective mechanisms work simultaneously and sequentially
to prevent each of the pathological steps toward CP. Development of
CP therefore requires either a very severe injury or the simultaneous
incapacitation of several complementary protective mechanisms. Major
factors that can disrupt protective mechanisms include environmental
toxins, metabolic conditions, genetic variations, immune-mediated
factors, and traumatic or significant duct obstruction (Table 1). Recent
evidence suggests that several of these influences may occur together
before CP develops (16,17). In contrast, infectious diseases seldom
lead to CP. The relatively obscure location of the pancreas, where it
remains isolated from the external environment, and the fact that it is
not associated with clearance or elimination of toxins, also protects it
from a variety of direct environmental and toxic exposures experienced
by the skin, respiratory system, gastrointestinal tract, liver, and kidneys.
Thus, toxic–metabolic, genetic, and immune factors or duct obstruction
dominate the pathophysiological landscape.

Each environmental, metabolic, or genetic factor associated with CP
should be considered a risk factor for the development of CP. Some risk
factors directly disrupt a specific protective mechanism, whereas others
may disrupt several (e.g., tobacco smoking or alcohol consumption).
Furthermore, the disruption or inhibition of a protective mechanism
may be partial or complete, and the pancreas compensates for some
insults more effectively than others. As ongoing genetic and environ-
mental studies confirm, quantify, and identify, suspected and previously
unrecognized risk factors, high-risk patients can be identified earlier,
and therapeutic or preventative approaches can be initiated.

Triggering the Chronic Pancreatitis Pathological Process
There is a difference between patients with risk of a disease and

those that develop a disease. In the case of CP, the difference may
reflect the presence of one or two steps in a two-step process. The first
step appears to be a “sentinel event” that triggers an inflammatory pro-
cess within the pancreas. The second step is a prolonged or repeated
injury or stress that activates the immune system and drives a pro-
gressive, destructive, and fibrotic process that ends in CP. In many
cases, it has been argued that the sentinel event is an episode of AP
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Table 1
Etiologic Risk Factors Associated With Chronic Pancreatitis

Toxic–Metabolic

Alcohol
Tobacco smoking
Hypercalcemia
Hyperparathyroidism
Hyperlipidemia
Chronic renal failure
Medications

Phenacetin abuse (possibly from chronic renal insufficiency)
Toxins

Organotin compounds (e.g., di-n-butyltin dichloride [DBTC])

Idiopathic

Early onset
Late onset
Tropical

Tropical calcific pancreatitis
Fibrocalculous pancreatic diabetes

Other

Genetic

Autosomal-dominant
Cationic trypsinogen (PRSS1, e.g., codon 29 and 122 mutations)

Autosomal recessive/modifier genes
CFTR mutations
SPINK1 mutations

Autoimmune

Isolated autoimmune chronic pancreatitis
Syndromic autoimmune chronic pancreatitis

Sjögrens syndrome-associated chronic pancreatitis
Inflammatory bowel disease-associated chronic pancreatitis
Primary biliary cirrhosis-associated chronic pancreatitis

Recurrent and Severe Acute Pancreatitis-Associated Chronic Pancreatitis

Postnecrotic (severe acute pancreatitis)
Recurrent acute pancreatitis
Vascular diseases/ischemic
Postirradiation

(continued)
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(sentinel acute pancreatitis event [SAPE] hypothesis), and that fibrosis
is driven by anti-inflammatory mechanisms (5,8). This model will be
used as a framework to discuss the various factors contributing to CP.

The Sentinel Acute Pancreatitis Event Hypothesis
The SAPE hypothesis model is illustrated in Fig. 3. On the left side

of the figure, the process is described as a pathway, and on the right
side, this process is illustrated. At the top of the figure is a normal pan-
creas, illustrated on the right as a normal acinus with acinar cells, duct
cells, and quiescent (inactive) stellate cells. If a risk factor like alcohol
is added, the acinar cells are injured and prone to metabolic/oxidative
stress through a variety of mechanisms. However, histologically, the
acinar cells and the rest of the pancreas appear remarkably normal.
Fibrosis, inflammation, and destruction of acinar cells, which are the
characteristics of CP, do not occur. This is likely the condition of most
heavy alcohol users.

The middle section of Fig. 3 illustrates the sentinel event—an
episode of AP. The sentinel event can be divided into two phases: an
early proinflammatory cytotoxic phase (left side of middle acinus) and
a later anti-inflammatory healing phase (right side of middle acinus).
The early phase is dominated by acinar cell injury, invasion of cytotoxic
lymphocytes, and monocytes/macrophages. Importantly, stellate cells
are also present and become activated probably by tumor necrosis fac-
tor (TNF)-α (18). In the late phase of AP, the immune system switches
from proinflammatory to anti-inflammatory cytokines (e.g., inter-
leukin-10, transforming growth factor [TGF]-β), as well as cells that
serve to limit further pancreatic damage and allow the healing process
to begin. As part of the healing process, active stellate cells lay down
matrix proteins (18), which, if this process were to continue, becomes
fibrosis (19,20).

Obstructive

Pancreatic divisum
Sphincter of Oddi disorders (controversial)
Duct obstruction (e.g., tumor)
Preampullary duodenal wall cysts
Posttraumatic pancreatic duct scars

TIGAR-O Classification system (version 1.0).
Data from ref. 4.

Table 1 (Continued)



Fig. 3. Sentinel acute pancreatitis event (SAPE) model. SAPE hypothesis of the eti-
ology of chronic pancreatitis (CP). The sequential process is given on the right with
corresponding cellular level illustrations of critical phases shown in three successive
sections on the right. The top section represents a typical acinus under normal con-
ditions (normal). In the presence of alcohol consumption, the acinar cells may be
under metabolic stress (*), and cytokines are released (arrow), but no pathology is
observed. The second section illustrates the SAPE, including early proinflammatory
processes (left half of the figure) and late anti-inflammatory events (right half of
the figure). Note the active lympocytes and macrophages in the early phase, and the
activated stellate cells and anti-inflammatory macrophages (Mf) that dominate in
the late (healing) phase. Also note the small amount of collagen that is deposited
around the acinus and the continued release of cytokines by acinar cells under stress
(arrow). The bottom section illustrates the recovered acinus. In the cases of biliary
pancreatitis or other causes of single-episode acute pancreatitis (AP) the acinus
appears normal (left side of the drawing) with residual, quiacent anti-inflammatory
cells present, but slowly diminishing in number. However, with continued oxidative
stress (e.g, alcohol, ischemia), recurrent pancreatitis (RAP), or similar stimuli, the
tissue macrophages, and stellate cells remain active and continuously deposit colla-
gen, matrix proteins, and other molecules that cause wide-spread fibrosis (right side
of the drawing). This leads to typical CP (Adapted from ref. 5).
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The lower section of Fig. 3 illustrates divergent pathways. To the left
reflects healing with gradual diminution of the inflammatory cells and a
return to normal. The pathway to the right illustrates progression to
fibrosis and CP. The difference in pathways is determined by the pres-
ence or absence of ongoing metabolic/oxidative stress (e.g., by contin-
ued alcohol use), and/or recurrent AP (e.g., HP), or the influence of
other major risk factors that result in ongoing pancreatic injury and
stimulation of the inflammatory system. The difference between the aci-
nus at the top of the figure and the bottom (postinflammatory state) is
the presence of resident tissue macrophages and activated stellate cells.
The presence of these cells is critical to the development of CP because
the resident macrophages and other cells suppress acute inflammation
by the release of anti-inflammatory cytokines, e.g., TGF-β, which drives
fibrosis (21). The stellate cells respond to TGF-β and other anti-inflam-
matory cytokines as part of the postinflammatory healing process, but if
continually stimulated, they become part of a pathological process by
laying down abundant extracellular matrix proteins that characterize the
fibrosis of CP (19,20). Thus, an appropriately severe acute pancreatitis
episode plays a triggering role by initiating the critical process of
recruiting the inflammatory cells into the pancreas and activating the
stellate cells. From the clinician’s perspective, this may be recognized as
a sentinel event because it foresees the beginning of the CP pathway,
and may be a signal to consider intervention.

MAJOR RISK FACTORS FOR CHRONIC PANCREATITIS

Alcohol
Alcohol consumption has been identified in many clinical case

series as the most common contributing factor to CP in adults (22–26).
However, epidemiological data, animal data, and genetic inferences
suggest that factors in addition to alcohol must be present before CP
develops. On the other hand, alcohol consumption is clearly a risk fac-
tor for the development of CP (12,25,27), and discontinuing alcohol
use appears to slow the progression in patients with newly diagnosed
alcoholic pancreatitis (28).

The factors linking alcohol consumption to pancreatitis should be
divided into two categories: those that increase susceptibility to AP, and
those that accelerate inflammation and fibrosis. For AP, both animal
models (29) and human studies (30) suggest that alcohol lowers the
threshold for triggering AP and exaggerates AP once it has developed.
There are multiple factors contributing to this observation and are
reviewed elsewhere (5). However, the risk of developing moderate AP
or severe AP is clearly increased by alcohol consumption.
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Alcohol also accelerates the inflammatory and fibrosis processes
toward end-stage CP. Alcohol and alcoholic metabolites directly stimulate
the stellate cells to secrete the complex matrix proteins (e.g., collagen and
fibronectin) that are the substrate of fibrosis (5). Alcohol also stimulates
the immune system through the release of cytokines by stressed acinar
cells. The acinar cells appear to be under constant oxidative and
metabolic stress during alcohol consumption through mitochondrial
injury (31), production of acetaldehyde, fatty acid ethyl esters (32,33),
and other mechanisms. This combination of pro- and anti-inflammatory
stimuli result in chronic inflammation, acinar cell loss, and fibrosis,
which is eventually recognized as CP. The fact that alcohol affects both
the initiation and progression of CP, and that it does so through multi-
ple mechanisms, designates alcohol as one of the most important risk
factors for developing CP. Therefore, patients with early signs of CP or
with a family history of CP (see below) should be encouraged to stop
consuming alcohol.

Tobacco Smoking
The relationship between tobacco smoking and CP has been the

subject of debate for more than a decade. With few exceptions (34), most
evidence points to a clear association between tobacco smoking and CP
(35,36). These studies suggest that smoking not only increases the risk of
CP, but decreases the age of onset (37). The connection between tobacco
smoking and alcohol consumption raised the question of whether or not
these factors are independent risk factors. Recent studies suggest that
tobacco smoking is an independent risk factor (36,38). Therefore,
patients with early signs of CP should be persuaded to stop smoking for
this and other health reasons.

Chronic Renal Failure
Chronic renal failure is an important and often overlooked risk factor

for CP (4). Animal experiments suggest that toxins normally cleared by
the kidney may be responsible for direct injury to pancreatic acinar cells
(39). Along with increasing the risk of CP, patients with chronic renal
failure appear to have a more severe course of AP with significantly
increased morbidity and mortality (40). Although the relationship
between chronic renal failure and CP has not been fully explained, the
appearance of signs of AP and CP in a patient with chronic renal failure
should prompt close attention to the management of the kidney disease.

Genetic Factors
Genetic influences are clearly major risk factors for CP. The three

major genetic mutations leading to CP include mutations in the cystic
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fibrosis transmembrane conductant regulator gene (CFTR), cationic
trypsinogen gene (PRSS1), and the pancreatic secretory trypsin
inhibitor (serine protease inhibitor, Kazal-type, 1; SPINK1; 41).

CYSTIC FIBROSIS TRANSMEMBRANE CONDUCTANT

REGULATOR GENE MUTATIONS

The CFTR gene was discovered during the search for the cause of
cystic fibrosis (42–44). Severe mutations in CFTR genes, such as
CFTR delF508, causes typical cystic fibrosis characterized by pan-
creatic insufficiency, maldigestion, and intestinal problems early in
infancy, along with pulmonary pathology in childhood related to
chronic inflammation. The CFTR molecule functions as a cyclic
AMP-regulated anion channel with the highest permeability to chlo-
ride but also to bicarbonate that is critical to the proper function of
epithelial cells lining the pancreatic duct, intestine, airway, and other
sites. To date, more than 1200 mutations have been identified in the
CFTR gene in patients with typical and atypical cystic fibrosis. The
functional consequence of these mutations varies widely, resulting in
the need to classify the mutations according to consequence of the
mutation on the protein and its function (45). Class I, II, and III muta-
tions are severe, resulting in complete loss of function (45,46). Class
IV, V, and VI and progressively milder mutations (46). Retention of
some CFTR function through inheritance of one severe mutation and
one mild mutation results in a clinical syndrome that differs from
classic cystic fibrosis (e.g., atypical cystic fibrosis; 47,48). In this
case, the underlying genetic disorder may be completely silent until
the epithelial cell-lined organs are stressed through additional genetic
factors (e.g., modifier genes) or environmental insults. Indeed, many
cases of ICP have been found to be associated with mild mutations in
the CFTR gene (16,49–51).

Although resent research demonstrated an association between
CFTR mutations and some cases of ICP (or unrecognized atypical
cystic fibrosis), most experts do not believe enough is known about
the interpretation of results in CFTR genetic testing to order these
tests in routine clinical settings (49). Surveys of the parents of chil-
dren with cystic fibrosis failed to identify an increased incidence of
idiopathic pancreatitis, suggesting that having one severe CFTR
mutation (i.e., an ~50% predicted decrease in function) is insufficient
to cause AP or CP (52). However, even a single severe CFTR muta-
tion may increase the risk of pancreatitis when present with another
mutation (16; e.g., CFTR mutation and SPINK1 mutations, see
below) or other pancreatic stresses, such as functional duct obstruc-
tion in pancreatic divisum. Furthermore, clinical CFTR tests are
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directed toward the most common and severe mutations; thus, impor-
tant mutations associated with CP may be missed (49). Finally, accurate
medical and genetic counseling to patients with a single CFTR gene
mutation on screening panels is almost uninterpretable at the present
time. The addition of functional testing with nasal bioelectrical
responses or other tests can be helpful in diagnosing mild cystic
fibrosis, but these techniques are generally unavailable (48,53,54).
Therefore, CFTR mutations are clearly associated with idiopathic
pancreatitis, but more research is needed to assist in interpreting the
many possible findings and determining the proper course of action
based on these results. In some cases, referral to a major center with
expertise in cystic fibrosis and availability of nasal bioelectrical
response measurements may also be appropriate.

CATIONIC TRYPOSINOGEN GENE MUTATIONS

Mutations in the PRSS1 gene are responsible for approximately
60% of all cases of HP, and are also sometimes associated with ICP
(55). Trypsinogen is the proenzyme that becomes trypsin, a pancreatic
digestive enzyme that has a key role in pancreatic physiology. Trypsin
hydrolyzes peptide chains at arginine or lysine residues. The trypsin
enzyme itself consists of two globular domains linked by a single pep-
tide chain with a central arginine residue at position 122. Cutting the
side chain (autolysis loop) at arginine 122 with another trypsin enzyme
is the first step in the autolysis of trypsin.

Trypsin is the major enzyme that activates pancreatic digestive
enzymes within the intestine. It is also the first proenzyme to be acti-
vated in the intestine because it is the only enzyme with a special
four-aspartamine residue motif in the activation site, which is the tar-
get of the brush border enzyme, enterokinase. After trypsinogen is
activated, it then activates most of the other pancreatic digestive
enzymes, which, in turn, digest the complex molecules of a meal for
absorption. Premature activation of trypsin in the pancreas with sub-
sequent activation of other digestive enzymes is thought to be the
initial step in triggering AP (56,57). Therefore, the body uses a
number of protective mechanisms to prevent trypsin from becoming
activated, remaining activated, or prevent the spread of the activa-
tion process. Disruption of these protective mechanisms increases
the risk of pancreatitis.

Mutations in the trypsinogen gene predispose to AP and CP (7,58).
The first mutation to be identified was in codon 122, leading to the
substitution of a histidine for the key arginine (R122H) in the con-
necting side chain (6). In this case, prematurely activated mutant
trypsin cannot be destroyed through the normal self-destruction
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mechanism and remains active, activating itself and other digestive
proenzymes in the pancreas. Interestingly, trypsin contains a calcium-
binding site near R122. In a high-calcium environment, this site is
occupied by the calcium ion, an interaction develops with the autolysis
loop, and autolysis of trypsin is prevented. This feature is beneficial in
the intestine because trypsin activity is necessary in the duodenum and
jejunum, where calcium levels are high. But as calcium is absorbed in
the jejunum, the large proteins are digested, and trypsin is no longer
needed. The calcium-associated protection of trypsin autolysis is lost
and trypsin degrades itself. However, high-calcium levels within the
pancreas also protect trypsin from autodigestion and result in a condition
similar to the R122H or R122C mutation.

Several other mutations have also been identified in the trypsinogen
gene that lead to pancreatitis (59), and they tend to be grouped around
the activation peptide region or the autolysis loop. These observations
suggest that enhanced activation or reduced inhibition of trypsin is a
key factor in increasing the risk for pancreatitis in affected individu-
als. Most of these mutations are rare with the exception of R122H and
N29I (6,7).

Currently, there are no specific treatments for patients with
trypsinogen mutations and pancreatitis. The diagnosis can be made by
genetic testing, and guidelines have been recently published (60). The
primary indications for cationic trypsinogen mutation testing include
recurrent idiopathic acute pancreatitis, ICP, verification of a clinical
suspicion in a family member of a kindred with known mutations, as
well as to help a patient understand or validate their condition and
assist individuals in making lifestyle decisions based on the known
risk of pancreatitis and pancreatic cancer. Genetic testing is also used
in children with unexplained pancreatitis or episodes of pancreatitis-
like pain when there is significant concern about potential HP (4,60).
Indeed, identification of an established pancreatitis-associated gene
mutation can be valuable in expediting an often expensive and pro-
longed evaluation of recurrent pancreatitis in children and precludes
further evaluation of elusive pancreatitis causes in adults. Currently,
general recommendations include avoiding alcohol and tobacco abuse
and large fatty meals. Antioxidants, vitamins, and enzyme supple-
ments have been used with antidotal success, but formal scientific
proof of their effectiveness is pending.

PANCREATIC SECRETORY TRYPSIN INHIBITOR GENE MUTATIONS

PSTI, also known as SPINK1, plays a major protective role in the
pancreas by inhibiting prematurely activated trypsinogen (61,62).
SPINK1 is synthesized in pancreatic acinar cells and other sites (62).
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SPINK1 normally inhibits trypsin by directly blocking the active cat-
alytic site. SPINK1 is a specific inhibitor for trypsin because it contains
a key lysine that serves as “bait” for active trypsin. SPINK1 forms a sta-
ble complex with trypsin, blocking the reactive site of trypsin. The
binding is reversible, and SPINK1 is also slowly digested by trypsin
(62). SPINK1 is thought to serve as the first line of defense against
trypsin, which is prematurely activated within the pancreas with trypsin
autolysis at R122 acting as a fail-safe second line of protection (6). The
protective capacity of SPINK1 is limited, however, because the
inhibitory mechanism with trypsin requires a one-to-one relationship,
and trypsin is synthesized in great excess of SPINK1 (62). However,
SPINK1 is an acute-phase reactive protein, and expression is markedly
upregulated during inflammation (63). This feature may limit the extent
of AP attacks by providing more inhibitory capacity when it is needed
the most.

A number of mutations have been identified in the SPINK1 gene
(59), but the N34S mutation is the most important (64,65).
Interestingly, the N34S mutation is found worldwide with a incidence
in most populations between 1 and 4% (41). SPINK1 mutations alone
does not appear to cause pancreatitis, because the incidence of AP and
CP is much lower than the incidence of SPINK1 mutations (41,65). As
SPINK1 forms the first line of defense against active trypsin, and a sec-
ond fail-safe mechanism exists, widespread trypsin activation and the
effects of triggering the enzyme activation cascade seldom occurs.
However, if active trypsin frequently circumvents the first line of
defense, the risk of pancreatitis is increased, especially if calcium levels
are elevated and the second line of defense is blocked (see above).
Thus, SPINK1 mutations increase the risk of pancreatitis but are not
directly disease-causing (65).

The association between SPINK1 mutations and various types of
pancreatitis is quite variable. SPINK1 mutations are most often seen in
childhood onset CP, tropical calcific pancreatitis, and a subtype of trop-
ical pancreatitis fibrocalculous pancreatic diabetes, where diabetes
mellitus is the first major clinical sign leading to diagnosis (66).
Approximate frequencies include 36% of patients with fibrocalculous
pancreatic diabetes, and 33% of tropical calcific pancreatitis have
SPINK1 mutations. SPINK1 mutations are also seen in some kindreds
with familial pancreatitis (6%), ACP (6%), ICP (17%, particularly at
young age of onset), and young onset noninsulin dependent diabetes
mellitus in Bangladesh and Southern Asia (11%). The observation that
SPINK1 mutations are associated with a variety of different types of
pancreatitis, but occur in a minority of cases, suggest that common
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SPINK1 mutations increase susceptibility, but also that other genetic
and/or environmental risk factors are essential.

Because the risk of pancreatitis from SPINK1 mutations in unaffect-
ed individuals is very low (<1%), genetic testing is not recommended
(4,60). However, testing is sometimes offered to individuals with estab-
lished pancreatic disease to help determine the risk factors contributing
to a case of pancreatitis. Treatments options are similar to those for
cationic trypsinogen mutations (see above).

Autoimmune Chronic Pancreatitis
Autoimmune CP differs from other forms of chronic pancratitis in

histological, morphological, and clinical features (4). Autoimmune
pancreatitis may be isolated or occasionally seen in association with
Sjögren’s syndrome (67,68), primary biliary cirrhosis (67), primary
sclerosing cholangitis (68–71), Crohn’s disease and ulcerative colitis
(68,72), or other immune-mediated disorders.

Histologically, the ductal lesions in the pancreas resemble those
seen in the salivary glands involved in autoimmune sialadenitis with
destruction of the duct, fibrosis, and atrophy of the acinar tissue with-
out calcifications (73). There may be lymphocytic infiltration, plasma
cells, and fibrosis (74). Computed tomography or ultrasound of the
pancreas usually demonstrate a diffusely enlarged gland with poor-
or delayed-contrast enhancement (74–76). Endoscopic retrograde
cholangiopancreatography (ERCP) may show diffuse narrowing of the
main pancreatic duct with an irregular duct margin (74,76).

Autoantibody profiling in autoimmune pancreatitis may be helpful
(77), including elevated IgG4, antinuclear and antilactoferrin antibod-
ies (~75%), anticarbonic anhydrase II antibodies (~60%), rheumatoid
factor (~30%), and antismooth muscle antibodies (~18%), but not
antimitochondrial antibodies. CD8- and CD4-positive cells were also
elevated in the peripheral blood, suggesting a Th1 type immune
response (77).

Autoimmune CP therefore represents a distinct form of CP. This
diagnosis is important to make because these patients appear to respond
promptly to oral steroid therapy (74,76,77).

Recurrent and Severe Acute Pancreatitis
Recurrent AP and SAP can lead to CP. This association has been estab-

lished by careful clinicopathologic studies (78), pathological arguments
(73,79), some animal work (80), and HP (6,7) as noted previously.
Indeed, completed recovery from SAP does not always occur (81), and
long-standing changes consistent with CP may be seen in these cases.
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OBSTRUCTIVE CHRONIC PANCREATITIS

Obstructive CP is a distinct morphological form of CP associated with
pancreatic duct dilation proximal to obstruction, atrophy of acinar cells,
and a uniform diffuse fibrosis replacing the pancreatic parenchyma (82).
It is a pathologically distinct form of pancreatitis (73). Many entities
have been associated with obstructive CP, including sequelae of AP,
trauma, tumor, sphincter of Oddi dysfunction, and pancreas divisum
(83–86). The histological and functional changes associated with this
form of CP may be partially or fully reversible if the obstructive pro-
cess is treated early enough (82).

Chronic Pancreatitis and the Risk of Pancreatic Cancer
Long-standing CP increases the risk of pancreatic cancer (87), just

as long-standing ulcerative colitis increases the risk of colon cancer,
chronic liver cirrhosis increases the risk of hepatocellular cancer,
chronic gastritis increases the risk of gastric cancer, and so on. The risk
of pancreatic cancer is increased in HP (88), cystic fibrosis (89), tropi-
cal pancreatitis (90,91) and CP in general (87,92).

It appears that pancreatic cancer in these cases is similar in genetic
alterations to sporadic pancreatic cancer, but that the rate of mutation
accumulation in the premalignant cells is accelerated (87). This process
can be accelerated even faster with the addition of other risk factors. In
HP, for example, the age- and sex-adjusted odds ratio of developing
pancreatic cancer is doubled by tobacco smoking, and the median age
of diagnosis of pancreatic cancer is 20 years earlier in smokers (93,94)!

To date, no effective screening method has been developed to detect
and treat early pancreatic cancers in patients with CP. A consensus
statement on pancreatic cancer in patients with HP was recently pub-
lished (95) but offers little hope. Further work in this area is needed.

SUMMARY AND CONCLUSIONS

CP can be a severe and disabling disease. Treatment options for
advanced cases remain limited to exogenous replacement of lost
endocrine and exocrine function and attempts to control pain through
medications, endoscopic therapy, surgery, and some experimental
approaches. Preferably, individuals progressing toward CP could be
identified early, the underlying risk factors and etiologies identified,
and effective preventative strategies adopted. In general, therapies are
aimed at limiting oxidative stress on the pancreas, reducing excessive
pancreatic stimulation through smaller meals and pancreatic enzyme
supplements, and eliminating known risk factors, such as alcohol con-
sumption and tobacco smoking. Evidence-based guidelines are slow in
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coming, partly because the disease progression is often slow, patients
are dissimilar, and the number of patients at any one center is limited.
However, recently renewed research interest and conceptual break-
throughs will likely lead to better approaches in the future.
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INTRODUCTION

The most common form of chronic pancreatitis (CP) in the Western
world is alcoholic chronic pancreatitis (ACP), which represents
70–90% of patients with CP. Nearly all of the remaining patients
(10–30%) are usually designated as having idiopathic chronic pancre-
atitis (ICP; 1–4).

Gene mutations have been increasingly shown to be responsible for
certain forms of CP. First, hereditary pancreatitis (HP) is a rare well-
characterized, dominantly inherited condition that is caused by a
mutation of the cationic trypsinogen gene (protease serine 1, PRSS1;
5,6). Second, CP has been associated with mutations of the cystic fibro-
sis transmembrane conductance regulator (CFTR) gene; these patients
do not exhibit features of cystic fibrosis (7–9). Furthermore, mutations
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of the pancreatic secretory trypsin inhibitor (PSTI) or serine protease
inhibitor, kazal type-1 (SPINK1) mutations (10,11), have been recently
implicated as disease modifiers in other forms of CP. In the case of
CFTR, the recognition of mutations and their precise implications,
including information regarding natural history, is not yet firmly in
the realm of clinical practice, and it is therefore likely that CFTR
mutations contribute to the etiology of at least some of the patients
with ICP described in this chapter. The genetics of CP are described in
detail in Chapter 10.

Much of the information regarding the natural history of CP over the
last two decades comes from the Ammann and Zurich group (2,12), as
well as the Mayo Clinic group (4). In a study from Zurich (12), 287
patients were followed, 205 of whom had ACP (alcohol intake 80 g
per day for >5 years), and 82 had ICP (15 idiopathic “juvenile” CP and
49 idiopathic “senile” CP) for a median of 6.7 and 12.5 years, respec-
tively. The study by the Mayo group (4) retrospectively reviewed 315
patients with CP, 249 of whom had ACP (alcohol intake 50 g per day)
and 66 had ICP (25 early-onset ICP and 41 late-onset ICP) with median
duration in observation of 14 and 18 years, respectively. Both groups
found that there are three forms of CP: ACP, early-onset (or juvenile)
ICP, and late-onset (or senile) ICP, and that these groups have different
presentation and natural history.

Autoimmune pancreatitis (AIP) remains a rare but important cause of
CP of which there has been recent interest. Although not seen frequently
in North America or Europe, in some parts of the world, e.g., the south-
ern part of India, the common form of ICP is fibrocalculous pancreatitis
(FCP), previously termed “tropical pancreatitis.”

This chapter reviews the natural history of ACP and ICP. Additionally,
what is currently known about the natural history of AIP and FCP is
discussed.

CLINICAL PRESENTATION AT ONSET OF DISEASE

Age at Onset and Gender Distribution
In the study by the Mayo group (4), the median age at onset of the

first symptoms of ACP was 44 years, whereas in ICP, there was a
bimodal distribution of age at onset (Fig. 1). The median age at onset
of early-onset ICP was 19 years and late-onset ICP was 56 years.
Studies by the Mayo group (4), Ammann (12), and Lankisch (3)
showed male predominance in ACP (72, 91, 89%, respectively). In con-
trast, patients with ICP indicated no gender difference by the Mayo
group (4) and Lankisch (3). However, male predominance (87%) was
found by Ammann (12).
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Presenting Symptoms at Onset
Abdominal pain is the most common presenting symptom in ACP,

77% by the Mayo group (4) and 94% by Ammann (2). In early-onset
ICP, nearly all patients (96%) described by the Mayo group (4) and
100% by Ammann (2) presented with pain. In comparision, approxi-
mately half (50–55%) of late-onset ICP had no pain at presentation
(primary painless CP; 2,4). Abdominal pain was most severe in early-
onset ICP, but progressively less so in ACP and late-onset ICP (Fig. 2).
Pancreatic calcifications, exocrine pancreatic insufficiency, and diabetes
were rare presentations in early-onset ICP, but more common in ACP (4,
8, and 12%, respectively) and late-onset ICP (2, 22, and 22%; 4).

CLINICAL COURSE

Pain
Both the type and source of abdominal pain in ACP have been stud-

ied by Ammann (13) and divided into type A and type B. Type A are

Fig. 1. Distribution of age at onset of symptoms in patients with idiopathic chronic
pancreatitis (ICP) (A) (n = 66) and alcoholic chronic pancreatitis (ACP) (B) (n =
249). (Reprinted from ref. 4 with permission.)
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short-duration (usually 10 days) relapsing pain episodes separated by
pain-free intervals (months to 1 year) and thought to be related to
uncomplicated CP. This type of pain usually resolves spontaneously and
seldom requires surgery. In contrast, type B pain is chronic persistent
pain or frequent recurrent pain episodes and is likely associated with
local pancreatic complications, e.g., pseudocysts, common bile duct
obstruction or pancreatic ductal hypertension (dilated pancreatic duct with
or without pancreatic duct stones). Type B pain is almost always
improved after correction of these complications by surgery.

The frequency and severity of abdominal pain in CP usually
decreases over time, and studies by the Mayo group (4) and Ammann
(2) support these findings. Pain relief occurred more commonly in
ACP (85% with a median time of 4.5 years [2] or 77% with a median
time of 12 years [4]), but less commonly in early-onset ICP (67%,
median time 25 years) and late-onset ICP (64%, median time 13
years; 4). Ammann (2) demonstrated the close relationship between
onset of pain relief with the development of pancreatic calcifications,
exocrine insufficiency, and endocrine insufficiency (the “burning-out”
pancreas hypothesis; Fig. 3). These relationships, however, were not
confirmed by others studies (4,15–17). Other investigators report that
one fourth to one half of CP patients had significant pain attacks after

Fig. 2. Severity of pain at onset in patients with early-onset idiopathic chronic
pancreatitis (ICP) (n = 25), late-onset ICP (n = 41) and alcoholic chronic pan-
creatitis (ACP) (n = 249). Pain severity: none (shaded bar), mild (hatched bar),
moderate (cross-hatched bar), and severe (solid bar). (Reprinted from ref. 4 with
permission.)
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5–10 years of observation (3,14). There is also no association between
pain relief and morphological changes by endoscopic retrograde
cholangiopancreatography (ERCP; 15,17). Thus, morphological
changes, either pancreatic calcifications or severe ductal changes, are
not always helpful to predict pain relief or the development of
exocrine and endocrine insufficiency.

The effect of alcohol cessation on the natural course of pain in ACP
is also an issue of debate. Some studies showed significant reduction of
pain after cessation of alcohol (18,19), whereas others found little or no
effect (13,17). It is possible that cessation may only reduce pain in early
CP by reducing the episodes of attacks of pancreatitis, yet, in the
advanced stage of CP with severe exocrine insufficiency, alcohol may
no longer affect the pain. Abstinence should be encouraged in every
patient, because patients who cease or decrease drinking have threefold
lower mortality than patients who do not (13), and abstinence reduces
the occurrence and severity of exocrine and endocrine insufficiency
(see below).

Pancreatic Calcification
Pancreatic calcification, which is a hallmark of CP, develops most

rapidly in ACP with a median time of 5 years by Ammann (2) and
8.7 years by the Mayo group (4), when compared to the late-onset ICP
(19 years) and early-onset ICP (25 years) (4; Fig. 4). Smoking accelerates

Fig. 3. Calcific alcohol-induced chronic pancreatitis. Of the 145 patients, 120
received lasting pain relief. Of the 120, 112 had marked pancreatic insufficiency
(FCT <40 μg/g), and 96 had diabetes. The cumulative rate in manifestations of
marked pancreatic dysfunction (with calcification) in relation (years) to onset
of lasting pain relief (time 0) reveals a steep increase in pancreatic dysfunction
(with calcifications) at onset (±2 years) of pain relief. FCT, fetal chymotrypsin.
(Reprinted from ref. 2 with permission.)
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the frequency and rate of calcification occurrence in late-onset ICP, but
not early-onset ICP (20). Pancreatic calcifications are not always pro-
gressive. In a longitudinal study of 107 patients with pancreatic calci-
fications by Ammann (21), approximately one third showed a marked
decrease and/or resolution of calcifications.

Exocrine Insufficiency
Exocrine insufficiency develops more rapidly in ACP (median time

13 years) and late-onset ICP (17 years), whereas early-onset ICP devel-
ops exocrine insufficiency significantly later in the course of disease
(>26 years) (4; Fig. 5).

Once established, the course of exocrine insufficiency is often pro-
gressive. Ammann (2,12) found that in ACP, progression to severe
exocrine insufficiency developed in 80% of patients within 4 years,
which was more rapid than in nonalcoholic CP (80% in 8–10 years).
However, subsequent studies by the same group (22) and others (17)
found that pancreatic function may be stable or nonprogressive in
one third to one half of patients. The effect of alcohol cessation on
the natural history of exocrine function was well-demonstrated by
Gullo (23), who performed serial pancreatic function tests in patients
that either ceased or continued drinking. Deterioration of exocrine
function was significantly slower in patients who ceased drinking

Fig. 4. Probability of remaining free of calcification in patients with early-onset
chronic pancreatitis (CP) (thin solid line), late-onset CP (medium solid line), and
alcoholic chronic pancreatitis (ACP) (heavy solid line). Differences were signifi-
cant between early-onset idiopathic chronic pancreatitis (ICP) and ACP (p =
0.0001) and between late-onset ICP and ACP (p = 0.01). (Reprinted from ref. 4
with permission.)
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than in patients who did not. This finding was confirmed by Lankisch
(17), who found that in approximately 10% of patients, pancreatic
function could be reversed or improved, particularly in patients who
ceased drinking and where baseline exocrine insufficiency was moderate,
not severe.

Endocrine Insufficiency
The frequency of diabetes differs among studies from 38% within

14–18 years by the Mayo group (4), to 74% within 5.7 years by Ammann
(2), or 78% within 10 years by Lankisch (17), depending on the methods
for diagnosis and follow-up. However, most studies found that diabetes
develops earliest in ACP (median time 12 years), followed by late-onset
ICP (20 years) and early-onset ICP (27 years) (4; Fig. 6).

Lankisch found that the frequency of patients who developed dia-
betes increased almost 10-fold (from 8 to 78%) within the 10-year
follow-up period and 40% were insulin-dependent. Similarly, cessa-
tion of alcohol significantly reduces the occurrence and the severity
of diabetes (17).

Late microvascular complications of diabetes, including retinopathy
and nephropathy, are found at the same rate as in patients with type 1
diabetes if corrected for disease duration (24,25).

Fig. 5. Probability of remaining free of exocrine insufficiency in patients with
early-onset chronic pancreatitis (CP) (thin solid line), late-onset CP (medium solid
line), and alcoholic chronic pancreatitis (ACP) (heavy solid line). Differences
were significant between early-onset idiopathic chronic pancreatitis (ICP) and
late-onset ICP (p = 0.024) and between early-onset ICP and ACP (p = 0.0008).
(Reprinted from ref. 4 with permission.)
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Relationship Between Calcifications, Exocrine,
and Endocrine Insufficiency

The relationship between the occurrence of calcifications, exocrine
insufficiency, and endocrine insufficiency, as previously mentioned
remains unsettled. At present, data that support these relationships are
mainly in patients with ACP. Ammann (2,12) showed the close rela-
tionship between the occurrence of pancreatic calcifications and
development of exocrine insufficiency and diabetes (Fig. 3). Ninety
percent of patients developed exocrine insufficiency within 2 years
after the occurrence of calcifications, and 40% also had diabetes when
exocrine insufficiency occurred. In contrast, these relationships were
less evident in non-ACP, where occurrence of exocrine insufficiency
and diabetes was usually delayed after calcification occurred. Sixty
percent had exocrine insufficiency when calcification occurred, and
only 20% had diabetes (12).

Complications of Pancreatitis
Studies by both the Mayo and Zurich groups showed that CP compli-

cations, such as pseudocysts, abscesses, biliary obstruction, and fistulae,
develop in 43–47% of ACP (2,4), which is approximately twofold

Fig. 6. Probability of remaining free of diabetes in patients with early-onset chronic
pancreatitis (CP) (thin solid line), late-onset CP (medium solid line), and alcoholic
chronic pancreatitis (ACP) (heavy solid line). Differences were significant
between early-onset idiopathic chronic pancreatitis (ICP) and late-onset ICP (p =
0.01) and between early-onset ICP and ACP (p = 0.0025). (Reprinted from ref. 4
with permission.)
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greater than in ICP (43% in ACP vs 20% and 27% in early- and late-onset
ICP, respectively; 4).

Surgery
The incidence of surgery in CP patients varies in centers from 28 to

67% (2,4,14,17,26). In an international multicenter study of 2015
patients with CP (26), 48% of CP patients overall underwent one or
more surgical interventions. The rates of surgery were higher in ACP
than ICP: 40 versus 30% by the Mayo group (4), 47 versus 20% by
Ammann (12), 30 vs 21% by Lankisch (17). However, early-onset ICP
underwent surgery more frequently than late-onset ICP (60 vs 32%; 4).
The most common indication of surgery was intractable pain
(2,4,14,17), which was mostly related to pseudocysts (48 [4] and 74%
[2] of patients who underwent surgery).

Pancreatic Cancer
CP increases the risk of pancreatic cancer 16-fold with a cumulative

risk of 2% per decade (27). Likely, this risk relates to the duration of
CP. Thus, the risks are highest among patients with HP, which may be
as high as 40% by age 70 (28), and fibrocalcalus chronic pancreatitis
(FCP) (29) because these forms of CP occur at a younger age. However,
except in HP, pancreatic cancer is not the major cause of death in CP,
comprising less than 3% of all deaths in patients with CP (26).

Survival
Data from a multicenter cohort study of 2015 patients with CP (26)

showed that the survival of patients with CP was significantly lower
than in a normal population with a mortality ratio of 3.6. Overall, 10-
year survival was 70% and 20-year survival was 45%. The etiology of
CP did not significantly affect survival, although the median life
expectancy was slightly shorter in ACP than ICP (72 vs 80 years; 4).
However, the main causes of death of CP patients were the complica-
tions related to smoking and alcohol use, specifically extrapancreatic
cancers and cardiovascular disease (80–90% of all patients), rather than
pancreatitis-related complications or pancreatic cancer (10–20%;
2,4,17,26). Extrapancreatic cancers occurred three times more frequently
than pancreatic cancer (7.9 and 2.7%, respectively; 26). Factors associat-
ed with higher mortality in patients with CP are age at onset ( 40 years),
smoking, continued alcohol use, and the presence of cirrhosis (26).

The impact of continued alcohol use on survival has been clearly
demonstrated. Patients who ceased or reduced drinking had one third
the mortality of those patients who continued drinking (13,30).
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SPECIAL FORMS OF CHRONIC PANCREATITIS

Autoimmune Pancreatitis
AIP has been described as a distinct entity characterized by hyper-

gammaglobulinemia, positive autoantibodies, pancreatic enlargement,
characteristic histology of periductal inflammation with dense infil-
trations by lymphocytes and plasma cells, acinar atrophy, and severe
fibrosis, and, most importantly, a response to corticosteroid treatment
(31–35). Although it was first reported by Sarles in 1961 as a special
form of CP associated with autoimmunity (36), and many sporadic case
reports of pancreatitis associated with Sjögren’s syndrome have been
subsequently reported, it was Yoshida in 1995 (31) who reviewed and
summarized all previously reported cases and proposed the term for
AIP and diagnostic criteria.

Clinically, AIP is encountered in approximately 2% of CP patients
who undergo ERCP (34). Patients usually have no symptoms or only
mild symptoms, including pain, enlargement of the pancreas in imaging
studies, obstructive jaundice from the stenosis of distal common bile duct
caused by an enlarged or fibrotic pancreatic head, recent-onset diabetes,
or single or multiple pancreatic masses (mass-forming or “tumefactive”
CP), leading to the suspicion of pancreatic cancer (31,32,37). Episodes
of acute pancreatitis are usually absent (31,32,37). In the Japanese liter-
ature, clinical features of AIP in 37 reported cases have been summarized
by Horiuchi (38) and are shown in Table 1.

Associations between AIP and autoimmune diseases have been
reported in Sjögren’s syndrome, primary sclerosing cholangitis, prima-
ry biliary cirrhosis, autoimmune hepatitis, inflammatory bowel disease,
type 1 diabetes, and immune thrombocytopenia (31,38–40). Multiple
autoantibodies may be present (41), including antinuclear antibodies,
antilactoferrin antibodies, the rheumatoid factor, antismooth muscle
antibodies, and recently proposed to be specific for AIP are anticarbonic
anhydrase I and II antibodies (42–44) and IgG4 (45). On ultrasonogra-
phy, the pancreas may have a swollen hypoechoic (“sausage-like”)
appearance (32,34). On computed tomography, the pancreas may be
diffusely enlarged with poor- or delayed-contrast enhancement or
capsule-like rim enhancement (32,35,46). Mass-like lesions that mimic
pancreatic cancer are not uncommon (37). Pancreatic calcifications
and pseudocysts are usually absent, but splenic venous thrombosis may
be present. Magnetic resonance imaging reveals a diffusely enlarged
pancreas with hypointensity on T1-weighted (46). ERCP usually shows
diffuse irregular narrowing of the main pancreatic duct and, occasion-
ally, distal common bile duct stricture within the pancreatic head.
These imaging findings are in striking contrast to the common form of
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CP, where pancreatic atrophy, dilated pancreatic duct, calcifications,
and pseudocysts are usually present.

Data on the natural history of AIP are scarce. Most patients receive
either corticosteroid treatment or undergo surgery from the suspicion of
pancreatic cancer or lymphoma (33,37). A good clinical and radiological
response to oral corticosteroid treatment has been reported (i.e., 30–40
mg per day of prednisolone tapered over 1–2 months) (31–34). Jaundice,
diabetes, hypergammaglobulinemia, enlarged pancreas, pancreatic duct
narrowing, and pancreatic insufficiency usually resolve or markedly
improve after a single course of corticosteroid treatment, although some
irregularities of the pancreatic duct may persist. In most patients, corti-
costeroids could be discontinued without recurrence, but some patients
did experience relapse (34).

Fibrocalculous Pancreatitis
FCP, also designated fibrocalculous pancreatic diabetes or tropical

CP, is a distinct type of ICP found in the tropics and is characterized
by the onset of abdominal pain early in childhood, large intraductal
calculi, and early development of diabetes and exocrine insufficiency.
Clinically, patients with FCP have been reported as predominantly
male with a male-to-female ratio ranging from 1.6 to 2.5:1 (47–49). In
contrast, a population-based study showed female predominance with
a male-to-female ratio of 1:1.8 (50).

Table 1
Clinical Features of 37 Reported Cases

of Suspected Autoimmune Pancreatitis (38)

Characteristics Frequency (%)

Age (range) 59.6 (38–79)
Sex (M:F) 25:12 (2:1)
Jaundice 30/37 (81%)
Increased serum γ-globulin and/or IgG levels 25/33 (76%)
Presence of autoantibodies 13/22 (59%)
Diffuse enlargement of the pancreas 25/37 (68%)
Diffuse or segmental irregular narrowing

of the main pancreatic duct 26/28 (93%)
Pancreatic stone 1/37 (3%)
Association with other autoimmune diseases 22/37 (60%)
Histological findings of fibrotic change

and lymphocyte infiltration 30/30 (100%)
Effectiveness of steroid therapy 12/12 (100%)

IgG, immunoglobulin G.
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Most patients are lean with a mean body mass index of 18–19
because of diabetes. The body mass index before the disease is usually
normal (48). Severe protein–energy malnutrition is uncommon, and
symptoms usually begin with abdominal pain starting during 
childhood or as teenagers (70–80%) (47,48,50). Diabetes usually
presents one or two decades later between the ages of 20 to 40,
which is approximately one decade younger than ACP (47,48). Overt
steatorrhea is present in only one fourth to one third of patients at
presentation, owing to the low-fat content in the diet, because when
exocrine function is tested, or the fat content in diets is increased,
exocrine insufficiency and steatorrhea are present in 80–90% of
patients (48,49,51).

Imaging studies usually reveal pancreatic atrophy with a dilated
pancreatic duct and intraductal calculi. The calculi in FCP are present
in more than 90% of patients and are typically large (>10 mm), round,
dense, and discrete with well-circumscribed margins within the large
ducts (48). These findings are different from ACP, where the calculi are
typically small, speckled with hazy margins within the pancreatic duct
and also in the parenchyma (48).

The natural history of abdominal pain and exocrine function in FCP
has not been studied. Diabetes in FCP is mainly the result of reduced
β-cell function (52) and is usually difficult to control, but ketosis is
uncommon. Most patients require insulin treatment, but 10–20% of
patients may respond to oral hypoglycemic drugs at least for the first
5–10 years (47). Microvascular complications (retinopathy and
nephropathy) and neuropathy occur with the same prevalence as dia-
betes mellitus with the same duration (53). However, in contrast,
macrovascular complications, such as myocardial infarction and
stroke, are uncommon (54–56).

The risk of pancreatic cancer in FCP is highest among all forms of
chronic calcifying pancreatitis (27,57) with a relative risk of at least
fivefold and may be up to 100-fold (29). Mean age at diagnosis of
pancreatic cancer in FCP is generally younger than in pancreatic
cancer (47 vs 61 years; 58), and the site of pancreatic cancer is
more common in the body and tail (73% vs 37%) in other types of
pancreatic cancer (58).

Survival of patients with FCP is considerably lower than in the
general population with a median survival of 35 years after onset of
abdominal pain and 25 years after onset of diabetes (56). The most
common cause of death in approximately half of the patients is diabetic-
related complications, especially renal failure from diabetic
nephropathy (40% of causes of death), followed by pancreatic cancer
(22%), malnutrition, and infections (11%; 56).
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SUMMARY

CP of all forms is generally characterized by a very prolonged but
variable natural history. This chapter has described the natural history of
CP in alcoholic, idiopathic, autoimmune, and fibrocalculous pancreatitis,
as well as indicated the type and duration of pain, rate of development
of exocrine and endocrine insufficiency and calcification, along with the
occurrence of complications, which differs considerably among these
groups. An understanding of the natural history of the different forms
of CP is necessary to understand the approach for diagnosis and allow
accurate assessments of the efficacy of therapies.
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INTRODUCTION

The diagnosis of chronic pancreatitis (CP) is usually suspected on
the basis of suggestive signs and symptoms, but the clinical presenta-
tion alone is rarely specific enough to reach a diagnosis. The diagnosis
requires confirmation by diagnostic tests that measure perturbations
of either pancreatic structure or pancreatic function. In the majority of
patients, the disease is suspected based on the presence of abdominal
pain. Although not universal, the vast majority of patients with CP
develop pain (1–3). The pain may be episodic or constant and contin-
uous. In those patients who present with acute attacks, they may be
initially labeled as having acute pancreatitis (AP), until the disease pro-
gresses to a point at which the diagnosis of CP is possible. Pain is most
commonly felt in the epigastrium with radiation to the back and is usu-
ally associated with nausea and vomiting. Some patients may present
with more gradual onset of constant abdominal pain, and a small minor-
ity may not have pain. In other patients, the disease may be suspected
based on the development of exocrine insufficiency (steatorrhea, weight
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loss, and malnutrition), endocrine insufficiency (diabetes mellitus), or by
findings on an abdominal imaging test (e.g., computed tomography [CT]).

The signs and symptoms previously outlined are not generally specific
for CP. Diagnosis requires confirmatory tests, and a bewildering variety
of diagnostic tests have been developed over the years. It is useful to
remember that the gold-standard for diagnosis is pancreatic histology.
The histological features are characteristic with chronic inflammation,
fibrosis, necrosis, and destruction of acinar, islet, and ductal tissue (4).
Unfortunately, the disease may affect the gland nonuniformly, such
that a small biopsy specimen may not adequately reflect the presence
of disease. Even more importantly, the pancreas is difficult to biopsy
and relatively unforgiving in that severe pancreatitis can develop as a
consequence of pancreatic biopsy. Hence, clinicians rely on tests that
substitute for the gold standard. The fact that no single test is favored
in all circumstances is a testament that no single test is an adequate sub-
stitute for the true gold standard—histology. Clinicians must therefore
choose a diagnostic test or series of tests based on knowledge of the
strengths and weaknesses of individual tests, as well as their cost, risk,
and availability.

Diagnostic tests are traditionally separated into tests that detect
abnormalities of pancreatic function and those that detect abnormalities
of pancreatic structure (Table 1). CP is a slowly progressive disease,
and these abnormalities may take years to develop or may never develop
at all. Hence, all of these tests are most accurate in far-advanced disease
when obvious structural or functional abnormalities have developed.
Structural abnormalities that can be diagnostic include changes within
the main pancreatic duct (dilation, strictures, irregularity, and pancreatic
ductal stones), side branches of the pancreatic duct (dilation, irregularity),

Table 1
Diagnostic Tests for Chronic Pancreatitis

Tests of structure Tests of function

Endoscopic ultrasonography Direct hormonal stimulation test
(secretin or secretin-CCK test)

Endoscopic retrograde pancreatography Fecal elastase
Computed tomography Serum trypsin
Magnetic resonance imaging/magnetic Fecal fat

resonance cholangiopancreatography
Abdominal ultrasound Serum glucose
Plain abdominal radiograph

Ranked in approximate order of decreasing sensitivity. CCK, cholecystokinin.
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or pancreatic parenchyma (diffuse pancreatic calcifications). These
findings can be visualized utilizing the diagnostic tests that evaluate
pancreatic structure. Functional abnormalities in CP include a decrease
in stimulated secretory capacity, exocrine insufficiency (malabsorption
and steatorrhea), and endocrine insufficiency (diabetes mellitus). The
rate at which these structural and functional abnormalities develop is
variable and influenced by the etiology of the disease (see Chapter 11).
Patients with alcoholic chronic pancreatitis (ACP), hereditary CP, and
late-onset idiopathic chronic pancreatitis (ICP) are most prone to develop
these abnormalities, although it may still take many years. Patients with
early-onset ICP may not develop them at all.

In one large natural history study (2), those with ACP developed
exocrine insufficiency, endocrine insufficiency, and diffuse pancreatic
calcifications at a median of 13.1, 19.8, and 8.7 years, respectively. In the
same study, those with early-onset ICP developed the same features at
median times of 26.3, 27.5, and 24.9 years, respectively. If a diagnostic
test is based on documenting these functional or structural abnormali-
ties, it might take many years of disease before the diagnostic test was
highly accurate.

This concept has led to a general classification of CP as either
“big-duct” or “small-duct” disease (1,5,6). Big-duct disease implies
substantial abnormalities of the pancreatic duct or gland that are vis-
ible on routinely performed imaging studies. This could include
main pancreatic duct dilation, pancreatic atrophy or diffuse calcifi-
cations visible on ultrasound (US), CT, or endoscopic retrograde
cholangiopancreatography (ERCP). Small-duct disease implies the
absence of these findings (e.g., a normal or near normal US, CT, or
ERCP) (Figs. 1 and 2). This distinction has both diagnostic and ther-
apeutic implications. Those with big-duct disease obviously have pro-
gressed to the point that they have advanced structural abnormalities
and also often have associated exocrine or endocrine insufficiency.
The diagnosis of big-duct disease is therefore much simpler as both
advanced structural and functional abnormalities are present, and
these can be easily detected on a wide variety of diagnostic tests. The
diagnosis of small-duct disease is much more difficult, as imaging
studies may be normal, and functional abnormalities are usually
absent. In these patients, many of the widely available diagnostic
tests are inaccurate, and only tests of maximum sensitivity have a
chance of making the diagnosis. The available diagnostic tests vary in
their sensitivity, specificity, cost, and risk. Choosing the most useful
diagnostic test for an individual patient requires an understanding of
not only sensitivity and specificity, but also an appreciation of how the
stage of the disease (i.e., big-duct or small-duct disease) influences
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sensitivity and specificity. In addition to the traditional separation of
diagnostic tests into those which measure functional abnormalities
and those which measure structural abnormalities, tests of pancreat-
ic function have been further subdivided into direct and indirect
tests. The distinction between direct and indirect is somewhat vague,
but in general tests that measure pancreatic secretion or measure a
pancreatic enzyme in blood or stool are direct tests. Those tests that
measure the effect of a secreted enzyme (or lack of effect in the case
of CP) are indirect tests. Generally, diagnostic tests have also been
divided into invasive and noninvasive tests. Invasive tests are those
that require a tube or endoscope to be inserted, whereas noninvasive
tests require a collection of blood, stool, or exhaled breath. We begin
with a description of the diagnostic tests and then discuss the appro-
priate choice and order of tests to maximize yield and minimize cost
and risk.

Fig. 1. An endoscopic retrograde cholangiopancreatography (ERCP) demonstrating
massive pancreatic duct dilation in a patient with “big-duct” chronic pancreatitis.
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TESTS OF PANCREATIC FUNCTION

Routine Laboratory Tests
Many pancreatic enzymes can be measured in serum. Serum levels

of amylase or lipase may become elevated during acute flares of pan-
creatitis superimposed on pre-existing CP. These elevations are often
only modest and not routinely present. They cannot be used for the
diagnosis of CP, as the majority of patients with CP have a normal
serum level of these enzymes. Serum trypsinogen (often called “serum
trypsin”) can be also measured in serum, and it is the only enzyme mea-
sured that has certain diagnostic value. Serum levels of trypsinogen
may be low in patients with advanced CP. Low levels of serum
trypsinogen (<20 ng/mL) are highly specific for CP (7) but only reach
this low level in advanced disease (as defined by exocrine insufficiency

Fig. 2. An endoscopic retrograde cholangiopancreatography (ERCP) demonstrating
minimal pancreatic duct abnormalities in a patient with painful “small-duct”
chronic pancreatitis.
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or steatorrhea). Overall, the sensitivity of serum trypsin is only approxi-
mately 50% (7,8). A very low level is consequently a marker of severely
deranged pancreatic function with exocrine insufficiency. Very low levels
may also be occasionally seen in patients with pancreatic adenocarci-
noma, where the tumor obstruction of the pancreatic duct is causing CP
in the upstream gland. Serum trypsinogen levels are in the normal range
in many patients with less advanced CP. The test is widely available,
inexpensive (about $100), and risk-free.

Stool Tests
Analysis of stool may be considered either to document the presence

of steatorrhea (exocrine insufficiency) or to diagnose CP. Among other
things, fat digestion requires adequate pancreatic lipolytic enzymes
delivered to the intestine during the prandial and postprandial period.
The pancreas has substantial exocrine reserve. Steatorrhea only occurs
when 90% or more of the lipolytic secretory capacity is lost (9). As
might be suspected, this only occurs when the disease is advanced and
long-standing. In one large natural history study, steatorrhea occurred
after a median disease duration of 13.1 years in those with ACP, 16.9
years in those with late-onset ICP, and 26.3 years in those with early-
onset ICP (2). Ultimately, about 50–80% of patients with CP will even-
tually develop exocrine insufficiency and steatorrhea (1). A 72-hour
stool collection for fat is the gold standard to detect steatorrhea. Levels
of stool fat greater than 7% of the daily ingested dietary fat are abnor-
mal. An accurate 72-hour fecal fat collection is difficult to perform. The
patient needs to be on a diet high in fat (typically 100 g/day), but more
importantly, the fat content of the diet needs to be precisely known.
Otherwise, it will be impossible to determine if more than 7% of the
ingested fat reaches the stool. The patient needs to be on this high-fat
diet for at least 3 days before the test is performed. Therefore, the test
is not generally possible to perform accurately outside of a clinical
research center with a nutritional research kitchen. Fat in the stool may
also be assessed by qualitative stool stains using a Sudan III stain. This
qualitative test is obviously not as accurate or precise as a 72-hour fecal
fat collection, but it is easier to perform. More than 6 globules of fat per
high power field is generally considered abnormal. For this test to be
somewhat reliable, the test should be performed while the patient is on
a high-fat diet. A positive 72-hour fecal fat or positive Sudan III stain
of stool do not prove that steatorrhea is the result of pancreatic exocrine
insufficiency, but merely confirm that steatorrhea is present.

An entirely different way to utilize stool measurements is as a diag-
nostic test by measuring pancreatic digestive enzyme concentrations in
stool. In theory, reduced output of enzymes from the pancreas would be
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reflected in reduced concentrations of these enzymes in stool. Several
enzymes have been measured, including trypsin, chymotrypsin, and
elastase. Trypsin activity is not a reliable predictor of pancreatic insuf-
ficiency, probably because of proteolytic and autocatalytic digestion of
the protease during intestinal transit. Chymotrypsin is more stable dur-
ing intestinal transit, and fecal chymotrypsin has been used for many
years (primarily in Europe) as a diagnostic test for CP. Fecal levels of
chymotrypsin are usually decreased in patients with ACP and exocrine
insufficiency. The overall sensitivity of this test varies with the degree
and severity of CP. In those with advanced disease (big-duct disease
and/or pancreatic exocrine insufficiency), the sensitivity is about
80–90%, which drops to 50% for patients with moderate disease and
only 25% for those with mild disease (8,10). Fecal chymotrypsin is a
reliable diagnostic test in those with advanced CP but is insensitive in
early or less-advanced disease. Fecal chymotrypsin can also be used to
assess the compliance with and response to pancreatic enzyme therapy
as it is contained in commercially available pancreatic enzyme prod-
ucts. Fecal pancreatic elastase-1 can also be measured in stool. Fecal
elastase levels can also be easily measured with commercially available
tests, and it correlates well with levels of pancreatic enzymes present
in the duodenum. Numerous studies have evaluated fecal elastase as
a diagnostic test (10–13). Generally, these studies show fecal elastase
to be somewhat more sensitive than fecal chymotrypsin. Still, fecal
elastase is most accurate in those with advanced CP (90–95% sensi-
tivity) in comparison to those with less-advanced disease (sensitivity
about 60%). Fecal elastase is becoming more widely available at ref-
erence laboratories. Unlike chymotrypsin, elastase is not contained in
commercially available pancreatic enzyme supplements; hence, its
level cannot be used to gauge compliance with prescribed enzyme
therapy. This disadvantage may also be an advantage, as levels of
pancreatic fecal elastase in stool can still be used as a diagnostic test
in patients already on enzyme therapy. The sensitivity of these stool
tests is very high in advanced disease but less so in patients without
steatorrhea. However, the tests are simple, inexpensive, risk-free, and
widely available.

Urine Tests
Two tests of historical interest measure the level of metabolites in

urine. The bentiromide test (NBT-PABA) and pancreolauryl test both
utilize the measurement of a metabolite that can only be produced by
the action of pancreatic enzymes upon an orally administered sub-
strate. In those patients with reduced levels of pancreatic enzymes in
the duodenum, inadequate digestion of the test substrate occurs, and
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less metabolite can be measured. There is substantial functional reserve
in the pancreas, such that only small amounts of digestive enzymes
need to be present in the duodenum and jejunum for normal digestion.
These tests become abnormal only when levels of pancreatic enzymes
within the intestine are inadequate for normal digestion, which only
occurs in those with advanced CP (8,9). The bentiromide test uses an
orally administered substrate that can only be metabolized by pancre-
atic chymotrypsin, causing P-aminobenzoic acid (PABA) to be liberated
from the substrate. PABA is absorbed in the intestine, conjugated in
the liver, and excreted in the urine. A 6-hour urine collection is per-
formed to determine the excretion of PABA conjugates. A collection
of less than 50% of the administered dose is abnormal. The pancreo-
lauryl test administers a substrate that can only be metabolized by
pancreatic arylesterases. Digestion liberates fluorescein and is
absorbed, conjugated in the liver, and excreted in the urine. The test is
repeated with free fluorescein to provide a baseline for comparison.
The sensitivity of these tests is good for patients with advanced CP but
is only about 40–50% for those with less advanced CP (8). The tests
are relatively inexpensive and risk-free. The bentiromide test is no
longer available in the United States, and the pancreolauryl test has
never been available for clinical use in the United States but continues
to be used in Europe.

Breath Tests
Several variations of breath tests have been developed as diagnostic

tests for CP. Generally, these variations involve the labeling of the car-
bon atoms in a triglyceride with radioactive carbon (14C) or with a stable
nonradioactive isotope (13C). The triglyceride is given orally, digested
by pancreatic lipase, and the liberated carbon atoms are incorporated
into CO2. The labeled CO2 (14CO2 or 13CO2) can then be measured in
the breath. Numerous different triglycerides have been used; triolein is the
most well-studied and has the best diagnostic accuracy. The tests are
designed to document the presence of inadequate lipid digestion
(exocrine insufficiency or steatorrhea). In several studies, these tests
are accurate in patients with pancreatic exocrine insufficiency
(1,8,14,15). Yet an abnormal breath test does not distinguish pancreat-
ic steatorrhea from other forms of steatorrhea because metabolism of
triglyceride to CO2 requires not only hydrolysis by lipases but also
subsequent intestinal absorption, hepatic metabolism, and ventilation.
Various modifications have been developed using combined triglyc-
erides and fatty acids and by various alterations of triglyceride used and
type and intensity of carbon labeling (16). Breath tests are accurate in
advanced CP (80–90% sensitivity) but not in less-advanced disease
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(only ~50–60% sensitivity). Breath tests are not widely available ouside
of ongoing research protocols.

Direct Pancreatic Function Tests
Tests that involve placing a tube into the duodenum or pancreatic

duct to collect pancreatic secretions are direct pancreatic function tests.
The goal of this type of testing is to directly measure the pancreatic out-
put of enzymes or bicarbonate after stimulation with a secretagogue
(secretin or cholecystokinin [CCK] , its analog, or both). If secretin is
used as the secretagogue, it will stimulate pancreatic ductal cells to
secrete a bicarbonate-rich fluid. If CCK or one of its analogs is used,
pancreatic acinar cells are stimulated to secrete digestive enzymes. The
bicarbonate or enzyme content of pancreatic secretions can be mea-
sured. Because basal pancreatic secretion is so variable, it is necessary
to measure stimulated secretory capacity. The concept of direct pancre-
atic function testing is more than 60 years old, and since that time, a
number of variations and modifications have been made (1,17).
Unfortunately, there is no uniformly accepted protocol, and each cen-
ter performing this type of test has its own protocol. These tests are
only performed at a few referral centers in the United States.
Regardless of the specific protocol, every test of this kind requires an
ability to collect pancreatic secretions. The most commonly used method
utilizes an oroduodenal tube placed into the duodenum. This tube must
be positioned so that it can adequately collect pancreatic juice, and
methods must be in place to minimize contamination from gastric con-
tents. Different methods have been used to maximize the collection of
pancreatic secretions. The tube is usually placed fluoroscopically for the
aspiration ports to be in the descending duodenum, and these ports are
kept under continuous low-negative pressure suction. The tube also has
aspiration ports in the stomach, which are likewise kept under low-
negative pressure suction to maximize the removal of all gastric secretions
and minimize any contamination by gastric juice. It is possible to mea-
sure the adequacy of collection and degree of contamination by using a
nonabsorbable perfusion marker, such as polyethylene glycol. This
marker can be perfused into the stomach, and the amount can be recov-
ered in the duodenal port as a measure of the degree of contamination.
Similarly, a perfusion marker can be perfused into the proximal duode-
num as well with the collection of this marker from a more distal duode-
nal aspiration port to gauge the adequacy of collection of pancreatic
secretions. It is accepted that a collection of more than 85% of pancre-
atic secretions is necessary for an accurate test. In many studies that use
a nonabsorbable marker, recovery of marker is at or above this level
(18), but some studies have documented only 40% recovery of marker
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(19). Proper positioning of the tube is therefore critical for an accura-
cy. One way to attempt to minimize the error induced by inadequate
collections of pancreatic secretions is to measure concentrations rather
than the total quantitative output. For example, if peak bicarbonate con-
centration instead of total bicarbonate output is measured, no perfusion
markers are thought to be necessary, as concentrations, should not vary
tremendously depending on which part of the pancreatic secretions is
collected. In this situation, a double-lumen port with one port in the
stomach and another in the descending duodenum is adequate. When
total output of enzymes or bicarbonate is used as the diagnostic param-
eter, the use of a nonabsorbable marker is advised.

Some centers use secretin alone as the secretagogue, whereas others
use CCK (or its analog, cerulein), and some use both. The dosage and
method of administration differs, as do the timing of collections and the
normal ranges. If secretin alone is used as the secretagogue, the output
of bicarbonate is measured. If CCK or one of its analogs is used, the
output of enzymes (amylase, lipase, or others) is used as the diagnostic
parameter. These tests usually last 60–90 minutes, over which time
pancreatic secretions are suctioned from the duodenum and subse-
quently analyzed. It can be difficult for some patients to tolerate either
having this oroduodenal tube initially placed or in leaving it in place for
that period of time. Several variations of the test have been developed
or proposed utilizing endoscopy under conscious sedation. These vari-
ations include placing the oroduodenal tube with endoscopic assistance
or over an endoscopically placed guide wire (20), collecting pancreatic
secretions directly through the suction channel of an endoscope (21),
and collecting pure pancreatic secretions through a tube placed into the
pancreatic duct at the time of ERCP (22). These methods have not been
as well-studied as the traditionally used techniques.

It has been generally agreed that direct pancreatic function tests are the
most sensitive tests available to detect CP in its earlier stages, before
the development of exocrine and endocrine insufficiency and before the
development of advanced structural abnormalities. In a few studies,
the results of direct pancreatic function testing have been compared
to the gold standard—histology. In one particular study (23), there was
a nearly linear relationship between maximum bicarbonate concentra-
tion in pancreatic secretions and the degree of histological damage. In
this study, the sensitivity of a direct pancreatic function test using both
secretin and CCK for the diagnosis of moderate-to-severe CP was 79%,
when compared to 66% for ERCP. In other words, this direct pancreatic
function test was able to detect CP in a group of patients who had not
yet developed structural abnormalities seen on ERCP (i.e., patients
with small-duct CP). This result has been confirmed in other studies
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comparing direct pancreatic function testing to histology (6,7,24,25).
There are also numerous studies that compare direct pancreatic func-
tion testing to other diagnostic tests, particularly ERCP. The two tests
(direct pancreatic function testing and ERCP) reach similar conclusions
in more than three-quarters of patients. In 3–20% of patients, the two
tests disagree (6,7,26–30). Two small studies have followed such patients
with discordant test results. In those patients with an abnormal direct
pancreatic function test and a normal ERCP, CP ultimately develops in
90% (28,31). In those with a normal direct pancreatic function test and
an abnormal ERCP, chronic pancreatitis develops in 0–26% patients
(28,31). These data suggest that direct pancreatic function testing is
somewhat more sensitive and specific than ERCP. Although, like all
diagnostic tests, direct pancreatic function tests are most accurate in
more severe and advanced disease. The degree of damage necessary to
affect stimulated pancreatic secretion is unknown; some experts sug-
gested that 50% of the gland must be affected before direct pancreatic
function tests are reliably positive, despite the lack of evidence to
confirm this opinion.

Even if direct pancreatic function tests appear to be the most sensitive
diagnostic test available, these tests suffer from important limitations.
First and foremost is the lack of availability. The tests are only performed
at a few centers, and although this number is slowly growing, they are
still unavailable to most clinicians. The test is not standardized, cum-
bersome to perform, and unpleasant for patients. Nonetheless, the test
is safe, relatively inexpensive, and better able to detect CP in its earlier
stages than other available diagnostic tests. Direct pancreatic function
tests are particularly useful to diagnose those patients with small-duct
CP, in whom alternative diagnostic tests are likely to miss the diagnosis.
Almost by definition, those with small-duct CP do not have structural
abnormalities visible on imaging procedures or ERCP and do not usu-
ally have exocrine or endocrine insufficiency detectable on most tests
of pancreatic function. Making a diagnosis in patients with small-duct
CP may be difficult or impossible if direct tests of pancreatic function
are not available.

Several modifications of direct pancreatic function tests have been
developed to make the procedure more widely accessible. One such
method has been to place the oroduodenal tube via endoscopy, which
bypasses one of the most difficult components of the standard test—the
unpleasant process of placing the tube without sedation. This method is
feasible and, in small studies, appears to provide accurate data (20), Yet
concern still arises on the potential effect of sedation on pancreatic
secretion. A second method is to administer the secretagogue 30 min-
utes before endoscopy, then use an endoscope to collect pancreatic
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secretions for a brief period of time (21). Standard pancreatic function
tests utilize a 60- to 90-minute collection period. The peak in pancreatic
secretion may, in fact, be delayed for up to 90 minutes after injection
of the secretagogue. Whether shorter collection periods maintain ade-
quate sensitivity and specificity is still unknown. In one study of 633
subjects undergoing standard 60-minute direct pancreatic function test-
ing, but only using data from the first 15-minute collection period, the
specificity of the test was only 35% (32). In other words, two thirds of
patients with normal overall test results would have been labeled as
having CP if only the first 15-minute collection was used instead of the
full 60-minute collection period. Thus, tests that use short periods of
collection may not give an adequate perspective of the pancreatic
secretory capacity, although they may allow this type of testing to be
more widely available.

One of the problems that can make traditional direct pancreatic func-
tion tests inaccurate is inadequate collection of pancreatic secretions.
One method to prevent inaccuracy is to collect pure pancreatic secretions
at the time of ERCP. This involves placing a catheter into the pancreatic
duct, administering a secretagogue (typically secretin), and collecting
pancreatic secretions directly. To minimize the risk of causing pancre-
atitis, the catheter cannot be left in place for prolonged periods of time.
This test uses only two 5-minute collection periods, but pancreatitis can
still occur. This test is not well-studied, and the accuracy of this method
remains unknown. Preliminary data suggest rather poor sensitivity and
specificity (22,33). Recently, pancreatic function testing has been
extensively reviewed (34).

TESTS OF PANCREATIC STRUCTURE

Plain Abdominal Radiographs
A standard abdominal radiograph (KUB) may detect diffuse pan-

creatic calcification in very far-advanced CP. The finding of diffuse
calcification is specific for CP but is quite insensitive. Diffuse calcifi-
cation may take up to 20 years to develop. Focal calcification is not
specific for CP, and calcifications may appear and disappear over time
in patients with CP.

Abdominal Ultrasonography
The primary diagnostic findings of CP on abdominal US include

pancreatic calcifications, a dilated pancreatic duct, gland atrophy or
enlargement, irregular gland margins, pseudocysts, and changes in
gland echotexture. A consensus conference defined the features of
ultrasonography in CP (Table 2; 34a). Although this conference occurred



Chapter 12 / Diagnosis of CP 199

25 years ago, and the criteria developed are a mixture of both diagno-
sis and grading of severity, these features continue to be used. Overall,
the sensitivity of US is approximately 60% (1,8). The low sensitivity is
partly a result of the difficulty of visualizing the pancreas from overly-
ing bowel gas. One additional problem that can make the interpretation
of abdominal ultrasonograpy challenging is the tremendous spectrum of
changes that can occur in the pancreas as a consequence of aging.
Changes in echotexture, pancreatic duct dilation, cystic cavities, and
even ductal calcifications may develop with aging (35,36). These find-
ings mimic those in CP. It can be difficult or impossible in some
patients to differentiate age-related changes from pathological CP.
These age-related changes are rare before the age of 60 but become
increasingly common after that age. Nonetheless, transabdominal
ultrasonography remains a very useful diagnostic test for CP and is

Table 2
Diagnosis and Grading of Chronic Pancreatitis on Ultrasound

and Computed Tomography

Grade of chronic pancreatitis US or CT findings

Normal–no evidence of Study of good-quality visualizing entire gland 
chronic pancreatitis with no abnormal findings

Equivocal evidence of One of the following:
chronic pancreatitis Mild enlargement of the pancreatic duct

(2–4 mm)
Overall gland enlargement twofold normal

Mild-to-moderate chronic One of the above plus at least one of the 
pancreatitis following:

Pancreatic duct dilation >4 mm
Pancreatic duct irregularity
Cavities <10-mm diameter
Parenchymal heterogeneity
Increased echogenicity of duct wall
Irregular contour of gland in head or body
Focal necrosis of parenchyma

Severe chronic pancreatitis Mild-to-moderate plus one or more of the
following:
Cavity >10-mm diameter
Intraductal filling defects
Calculi or pancreatic calcifications
Ductal stricture or obstruction
Severe duct dilation or irregularity
Contiguous organ involvement

Adapted from ref. 34a. US, ultrasound; CT, computed tomography.
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often able to identify other diseases that might mimic CP (e.g., pancre-
atic cancer and biliary disease), as well as complications of CP (e.g.,
pseudocyst or biliary obstruction). Abdominal ultrasonography is widely
available, inexpensive, and risk-free.

Computed Tomography
CT, particularly state-of-the-art multidetector CT, is much more

sensitive than ultrasonography (75–90%) because of its improved
capacity to detect more focal abnormalities, such as calcification, a
dilated pancreatic duct, fluid collections, or focal enlargements (1). In
addition, CT images of the pancreas are not obscured by intestinal gas,
and CT can image the pancreas in essentially every patient. The same
consensus panel that developed criteria for ultrasonography defined the
abnormalities that might be detected by CT in patients with CP (Table
2). CT, like all diagnostic tests, is most accurate in more advanced dis-
ease. Recently available multidetector rapid-sequence CT provides
images of much better detail and resolution than previous technologies,
which it could be assumed will result in improved sensitivity and speci-
ficity. The test is widely available and reasonably safe, but substantially
more expensive than US.

Magnetic Resonance Imaging
In recent years, an improvement in magnetic resonance technology

has also allowed more accurate imaging of both the pancreatic
parenchyma and pancreatic duct (with so-called magnetic resonance
cholangiopancreatography [MRCP]). It is not clear that magnetic reso-
nance imaging (MRI) and MRCP are superior to CT but do appear to
be at least equivalent in overall accuracy. MRCP is becoming much
more widely used in the evaluation of pancreatic and biliary diseases
(37). MRCP is particularly good at imaging the pancreatic duct when it
is dilated. When compared to ERCP, the sensitivity of MRCP for CP is
about 70–80% (1,37). Agreement is best when significant pancreatic
ductal abnormalities are present, and when the pancreatic duct is dilated.
MRI is currently widely available, generally risk-free, and moderately
expensive, but not all centers have the capacity to perform MRCP.

Endoscopic Retrograde Cholangiopancreatography
ERCP is generally considered the most sensitive and specific method

of detecting structural abnormalities of the pancreatic duct. During
ERCP, radiographic contrast is injected into the pancreatic duct and
good-quality radiographs can provide a highly detailed view of the pan-
creatic duct. Changes in the pancreatic duct consistent with CP include
ductal dilation, strictures, irregularity, and filling defects (stones) with-
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in the pancreatic duct (Fig. 1). ERCP only detects abnormalities of the
pancreatic ductal system, and unlike US or CT, it is unable to visualize
any changes within the parenchyma of the gland. Like US and CT, a
consensus panel developed criteria that can be used for both the diag-
nosis and staging of disease (Table 3; 37a). Given the high sensitivity
and widespread accessibility of ERCP, it is often considered the defac-
to gold standard. The estimated sensitivity of the test is 70–90%
(1,5,6,8) with a specificity of 80–90%. ERCP is highly accurate in
those with advanced or big-duct CP and has the advantage over other
diagnostic tests in that therapy (stenting of a ductal stricture, removal
of a pancreatic duct stone) may also be administered. At its most
advanced, CP can produce significant duct abnormalities with alternat-
ing areas of stricture and dilation. This “chain-of-lakes” appearance is
a pathognomonic form of advanced CP. Less dramatic changes can also
be visualized. Accurate interpretation of these less dramatic changes
can be difficult. One of the problems is related to the fact that these
more subtle pancreatic ductal changes can occur in other diseases and
conditions, which can produce changes within the pancreatic duct
that mimic those seen in CP. These conditions include underfilling of
the pancreatic duct with contrast, pancreatic carcinoma, normal aging
effects, a recent attack of AP, and the effect of placing a stent in the

Table 3
Grading of Chronic Pancreatitis by Endoscopic

Retrograde Cholangiopancreatography

Grade of chronic Side branches
pancreatitis Main pancreatic duct of duct

Normal– no evidence of Normal Normal
chronic pancreatitis

Equivocal evidence of Normal <3 Abnormal
chronic pancreatitis

Mild chronic pancreatitis Normal 3 Abnormal
Moderate chronic pancreatitis Abnormal 3 Abnormal
Severe chronic pancreatitis Abnormal with at least one 3 Abnormal

of the following:
Large cavity (>10 mm)
Duct stricture or obstruction
Intraductal filling defects

or stones
Severe duct irregularity or

dilation

Adapted from ref. 37a.
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pancreatic duct at the time of ERCP (5,6). Underfilling of the pancre-
atic duct can occur in up to 30% of pancreatograms, and this is usually
done intentionally to try to minimize the chance of causing pancreati-
tis from the procedure (which can occur in about 5–10% of patients
who undergo ERCP). Although a reasonable goal, it does limit the abil-
ity to interpret the pancreatogram. An underfilled ductal system may
appear to have irregularities of the main ductal margin that disappear
with additional ductal filling, possibly leading to diagnostic errors.

Several specific conditions can also produce changes within the
pancreatic duct that mimic those seen in CP, and the most common is
the effect of aging. Despite that pancreatic function is generally main-
tained throughout life, aging can produce significant abnormalities of
the pancreatic duct, including focal or diffuse dilation, cystic cavities,
and even ductal calculi (35). In one large study of screening ultra-
sonography performed in Japan, more than one half of all pancreatic
calcification and more than 80% of all ductal dilation and cystic
lesions were considered to be a result of aging, not CP (36). This US
study is not strictly a study of ERCP, but does relate to the changes
that can occur with aging. Changes within the pancreatic duct can
also follow an attack of AP, including duct irregularity, cavities, and
ductal strictures. Although these changes resolve in the vast majori-
ty of patients, it may take several months after the attack to do so.
Pancreatic carcinoma may also mimic the changes viewed in CP, par-
ticularly carcinoma of the pancreatic head, which can produce signif-
icant dilation and irregularity of the pancreatic duct usptream from the
malignant stricture. The finding of a dominant stricture with upstream
dilation should lead to the immediate suspicion of pancreatic carcinoma,
not CP. Finally, pancreatic duct stents can produce changes within the
pancreatic duct and parenchyma in up to one half of patients, and these
may not resolve (38,39).

A second difficulty relates to the issue of small-duct CP (Fig. 2). CP
can exist in the absence of any changes in the pancreatic duct, in which
case ERCP, by definition, will miss the diagnosis. CP can also exist
with minimal or subtle abnormalities within the pancreatic duct. This is
related to the difficulty of interpretation of these subtle changes and the
fact that this interpretation is subjective and prone to interobserver and
intraobserver variation. In one study of 69 postmortem pancreatograms
submitted to six experienced endoscopists, between 2 and 58% of these
pancreatograms were interpreted as normal, depending on the endo-
scopist (40). In another study, pancreatograms were shown to four
expert endoscopists on three separate occasions (41). The four endo-
scopists were unanimous in their own three reports between 47 and
95% of the time. This problem with interobserver and intraobserver
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variation is not surprising if one recalls that the changes can be sub-
tle and interpretation is subjective. Astute clinicians should be aware of
these issues and not give inordinate diagnostic weight to slight changes
within the pancreatic duct.

ERCP is widely available and is a powerful diagnostic and thera-
peutic tool. Overall, it is accurate provided that subtle ductal changes
are not overinterpreted. However, it does pose the highest risk of all
the diagnostic tests with complications occurring in 5–10% of patients
who undergo ERCP. It is also one of the most expensive of all diag-
nostic tests. For these reasons, ERCP is usually not used as the first
diagnostic test and is reserved for those situations that arise when
other tests are not diagnostic or when therapy (rather than diagnosis)
is contemplated.

Endoscopic Ultrasound
Endoscopic ultrasound (EUS) uses a high-frequency US probe

mounted on the end of a flexible endoscope. It allows the pancreas to
be imaged through the gastric and duodenal wall with highly detailed
images of the pancreatic parenchyma and pancreatic duct. The diagno-
sis is usually based on the finding of numerous features (Table 4). A
positive test is arbitrarily chosen, in most cases a range of more than
3–5 criteria. Higher cut-offs produce improved test specificity but
worsen sensitivity. When compared to ERCP, the two tests reach the
same diagnosis in about 80% of patients (42). EUS has also been com-
pared with direct pancreatic function testing and intraductal pancreatic
function testing (at the time of ERCP), and the two types of tests reach
a similar finding about 75% of patients (6,42). EUS is continuing to be
intensively studied. When EUS and ERCP or pancreatic function tests
reach different conclusions (i.e., one test is abnormal and the other test
is normal), it is usually EUS that is abnormal. Part of the explanation may
be from the fact that the EUS features of CP do not appear to be entirely
specific for CP and can be seen in association with other conditions

Table 4
Diagnosis of Chronic Pancreatitis by Endoscopic Ultrasound

Parenchmyal abnormalities Ductal abnormalities

Hyperechoic foci Dilation of main pancreatic duct
Hyperechoic strands Irregularity of ductal margin
Lobularity of contour of gland Hyperechoic ductal margins
Cystic collections Dilated ductal side branches

Ductal stones
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(43) or as a consequence of aging. A normal EUS essentially eliminates
the diagnosis of CP. Abnormalities are routinely seen at EUS in
patients with advanced or big-duct CP (Fig. 3). Additionally, EUS is
an accurate method of detecting pancreatic cancer that might mimic
CP (Fig. 4). The test appears to be most useful when normal or dra-
matically abnormal, but the sensitivity and specificity of the test for
moderate or mild CP requires further study. EUS, like ERCP, is rela-
tively expensive, but unlike ERCP, EUS is not universally available.
However, it is safer than ERCP.

DIAGNOSTIC STRATEGY

The diagnostic approach should begin with tests that are safe, inex-
pensive, and able to detect relatively far-advanced or big-duct disease.
Diagnostic tests that fit in this category include serum trypsin, fecal

Fig. 3. An endoscopic ultrasound demonstrating a dilated pancreatic duct (mark-
ers) in a patient with advanced chronic pancreatitis.
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elastase, or abdominal ultrasonography. If these do not lead to a diag-
nosis, more risky or expensive tests will generally need to be
employed (e.g., MRI/MRCP, CT, ERCP, or EUS). Direct pancreatic
function testing, if available, should logically be used after the ini-
tial tests and prior to these more expensive or invasive tests, as these
pancreatic function tests are the most sensitive tests available and are
neither as costly nor as risky as the second echelon tests noted previ-
ously. If pancreatic function testing is unavailable, as is often the case,
these second echelon tests should be used, usually starting with a good-
quality multidetector CT. If ERCP or EUS is used, clinicians need to
be aware of both the strengths and weaknesses of these techniques in
diagnosing CP.

Fig. 4. An endoscopic ultrasound demonstrating a mass in a patient with pancreatic
carcinoma.
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INTRODUCTION

Patients with chronic pancreatitis (CP) come to medical attention
because of abdominal pain or symptoms of maldigestion or diabetes.

From: Pancreatitis and Its Complications
Edited by: C. E. Forsmark © Humana Press Inc., Totowa, NJ

209

Treatment of Chronic
Pancreatitis Pain
Overview and Medical Management

Phillip P. Toskes, MD

CONTENTS

INTRODUCTION

PATHOPHYSIOLOGY

DIAGNOSIS

GENERAL PRINCIPLES OF PAIN MANAGEMENT

ANALGESIC AGENTS

ABSTINENCE FROM ALCOHOL

PANCREATIC ENZYME PREPARATIONS

OCTREOTIDE

ANTIOXIDANTS

CHOLECYSTOKININ ANTAGONISTS

NONSPECIFIC SUPPORT TREATMENT

CELIAC PLEXUS BLOCKADE

THORACOSCOPIC SPLANCHNICECTOMY

ENDOSCOPIC AND SURGICAL TREATMENT

INDICATIONS FOR CONSULTING THE SUBSPECIALIST

SUMMARY

REFERENCES

13



210 Toskes

Abdominal pain is clearly the most common and most significant of
symptoms and is the most difficult to treat and generally interferes with
quality of life. The abdominal pain is quite variable in location, severity,
and frequency. Patients with acute pancreatitis (AP) experience mid-epi-
gastric pain that radiates to the back. The pain of CP often does not follow
this classical pattern. Indeed, many variations of abdominal pain may be
caused by CP. The pain can be constant or intermittent, and there may
be frequent pain-free intervals. Eating may exacerbate the pain, leading to
fear of eating and weight loss. The spectrum of abdominal pain ranges
from mild to severe, often with narcotic dependence as a consequence.

The natural history of abdominal pain in patients with CP is also quite
variable. Some patients may suffer from continuous pain, whereas others
have prolonged pain-free intervals, and still others gradually become
pain-free. The evolution of pain does not always follow the progressive
downhill course that some patients may experience with the late devel-
opment of exocrine and endocrine pancreatic insufficiency. In these latter
stages of disease (discussed in Chapters 11 and 16), some patients will
actually lose their pain. Approximately 20% of patients initially present
with symptoms of maldigestion and never experience abdominal pain.
The extremely diverse nature and evolution of abdominal pain make
judgments of therapeutic efficacy difficult. To account for this variability,
large randomized trials are required. No large randomized trial yet exists
in this field, and the following insights and recommendations are there-
fore based on imperfect data and reflect the opinion and experience of the
author based on years of experience managing these patients. What is
quite clear is that the management of pain and management of this pro-
gression to end-stage pancreatitis is associated with significant morbidity,
mortality, and utilization of societal resources (1,2).

Any management strategy of CP must be based on an accurate diag-
nosis and understanding of the difference between “big duct” disease and
“small duct” disease. CP is not one disease, and clinicians have made the
mistake of trying to treat all patients with CP as if they were all the same.
Many patients with CP suffer injury to acinar cells and small ducts with-
out obvious abnormalities in the main pancreatic duct. These patients
with small duct disease can be exceedingly difficult to diagnose, as stan-
dard diagnostic tests are insensitive to small duct disease. Most of the
literature has focused on severe CP secondary to alcohol, because this is
generally a big duct disease and easy to diagnose. As such, it is likely that
the prevalence of CP has been largely underestimated. An appreciable
percentage of patients suffering from unexplained chronic abdominal
pain may be suffering from small duct pancreatitis, and the diagnosis
may be missed by standard radiographic evaluation (3). Numerous
studies have described patients with painful CP and normal findings on
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ultrasound, computed tomography (CT), and endoscopic retrograde
cholangiopancreatography (ERCP). When such patients have been
brought to surgery, histological abnormalities of inflammation, fibrosis,
and small duct abnormalities were detected within the pancreas.
Similarly, there are a group of patients with chronic abdominal pain and
negative radiographic evaluation who have been labeled as having CP
based on minimal abnormalities of serum lipase or amylase. The pitfalls
in accurate diagnosis are discussed in Chapter 12. It is worth re-
emphasizing within the context of this chapter that therapy directed at
CP pain (whether it is medical, endoscopic, or surgical therapy) is inap-
propriate if the patient does not have a secure diagnosis of CP.

PATHOPHYSIOLOGY

The pathophysiology of pain in CP remains uncertain. All known
causes of CP appear to result in a common group of histopathological
changes, which include inflammatory acinar and ductal cell injury
and fibrosis with damage to the intrapancreatic nerves. The exact
molecular events leading to CP remain undefined. Recent research has
identified specific genetic abnormalities that may provide insight into
the pathophysiology of CP. This is discussed more fully in Chapter 10.

The cause of pain in CP is multifactorial, and therein is the difficulty
in management (Table 1). Pain may be caused by an associated
anatomic problem, such as duodenal or biliary obstruction or an asso-
ciated pseudocyst. In those without these anatomic abnormalities, the
currently favored theories as to why patients with CP have pain include
perineural inflammation, elevated pressures in both big and small
ducts and in the pancreatic parenchyma, ischemia of the gland, and
abnormal negative feedback mechanisms involving hormone mediators,
such as cholecystokinin (CCK; 4). It may be difficult to determine the
contribution of each of these potential causes in an individual patient.
Several observations have pointed to the existence of neuroimmune
interactions as a mechanism in the pain of CP. These interactions

Table 1
Etiology of Chronic Pancreatitis Pain

Neural inflammation
Ductal hypertension
Parenchymal hypertension
Stenosis of common bile duct
Pseudocyst
Acute inflammation
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include overexpression of fibroblast and other growth factors in the
tissue of patients of CP, increased interleukin-8 expression, high levels
of transforming growth factor-α and its receptor, and increased expres-
sion of epidermal growth factor. The importance of these interacting
factors still needs to be fully clarified.

DIAGNOSIS

The diagnosis of CP is thoroughly reviewed in Chapter 12. It is
important to point out that it is easy to make a diagnosis in patients
with big duct CP. Table 2 describes the features of big duct and small
duct CP.

Any of the various diagnostic tests will likely be abnormal in
patients with big duct CP. The challenge in the diagnosis of patients
with CP is in evaluating the subgroup of patients with abdominal pain
and negative radiographic studies who may have small duct CP. All
referral centers focusing on CP pain recognize that there is a subset of
patients thought to have painful CP but who are not able to be diag-
nosed with radiographic procedures, such as conventional abdominal
ultrasound, CT, magnetic resonance imaging, and ERCP. The percent-
age of patients with CP within this subset remains controversial, but
may be as high as 40% in some centers. It appears that some combina-
tion of a direct hormone stimulation test, such as the secretin test and/or

Table 2
Features of Large Duct and Small Duct Chronic Pancreatitis

Feature Large duct Small duct

Sex predominance Male Female
Diagnostic findings

Secretin test Abnormal Abnormal
Serum trypsinogen Often abnormal Typically normal
Diffuse pancreatic Frequent Infrequent

calcifications on imaging
ERCP Often markedly Minimally abnormal

abnormal to normal
Natural history

Progression to steatorrhea Frequent Rare
Pain therapy

Pancreatic enzymes Poor-to-fair response Good-to-excellent
response

Surgical Procedures Often helpful Usually not indicated

ERCP, endoscopic retrograde cholangiopancreatography.
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endoscopic ultrasound (EUS) is apt to give the best detection rate in
these patients. Many referral centers (including my own) see two
groups of patients in approximately equal numbers. The first is a group
with chronic abdominal pain and negative imaging studies labeled as
having CP who do not have CP. Many in this group have undergone
multiple risky therapies (often multiple ERCPs with various interven-
tions) without relief. The second is a group of patients with similar
symptoms labeled as having functional abdominal pain, but who
actually have CP. Distinguishing between these groups of patients is
difficult but necessary for proper management.

GENERAL PRINCIPLES OF PAIN MANAGEMENT

Appropriate pain management in patients with CP continues to be a
frustrating undertaking for both patients and physicians. First, in a
patient suspected to have CP pain, it is important that other causes of
abdominal pain that can mimic CP pain be eliminated, such as peptic
ulcer disease, gallbladder-related causes, gastrointestinal motility dis-
orders, and other complications associated with CP (e.g., pseudocyst,
duodenal obstruction, and common bile duct obstruction). Abdominal
pain caused by motility disturbances of the gastrointestinal tract, par-
ticularly the stomach or small intestine, may mimic the abdominal pain
associated with CP, such that even seasoned consultants cannot distin-
guish the pain of dysmotility from the pain of CP. Patients with these
dysmotility syndromes may even manifest a mild elevation of serum
amylase and/or lipase. It is understood that these enzymes may come
from the inflammation of other tissues rather than just the pancreas.
These mild to moderate elevation of pancreatic enzymes in the blood
more often reflect nonpancreatic causes of pain.

A recent study at our medical center (5) presented preliminary data
on 74 patients referring to our pancreatitis clinic, who were suspected by
the referring gastroenterologist and surgeons as having radiographic-
negative CP or small duct CP. The evaluation of these patients with
unexplained pain of presumed pancreatic origin revealed that 40%
actually had CP diagnosed by the secretin hormone stimulation test,
50% had dysmotility (most commonly of the stomach), and 10% had
no cause that could be found. Pancreatic enzyme therapy decreased
abdominal pain in those patients with small duct CP and prokinetic
therapy (Erythromycin ethyl succinate suspension orally adminis-
tered at 100 mg, four times a day or 200 mg intravenously four times
a day) remarkably decreased abdominal pain in patients with gastro-
paresis. Even retrospectively, the CP pain could not be distinguished
in any accurate manner from the pain that was caused by dysmotility.
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Recently, it has also been recognized by our group that the interac-
tion of motility disturbances with CP is even more complex than
previously thought, because we have recently reported that the preva-
lence of gastroparesis is increased in patients with abdominal pain and
small duct CP (6). In 56 patients with small duct CP documented by
hormone stimulation test, 25 of the 56 patients (44%) had gastropare-
sis. The etiology of this gastroparesis in such patients is unclear but
may be related to high levels of CCK that some patients with CP man-
ifest to the concomitant use of narcotic analgesics or to other unknown
causes. High CCK levels can lead to a decrease in gastric emptying.
Medical treatment of the pain of CP involves, among other therapies,
the administration of nonenteric-coated pancreatic enzymes. In the
experience of this author, the presence of gastroparesis greatly dimin-
ishes the effectiveness of enzymes. Administration of a prokinetic
agent enhances delivery of these enzymes from the stomach into the
proximal small intestine. It is within this segment of the small intestine
where feedback control of pancreatic secretion is operative, that pan-
creatic enzyme therapy may effect pancreatic feedback control. The
proximal small intestine is the sole site for this process and this process
is mediated by the action of serine proteases (trypsin, chymotrypsin,
and elastase) on CCK-releasing peptide. Because of this association
between gastroparesis and CP, which is quite striking in our experience,
we try to use anodynes that do not affect gastrointestinal motility such
as acetaminophen, propopxyphene, or tramadol. Narcotics will
decrease gastrointestinal motility and thus impair the delivery of
enzymes from the stomach to the proximal small intestine. The initial
approach in patients with CP pain is generally conservative manage-
ment, including analgesics, abstinence from alcohol, if that appears to
be involved in the pathogenesis of the disease, and suppression of
pancreatic secretion.

ANALGESIC AGENTS

Narcotic addition is an unfortunate and very common result of the
use of narcotic analgesics in patients with CP pain. The rate of narcotic
addiction is not precisely known, but most experts agree it occurs in
one fourth of patients or more. It is best to start with non-narcotic or
low-potency narcotics initially using agents like acetaminophen, non-
steroidal anti-inflammatory drugs, propopxyphene, or tramadol.
Adding a tricyclic antidepressant or selective serotonin reuptake
inhibitor is also often useful to minimize the need for high-potency nar-
cotics. Despite these approaches, many patients remain on narcotics for
prolonged periods of time.
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ABSTINENCE FROM ALCOHOL

Abstinence from alcohol appears to slow the progression of CP, yet
it does not prevent progression. The effect of abstinence on pain is not
clear-cut, but some patients may experience a reduction in pain. Apart
from a possible beneficial effect on pain, abstinence is appropriate to
slow the development of CP and prevent other alcohol-induced com-
plications.

PANCREATIC ENZYME PREPARATIONS

The use of nonenteric-coated pancreatic enzyme preparations to
decrease abdominal pain in patients with CP is based on the concept of
feedback control of pancreatic exocrine secretion (7). Pancreatic
enzyme preparations appear to inhibit pancreatic secretion by a nega-
tive feedback mechanism involving intraduodenal serine proteases.
These serine proteases modulate pancreactic secretion by regulating
CCK release. Because patients with CP often have decreased intraduo-
denal proteases activity owing to a damaged gland, they may not be
capable of inactivating the CCK-releasing peptide, a peptide that exists
in the proximal small bowel and is largely responsible for stimulating
CCK-release. In these patients, high levels of CCK releasing peptide
are constantly present, and high levels of CCK persist, producing over-
stimulation of the pancreas. In these patients, pain may occur because
of this hyperstimulation. Hence, in a subset of patients, the gland is
under constant stimulation by CCK. CCK-releasing peptides can be
denatured by serine proteases delivered to the duodenum, decreasing
CCK release, which then decreases pancreatic stimulation and may
decrease pain. Because this is a proximal small intestine phenomenon,
the pancreatic proteases must be delivered to the upper small intestine.
This can only be done consistently by the administration of nonenteric-
coated pancreatic enzyme preparations. It is important to know that
these preparations are not protected against the destruction of gastric
acid as they pass through the stomach; therefore, it is recommended that
an acid-reducing agent, such as an H2- receptor antagonist or a proton
pump inhibitor, be given along with the pancreatic enzymes. We have
found the most consistent preparation that affords control of feed-
back inhibition and relieves abdominal pain is the preparation of
Viokase-16® (Axcan Scandipharm, Birmingham, AL). This preparation
should be orally given in a dose of four tablets four times a day along
with an acid-reducing agent. These pancreatic enzyme preparations are
remarkably devoid of side effects. Occasionally, patients complain of
dyspepsia, diarrhea, bloating, and very rarely a patient may have an
allergic reaction to the pork preparation. One side effect of pancreatic
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enzyme therapy that has recently received much attention is colonic
strictures. However, this complication has been largely seen in
patients with cystic fibrosis who were overdosed with an incredibly
high amount of pancreatic enzymes. These patients with cystic fibrosis
had severe pancreatic insuffiency and did not respond to normal doses
of pancreatic enzyme preparations. Rather than receiving from 9 to 12
capsules per day, these children were receiving as much as 60 or 90
capsules per day. Such colonic strictures have not been noted in adult
patients with CP. Our extensive experience with this Viokase 16® prepa-
ration in a very large group of patients with CP pain has not led to any
observation of colonic strictures in such patients.

Six randomized trials have evaluated the effectiveness of pancreatic
enzymes and the reduction of pain associated with CP. Of these trials,
two used nonenteric coat enzymes and were effective in reducing pain,
whereas the four studies using the enteric coat preparation showed no
statistical improvement in pain relief (8). In the studies demonstrating
efficacy, patients with big duct disease had, at best, a 25% response
rate in decreasing abdominal pain, whereas the response rate was
approximately 70% in those with small duct disease. Previous work in
our laboratory has demonstrated that once patients with big duct dis-
ease developed severe pancreatic insuffiency (steatorrhea), feedback
control of pancreatic secretion cannot be restored. Information now
exists both from randomized trials and extensive clinical experience
that nonenteric-coated enzyme preparations are preferable to enteric-
coated enzymes for relieving abdominal pain in patients with CP.
When a nonenteric-coated enzyme preparation was given, the proteas-
es that escape destruction by gastric acid are delivered directly into the
proximal small bowel. In contrast, enteric-coated enzyme preparations
often do not open their enteric coat and deliver enzymes until the
preparation reaches the jejunum or ileum. Evidence suggests that the
feedback mechanism is not operative in the distal small bowel. Thus,
optimal results are obtained with pancreatic enzymes when a nonen-
teric-coated enzyme preparation is utilized along with a proton pump
inhibitor and given to the appropriate patient (i.e., one with small duct
disease who has not developed pancreatic steatorrhea). Despite the
lack of uniform results from randomized trials of enzyme therapy,
practice guidelines continue to recommend a trial of enzyme therapy
for painful CP (8).

OCTREOTIDE

Following the concept of feedback inhibition, it was proposed that
octreotide, an analog of the native hormone somatostatin, might be
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effective in the control of CP pain. Octreotide holds promise as a potent
therapeutic agent, because it markedly inhibits pancreactic secretion as
it significantly lowers CCK levels. Several small short-term studies
resulted in variable findings regarding the efficiency of octreotide in
this area.

Results of a multicenter double-blind placebo-controlled dose-ranging
pilot study suggested a dosage of 200 mcg subcutaneously adminis-
tered three times a day was superior to placebo (9). Our own extensive
clinical experience with octreotide demonstrates that this compound
can dramatically relieve pain in some patients with severe CP who do
not respond to any other medical treatment. However, not all patients
respond to octreotide therapy. What determines a response is not fully
defined. The decrement in CCK blood levels found after octreotide
therapy may be the determining factor. In some preliminary pilot studies,
it appears that patients who experience at least a 50% decrement in the
CCK blood levels have responded well to octreotide in respect to pain
relief. Studies are currently being carried out with a long-acting form
of octreotide, which can be intramuscularly administered by depot injec-
tion every 28 days. This form of compound should remarkably increase
compliance. It should be stressed that the current studies with octreotide
have utilized the compound in patients with big duct disease who have
very severe CP and often pancreatic insufficiency. Such patients did not
respond to pancreatic enzymes.

ANTIOXIDANTS

Experimental studies have demonstrated that free-oxygen radicals
accumulate in the tissue of patients with CP. One study where 10
patients were treated for 1 year with a complex containing antioxidants,
including L-methionine, β carotene, vitamin C, vitamin E, and selenium,
demonstrated a significant decrease in the intensity of pain in these
patients with CP (10). Another study reported on the beneficial effect
of micronutrients and antioxidants in decreasing oxidative stress in
patients with CP (11). Clearly, further study is needed to determine the
efficiency, if any in the treatment of CP pain.

CHOLECYSTOKININ ANTAGONISTS

CCK antagonists may have a role in the treatment of painful CP. A
double-blind placebo-controlled study evaluated the effect of orally
administered MK 329, a CCK antagonist, versus placebo on liquid meal-
stimulated and phenylalanine-stimulated enzyme output in four CP
patients with protease-specific responsive abdominal pain (12). Each
patient served as his or her own control and received the CCK antagonist
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and placebo. In three of the four patients, the CCK antagonist sup-
pressed meal-stimulated output of amylase and trypsin by 75–80%.
Remarkably, a fivefold increase was observed in the plasma CCK levels
following the administration of this CCK antagonist. Two of two patients
demonstrated 70–80% suppression of phenylalanine-stimulated output
of lipase amylase and trypsin. This potent CCK antagonist had no appre-
ciable effect on the volume of secretions produced by either stimulus.
CCK antagonists might reduce pain by the same mechanism proposed
for enzymes and octreotide.

A recent multicenter dose–response control trial was conducted in
Japan to evaluate the therapeutic efficiency of the CCK-A receptor
antagonist, loxiglumide, in patients with abdominal pain induced by CP
(13). In this study, 207 patients were randomly assigned to oral treat-
ment with 300 mg, 600 mg, and 1200 mg loxiglumide a day or placebo
for 4 weeks. The overall improvement rate was 46% in the 300-mg
dose group, 58% in the 600-mg group, and 52% in the 1200-mg group
versus 34% in the placebo group.

These studies again underscore the potential importance of CCK in
feedback control of pancreatic secretion. The possibility of CCK
antagonists in the treatment of CP pain needs to be further explored.

NONSPECIFIC SUPPORT TREATMENT

Various other modalities have been used to treat the pain of CP,
including tricyclic antidepressants, gabapentin and selective serotonin,
reuptake inhibitors, such as paroxetine (14). These agents are utilized
empirically based on the premise that modifying neural transmission
alters the perception of pain. The overall effectiveness of these agents
is poorly studied, but they may have benefit. Avoidance of alcohol
ingestion and moderation of fat intake are lifestyle changes that may
benefit the patient.

CELIAC PLEXUS BLOCKADE

Chemical destruction of the nerve plexus has proved disappointing
in most clinical experiences, particularly in patients who have previ-
ously undergone surgery. EUS or CT-guided celiac plexus block is an
alternative way of treating patients who have failed medical treatment
with constant intractable pain of CP. In a recent study utilizing EUS-
guided celiac blockade in 90 patients, a combination of bupivacaine
and triamcinolone on each side of the celiac plexus was utilized (15).
Significant improvement was reported in 55% of the patients, but the
benefits appeared to be short-lived, and the average duration of pain
relief was 10 weeks. In patients younger than 45 years old and those
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who had previous surgery, CP pain did not appear to benefit from the
procedure. Celiac plexus blockade can also be performed under CT
guidance. It appears that when CT plexus block is compared with
EUS-guided blockade, the EUS-guided blockade provides more per-
sistent pain relief than the CT-guided blockade. Long-term follow-up
data in the use of EUS-guided blockade is not available; therefore, this
treatment should be limited to patients with CP whose pain is not
responding to any other treatment.

THORACOSCOPIC SPLANCHNICECTOMY

This is a minimally invasive approach in which nociceptive fibers
originating from the pancreatic area are transected at the thoracic
level. Recent studies indicate pain scores 6 months after this procedure
were significantly lower than preoperative scores, and the need for
pain medication seemed to decrease as well (16). Pain eventually
recurred in approximately 50% of patients. To date, the evidence indi-
cates that this procedure is, at best, a temporizing measure for the
relief of CP pain.

ENDOSCOPIC AND SURGICAL TREATMENT

Endoscopic therapy used in patients with CP include sphincterotomy,
stricture dilation, stone extraction, and stent placement. Although there
have been no double-blind placebo-controlled trials in endoscopic ther-
apy in such patients, encouraging results have been reported in indi-
vidual patients with pancreatitis pain. It is important to point out that
pancreatic ductal stenting may also damage the pancreatic duct and
pancreactic parenchyma. (This is discussed in detail in Chapter 14.)
There are no trials that compare endoscopic and medical therapy. A
recent randomized trial comparing endoscopic to surgical therapy
found surgical therapy superior (17).

In the United States, the most common surgical procedure performed
for treatment of CP pain is a modified Peustow procedure, which is a
longitudinal pancreaticojejunostomy (18). Surgical therapy is discussed
in Chapter 15. Most studies report that immediate pain relief occurs in
about 80% of patients, and long-term relief occurs in only 30–50% of
patients. The ductal decompression surgery has largely been performed
in patients with big duct disease. Many surgeons require at least 6-mm
dilation of the main pancreatic duct before such a surgical procedure is
performed. The surgical approach for small duct disease is much more
controversial and includes various procedures (e.g., including pancre-
aticoduodenectomy and other modified resections that preserve the
duodenum and pylorus). Such resections lead to significant metabolic
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derangements of both the exocrine and endocrine pancreas. There are no
comparisons of surgical therapy with medical therapy.

INDICATIONS FOR CONSULTING THE SUBSPECIALIST

Patients with chronic abdominal pain are quite common and often
present to their primary care physician for evaluation and management.
If the cause of the abdominal pain is not obvious by radiographic eval-
uation, then the gastroenterologist should be consulted for further
sophisticated diagnostic testing. What should not be done is an expedient
referral to a pain clinic without proper diagnosis. A clinical diagnosis
of CP based on scant evidence leads to the administration of narcotics
for an indefinite period by such pain clinics. With the new knowledge
of how frequent coexisting motility problems are in such patients, and
the observation that narcotics commonly used by physicians that direct
pain clinics make such motility patients worse, it is very important that
a proper diagnosis be made, and consideration of the pathophysiology
of the pain be considered rather than just treating the symptoms. If the
patient has well-documented CP by examination such as CT, then the
gastroenterologist should be consulted in helping to define what subset
of CP the patient in question is into and what the appropriate therapy
should be. Evaluation of whether a patient has small duct or big duct
disease must be made, and consideration of dysmotility of the stomach
and small bowel must be ascertained.

SUMMARY

CP should be considered in all patients with unexplained abdomi-
nal pain. Management of the pain associated with CP remains a
source of frustration for physicians and patients. It is important to rec-
ognize that CP is not one disease, and all patients with CP cannot be
treated the same. The importance of small duct versus big duct dis-
ease must be emphasized. If radiographic tests do not provide a
secure diagnosis of CP, then other more sophisticated testing should
be employed, such as a direct hormone stimulation test. Nonenteric-
coated pancreatic enzyme preparations are quite useful for the treatment
in a subset of patients who have small duct disease. Octreotide is
being used more increasingly for abdominal pain that is unresponsive
to pancreatic enzyme therapy. If medical therapy fails, then expertise
must be sought to attempt endoscopic therapy, EUS-guided celiac
plexus block, and thorascopic splanchnicectomy in highly selected
patients. Surgical duct compression is appropriate in patients who
have considerable dilation of the main pancreatic duct. Future efforts
will be directed to testing highly concentrated enzyme preparations
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that contain very large doses of pancreatic proteases, CCK receptor
antagonists, and antioxidants.
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CHRONIC PANCREATITIS

Chronic pancreatitis (CP) is an inflammatory process of the pancreas
that may result in chronic disabling abdominal pain, maldigestion of
protein and fat, and diabetes mellitus. The histologic hallmarks of CP
are irreversible destruction of the pancreatic parenchyma and ductal
architecture associated with fibrosis, protein plugs, and ductal calculi
(1). Pain, with a multifactorial pathogenesis, is the predominant
symptom of CP and may be caused by pancreatic or extrapancreatic
processes (Table 1; 2,3). Pancreatic duct and parenchymal pressures
are generally increased in CP whether the main pancreatic duct is
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dilated or normal in diameter (4). Such elevated parenchymal and duct
pressures contribute to pancreatic ischemia, which appears to have a
significant role in the pain of CP (5,6). Therapeutic efforts are directed
at reducing pancreatic parenchymal and ductal hypertension.
Pharmacological agents, endoscopic techniques, and surgical proce-
dures (resective, drainage, and denervative) have been employed to
reduce pain with variable results. The complexity and multiplicity of
the causes of pain in CP may explain the mixed results achieved by
current therapeutic methods.

Most of these efforts in the treatment of CP are directed toward relief
of obstruction and control of the chronic pain symptoms. Medical
therapy that consists of analgesics, dietary alterations, nerve blocks,
enzyme supplements, intervals of pancreatic rest, and suppression of
pancreatic secretion (octreotide) is variably effective in relieving pain.
Surgical therapy has been the main therapeutic recourse for patients
with disabling symptoms that fail to improve with standard medical
therapy. A surgical drainage procedure is usually performed in the
setting of a dilated main pancreatic duct, whereas pancreatic resection
and/or denervation are reserved for those patients with normal or
small-diameter ducts. Immediate pain relief is seen in 70–90% of
patients following surgical drainage procedures. However, pain recurs
in 20–50% of patients during long-term follow-up. Surgical drainage
procedures are associated with a morbidity of 20–40% and a mortality
that averages 4%.

Since its inception and initial application in the early 1970s, endo-
scopic therapy has revolutionized the approach to a variety of biliary
tract disorders. Within the past 15 years, similar endoscopic techniques
have been applied and adopted to diseases of the pancreas (8). However,
these techniques have not been widely utilized because of the concern
of prohibitive morbidity and difficulty in achieving technical success. It

Table 1
Abdominal Pain in Chronic Pancreatitis

Pancreatic causes Extrapancreatic causes

Acute inflammation Common bile duct obstruction
Increased intrapancreatic pressure Descending duodenal
Ducts obstruction
Pseudocysts Colonic obstruction
Parenchyma Duodenal/gastric ulcer
Perineural inflammation
Pancreatic ischemia
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was not until the relative safety was recognized of endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic sphincterotomy
in acute gallstone pancreatitis that the indications for endoscopic
therapy in pancreatic disorders were expanded (8–10). Pharmacological
agents, such as gabexate and interleukin-10, have shown promise in
reducing the incidence and severity of pancreatitis in patients undergoing
therapeutic ERCP and may further the safety of endoscopic interven-
tions of the pancreas (11,12). Endoscopic therapy is now being applied
in the CP setting for patients who present with pain and/or clinical
episodes of acute pancreatitis (13,14). One aim of endoscopic therapy
is to alleviate the obstruction to exocrine juice flow. Certain patholog-
ical alterations of the pancreatic duct, bile duct, and/or sphincter are
targeted in endoscopic therapy. Outflow obstruction may be caused by
ductal strictures (biliary or pancreatic), pancreatic stones, pseudocysts,
and minor or major papilla stenosis. Although the endoscopic approach
has never been directly compared with surgery, endoscopic drainage is
appealing because it may offer an alternative to surgical drainage pro-
cedures with generally less morbidity and mortality. Furthermore,
endoscopic procedures do not preclude subsequent surgery if it was
necessary. Moreover, the outcome in reducing the intraductal pres-
sure by endoscopic methods could be a predictor for the success of
surgical drainage (15).

Outcome data following endoscopic therapy in CP are rapidly
accumulating. But, the data in this area are often difficult to interpret
because of the heterogeneous populations with one or more patho-
logical process being treated (e.g., pancreatic duct stones, strictures,
and pseudocysts) and because of the multiple therapies performed in a
given patient (e.g., stricture dilation, stone extraction, biliary and/or
pancreatic sphincterotomy).

Table 2 lists the currently available endoscopic techniques for the
treatment of acute pancreatitis and CP along with their complications.
This table is (intentionally) all inclusive because differentiating acute
recurrent pancreatitis from exacerbations of CP may be clinically difficult
(16). This chapter analyzes the current state of some of these exciting new
applications of endoscopy in the treatment of CP.

PANCREATIC DUCTAL STRICTURES

Benign strictures of the main pancreatic duct may be a consequence
of generalized or focal inflammation or necrosis around the main pancre-
atic duct. Given the putative role of ductal hypertension in the genesis
of symptoms (at least in a subpopulation of patients), the utility of pan-
creatic duct stents for the treatment of dominant pancreatic duct strictures
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is being evaluated (17–26). In experimental models, pancreatic duct stents
have been shown to significantly reduce elevated ductal pressures, but
not as effectively as surgical measures (27). The best candidates for
stenting are those patients with a distal stricture (in the pancreatic
head) and upstream dilation (type IV lesion; 17). Most patients with a
stricture have associated calcified pancreatic duct stones. For optimal
results, the therapy must address both the stones and stricture.
Underlying malignancy must be excluded by noninvasive and tissue
sampling means (28–30).

Pancreatic Stent Placement Techniques
Most pancreatic stents are simply standard polyethylene biliary

stents with extra side holes at approximately 1-cm intervals to permit
improved side branch juice flow (Fig. 1). Stents made of other materi-
als have received limited evaluation. The technique for placing a stent
in the pancreatic duct is similar to that used for inserting a biliary stent.
In most patients, a pancreatic sphincterotomy (with or without a biliary
sphincterotomy) via the major or minor papilla is performed to facilitate

Table 2
Endoscopic Interventions for Pancreatic Diseases

Clinical condition Endoscopic therapy

Acute pancreatitis Endoscopic sphincterotomy (bile duct and/or
pancreatic duct), sphincter dilation, bile duct or
pancreatic duct stent, nasobiliary/nasopancreatic
drain, gallstone removal, Ascaris parasite
removal

Chronic pancreatitis Endoscopic sphincterotomy (bile duct and/or
pancreatic duct), stricture dilation, bile duct
or pancreatic duct stents, pancreatic stone
extraction +/− extracorporeal shock wave
lithotripsy, endoscopic ultrasound-guided
celiac plexus block

Pancreatic pseudocysts Endoscopic cystgastrostomy or
Duct disruption cystduodenostomy, transpapillary stents,
Pancreatic ascites or nasopancreatic drainage

Pancreas divisum Minor papilla sphincterotomy, stent, sphincter
dilation

Ampullary tumors Endoscopic ampullectomy, stenting, thermal
ablation

Pancreatic cancer Bile duct plastic or metallic stent, pancreatic
duct plastic stent, endoscopic ultrasound-
guided celiac plexus block
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placement of accessories and stents. A guidewire must be maneuvered
upstream to the narrowing. Hydrophilic flexible tip wires are especial-
ly helpful for bypassing strictures. Torqueable wires are occasionally
necessary to achieve this goal. High-grade strictures require dilation
prior to the insertion of the endoprosthesis, which may be performed
with hydrostatic balloon dilating catheters or graduated dilating catheters
(Fig. 2). Extremely tight strictures may permit the passage of only a

Fig. 1. (A) Pancreatic stents: Various sized pancreatic stents are commercially
available. Note the external pigtail will prevent proximal migration of the stent
into the pancreatic duct and the single flange for anchoring the stent in the pan-
creatic duct (B). Comparison of (top three): 3-Fr protective pancreatic stents with
external pigtail and without internal flange to allow for spontaneous dislodgement;
and (bottom): 5-Fr flanged pancreatic stent with three fourths external pigtail used
for longer term stenting.
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Fig. 2. (A) Hydrostatic dilation balloons for pancreatic stricture dilation:
(Top): 5-Fr catheter with 3 × 6-mm outer diameter balloon. Accepts an 0.035-
inch diameter guidewire. (Bottom): 3-Fr angioplasty catheter 2 cm in length by
4-mm outer diameter balloon. Accepts an 0.018-inch diameter guidewire. (B)
Catheter dilation devices for pancreatic strictures. (Top): Soehendra stent
extraction device utilized for stricture dilation with 7-Fr screw at tip and 10-Fr
screw located 2.5-cm proximal. This device is rarely used owing to concern of
excessive pancreatic ductal trauma. (Bottom): Graduated dilation catheter pictured
with 5 × 7 × 8.5-Fr outer diameter that accomodates a 0.035-inch diameter
guidewire.

Fig. 2.(A)
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small-caliber guidewire. Such wires may be left in situ overnight and
usually permit dilator passage the next day. Alternatively, 3-Fr angio-
plasty balloons or the Soehendra stent retriever may be helpful (31).
The Soehendra stent retriever is rarely used owing to the concern of
excessive duct damage from the device (32,33). Although one prelimi-
nary report (34) suggested that luminal patency of the duct persisted at
a mean time of 5 months following balloon dilation alone, most author-
ities have observed recurrence of strictures after dilation once and
therefore advocate stenting (15). As a rule, the diameter of the stent
should not exceed the size of the downstream duct. Therefore, 5-, 7-, or
8.5-Fr stents are commonly used in smaller ducts, whereas 10–11.5-Fr
stents or dual side-by-side 5–7-Fr stents may be inserted in patients
with severe CP and a dilated main pancreatic duct. The tip of the stent
must extend upstream to the narrowed ductal segment and into a
straight portion of the pancreatic duct to avoid stent tip erosion through
the duct wall. For diagnostic trials of pancreatic stenting in patients
with nearly daily pain, most stents are left in place for 3–4 weeks.
When long-term pancreatic stents are placed for therapy, stents have
remained in place for 3–116 months (17,24). Stents are known to
occlude within the first several weeks (35); yet, clinical improvement
may persist much longer possibly because of the siphoning of pancre-
atic juice along the stent. At this time, self-expanding metallic stents
have no role in the management of refractory pancreatic strictures
owing to the high-occlusion rate from mucosal hyperplasia (36).

Efficacy of Pancreatic Duct Stenting
The results of pancreatic duct stent placement (usually with ancillary

procedures) are detailed in Table 3 (17–26). Successful stent placement
was achieved in 82–100% of patients. Of patients with successful stent
placement, 66% were reported to benefit from therapy during a mean
follow-up of 8–39 months (many patients still had their stent in place
during the follow-up period).

Cremer and colleagues (17) reported their experience with pancreatic
duct stenting in 76 patients with severe CP (primarily alcohol-related)
complicated by a distal pancreatic duct stricture and upstream dilation.
A 10-Fr stent was successfully placed in 75 patients (98.7%) through
the major (n = 54) or minor papilla (n = 21). Patients had undergone
biliary and pancreatic sphincterotomy, stricture dilation, and extracor-
poreal shock wave lithotripsy (ESWL; most patients) to fragment
pancreatic duct stones. A dramatic decrease or complete relief of pain
was initially observed in 94% of patients, associated with a decrease in
the main pancreatic duct diameter. Clinically, stents were thought to
remain patent for a mean time of 12 months (range: 2–38 months).
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Disappearance of the stricture was observed in only 7 of 64 nonoper-
ated patients after 13 months (range: 2–30 months). Eleven patients
underwent pancreaticojejunostomy after confirmation of pain reduc-
tion with main pancreatic duct decompression. The remainder required
repeated stent changes. Fifty-five percent of nonoperated patients
remained symptom-free at a mean 3-year follow-up (19). Early com-
plications were related to pancreatic and/or biliary sphincterotomy
(cholangitis in 3 patients, hemobilia in 10). Intraductal infection caused
by stent clogging developed in 8 patients, and 3 had their stent migrate
inwardly. Stent therapy was believed by the authors to be an accept-
able medium-term treatment of pain associated with main pancreatic
duct stricture. Unfortunately, because the stricture persists in the
majority of patients, compliance with long-term use of plastic stents

Table 3
Selected Series Reporting the Results of Pancreatic Duct Stenting

for Dominant Strictures

Mean No. of patients
follow- sympto- Major

No. of Technical up matically compli-
Authors/ref. patients successa (months) improved cations Deaths

McCarthy 5 5 14 4 2b 0
et al. (21)

Grimm 63 55 19 31b 20b 1
et al. (18)

Cremer 76 75 37 41 12 1
et al. (17)

Kozarek N/A 17 8 13 3 0
et al. (20)

Binmoeller 93 84 39 61 6 0
et al. (23)

Ponchon 28 23 26 12 10 0
et al. (25)

Smits 51 49 34 40 8 0
et al. (24)

Total 311c 308 34b 202d 61b 2 (1%)
(66%) (19%)

aTechnical success refers to the number of patients successfully stented.
bEstimate.
cDoes not include the studies from which the number of patients attempted is not

available.
dPercentage improved refers to the number of patients who benefited (during the

follow-up period) of the total number of patients successfully stented.
N/A, not available.
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(i.e., requirement of multiple stent changes) would be difficult.
Consequently, the expandable stents (18-Fr diameter, 23-mm long)
have been tried in 29 patients (19). Early follow-up to 6 months was
encouraging, because stent clogging did not occur during this short
follow-up interval. However, during longer-term follow-up, mucosal
hyperplasia (i.e., tissue ingrowth) resulted in stent occlusion in the
majority of patients (36). Because these stents are not removable by
endoscopic techniques, their use should perhaps be limited to patients
in whom resective therapy (during which the pancreatic stent and head
would both be removed) is the next step. Evaluation of the covered
metal stents is in progress.

Ponchon et al. (25) successfully placed 10-Fr multi-sidehole stents
after biliary and pancreatic sphincterotomy and balloon dilation of
strictures in 28 of 33 patients (85%) with a distal pancreatic duct stric-
ture and upstream dilation. This was a highly selected subgroup,
because patients with multiple sites of strictures, pancreatic duct
stones, pancreas divisum, common bile duct narrowing with cholesta-
sis, duodenal impingement, or the presence of a pseudocyst larger than
1 cm were excluded. The stents were exchanged at 2-month intervals
for a total stenting duration of 6 months. Twenty-three patients were
observed for at least 1 year after removal of the stent, comprising the
basis of this report. During the stenting period, 21 patients (91%) had
resolution or reduction in pain usually within days of stent insertion,
and 17 patients (74%) discontinued analgesic medications. Initial relief
of symptoms correlated with a decreased diameter (2 mm; p < 0.01) of
the main pancreatic duct. Twelve patients (52%) had a persistent bene-
ficial outcome for at least 1 year after stent removal. Disappearance of
the stenosis on pancreatography at stent removal (p < 0.05) and 1 year
later (p < 0.005) as well as reduction in the pancreatic duct diameter (2
mm) were significantly associated with pain relief. Complications of
therapy occurred in 10 patients (30%) and included mild pancreatitis
(resolved within 48 hours) in 9 and development of a communicating
pseudocyst in 1 pateints.

Smits and colleagues (24) evaluated the long-term efficacy of pancreatic
duct stenting (5 or 7 Fr in 9 patients, 10 Fr in 40) in a heterogeneous
group of 51 patients with pancreatic duct strictures (44 dominant, 7 mul-
tiple) located in the head (n = 38), body (n = 14), or tail (n = 6) and
upstream dilation. Associated pancreatic pathology treated at the time of
stenting included pancreatic duct stones (n = 17), pseudocysts (n = 10),
common bile duct strictures with concomitant cholestasis (n = 12), and
pancreas divisum (n = 3). Stents were successfully placed in 49 patients
(96%) after pancreatic sphincterotomy (n = 31) and stricture dilation
(n = 9). Patients were re-evaluated within 3 months of stent placement
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and were followed for a median duration of 34 months. Responders
underwent stent exchanges (approximately every 3 months) until
such time that the stricture patency was improved. Clinical benefit
was noted in 40 of 49 patients (82%) during the stenting period. In 16
of these 40 patients, the stents were still in situ at the time of the
report and offered continued clinical improvement over periods rang-
ing from 6 to 116 months. In 22 of these 40 patients, the stents were
electively removed. All 22 experienced persistent clinical improve-
ment during periods ranging between 6 and 41 months (median: 28.5
months) after stent removal. There were no demographic (age, sex,
duration of pancreatitis, alcohol abuse), ERCP findings (single or mul-
tiple strictures, presence of pancreatic duct stones, pseudocyst, or biliary
stricture), or additional interventions (stricture dilation, removal of
stones, drainage of pseudocyst, stenting of bile duct stricture) that
predicted the clinical outcome.

From the United States, Ashby and Lo (40) reported results of pan-
creatic stenting for strictures that was different from the European
experience. Although symptom relief was common (86% had signifi-
cant improvement in their symptom score), this was usually not evident
until day 7. More disappointing, there was a lack of long-term benefit,
with the recurrence of symptoms within 1 month of stenting. This study
was relatively small (21 successfully stented patients) and included five
patients with pancreatic cancer. Possible explanations for the less favor-
able results were that sphincterotomy was not performed and strictures
were not dilated routinely before stent placement (to improve pancreatic
duct drainage).

Pancreatic endotherapy was evaluated in patients with hereditary
pancreatitis and idiopathic early-onset CP. In a report by Choudari et
al., 27 consecutive patients with hereditary CP underwent endoscopic
or surgical therapy of the pancreatic duct. Nineteen (70%) underwent
endoscopic therapy and 8 patients (30%) underwent surgery as their
primary treatment. After a mean 32-month follow-up, 50% of patients
undergoing endoscopic therapy were symptom-free, 38% were
improved, and 12% were unchanged with respect to pain. After surgery,
38% were symptom-free, 25% were improved, and 37% were unchanged
(38). In a cohort of patients with painful early-onset idiopathic chronic
pancreatitis (ICP) (age 16–34 years) and a dilated pancreatic duct, 11
patients underwent endoscopic therapy and were followed for over 6
years. Median interval between onset of symptoms and endoscopic
therapy was 5 years (3–10 years). Pancreatic sphincterotomy and
stent insertion provided short-term relief in 11 patients (100%).
Complications included fever in 3 patients and cholecystitis in 1 patient.
Four patients (37%) developed recurrent pain considered because of
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recurrent pancreatic strictures or stones and underwent further endo-
scopic therapy. These two patient populations of hereditary CP and
early-onset ICP indicate the value of endoscopic therapy in providing
short- and medium-term pain relief. Repeat endoscopic therapy is not
uncommon (39).

There are few studies designed to identify subgroups of patients with
CP who were most likely to benefit from stenting. In a preliminary
report, 65 CP patients with duct dilation ( 6 mm), obstruction (usually
a stricture with a diameter 1 mm or less), obstruction and dilation, or
no obstruction or dilation underwent pancreatic duct stenting for 3–6
months (37). The presence of both obstruction and dilation was a sig-
nificant predictor of improvement. Figure 3 depicts a patient treated
with stent therapy.

The appropriate duration of pancreatic stent placement and the interval
from placement to change of the pancreatic stent is unknown. Two options
are available (15): the stent can be left in place until symptoms or com-
plications occur; or the stent can be left in place for a predetermined
interval (e.g., 3 months). If the patient fails to improve, the stent should
be removed because ductal hypertension is unlikely to be the cause of
pain. If the patient has benefited from stenting, the stent can be removed
and the patient followed clinically, stenting continued for a more pro-
longed period, or a surgical drainage procedure can be perfomed. (The
last option assumes that the results of endoscopic stenting will predict the
surgical outcome.) Limited data exists to support any of these options.

In a recent preliminary report, Borel et al. evaluated the effect of
definitive pancreatic duct stent placement only exchanged on demand
when symptoms recurred. In 42 patients, a single 10-Fr stent was
inserted into the main pancreatic duct following pancreatic sphinctero-
tomy. The patients were followed for a median of 33 months regarding
pain reduction, weight gain or loss, and recurrence of symptoms. With
recurrence of symptoms, the stent was exchanged. Of the 42 patients,
72% had pain relief with pancreatic stenting (pain score reduced >50%)
and 69% gained weight. Two thirds of the patients (n = 28) required
only the single pancreatic stent placement, and 12 patients required a
stent exchange after a 15-month median. Two patients required repeated
stent exchanges for recurrence of pain. Persistence or recurrence of
pain was significantly associated with the development of cholestasis
and continued alcohol abuse. These authors conclude that long-term
pancreatic stenting appears to be an effective, and possibly superior,
option when compared to temporary stenting (42).

The question may be posed: In patients with CP and a dilated pan-
creatic duct, will the response to pancreatic stent placement predict
the response to surgical duct decompression? In a preliminary report
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Fig. 3. (B)

Fig. 3. (A)

Fig. 3. A 57-year-old male with chronic calcific pancreatitis with recurrent bouts
of pancreatitis and pain. The patient underwent extracorporeal shock wave
lithotripsy (ESWL) of pancreatic stones in the head of the pancreas 1 day prior to
endoscopic retrograde cholangiopancreatography (ERCP). (A) High-grade
stricture of the head of pancreatic duct with upstream dilation and stones in the
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Fig. 3. (C)

dilated segment. (B) 5-Fr catheter and 0.025-inch diameter wire traversing
stricture to the dilated pancreatic duct segment (C). Dilation of the stricture with
a 4-mm diameter hydrostatic balloon with waist from stricture completely ablated
(D). 7-Fr × 8-cm multiside hole, single internal flanged pancreatic stent placed to
upstream dilated segment.

Fig. 3. (D)
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of a randomized controlled trial (n = 8), McHenry and associates
evaluated the utility of short-term (12 weeks) pancreatic duct stenting
to relieve pain and predict the response to surgical decompression in
patients with CP and a dilated main pancreatic duct (43). Four of
eight patients benefited from stenting, whereas no control patient
improved. Among five patients who underwent a Puestow procedure
following stent therapy, four had pain relief. Improvement with the
pancreatic stent was seen in two of four patients responding to
surgery; one patient benefited from the stent but did not improve
with surgery. In another preliminary series reported by DuVall and
colleagues (44), endoscopic therapy predicted the outcome from sur-
gical decompression in 9 of 11 patients (82%; positive and negative
predictive values were 80% and 83%, respectively) during a 2-year
postoperative follow-up interval.

Several institutions have recently reported that symptomatic improve-
ment may persist after pancreatic stent removal despite stricture persis-
tence (17,23–25). When summarizing the results of two studies (n = 54)
that evaluated the efficacy of pancreatic duct stenting for dominant stric-
tures, 65% of patients had persistent symptom improvement after stent
removal, although the stricture resolved in only 33% (Table 4). Although
these data indicate that complete stricture resolution is not a prerequisite
for symptom improvement, several other factors may account for this out-
come. First, other therapies performed at the time of stenting (e.g., pan-
creatic stone removal and pancreatic sphincterotomy) may contribute to
patient benefit. Second, many of the unresolved strictures had improved
luminal patency (but without return of lumen diameter to normal). Third,
the pain of CP tends to decrease with time and may resolve when marked
deterioration of pancreatic function occurs (40).

Long-term follow-up of more than 1000 patients with CP undergo-
ing initial endoscopic therapy during the period of 1989–1995 was
recently reported by Rosch et al. (26). From eight centers in Europe,
1211 patients with pain and obstructive CP underwent endoscopic
therapy, including endoscopic pancreatic sphincterotomy, pancreatic
stricture dilation, pancreatic stone removal, pancreatic stent placement,
or a combination of these methods. In this study, 1018 patients (84%)
were followed for symptomatic improvement and the need for pancre-
atic surgery over a mean of 4.9 years (range: 2–12 years). Successful
endoscopic therapy was defined as a significant reduction or elimination
of pain and reduction in pain medication. Partial success was defined as
reduction in pain, but further interventions were necessary for pain relief.
Failure of endoscopic therapy was defined as requiring pancreatic
decompressive surgery or patients that were lost to follow-up. Over
long-term follow-up, 69% of patients were successfully treated with
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endoscopic therapy, and 15% experienced a partial success. Twenty
percent of patients required surgery with a 55% significant reduction in
pain, and 5% of patients were lost to follow-up. The group of patients
with the highest frequency of completed treatment were patients with
stones alone (76%) in comparison to patients with strictures alone (57%)
and patients with strictures and stones (57%; p < 0.001). Interestingly,
the percent of patients with no or minimal residual pain at follow-up
was similar in all groups (strictures alone, 84%, stones alone, 84%, and
strictures plus stones, 87%; p = 0.677). In conclusion, endoscopic therapy
of CP in experienced centers is effective in most patients, and the ben-
eficial response to successful endoscopic therapy in CP is durable and
long-term (26).

Only randomized controlled studies comparing surgical, medical, and
endoscopic techniques will allow the true long-term efficacy of pancre-
atic duct stenting for stricture therapy to be determined. There remain
many unanswered questions: Which patients are the best candidates? Is
proximal pancreatic ductal dilation a prerequisite? Does the response to
stenting depend on the etiology of the CP? Finally, as noted, how does
endoscopic therapy compare with medical and surgical management?

Complications Associated With Pancreatic Stents
True complication rates are difficult to decipher owing to the (1)

simultaneous performance of other procedures (e.g., pancreatic sphinc-
terotomy, and stricture dilation), (2) heterogeneous patient populations
treated (i.e., patients with acute pancreatitis or CP), and (3) lack of uni-
form definitions of complications and a grading system of their sever-
ity (47). Complications related directly to stent therapy are listed in
Table 5 (47,49). The rate of pancreatic stent occlusion appears to be
similar to that for biliary stents (33). The pathogenesis of pancreatic
stent occlusion on scanning electron microscopy also mirrors biliary
stent blockage with typical biofilm and microcolonies of bacteria

Table 4
Pancreatic Duct Stenting for Dominant Strictures:

Clinical Outcome and Stricture Resolution After Stent Removal

Median follow-up
Persistent improvement after stent removal Stricture

Author/ref. after stent removal (months) resolution

Smits et al. (24) 23/33 (70%) 29 10/33 (20%)
Ponchon et al. (25) 12/21 (57%) 14 8/21 (38%)
Total 35/54 (65%) 23 18/54 (33%)
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mixed with crystals, resembling biliary sludge. We found that 50% of
pancreatic stents (primarily 5–7 Fr) were occluded within 8 weeks of
placement when carefully evaluated by water flow methods (35). More
than 80% of these early occlusions were not associated with adverse
clinical events. In such circumstances, the stent perhaps serves as a
dilator or wick. Similarly, stents reported to be patent for as long as 38
months (17) are clinically patent but would presumably be occluded by
water flow testing.

Stent migration may be upstream (into the duct) or downstream (into
the duodenum). Migration in either direction may be heralded by return
of pain or pancreatitis. Johanson and associates (50) reported inward
migration in 5.2% of patients and duodenal migration in 7.5%. These
events occurred with single intraductal and single duodenal stent
flanges. Rarely, surgery is necessary to remove a proximally migrated
stent. Modifications in pancreatic stent design have largely reduced the
frequency of such occurrences. Dean and associates (51) reported no
inward migration in 112 patients stented with a four-barbed (two internal
and two external) stent. We have had no inward migration in greater
than 3000 stents with a duodenal pigtail.

Although therapeutic benefit has been reported for pancreatic stenting,
it is evident that morphologic changes of the pancreatic duct directly
related to this therapy occur in the majority of patients. In assessing the
results of seven published series (52–55,57–59), new ductal changes
were seen in 54% (range: 33–83%) of 297 patients. Limited observations
to date indicate a tendency of these ductal changes to improve with time
following stent change and/or removal (44,45,47,49,50,52,53,55,57,58).
The long-term consequences of these stent-induced ductal changes
remain uncertain. Moreover, the long-term parenchymal effects have
not been studied in humans. In a pilot study, six mongrel dogs under-
went pancreatic duct stenting for 2–4 months (49). Radiographic, gross,
and histologic abnormalities developed in all dogs. The radiographic
findings (stenosis in the stented region with upstream dilation) were
associated with gross evidence of fibrosis, which increased propor-

Table 5
Complications Directly Related to Pancreatic Duct Stents

Occlusion, which may result in pain and/or pancreatitis
Migration into or out of duct
Duodenal erosions
Pancreatic infection
Ductal perforation
Ductal and parenchymal changes
Stone formation
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tionally with the duration of the stenting period. Histologic changes
of obstructive pancreatitis were present in most experimental dogs.
Although the follow-up after stent removal was short, the atrophy and
fibrosis seen were not likely to be reversible. Sherman and colleagues
(59) reported that parenchymal changes (hypoechoic area around the
stent, heterogeneity, and cystic changes) were seen on endoscopic
ultrasound in 17 of 25 patients undergoing short-term pancreatic duct
stenting. Four patients with parenchymal changes at stent removal had
a follow-up study at a mean time of 16 months. Two patients had (new)
changes suggestive of CP (heterogeneous echotexture, echogenic foci
in the parenchyma, and a thickened hyperechoic irregular pancreatic
duct) in the stented region. Although such damage in a normal pancreas
may have significant long-term consequences, the outcome in patients
with advanced CP may be inconsequential.

If brief interval stenting is needed, such as for pancreatitis prophylaxis,
now commonly used are small diameter stents (3 or 4 Fr) with no intra-
ductal barb. (83) (Fig. 1). Depending on their length, 80–90% of these
stents migrate out of the duct spontaneously. Further studies addressing
issues of stent diameter, as well as composition and duration of therapy as
they relate to safety and efficacy are needed. Additionally, further evalua-
tion of expandable stents, particularly the coated models, is forthcoming.

PANCREATIC DUCTAL STONES

Worldwide, alcohol consumption appears to be the most important
factor associated with chronic calcifying pancreatitis. Although the exact
mechanism of intraductal stone formation has not been clearly elucidat-
ed, considerable progress in this area has been made (60). Alcohol
appears to be directly toxic to the pancreas and produces a dysregulation
of secretion of pancreatic enzymes (including zymogens), citrate (a
potent calcium chelator), lithostathine (pancreatic stone protein), and
calcium. These changes favor the formation of a nidus (a protein plug)
followed by precipitation of calcium carbonate to form a stone (60,61).
The rationale for intervention is based on the premise that pancreatic
stones increase the intraductal pressure (and likely the parenchymal pres-
sure with resultant pancreatic ischemia) proximal to the obstructed focus.
Reports indicating that endoscopic (with or without ESWL) or surgical
removal of pancreatic calculi results in improvement of symptoms sup-
port this notion (15). Moreover, stone impaction may cause further
trauma to the pancreatic duct with epithelial destruction and stricture
formation (53,55). Thus, identification of pancreatic ductal stones in a
symptomatic patient warrants consideration of removal. Figures 4 and 5
depict two such patients. Large stone(s) in the head with upstream
asymptomatic parenchymal atrophy likely also warrant therapy.
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Fig. 4. (A)

Fig. 4. (B)

Endoscopic Techniques
A major papilla pancreatic sphincterotomy (in patients with normal

anatomy, i.e., no pancreas divisum) is usually performed to facilitate
access to the duct prior to attempts at stone removal. There are two
methods to cut the major pancreatic sphincter (63,64). A standard
pull-type sphincterotome (with or without a wire guide) is inserted
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Fig. 4. (C)

Fig. 4. A 40-year-old female with alcohol-induced chronic pancreatitis (CP)
complicated by main pancreatic duct stones. (A) Pancreatogram revealing dilated
pancreatic duct with 5-mm diameter filling defect consistent with a pancreatic
stone. (B) After pancreatic sphincterotomy, a nonwire-guided stone extraction bas-
ket was utilized. The basket is opened fully in the dilated pancreatic duct, and the
stone is engaged. (C) Basket is slowly closed on the stone. (D) Stone is extracted
and follow-up pancreatogram with a balloon catheter reveals no residual filling
defects. No further stenting was performed.

Fig. 4. (D)
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Fig. 5. (A)

Fig. 5. (B)

into the pancreatic duct and oriented along its axis (usually in the 12
to 1 o’clock position). Although the landmarks to determine the
length of incision are imprecise, authorities recommend cutting
5–10 mm (63) (Fig. 6A). The cutting wire should not extend more
than 6–7 mm up the duct when applying electrocautery to prevent deep
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Fig. 5. (C)

Fig. 5. (D)

ductal injury. Alternatively, a needle knife can be used to perform the
sphincterotomy over a previously placed pancreatic stent (63,64).
Some authorities prefer performing a biliary sphincterotomy before
the pancreatic sphincterotomy because of the high incidence of
cholangitis if this is not done (64). Patients with alkaline phosphatase
elevation from CP-induced biliary strictures are especially at risk for
cholangitis (if no biliary sphincterotomy is performed; 65). Such
complications were not found by others (23,24,64,65). However,
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performing a biliary sphincterotomy first can expose the pancreati-
cobiliary septum and allow the length of the cut to be gauged more
accurately. In patients with pancreas divisum, a minor papilla sphinc-
terotomy is usually necessary. The technique is similar to that of
major papilla sphincterotomy, except that the incision direction is
usually in the 10 to 12 o’clock position, and the length of the sphinc-
terotomy is limited to 4–8 mm (Fig. 6B). The ability to remove a
stone by endoscopic methods alone is dependent on the stone size and
number, duct location, presence of downstream stricture, and the
degree of impaction (67,68). Downstream strictures usually require
dilation with either catheters or hydrostatic balloons. Standard stone
retrieval balloons and baskets are the most common accessories used
to remove stones. Passage of these instruments around a tortuous duct

Fig. 5. A 41-year-old woman with a history of abdominal pain, pancreatitis, and
pancreatic calcification on computed tomography (CT) scan. (A) Abdominal
radiograph reveals solitary radioopaque stone in head/body region. (B)
Pancreatogram reveals an 8-mm obstructing stone in body of pancreas pancreatic
duct. (C) A 0.018-inch diameter guidewire was advanced beyond the stone.
Further contrast filling of duct demonstrating upstream dilation. Following pan-
creatic sphincterotomy, stone extraction with basket was unsuccessful. (D) extra-
corporeal shock wave lithotripsy (ESWL) performed with Healthronics Lithotron
spark-gap lithotriptor at a setting of 26 kV for a total of 2500 shocks.
Fragmentation of the stone demonstrated post-ESWL. (E) Pancreatogram 1 week
post-ESWL. Mild duct irregularity in body of pancreas duct with minimal
upstream dilation. Stone fragments were removed. No pancreatic stent was placed.
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Fig. 6. (A)

can be difficult, but use of over-the-wire accessories are often help-
ful. Stone removal is then performed in a similar manner to bile duct
stone extraction (Fig. 6). Occasionally, mechanical lithotripsy is nec-
essary, particularly when the stone is larger in diameter than the
downstream duct, or the stone is proximal to a stricture. Rat tooth
forceps may be helpful when a stone is located in the head of the
pancreas close to the pancreatic orifice.

Endoscopic Results
Sherman and associates attempted to identify those patients with

predominately main pancreatic duct stones most amenable to endo-
scopic removal and determine the effects of such removal on the
patients’ clinical course (67). Thirty-two patients with ductographic
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evidence of CP and pancreatic duct stones underwent attempted endo-
scopic removal using various techniques, including bile duct and/or
pancreatic duct sphincterotomy, stricture dilation, pancreatic duct
stenting, stone basketing, balloon extraction, and/or flushing. Of these
patients, 72% had complete or partial stone removal, and 68% had
significant symptomatic improvement after endoscopic therapy.
Symptomatic improvement was most evident in the group of patients
with chronic relapsing pancreatitis (versus those presenting with chronic
continuous pain alone; 83 versus 46%). Factors that favor complete stone
removal included three or fewer stones, stones confined to the pancreatic
head or body, absence of a downstream stricture, stone diameter less than
or equal to 10 mm, and absence of impacted stones. After successful
stone removal, 25% of patients had regression of the ductographic

Fig. 6. (B)
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changes of CP, and 42% had a decrease in the main pancreatic duct
diameter. The only complication from therapy was mild pancreatitis,
which occurred in 8%.

Smits and colleagues reported (68) results of 53 patients with pan-
creatic duct stones primarily treated by endoscopic methods alone (8
pateints had ESWL). Stone removal was successful in 42 patients (79%;
complete in 39 and partial in 3), with initial relief of symptoms in 38
(90%). Similar to the results reported by Sherman et al. (67) in this series,
3 of 11 patients (27%) with failed stone removal had improvement in
symptoms, suggesting that some of the clinical response may be related
to other therapies performed at the time of attempted stone removal
(e.g., pancreatic sphincterotomy). During a median follow-up of 33
months, 13 patients had recurrent symptoms owing to stone recurrence.

Fig. 6. (C)
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The stones were successfully removed in 10 (77%). No factor evalu-
ated (etiology of pancreatitis, presentation with pain or pancreatitis,
presence of single or multiple stones, location of stones, and presence
or absence of a stricture) was shown to predict successful stone treat-
ment (defined as complete or partial removal of stones, resulting in
relief of symptoms).

Cremer and colleagues (37) reported the findings of 40 patients with
pancreatic duct stones treated by endoscopic methods alone. Complete
stone clearance was achieved in only 18 (45%). However, immediate
resolution of pain occurred in 77%. During a 3-year follow-up, 63%
remained symptom-free. Clinical steatorrhea improved in 11 of 15
patients (73%).

Table 6 summarizes six selected series (37,67–71) describing the
results of pancreatic stone removal by endoscopic methods alone.

Fig. 6. (D)
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Fig. 6. (E)

Complete stone clearance was achieved in 93 of 147 patients (63%).
The major complication rate was 9% (primarily pancreatitis), and the
mortality rate was 0%. Cremer et al. (37) reported bleeding in 3% and
retroperitoneal perforation in 1.4%. Sepsis was an infrequent compli-
cation. During an approximate 2.5-year follow-up, 74% of patients had
improvement in their symptoms.

Endoscopic Results With Lithotripsy
As noted previously, endoscopic methods alone will likely fail in

the presence of large or impacted stones along with stones proximal
to a stricture. ESWL can be used to fragment stones and facilitate
their removal (Fig. 5). Thus, this procedure is complementary to
endoscopic techniques and improves the success of nonsurgical duc-
tal decompression.
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Fig. 6. (A) Technique of major papilla pancreatic sphincterotomy using a pull-type
sphincterotome. (Left top) Biliary sphincterotomy is performed using a standard pull-
type sphincterotome. (Right top) Pancreatic spincterotomy performed with a pull-type
sphincterotome cutting in the 1 o’clock direction. (Left bottom) Completed biliary and
pancreatic sphincterotomy. A guidewire is in the pancreatic duct. (Right bottom) A 6-
Fr pancreatic stent is placed following performance of the pancreatic sphincterotomy.
(B) Technique of minor papilla pancreatic sphincterotomy using a pull type sphinc-
terotome. Traction sphincterotome positioned in minor papilla. The mound of the
minor papilla can be seen extending for a few millimeters above the flexed wire.
Duodenal juice at the minor papilla orifice is aspirated away before cutting to prevent
heat dissipation to juice and boiling the adjacent tissues during the sphincterotomy. (C)
Wire is bowed taught and cut is performed rapidly with minimal coagulation. The opti-
mal cut length in this setting is unknown. The 5-mm length minor papilla sphinctero-
tomy is complete without white tissue coagulum. (D) White pancreatic stone removed
through patent sphincterotomy orifice with balloon catheter. (E) Excessive white coag-
ulum at the cut edge of the sphincterotomy in a patient who underwent minor papilla
sphincterotomy. This may potentially lead to restenosis of the sphincterotomy orifice.
(F) Placement of a pancreatic duct stent to try to reduce the chance of pancreatitis and
possibly stenosis of the pancreatic duct orifice in the same patient as E.
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In 1987, Sauerbruch and associates (76) were the first to report the
successful use of ESWL in the treatment of pancreatic duct stones.
Since that time, more than 400 patients have been reported in the liter-
ature (66,74–81). Patients with obstructing prepapillary concrement
and upstream ductal dilation appear to be the best candidates for ESWL.
In this large series, 123 patients with main pancreatic duct stones and
proximal dilation were treated with an electromagnetic lithotriptor usu-
ally before pancreatic duct sphincterotomy (66). Stones were success-
fully fragmented in 99%, resulting in a decrease of duct dilation in
90%. The main pancreatic duct was completely cleared of all stones in
59%. Eighty-five percent of patients noted pain improvement during a
mean 14-month follow-up. However, 41% of patients had a clinical
relapse caused by stone migration into the main pancreatic duct, pro-
gressive stricture, or stent occlusion.

This same center compared their results of pancreatic stone removal
prior to the availability of ESWL and after the introduction of
adjunctive ESWL therapy (37). Stones were successfully cleared in 18
of 40 patients (45%) by endoscopic methods alone when compared

Table 6
Selected Series Reporting the Results of Endoscopic Therapy

of Pancreatic Ductal Stones

. Complete Major Mean Symptom
stone clear- complica- Mortality follow-up improve-

Author/ref. N ance (%) tions(%) (%) (months) ment (%)

Schneider 3 100 0 0 N/A N/A
et al. (69)

Fuji 11 55 0 0 N/A N/A
et al. (70)

Sherman 32 59 8 0 26 68
et al. (67)

Kozarek 8 88 13 0 17 88
et al. (71)

Cremer 40 45 10 0 36 63
et al. (37)

Smits 53b 74 9 0 33 81
et al. (68)

Total 147 63 9 0 31a 74

aEstimate.
bEight patients also had extracorporeal shock wave lithotripsy.
N/A, Not available
This study reports results using endoscopic retrograde cholangiopancreatography

alone.
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with 22 of 28 (78.6%) with ESWL. Table 7 summarizes the results of
nine selected series that report the efficacy and safety of adjunctive
ESWL (66,67,74,75,77–81). Complications in these series were primarily
related to the endoscopic procedure.

Although ultrasound-focused ESWL has been shown to achieve
stone fragmentation, such focusing is clearly more difficult. In the series
reported by Schneider and associates (77) stone localization was achieved
in 17 of 119 sessions (14%) when only ultrasonography was used to
monitor the position of the stone.

The Brussels group (79) studied 70 pancreatic stone patients who
underwent attempts at endoscopic removal with adjunctive ESWL used
in 41 (59%). This was a fairly homogeneous group of patients in that
those with strictures, previous pancreatic surgery, and failed pancreatic
sphincterotomy were excluded. The authors evaluated the immediate
technical and clinical results and reviewed the long-term outcome in
patients followed for more than 2 years. Complete (n = 35) or partial (n
= 20) stone removal was achieved in 79% and was more frequently
observed when ESWL was performed (p < 0.005) and in the absence of
a nonpapillary ductal stenosis or complete main duct obstruction (p <
0.05). Complete stone clearance was most often observed with single
stones or stones confined to the head (p < 0.05). In the multivariate anal-
ysis, ESWL was the only independent factor influencing the technical
results of endoscopic management. In this series, the number of ERCPs
performed per patient was reduced from 3.4 to 2.7 after the introduction
of ESWL (p < 0.01). Of the 56 patients with pain on admission, 53
(95%) were pain-free (n = 41) or had a reduction in pain (n = 12).

In both the univariate and multivariate analyses, a significant asso-
ciation was found between immediate disappearance of pain and
complete or partial main pancreatic duct clearance. During the first 2
years of follow-up after therapy, 25 of 46 (54%) patients were total-
ly pain-free, whereas the frequency of pain attacks in the remaining
21 decreased by half. This frequency of recurrent symptoms (46%)
is comparable to that of surgical series (82). Long-term pain relief was
associated with earlier treatment after disease onset (p < 0.005), a low
frequency of pain attacks before therapy (p < 0.05), and absence of non-
papillary stenosis of the main pancreatic duct (p < 0.05). Interestingly,
outcome was not associated with prior or continued alcohol intake. In
the multivariate analysis, pain recurrence was independently associat-
ed with the frequency of pain attacks before therapy, the duration of
disease, and presence of nonpapillary stenosis of the main pancreatic
duct. It was suggested that such substenosis can induce ductal hyper-
tension by blocking migration of fragmented stones or by progressing
to higher grade stenosis.
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In a recent retrospective review pertaining to the efficacy of ESWL as
an adjunct to endoscopic therapy, Kozarek et al. evaluated 40 patients who
underwent a total of 46 ESWL sessions (average 1.15 sessions/pateint).
Eighty percent (80%) of patients did not require surgery and had signifi-
cant pain relief, reduced number of hospitalizations, and reduced narcotic
use when compared to the pre-ESWL period over a mean 2.4-year
follow-up (80). In an even larger quantity of patients, Farnbacher et
al. retrospectively reviewed the efficacy of pancreatic stone clearance
with endoscopic and ESWL therapy. Technical success as defined by
stone clearance from the duct was achieved in 85% of the 125 patients.
Most patients (111 of 125) required piezoelectric ESWL for stone frag-
mentation. ESWL was safe without any serious complications. Middle-
aged patients in the early stages of CP with stones in a prepapillary
location were the best candidates for successful treatment and required
the least number of ESWL treatment sessions (81). These aforemen-
tioned studies reaffirm that ESWL as an adjunct to endoscopic pancreatic
therapy is effective, and the results of the combined modality may
obviate the need for surgery. The results of endoscopic therapy in con-
junction with ESWL for pancreatic stone disease compares favorably
to the outcomes in surgically treated patients.

Intraductal lithotripsy via “mother–baby” scope systems has largely
failed because of the inability to maneuver within the relatively narrow
ductal system. Results with fluoroscopy-guided laser lithotripsy were
similarly poor (71). Pancreatoscopy (via a mother–baby scope system)
can be used to directly visualize laser fiber contact with the stone and
fragmentation. To date, experience is limited (70,84).

Stone dissolution via ductal irrigation (contact dissolution) or oral
agent is an appealing endoscopic adjunct for stone removal. Sahel and
Sarles found that intraduodenal infusion of citrate in dogs significantly
increased the citrate concentration in pancreatic juice (85). This find-
ing led to a nonrandomized study of oral citrate in 18 patients with CP,
17 of whom had pancreatic duct stones. Seven patients responded dur-
ing a mean duration of 9.5-month therapy, with a mean stone size
reduction of 21% and an improvement in symptoms (61). Berger et al.
(86) performed nasopancreatic drainage in six patients with main pan-
creatic duct stones. The pancreatic duct was perfused with a mixture
of isotonic citrate and saline at 3 mL/minute for 4 days, and a stone-
free state was achieved in all cases. Pancreatic pain disappeared
during the perfusion, and four patients remained pain-free during
the follow-up period (1–12 months). The remaining two patients had
repeat therapy, which resulted in pain resolution. Pancreatic exocrine
function was evaluated by the Lundh test in five patients before and
after therapy. An increase of 50–360% was observed in enzyme output
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in three patients, whereas no improvement was noted in the remaining
two patients. Trimethadione, an epileptic agent and a weak organic
acid, has been shown in vitro to induce a concentration-dependent
increase in calcium solubility (61).

Noda et al. (87) showed promising results for trimethadione in a
dog model of pancreatic stones. Unfortunately, if extrapolated to
humans, the doses used in the dogs could be potentially toxic. At the
present time, no rapidly effective solvent for human use is available
to treat pancreatic stones. Further trials in humans are necessary to
establish a role for medical therapy (either alone or as an aid to endo-
scopic measures) in treating patients with symptomatic pancreatic
duct stones. These data suggest that removal of pancreatic duct stones
may result in symptomatic benefit. Longer follow-up is necessary to
determine the stone recurrence rate and whether endoscopic success
results in long-standing clinical improvement or permanent regres-
sion of the morphological changes. Overall, endoscopists are
encouraged to remove pancreatic duct stones in symptomatic patients
when the stones are located in the main duct (in the head, body, or
both) and are therefore readily accessible. Currently available data
suggest that the clinical outcome after successful endoscopic removal
is similar to surgical outcome with lower morbidity and mortality
(88). Moreover, recurrence of symptoms from migrated stone frag-
ments can be treated again by endoscopy with or without ESWL. On
the other hand, reoperation rates for recurrent pain after surgery are
as high as 20% with a striking increase in morbidity and mortality
after repeated surgery (82).

PANCREATIC PSEUDOCYSTS

Pancreatic pseudocysts may complicate the course of CP in
20–40% of cases (89,90). Traditionally, surgery has been the treatment
of choice for such patients. The introduction of the ultrasound and
computed tomography (CT)-guided needle and catheter drainage tech-
niques provided a nonoperative alternative for managing patients with
pseudocysts. More recently, an endoscopic approach has been applied
for this indication. The aim of endoscopic therapy is to create a com-
munication between the pseudocyst cavity and the bowel lumen and
can be done by a transpapillary and/or a transmural approach. The
method taken depends on the location of the pseudocyst and whether
it communicates with the pancreatic duct or compresses the gut
lumen. More than 400 cases of endoscopically managed pseudocysts
have been reported (Table 8; 91–100). The results indicate that endo-
scopic therapy is associated with a high technical success rate
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(80–95%), acceptably low complication rates (equal to or less than sur-
gical rates), and a pseudocyst recurrence rate of 10–20% (95). In the
largest series reported (97), 100 of 108 patients (93%) had their pseu-
docysts successfully drained, and pseudocysts recurred in 13 (13%).
The presence of CP, obstructed pancreatic duct, ductal stricture, necro-
sis on CT scan, and a pseudocyst greater than 10 cm in size were not
predictive of recurrent pseudocyst disease. Also, endoscopic therapy
has proven to be effective in the management of partial (100) and
complete pancreatic ductal disruptions (101), pancreaticocutaneous fistu-
las, infected fluid collections (102), pancreatic ascites, pancreatic pleural
effusions (9,103), and traumatic duct disruptions (103–104). Costamagna

Table 8
Selected Series Reporting the Results of Endoscopic Therapy of Pseudocysts

Method of pseudocyst
decompression

Technical No. trans- No. No. Complica-
Author/ref. success papillary ECG ECD tions Deaths

Grimm 14/16 5 1 8 5 1
et al. (18)

Cremer 32/33 0 11 21 3 0
et al. (99)

Kozarek 12/14 12 0 0 5 0
et al. (100)

Sahel 58/67a 26 1 31 9 1
et al. (98)

Catalano 17/21 17 0 0 1 0
et al. (93)

Smits 31/37a 16 8 7 6 0
et al. (91)

Binmoeller 47/53 31 6 10 6 0
et al. (94)

Barth 30/30a 30 10 0 13 0
et al. (92)

Howell 100/108 37 38 25 25 0
et al. (96)

Baron 113/138 NS NS NS 33 2
et al. (140)

Total 454/517 174 75 102 106 4
(88%) (20%) (1%)

aEstimate.
ECG, endoscopic cystgastrostomy; ECD, endoscopic cystduodenostomy; NS, not

stated.
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confirmed the relative safety of endoscopic intervention in peripancreatic
fluid collections (105).

Baron et al. retrospectively evaluated the efficacy and safety of
endoscopic drainage of pancreatic fluid collections, including acute
pseudocysts (31 patients), chronic pseudocysts (64 patients), and
organized necrosis (43 patients) in 138 consecutive patients.
Pseudoscysts resolved completely in 113 patients (82%), and resolu-
tion occurred more often in chronic pseudocysts (92%) than in those
with acute pseudocysts (74%; p = 0.02) or necrosis (72%; p = 0.006).
Complications were more frequent in patients with necrosis (37%)
than in those with chronic (17%) or acute (19%) pseudocysts This
study is the largest to date and adds to the growing body of literature
that supports the efficacy of endoscopic therapy in pancreatic pseudo-
cysts, although caution must be exercised in the setting of pancreatic
necrosis. Because of the high-risk nature of the endoscopic interven-
tion, these therapeutic approaches should be performed by highly
experienced endoscopists in collaboration with pancreatic surgeons
and interventional radiologists who are skilled in the management of
pancreatic fluid collections (140).

BILIARY OBSTRUCTION IN CHRONIC PANCREATITIS

Intrapancreatic common bile duct strictures have been reported to
occur in 2.7–45.6% of patients with CP (Fig. 7). Such strictures are a
result of fibrotic inflammatory restriction or compression by a pseudo-
cyst (107). In one ERCP series, a common bile duct stricture was seen
in 30% of patients and was associated with persistent cholestasis,
jaundice, or cholangitis in 9% (108). Because long-standing biliary
obstruction can lead to secondary biliary cirrhosis and/or recurrent
cholangitis, biliary decompression has been recommended. Surgical
therapy has been the traditional approach. Yet, based on the excellent
outcome (with low morbidity) from endoscopic biliary stenting in post-
operative stricture (109), evaluation of similar techniques for bile duct
strictures that complicate CP was undertaken.

Deviere and colleagues (108) evaluated the use of biliary stenting
(one or two plastic 10-Fr C-shaped stents) in 25 CP patients with bile
duct obstruction and significant cholestasis (alkaline phosphatase at
least two times above the upper limits of normal). Nineteen patients
had jaundice, and seven presented with cholangitis. Following stent
placement, cholestasis, hyperbilirubinemia, and cholangitis resolved in
all patients. Late follow-up (mean: 14 months; range: 4–72 months) of
22 patients was much less satisfactory. One patient died of acute chole-
cystitis and postsurgical complications, whereas a second died 10
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Fig. 7. (A)

Fig. 7. (B)
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months following stenting of sepsis, which was thought to be a result of
stent blockage or dislodgment. Stent migration occurred in 10 patients
and stent occlusion in 8, resulting in cholestasis with or without jaundice
(n = 12), cholangitis (n = 4), or no symptoms (n = 2). These patients
were treated with stent replacement, surgery, or both (n = 7). Ten
patients continued to have a stent in place (8-month mean follow-up)
and remained asymptomatic. Because of the resolution of their biliary
stricture, only three patients did not require further stents. The initial
observation of this study is that biliary drainage is an effective therapy
for resolving cholangitis or jaundice in patients with CP and a biliary
stricture. The long-term efficacy of this treatment, however, is much
less satisfactory, because stricture resolution rarely occurs.

Barthet and colleagues (110) also found that biliary stenting is not a
definitive therapy for CP patients with a distal common bile duct
stricture. In their series of 19 patients (mean duration of stenting: 10
months) only two had complete clinical (resolution of symptoms),
biological (normalization of cholestatic liver tests), and radiological
(resolution of biliary stricture and upstream dilation) recovery. Six of
10 (60%) possible clinical successes, 8 of 19 (42%) possible biologic suc-
cesses, and 3 of 19 (16%) possible radiological successes were obtained.

Fig. 7. (C)
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Because of the disappointing results with plastic stents and concern for
the high morbidity associated with surgically performed biliary
drainage procedures in alcoholic (frequently debilitated) patients, the
group from Brussels evaluated the use of uncoated expandable metal
stents for this indication (112). Twenty patients were treated with a 34-
mm-long metal stent, which becomes 10 mm in diameter when fully

Fig. 7. A 38-year-old male with alcohol-induced chronic pancreatitis (CP) with
recurrent bouts of pain, cholestatic serum liver chemistries, and elevated serum
amylase. Computed tomography scan revealed enlarged head of pancreas, calcifi-
cations, and new biliary dilation. (A) Cholangiogram revealed smooth, 3-cm long
narrowing of the distal common bile duct within the head of the pancreas with
upstream dilation typical of benign biliary stricture complicating CP. Biliary
intraductal brush cytology was negative. Pancreatogram revealed narrowing of
the head of pancreas pancreatic duct, dilated secondary branches and calcifica-
tions. (B) 7-Fr multiple side hole pancreatic stent in place. Balloon dilation of the
bile duct stricture was performed with 10-mm hydrostatic balloon. (C) Placement
of two 10-Fr polyethylene stents into bile duct and 7-Fr multiple side hole pancre-
atic stent into pancreatic duct. Serum liver chemistries normalized and abdominal
pain improved. (D) Six months later, the patient’s pain was moderately improved
and endoscopic retrograde cholangiopancreatography was performed for possible
bile duct and pancreatic stent removal. Cholangiogram revealed persistent bile duct
narrowing, requiring further bile duct stenting. Pancreatic ductal sticture in the head
was improved and did not require further pancreatic stenting.
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expanded. The short length of the stent was chosen so surgical bypass
(e.g., choledochoduodenostomy) would still be possible if necessary.
Cholestasis (n = 20), jaundice (n = 7), and cholangitis (n = 3) resolved
in all patients. Eighteen patients had no further biliary problems during
a 33-month follow-up period (range: 24–42 months). Two patients
(10%) developed epithelial hyperplasia within the stent, resulting in
recurrent cholestasis in one and jaundice in the other. These patients
were treated endoscopically with standard plastic stents with one of
these patients ultimately requiring surgical drainage. The authors
concluded that this therapy could be an effective alternative to surgical
biliary diversion, but longer follow-up and controlled trials are needed
to confirm these results. In a recent abstract report, the Amsterdam
group reported the long-term follow-up (50-month mean) of a cohort of
13 patients with CP-induced biliary strictures who had undergone
uncovered biliary Wallstent (Boston Scientific, Natick, MA) place-
ment. The Wallstent was successfully placed in all patients between 1994
and 1999. In follow-up, nine patients (69%) were successfully treated and
four patients failed Wallstent therapy. Of the nine patients treated suc-
cessfully, four (44%) patients required repeated endoscopic intervention
(three with second Wallstent and one patient requiring cleaning with
balloon). One patient eventually required surgical biliary diversion, and
three patients are continuing to require endoscopic plastic stents through
the Wallstent to maintain biliary patency (137).

The Amsterdam group reported their results of placing 10-Fr biliary
stents in 52 CP patients with cholestasis (15). Jaundice and cholestasis
disappeared within 2 weeks after stent insertion in all patients. During
a median follow-up of 32 months (range: 3 months to 10 years), 17
patients (33%) had their stent removed without return of cholestasis.
Complete resolution of the stricture was seen in 10 of the 17 patients,
which suggested that complete resolution of the stricture was unnecessary
for long-term relief of symptoms and cholestasis.

A recent exciting development in stent technology utilizing bioab-
sorbable poly-L lactide (PLLA) polymer strands woven into the tubular
mesh design similar to the metallic stent was recently reported by
Haber et al. (111). The PLLA stent is unique in that it undergoes slow
hydrolytic degradation and disintegration after 6–18 months. In the fea-
sibility study in patients with malignant obstructive jaundice, the endo-
scopic technique for placement of the bioabsorbable biliary stent was
similar to present expandable stents, being technically successful in 48
of 50 patients. The unique feature of this stent is that it may obviate the
need for follow-up endoscopy to remove or replace the stent and may
potentially be an effective long-term option in benign CP-induced bil-
iary strictures.
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The aforementioned studies indicate that plastic biliary stents are a
useful alternative to surgery for short-term treatment of CP-induced
common bile duct strictures complicated by cholestasis, jaundice, and
cholangitis. This therapy should also be considered for high-risk surgical
patients. However, because the long-term efficacy of this treatment is
much less satisfactory, operative intervention appears to be a better
long-term solution for this problem in average-risk patients (141).
More data on the long-term outcome, preferably in controlled trials,
are necessary before the expandable stents can be advocated for this
indication. Trials of membrane-coated metal stents, bioabsorbable
stents, and removable coil spring stents are soon to follow.

SPHINCTER OF ODDI DYSFUNCTION

Although sphincter of Oddi dysfunction (SOD) is a known cause of
acute recurrent pancreatitis, its role in the pathogenesis of CP is much
less certain (113). A direct effect of alcohol on the sphincter of Oddi
has been postulated (114). In studies performed in humans with T-
tubes, it was demonstrated that intragastric or intravenous (115) admin-
istration of alcohol increased the sphincter tone. Moreover, Guelrud
and colleagues (106) showed that local instillation of alcohol on the
papilla of Vater produced a significant increase in the basal pancreatic
sphincter pressure at sphincter of Oddi manometry in both cholecys-
tectomy patients and patients with CP. The authors postulated that the
increased motor activity of the sphincter of Oddi may raise the intra-
ductular pancreatic pressure and result in the disruption of small pan-
creatic ductules leading to backflow of pancreatic juice into the
parenchyma with subsequent injury. Other investigators have refuted
these findings by showing that intravenous or intragastric administra-
tion of alcohol in humans results in a decrease in sphincter of Oddi
basal pressures at manometry (117). In a preliminary study, Morita et
al. showed that chronic alcohol administration in the Japanese monkey
resulted in an increase in sphincter of Oddi mean basal pressure from 9
to 20 mmHg (p < 0.01), whereas phasic amplitude decreased by 75%,
and the pancreatic ductal secretory rate nearly doubled (118). More
recent studies using modern manometric techniques have shown a high
frequency of basal sphincter pressure abnormalities, particularly the
pancreatic sphincter, in patients with established CP (119). Results of
other studies using sphincter of Oddi manometry negate these findings
and have shown no difference in the dynamics of the pancreatic sphinc-
ter in patients with CP and controls (120). Such data suggest the
sphincter can become dysfunctional as part of the overall general scar-
ring process or has a role in the pathogenesis of CP.
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Although limited, the surgical literature suggests that sphincter ablation
therapy (both biliary and pancreatic sphincters) alone for patients with
CP and manometrically documented or suspected SOD benefits
30–60% of patients (121,122). Bagley and associates reported a sur-
gical series (123) of 67 patients with mild-to-moderate CP undergoing
empiric biliary and pancreatic sphincterotomy (n = 33) or sphinctero-
plasty (n = 34). During a 5-year follow-up, 44% of patients had pain
relief. The outcome for patients with ICP was similar to that for patients
with alcohol-induced CP. However, 92% (11 of 12) of patients who
stopped alcohol consumption were clinically improved when compared
with 12.5% (2 of 16) who continued to drink.

Because endoscopic pancreatic sphincterotomy has been per-
formed infrequently in most institutions, its role in the management
of pancreatic sphincter stenosis has not been defined. Kozarek et al.
reported the resolution of pain and clinical episodes of pancreatitis
after pancreatic sphincterotomy in 6 of 10 patients (1-year follow-up)
with CP and suspected or manometrically documented pancreatic
SOD (63). Okolo et al. retrospectively evaluated 55 patients who had
undergone endoscopic pancreatic sphincterotomy over a 4-year peri-
od. After a median follow-up of 16 months, 62% of patients reported
improvement of pain scores. Patients with pancreatic sphincter dys-
function (n = 15) had significant improvement in pain (73%) in com-
parison to patients with pancreatographic evidence of CP (58%; 138).
The utility of endoscopic sphincter ablation as the only therapy in
patients with CP awaits further study, preferably in controlled ran-
domized trials.

PANCREAS DIVISUM

Pancreas divisum is the most common congenital variant of pancre-
atic ductal anatomy, occurring in 7% of autopsy series (124). Most
commonly in the CP setting, minor papilla sphincterotomy is performed
to provide access to the duct to affect stone retrieval or facilitate endo-
prosthesis placement (9). It has been postulated that in a subpopulation
of pancreas divisum patients, the minor papilla orifice appears to be
critically small, such that excessively high intrapancreatic dorsal duct
pressures occur during active secretion (124). This may result in pan-
creatic pain or pancreatitis (125). Although most authorities agree that
pancreas divisum is a definitive cause of acute recurrent pancreatitis, its
effect in the pathogenesis of CP is much more controversial. Several
lines of evidence favor the association of pancreas divisum and pan-
creatitis, including (1) the presence of pancreatographic and histologic
changes of CP isolated to the dorsal pancreas, (2) an increased incidence
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of pancreas divisum in patients with idiopathic pancreatitis, and (3)
symptomatic benefit following dorsal duct drainage, endoscopically or
surgically (124).

Although minor papilla sphincter therapy by endoscopic or surgical
techniques has been shown to be effective for patients with pancreas
divisum and acute recurrent pancreatitis, the outcome for patients with
CP usually has been much less satisfactory (21,56,126–132,138,139;
Table 9). In summarizing 54 patients undergoing dorsal duct decom-
pressive therapy by minor papilla sphincterotomy and/or dorsal duct
stenting, only 44% improved during a mean follow-up of 22 months. A
recent 4-year follow-up summary from our institution showed similar
62–70% symptom improvement rate for pancreas divisum patients
with and without dorsal duct CP changes. These data suggest that

Table 9
Selected Series Reporting the Results of Minor Papilla Therapy

for Pancreas Divisum

Acute recurrent Chronic
pancreatitis Pain alone pancreatitis

Mean follow- % % %
Author/ref. up (months) N Improved N Improved N Improved

Soehendra 3 2 100 0 – 4 75
et al. (126)

Ligoury 24 8 63 0 – 0 –
et al. (127)

McCarthy 21 19 89 0 – 0 –
et al. (21)

Lans 30 10 90 0 – 0 –
et al. (128)

Lehman 22 17 76 23 26 11 27
et al. (56)

Coleman 23 9 78 5 0 20 60
et al. (129)

Sherman 28 0 – 16 44 0 –
et al. (130)

Kozarek 20 15 73 5 20 19 32
et al. (131)

Ertan (138) 24 25 76 0 – 0 –
Heyries 39 24 92 0 – 0 –

et al. (139)
Total 129 81 49 29 54 44
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methods to select patients with pancreas divisum and CP who are likely
to benefit from endoscopic therapy need further investigation. The
role of botulinum toxin use to predict pain relief warrant further
study (133). Until such methods are identified, minor papilla
sphincterotomy (as the only therapy) for patients with CP should
preferably be done in a research setting and restricted to patients
who are disabled by pain.

CONCLUSION

Endoscopic therapy of CP is an expanding area for the interven-
tional endoscopist. The techniques employed are very similar to the
endoscopic interventions utilized in the biliary tree but tend to be
more tedious. The appropriate selection of candidates for the various
pancreatic interventions is considered important to obtain optimal
results of therapy. The continued improvement in resolution of mag-
netic resonance cholangiopancreatography may allow for suitable
patient selection for endoscopic therapy without performing an ini-
tial diagnostic ERCP (134,135). Over the past decade, multiple series
that total a few thousand patients have demonstrated the medium-
term effectiveness of endoscopic interventions in CP, rivaling the
medium-term outcomes from surgery in this disease. ESWL has
proven to be indispensable in the management of patients with pan-
creatic stones. However, well-designed, long-term, and controlled
studies comparing endoscopy to surgery in the management of
patients with CP are lacking. Further outcome and cost efficacy stud-
ies should be done. The inexperienced endoscopist should exercise
caution in the application of newer pancreatic techniques, as they are
technically demanding and associated with a small, yet significant,
complication rate.
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BACKGROUND

A lack of consensus exists regarding the best treatment for chronic
pancreatitis (CP). This condition usually presents with pain and, as lit-
tle can be done to change the natural history of the disease process, our
efforts are directed at improving the quality of life for patients (1). The
most common associated etiological factor is alcohol addiction or
abuse. The personality type of many of these patients leads commonly
to substance abuse, and this significantly impacts on the success of
treatment. A nihilistic approach to CP based on evidence suggesting the
process burns out in approximately 10 years is difficult to accept when
the suffering of these patients is witnessed (2). Surgeons need to guard
against the assumption of success without significant involvement and
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commitment by the patient. There is proof that pollutants or xenobi-
otics play a role in the pathophysiology of alcoholic CP (3), and these
xenobiotics are often associated with occupations commonly filled by
the economically disadvantaged, making rehabilitation more difficult.

Aside from pain, there are other organ-based complications of CP:
strictures of the common bile duct, pseudocysts, vascular occlusions, and
hollow organ obstruction, which require a more aggressive approach
because of their potentially life-threatening nature.

The role of surgery in CP must be viewed against the aforementioned
background. Methods to evaluate pain are largely qualitative and,
although being developed as research tools, they are not commonly used
in clinical practice. There is little standardization in the report of pain
and quality-of-life assessment; therefore, comparisons in efficacy of the
numerous surgical procedures described in the literature are difficult.

CP is a benign condition; yet, the outcomes of therapy for a pallia-
tive procedure must be focused on. Thus, durability of pain relief and
improved quality of life are essential. Many reports have relatively
short periods of follow-up, encouraging those who do not favor surgery
to be skeptical of its benefits. The relationship between the development
of various surgical procedures and the understanding of the pathophys-
iology of pain has not always been linear. Understanding is still largely
theoretical, but exciting developments are emerging. Ductal hyperten-
sion does not explain the mechanism of pain in all patients (4), which
is reflected in the failure of simple duct decompression to relieve the
pain in certain cases (5–7). Parenchymal hypertension leads to a com-
partment syndrome (8–10) that is aggravated by pancreatic stimulation,
resulting in further ischemia of the neurons or protienaceous infiltrates.
Disordered neoproliferation of neurons sensitive to ischemia produces
pain (11). Now, there is a growing understanding of noxious agents,
such as substance P, serotonin, cytokines, and other substances that
stimulate pain receptors on the visceral nerves (12,13). The anatomy of
the pain pathways is better understood. The pancreatic head is regard-
ed as the pacemaker for pain based largely on the fact that most of the
pancreatic mass is situated in the head (14). There is immunological
evidence that the disease in the head of the pancreas may drive the
inflammatory process (15).

It is generally thought that the surgical treatment of pain in CP
should only be considered when other causes of pain have been
excluded and after adequate attempts at medical therapy have failed.
Medical therapies have not been adequately proven to make a signif-
icant impact on the pain. Enzyme replacement has had moderate suc-
cess and should be used during the period of patient evaluation (16).
Various percutaneous (17) and endoscopic (18) nerve ablation tech-
niques have also resulted in moderate improvement in pain relief, and
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there is some evidence that if pain recurs, the severity is increased
and the ability to control it is less. Recent reports on minimally inva-
sive thoracoscopic splanchnic nerve ablation procedures have shown
promising results (19). Whether they should be used as a primary or as
salvage procedure after failed surgery is debated (20). Some recent
evidence suggests that pain relief from this procedure is not durable
with a 50% failure rate at 5 years (21).

DIAGNOSTIC TESTS FOR SURGICAL EVALUATIONS

The diagnostic tests utilized for CP are discussed in Chapter 12.
From the surgeon’s perspective, the goal of these diagnostic tests is not
only to reliably confirm the diagnosis, but also to look for surgically
correctable complications (e.g, common bile duct obstruction) and to
assess for the suitability of surgery. The commonly used diagnostic
tests are discussed from this viewpoint.

Ultrasonography
Ultrasonography is used frequently and more commonly in Europe

than in the United States with an overall sensitivity of 60–70% in
detecting pancreatic duct dilation, pancreatic inflammatory masses,
cysts, and calculi (22). However, the accuracy of this study remains
very dependent on the examiner. False-negative findings are reported
in the range of 25% (22). It may provide some benefit in the cachectic
and pregnant patient in determining potential complications of CP.

Computed Tomography Scan
Multidetector (“spiral”) CT with bolus contrast enhancement and a

pancreas protocol (so-called thin cuts through the pancreas) provide a
highly detailed image of the pancreas and have a false-negative rate
less than 5% in many series (23). This study frequently provides valu-
able information regarding the morphological changes within the gland
for the diagnosis of CP and particularly the morphological requirements
for successful surgical intervention. In most institutions, CT scans are
seen as a complement to endoscopic retrograde cholangiopancreatog-
raphy (ERCP). In the decision-making process of evaluating patients
for surgical intervention, these two methods provide greater than 95%
accuracy in determining the morphological criteria necessary for surgical
treatment of CP.

Endoscopic Retrograde Cholangiopancreatography
ERCP frequently reveals the subtle and overt findings of pancreatic

and biliary ductal dilatation, defines filling defects caused by calculi,
detects cystic collections, and determines their communication with
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the pancreatic ductal system. From a surgical standpoint, ERCP may
be crucial in determining whether resection or drainage is appropriate
and deciding whether additional procedures, such as biliary drainage
or pseudocyst drainage, may be required at the time of surgical inter-
vention. In a series from the University of Alabama at Birmingham
and Baraguanath Hospital in South Africa, the majority of patients
who had surgical intervention had ERCP prior to their surgical treat-
ment to evaluate the anatomy of their pancreatic duct. However, ERCP
does fail to outline the ductal system in approximately 5–10%, but it
is more than adequate and accurate in greater than 90% of patients
who are evaluated (23a).

Newer Imaging Techniques
MAGNETIC RESONANCE CHOLANGIOPANCRENTOGRAPHY

Magnetic resonance cholangiopancrentography appears to provide
sufficient gross imaging of the main pancreatic duct of Wirsung, but it
is limited in detecting side branches in mild CP. Thus far, it seems to be
a complement to CT and ERCP and does provide evidence of severe
CP in those patients who may have contraindications to contrast-
enhanced CT scans (24,25).

ENDOSCOPIC ULTRASOUND

Endoscopic ultrasound (EUS) is a promising new tool for the diag-
nosis of CP. The principle advantage of this method is to visualize both
parenchemal and ductal changes with a high-frequency linear transduc-
er. Wiersema et al. have described and investigated positive predictive
values for parenchymal and ductal signs of CP detected by EUS
(26,27). Although EUS may provide high sensitivity for detecting dis-
ease, it does not provide a great deal of additional information beyond
CT or ERCP in determining what patients have met the surgical crite-
ria for resection or drainage for CP. However, EUS is quite helpful in
distinguishing patients with CP from those patients who have intraductal
mucinous papillary tumors of the pancreas. Thus, EUS does play a crit-
ical role in many patients with ductal dilatation and pancreatitis. These
patients with intraductal mucinous papillary tumors are sometimes mis-
takenly confused with patients who have a history of pancreatitis and
are diagnosed by CT scans (26,27).

INDICATIONS FOR OPERATION

Surgical therapy for patients with CP is indicated when medical
treatment fails, which generally consists of analgesics, dietary restric-
tion, and enzyme therapy (see Chapter 13). Patients referred to surgical
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clinics that view a significant number of patients with CP consistently
demonstrate that only 40–50% of those patients referred will be candi-
dates for surgery. Patients may be disqualified owing to either comorbid
illnesses or lack of morphological criteria for operative treatment. In
patients who do proceed to surgery, there are usually four major goals
for the surgical treatment:

1. Eliminate or reduce intractable pain.
2. Address end-organ or associated complications of CP (biliary obstruc-

tion, and pseudocyst formation).
3. Rule out the presence of pancreatic adenocarcinoma.
4. Conserve as much functional pancreatic tissue as possible.

Along with these objectives, there are three morphological criteria
that clearly predict the likelihood of surgical success and relief of
intractable pain:

1. Segmental (distal or proximal) fibrosis (see Figs. 1 and 2).
2. Diffuse ductal dilatation (length of dilatation >10 cm, diameter of

ductal dilatation >5–7 mm; see Figs. 3 and 4).
3. Associated or adjacent organ obstruction or occlusion (biliary

obstruction, duodenal obstruction, or pseudocyst compression).

These anatomic criteria are usually defined by CT and/or ERCP and
allow the surgeon and patient to expect a positive result in addressing

Fig. 1. Enlarged head of pancreas.
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Fig. 2. Enlarged head of pancreas with a cyst in the head.

Fig. 3. Dilated pancreatic duct.
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intractable pain in the CP setting. Patients failing to meet these criteria
who receive operative intervention short of total pancreatectomy usual-
ly have a less than desirable result in the treatment of their pain. Thus,
surgery is generally performed in those with “big-duct” CP rather than
“small-duct” CP (see Chapter 12).

SURGERY

There is a long menu of surgical procedures to choose from for the sur-
gical treatment of CP and include three major categories of operations:
drainage procedures, resection procedures, and a combination of the two.

Drainage Procedures
LATERAL PANCREATICOJEJUNOSTOMY (FIG. 5)

Ductal drainage procedures were first described by Du Val (28) and
included a distal pancreatic resection. Peustow (29), with whose name
this operation is usually associated, described a distal pancreatectomy
and a side-to-side pancreaticojejunostomy. It is the Partington–Rochelle
procedure (30) that is commonly performed currently. For this proce-
dure, a dilated duct is essential, but authors differ as to the definition of

Fig. 4. Sclerosed pancreatic duct.
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duct dilation (31). Most regard 8 mm as acceptable (32). This operation
requires opening the gastrocolic omentum and identifying the anterior
surface of the neck, body, and tail of the pancreas. Defining the duct can
be problematic in some patients, but once found, it is opened along the
anterior surface of the pancreas. The duct is opened for a variable
length—usually for 10–15cm—extending as far into the head (right
side) as possible. A Roux-en-Y limb is fashioned and sutured side-to-
side to the pancreas using monofilament suture material.

Fig. 5. Operative drawing of lateral pancreaticojejunostomy for chronic pancreatitis
with a dilated duct.
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This is a relatively simple operation; early pain relief is good but
decreases with time, and eventually, only 50–80% of patients remain
pain-free (5,7). It has the advantage of a low morbidity and mortality
(<5%; 7,33–35). Because there is no resection of pancreatic parenchyma,
there is a low rate of new endocrine and exocrine insufficiency.
However, a deterioration of function has been shown over a period of
time, likely unrelated to surgery but instead to disease progression
(15,16,35). One study has shown this may be retarded if early duct
drainage is performed even in the asymptomatic patient, but this anal-
ysis remains controversial (35). The disadvantage of this operation is
the lack of durability in regard to pain relief. This is explained partly
because of an undrained obstructed segment of duct in the head of the
pancreas and uncinate process. The extent of the dissection to define
the pancreatic head may be incomplete with resulting inadequate
decompression of the ducts in this region. In addition, the parenchymal
hypertension and disordered neoproliferation of nerves are not
addressed (36). The authors believe that as our understanding of the
pathophysiology of pancreatic pain increases, the role of this procedure
will decrease and will be replaced by combination procedures.

CYSTENTEROSTOMY

Cystgastrostomy, cystduodenostomy, and cystjejunostomy for symp-
tomatic pseudocysts are simple procedures with excellent perioperative
results. CP recurrence of the inflammatory cyst and ongoing pain
occurs in 20–50% of cases (37). These pseudocyst operations address
the pseudocyst, not the underlying pancreatic disease; therefore, if the
symptoms or cause of the cyst is not addressed, failure is likely. At pre-
sent, the trend is endoscopic drainage, which is based on a similar
principle and has a low complication rate (17%), as well as a relatively
low recurrence rate of 5–19% (38–41). However, the durability of symp-
tom relief remains uncertain. In some series, cystenterostomy is the
predominant procedure for undifferentiated pseudocysts associated with
acute pancreatitis, but the author believes that this is inadequate for
inflammatory cysts in CP, and the underlying pancreatic disease
should be addressed.

RESECTION PROCEDURES

Proximal Resections
The classical Whipple’s operation or pancreaticoduodenectomy

(PD) was originally performed for malignant disease (Fig. 6).
However, as the mortality for this procedure was reduced in major
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centers (<5%), it also became acceptable as a procedure for benign
disease (42–44). In big-duct disease, the lateral pancreaticojejunostomy
(LPJ) is still the procedure of choice. However, in 20–40% of
patients, a sclerosing form of the disease is found with a nondilated
duct. This is known as small-duct disease. In these patients, duct
drainage procedures are not appropriate, and medical therapy is usu-
ally preferred. In many series for CP, the need to exclude malignancy
is the main indication for surgery in up to 43% (14). Even with intra-
operative ultrasound and fine-needle aspiration cytology, it is found

Fig. 6. Reconstruction sequence in a classic Whipple (antrectomy) or pancreatic-
oduodenectomy for chronic pancreatitis.
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that malignancy cannot always be unequivocally excluded, and
resection is required.

A low-operative mortality for PD is reported from high-volume cen-
ters, but morbidity in some studies is up to 50%. The extent of the
parenchymal loss also results in a new diabetic rate of up to 30% and a
similar new exocrine insufficiency rate (45–48). The problem is that in
performing this operation, uninvolved organs like the stomach and dis-
tal common bile duct are resected. The loss of normal gastrointestinal
continuity can result in significant weight loss. Only 80% of patients
will regain up to 90% of their preoperative weight (49). This loss of
continuity may also explain the new diabetic rate in predominantly
head resections. In an attempt to improve the nutritional status of
patients, the pylorus-preserving pancreaticoduodenectomy (PPPD)
was described. This operation has become the preferred procedure in
many centers. Its most significant disadvantage is a significantly
higher postoperative delayed gastric-emptying rate (30%) (49). This
is an important problem that delays discharge. In some studies, the
nutritional benefit is minimal (49). For these reasons, the performance
of PPPD has been stopped in favor of the PD.

Either operation has the advantage of excluding malignancy. Both
address all aspects related to the pathophysiology of pain (i.e., it resects
the mass in the head, removes the pacemaker and disordered nerves,
and relieves the compartment syndrome in the head). Technically, this
procedure for CP follows the same principles as for malignancy. The
fibrosis is often concentrated around the confluence of the veins at the
inferior border of the pancreas at the point where the superior mesen-
teric vein (SMV) passes posterior to the neck of the pancreas. This makes
the mobilization of the neck in preparation for division very difficult.
In the absence of jaundice, the biliary tree is not dilated. In this situa-
tion, a 2-cm side-to-side choledochojejunostomy is performed.
Alternatively, a hepaticojejunostomy can be performed by extending
the incision in the common hepatic duct onto the left hepatic duct as
described by Hepp and Couinaud (49a). Reconstruction of pancreatic
continuity in our practices is achieved with a pancreaticogastrostomy to
the posterior wall of the stomach. Although pancreaticojejunostomy is
still commonly performed (50), there is evidence to support a lower
incidence of leaks with the gastric anastomosis and a lower morbidity
associated with leaks of inactivated pancreatic enzymes from the
pancreaticogastrostomy (51).

The results for pain relief are good with 80% of patients pain-free at
5 years (45–48). Because of the presence of fibrosis, this operation is
extremely difficult and should only be performed in centers experienced
in this procedure. In North America, the PD and PPPD remain the
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procedures of choice when surgery is contemplated for small duct CP
and to exclude malignancy.

Distal Resections
Localized fibrosis is unusual in CP, especially in the body and tail

(52,53). Distal pancreatectomy has been shown to be a poor operation
with high recurrence rates for pain (54). There is also a high inci-
dence of new diabetes related to the predominance of β islet cells in
the tail. However, there are two circumstances in which distal resec-
tions have been shown to be of benefit. First, patients with pseudo-
cysts localized to the tail, distal resection has good results (54).
Second, in the disconnected duct syndrome resulting from a complete
major duct disruption following severe acute pancreatitis or trauma,
resection of the gland distal to the obstruction results in effective pain
relief (55,56).

In CP, it is possible to do a splenic-preserving distal resection
(57,58). This can be a very challenging procedure, requiring longer
operating times and significant blood loss, but certainly in regions with
high prevalence of diseases, such as malaria, it is thought that splenic
preservation is important (59). Attempts at splenic preservation are rec-
ommended but not always possible (57). The spleen should be mobilized
before the pancreatic resection. This is performed as for a splenectomy
by dividing the ligaments around the spleen, but the short gastric ves-
sels are preserved. The pancreatic neck is mobilized and divided using
a stapling device. Owing to fibrosis, the splenic artery is often incor-
porated into this staple line. The pancreas is then mobilized from the
splenic vein by division of the pancreatic branches.

Total Pancreatectomy
Total pancreatic resections are still described, and most series con-

tain only a few patients undergoing this procedure (1). The results for
pain relief are poor, possibly because by the time this operation is per-
formed, pain is neuronal or central in origin (similar to phantom limb
pain) and not only the result of local factors in the pancreatic bed,
such as fibrosis and inflammation (60,61). Additionally, patients
develop brittle diabetes with rapid onset of diabetic ketoacidosis and
coma. This can be prevented by the various options in pancreatic
transplantation presently available and increasingly being shown to
have good functional results (36,62). Total resections should not be
preformed as a primary operation for CP and should be limited to sal-
vage operations (15). Other salvage procedures like the thoracoscopic
splanchnicectomy offer a far less invasive approach to pain in this
group of patients.
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COMBINATION PROCEDURES

Duodenal Preserving Resections of the Head of the Pancreas
As has been discussed, the previous options do not always adequately

address the pain or involve resection of healthy organs. Although the fail-
ure rate for duct drainage is of concern and its use limited to dilated ducts,
the results of proximal head resections are good, but it involves removing
significant organs unnecessarily. In the late 1980s, Beger described the
duodenal-preserving resection of the head (DPRH) (63). The results of
this operation showed it to be similar to that of PD regarding pain control
but with a lower morbidity rate. As it involves a lesser resection and pre-
serves gastrointestinal continuity, the functional results are better, and
nutritional status is preserved (64). This procedure has been reported with
long follow-up periods (>5 years) and has also been compared in ran-
domized trials to the PD, as well as other duodenal-preserving resections
(65). In all these studies, it has been consistently shown to have beneficial
results with durable pain relief in more than 80% (45,66,67). The proce-
dure addresses the mass in the head, the compartment syndrome in the
gland, and is suitable for small and large duct disease.

This operation also manages the complications in neighboring organs.
It addresses the narrowing in the distal common bile duct from fibrosis
and can relieve duodenal obstruction. Mobilization of the SMV and
portal vein (PV) can help restore blood flow in this venous complex
and may theoretically reduce the segmental portal hypertension in the
left upper quadrant.

Mobilization of the pancreatic neck of the pancreas over the superior
mesenteric-splenic and PV complex is required. In the presence of sig-
nificant fibrosis, this is a taxing maneuver, even more difficult than for
malignant disease. After dividing the neck of the pancreas, the head is
resected, leaving a very narrow rim of pancreatic tissue containing the
arterial blood supply on the duodenum. A Roux-en-Y limb is then anas-
tomosed to the distal pancreatic remnant, and the same limb is sutured
to the pancreatic capsule that is left on the duodenum. Conceptually,
this operation addresses most aspects of the pathophysiology of pain.
Many authors believe that this procedure requires further evaluation.
However, the evidence is compelling, and in many European centers,
this operation has replaced the PD.

Local Resection of the Head of the Pancreas and Lateral
Pancreaticojejunostomy (Fig. 7)

Charles Frey reported a variation of the DPRH (68), which also
involves a lesser resection of the head of the pancreas and also
includes a LPJ to decompress the ductal hypertension in the remaining
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gland (69). This operation involves coring out of the pancreatic head,
leaving a narrow rim of pancreatic capsule on the duodenum and the
posterior aspect of the head. No dissection of the SMV/PV complex
is required. However, to adequately core out the head and uncinate
process, the head needs to be completely exposed, which is the chal-
lenge in this operation. The head must be adequately kocherized and

Fig. 7. Operative depiction of lateral pancreaticojejunostomy and proximal head
resection or “Frey Procedure.”
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anterior surface well-defined. Failure to sufficiently expose the
head leads to incomplete coring out and thereby undrained seg-
ments of the main pancreatic duct, santorini duct, or the duct to the
uncinate process.

Initially, this operation was described for patients with an enlarged
head of the pancreas. However, we now routinely include patients
without large fibrous masses in the head of the pancreas. There is also
no need for a dilated duct, as the pancreaticojejunal anastomosis is per-
formed to the pancreatic capsule. Following on from this, identification
of the duct is not required initially. After adequate exposure of the pan-
creatic head, the coring out process begins by radially removing thin
slices of pancreatic tissue. In the presence of a dilated duct, this is iden-
tified in the head, then followed into the neck and body. It serves to
identify the posterior aspect of the dissection in the neck and thereby
protects the SMV/PV. The dilated duct is opened as far to the left as
possible, allowing the body and tail to be decompressed. Palpation
helps define the posterior aspect of the dissection in the head, as well
as identifying undrained segments of the head. This is particularly help-
ful in the uncinate process, where the tendency is to under-resect the
diseased gland. The pancreaticojejunostomy is performed using monofil-
ament suture and is done as a single-layer anastomosis. The left corner
of the anastomosis is the area where leaks occur, and meticulous suture
placement is of paramount importance.

Debate continues in how to address the distal common bile duct
(CBD) obstruction with this procedure. Coring out in the right upper
quadrant of the head threatens the integrity of the CBD. A choledo-
chotomy with a sound placed in the CBD identifies the anatomy;
however, it is a concern that the incision in the nondilated CBD may
result in delayed stricture formation. In the nonobstructed patient, the
choice is to avoid the right upper quadrant and preserve biliary integrity.
However, in the event that CBD is breached in the head of the pancreas,
two approaches have been proposed. The duct can be left to drain into
the pancreaticojejunostomy (36), or an attempt to suture the CBD to the
pancreatic capsule to maintain drainage has been suggested (70). Our
preference is the former option, but avoidance of the area makes this
problem unusual in our experience.

In patients with obstruction of the biliary tree because of pancreatic
fibrosis, Frey suggests that adequate coring out of the head and
skeletonizing the distal CBD relieves the obstruction. We are con-
cerned that there may be an element of ischemia owing to the skele-
tonizing of the duct that could lead to secondary stricture formation.
We prefer to use the same Roux-en-Y to perform a side-to-side
choledochojejunostomy.
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The benefit of this procedure, particularly when compared to the
DPRH, is the evasion of the vascular dissection. In a randomized
study comparing these two procedures, the outcomes were very sim-
ilar, but there was a significant difference in morbidity rates in favor of
the local resection of the head of the pancreas and lateral pancreatioje-
junostomy (LR LPJ) (71). The long-term follow-up of this procedure is
less well-defined, and most of the reported experience is from the
original author’s center. Yet, a broader experience from other centers
is being reported, and the longer term results are very good. We no
longer perform the LPJ but rely on the LR LPJ for all patients—when
malignancy is not of concern—regardless of the status of the duct. We
are unaware of any evidence that the sclerosing form of the disease is
pathologically different from the dilated duct form, requiring a different
management approach.

The concept of a lesser resection should theoretically reduce the
functional losses experienced with the classic head resections. There is
a lesser incidence of new diabetic and exocrine insufficiency with
both the DPHR and LR LPJ procedures (32), but new diabetic rates
of less than 15% are reported, and similar deterioration in exocrine
insufficiency is seen (36).

It may be too early to suggest that the combined lesser resection
and drainage procedures should replace the LPJ and PD, but the
emerging perspective suggests that these could be the procedures of
choice in the future. It is our belief that the LR LPJ is a lesser proce-
dure with effective results for pain relief. Also, combining it with a
choledochojejunostomy is considered appropriate for the manage-
ment of biliary obstruction. However, further reports are required
before a definite consensus can be reached.

“V” Plasty
Recently, Izbicki et al. described the “V” plasty (72), which is a vari-

ation in the concept of limited resection and drainage procedures. In this
operation, a V-shaped excision of the anterior aspect of the body and
head is performed, including the region of the main pancreatic duct.
This addresses the parenchymal hypertension and removes the nondilat-
ed sclerosed duct. A Roux-en-Y pancreaticojejunostomy is then per-
formed in a side-to-side manner. This lesser procedure certainly requires
a far smaller pancreatic resection, preventing functional deterioration
and conceptually dealing with the parenchymal compartment syndrome.
However, the limited coring of the head region may not decompress all
the ducts in the head of the pancreas. Conceptually, it is a beneficial
procedure, and the results reported are good, but the follow-up is not
adequate to yet incorporate this procedure into routine use.
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Open Celiac Axis Block
This well-described procedure is usually reserved for patients with

unresectable pancreatic cancer. Its role in benign conditions is less
well-defined. It can be performed in association with other surgical
procedures for pain relief, including the LPJ, but the additional benefit
this affords is not well-established. There is concern that the disordered
nerve regeneration that can possibly occur will result in worse pain,
which may be more difficult to control (73). It is unclear whether it
improves the initial pain control or if it adds to the durability of pain
control from other procedures on the pancreas.

SPECIAL CIRCUMSTANCES

Suspected Malignancy
CP can present with a mass in the head of the pancreas in 18–50%

(74). In addition, there is an increased association between CP and malig-
nancy, particularly in familial pancreatitis. Therefore, in this scenario, the
possibility of malignancy in the presence of CP should always be con-
sidered. As previously mentioned, up to 43% of proximal resections are
performed to exclude malignancy (a large biopsy), and malignancy is
found in 6–16% (53,66). If the approach to CP in these cases is routine
proximal resection, then the goal of excluding malignancy will be
achieved. However, with the development of lesser resection procedures,
the ability to exclude malignancy becomes mandatory. Most preoperative
methods are of limited benefit. EUS can be particularly helpful if avail-
able to differentiate malignancy from CP. Positron emission tomography
scan also has been shown to make a significant contribution to exclude
malignancy in these patients. Unfortunately, the costs have prevented it
from becoming widely available (75).

Our own approach relies on intraoperative cytology. A combina-
tion of intraoperative ultrasound to identify suspicious lesion, then
trans-duodenal fine-needle aspiration cytology of these lesions, has
excluded malignancy in the vast majority of our cases. There are a
few instances where a false-positive result has led to a proximal
resection, but certainly this policy reduces the number of nonthera-
peutic proximal resections. Unfortunately, the dense calcification that
is often present makes the ultrasound less reliable in establishing sus-
picious areas. In these cases, after mobilizing the head of the pancreas,
palpation is relied on to guide the site of aspiration. With the pathologist
in the operating room, repeated aspiration is performed if necessary.
In all equivocal situations, if judged to be resectable, a proximal
resection is performed.
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Pseudocysts
The management of pseudocysts is not well-defined. Most authors fol-

low the Atlanta classification, but there is no universal consensus on their
classification (76). Three types are recognized based on the likelihood of
pathogenesis: the postnecrotic fluid collection in acute pancreatitis,
retention cyst in CP, and necrotic fluid collection following acute pan-
creatitis in a patient with underlying CP. Theoretically, the three should
be managed differently; however, the challenge lies in classifying the
individual collection. In the well-defined retention cyst, which is symp-
tomatic, the authors approach is to initially perform endoscopic drainage.
If this is successful, no further treatment is required. If this approach
fails either initially or at follow-up, and the patient remains symptomatic,
surgery is indicated. Cystoenterostomy is an easy procedure with low
morbidity and mortality and good early results. However, the recurrence
rate is fairly high (37,77), and particularly in CP, it does not address the
disease in the pancreas itself. It is not possible to determine if the pain
is originates from the cyst or is a result of the pathology in the pancreas
(78). A failed endoscopic approach could also be interpreted as a failed
trial of therapy for cyst drainage alone. Therefore, our opinion is that for
all other patients with CP, the morphology of the pancreas and the pan-
creatic duct should be defined, and the appropriate procedure chosen to
address the disease in the gland itself.

The approach to patients with acute pancreatitis is not as clear. In
these cases, the classification is difficult. It is our tendency to be con-
servative and initially employ percutaneous aspiration or endoscopic
procedures. However, when this fails, the decision making must be
individualized and should be driven by the underlying pancreatic
pathology.

SUMMARY

There is no single operation for all patients with CP. As yet, there is
no uniform method of reporting results for the available modalities of
treatment (79). The natural history of this disease suggests that there is
an ongoing inflammatory process; therefore, the benefit of a procedure
must be evaluated in the long term. Pain relief and quality of life must
both be assessed. Function is affected by the ongoing inflammation, but
there can be little doubt that surgery usually accelerates the progression
to functional insufficiency. Malignancy must be excluded. The choice
between PD and LR LPJ/DPRH is presently based on individual pref-
erence, but it is our belief that with time, the lesser resections will
probably replace the PD because of their lower morbidity rates. As the
understanding of the pathophysiology of pain in CP increases, the ability
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to choose the most appropriate operation will improve. Total pancrea-
tectomy should be avoided and distal pancreatic resections limited to a
few well-defined patients.
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INTRODUCTION

Exocrine pancreatic insufficiency is the reduced secretion of
exocrine pancreatic enzymes into the duodenum. Its severity can range
from mild to moderate insufficiency, causing no symptoms to severe
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( 90% reduction of maximal enzyme secretion), which causes malab-
sorption (1) and malnutrition and may significantly impact on morbidity
and mortality (2). Causes of exocrine insufficiency include cystic
fibrosis, pancreatic cancer, surgical removal of the pancreas, trauma
to the pancreas and chronic pancreatitis (CP). In principle, treatment
of exocrine insufficiency is simple: replace enzyme secretion by ingest-
ing adequate amounts of pancreatic enzymes with meals.
Unfortunately, in practice, although carbohydrate and protein malab-
sorption can be easily abolished, fat malabsorption or steatorrhea is
rarely abolished (3). Reasons for inadequate treatment of fat malab-
sorption include giving an insufficient amount of pancreatic enzymes,
improper timing and dosing of enzymes, and destruction of the ingested
enzymes by acid denaturation and proteolytic digestion. All these
problems will be summarized and the treatment recommendations will
be discussed in this chapter.

PATIENTS WHO NEED TREATMENT OF EXOCRINE
PANCREATIC INSUFFICIENCY

The exocrine pancreas has a large reserve for exocrine secretion.
Malabsorption of fat (steatorrhea), protein (azotorrhea), and carbohydrate
do not occur until lipase, trypsin, and amylase secretion are reduced by
90% of normal value (1,4; Fig. 1). However, in clinical practice, fat
malabsorption is the most pronounced problem, because lipase secre-
tion decreases more rapidly than the secretion of other enzymes, and
steatorrhea often occurs before and is more severe than azotorrhea (5;
Fig. 2). For example, in alcoholic CP, severe exocrine insufficiency
occurs in a mean of 13 years after onset of CP symptoms (5,6). In con-
trast, in early-onset and late-onset idiopathic CP, severe exocrine
insufficiency occurs in a mean of 26 and 17 years, respectively, after
the onset of symptoms (6).

Although there is no data available to precisely define when treat-
ment of pancreatic insufficiency should be initiated, oral pancreatic
enzyme replacement should begin when there is more than a 90%
reduction of enzyme secretion and/or when there is malabsorption or
weight loss.

PANCREATIC ENZYME REPLACEMENT

Dose
To abolish malabsorption, the minimum total amount of enzymes

that should be postprandially delivered into the duodenum is 5–10% of
normal enzyme outputs (1,7). This quantity is approximately 30,000 IU
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Fig. 1. Relationship between lipase output and steatorrhea. Steatorrhea (24-hour
fecal fat more than 7 g per day when 100 g of fat is ingested daily) does not
occur until lipase output is reduced below 5–10% of normal. (Modified from ref.
3 with permission.)

Fig. 2. Relationship between reduction of enzyme outputs and years of alcoholism
in patients with alcoholic pancreatitis. Note the earlier and more reduction of
lipase output than trypsin output. (Modified from ref. 5 with permission.)
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of lipase per meal (by triolein assay; 2,8) or 90,000 United States
Pharmacopoeia (USP) units. This is the ideal amount required when
there is no inactivation of orally ingested enzymes by gastric acid.
Currently, all pancreatic enzyme preparations in the United States are
labeled in USP units, which are approximately three times the lipolyt-
ic activity obtained with the triolein assay (9). Thus, at least 90,000
USP units of lipase are required per meal. Suboptimal doses will
decrease, but they will not abolish steatorrhea. This minimum amount
of lipase should be given to assess the efficacy of treatment before
deciding to change treatment to either enteric-coated preparations or
adjunctive acid suppression treatments (see those sections below).
Similarly, this dose should be used to compare the efficacy of different
treatment options.

The quantity of lipase varies among tablets and capsules of prepara-
tions. Thus, the number to achieve a dose of 90,000 USP units differs
among commercial preparations (Table 1). However, usually this dose
reduces steatorrhea by approximately 50% and seldom abolishes steator-
rhea. Most patients, therefore, still excrete 10–20 g per day of fat (3,7,10;
normal <7 g/24 hours), because up to 90% of the ingested lipase is
destroyed by acid in the stomach (10,11) and by luminal chymotrypsin
and trypsin (12–14).

Another problem is that the amount of enzymes in each preparation
differs among lots. Lower amounts than labeled have been reported as
a cause of treatment failure (15). However, when we actually measured
lipolytic activity (9), we found that activity exceeds what is listed in
the Physicians Desk Reference (PDR). For example, the measured
amount of lipolytic activity in USP units for Viokase was 14,000
instead of the 8000 listed in the PDR. Therefore, to achieve ingestion
of 90,000 USP units, the Viokase dose is 6 tablets instead of the 11–12
tablets calculated on the basis of the units listed in the PDR. From
these data (9), the minimal dose to achieve ingestion of 90,000 USP
units of lipolytic activity calculated on the basis of amounts given in
the PDR (Table 1) are likely about twice the number of capsules,
tablets, or teaspoons needed.

Protein malabsorption or azotorrhea is more easily corrected than
steatorrhea because: (1) azotorrhea usually occurs later and is less
severe than steatorrhea (5); (2) pancreatic protease deficiency can be
compensated for by gastric proteases and intestinal brush-border pep-
tidases to maintain protein absorption (16); and (3) trypsin and other
proteases are much more resistant to acid denaturation than lipase. In
contrast, fat digestion mainly depends on pancreatic lipase (17), and
ingested pancreatic lipolytic activity is lost more often than tryptic
activity. Gastric lipases incompletely compensate for lack of pancreatic
lipase, and about 90% of lipolytic activity is lost during transit through
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the stomach and duodenum, whereas only approximately 75% of tryptic
activity is lost (10). In a patient with CP, if azotorrhea persists after ade-
quate enzyme replacement, especially if there is hypoproteinemia (an
unusual finding in CP), protein-losing enteropathy or concomitant liver
disease may be present (18).

Dose Schedule
Controversy exists about the best schedule for pancreatic enzyme

administration. Taking enzymes with meals is as effective as an
hourly schedule (enzymes every hour throughout the day) in correcting

Table 1
Commercial Pancreatic Enzymes Preparations and Minimal Dose 

for Treating Steatorrhea

Minimal dosage
per meal for

Content (USP units) treating
Preparation Typeb Lipase Protease Amylase steatorrhea

Cotazyme C 8,000 30,000 30,000 11–12 capsules
Cotazyme-S ECMS 5,000 20,000 20,000 18 capsules
Creon 10 ECMS 10,000 37,500 33,200 9 capsules
Creon 20 ECMS 20,000 75,000 66,400 4–5 capsules
Creon 25 ECMS 25,000 62,500 74,700 3–4 capsules
Ilozyme UCT 11,000 30,000 30,000 8–9 tablets
Ku-zyme HP ECMS 8,000 30,000 30,000 11–12 capsules
Pancrease ECMS 4,000 25,000 20,000 22–23 capsules
Pancrease MT-4 ECMT 4,000 12,000 12,000 22–23 capsules
Pancrease MT-10 ECMT 10,000 30,000 30,000 9 capsules
Pancrease MT-16 ECMT 16,000 48,000 48,000 5–6 capsules
Pancrease MT-20 ECMT 20,000 44,000 56,000 4–5 capsules
Protilase ECMT 4,000 25,000 20,000 22–23 capsules
Ultrase MT-12 ECMT 12,800 39,000 39,000 7 capsules
Ultrase MT-18 ECMT 18,000 50,500 50,500 5 capsules
Ultrase MT-20 ECMT 20,000 65,000 65,000 4–5 capsules
Viokase UCT 8,000 30,000 30,000 11–12 tablets
Viokase Powder a16,800 a70,000 a70,000 1.5 teaspoonfuls
Zymase ECMS 12,000 24,000 24,000 7–8 capsules

aContents per one-fourth teaspoonful (0.7 g).
bC, capsule; UCT, uncoated tablets; ECMS, enteric-coated microspheres, ECMT,

enteric-coated microtablets.
The content in United States Pharmacopeia (USP) units is the amount listed in the

Physicians Desk Reference (PDR). The minimal dose represents the number of cap-
sules, tablets, or teaspoons needed to ingest 90,000 USP units of lipase calculated on
the basis of the amount of lipolytic activity given in the PDR. This number is likely
approximately twice the number of tablets capsules or teaspoons actually needed (see
text for explanation).



steatorrhea, but the prandial schedule is more practical (10). The hourly
schedule is more effective only when postprandial gastric pH is above 4.0
for more than 1 hour, which occurs in some CP patients (3,10). Therefore,
we recommend administrating pancreatic enzymes with meals (e.g., two
tablets of Viokase® after the first few bites, four tablets during meals, and
two tablets at the end of the meal). A common error is to instruct patients
to take enzymes before the meal, which does not promote the mixing of
enzymes with food and may cause excessive acid denaturation of lipolyt-
ic activity because of the unbuffered gastric acid.

Choice of Pancreatic Enzymes: Nonenteric-Coated 
or Enteric-Coated?

The first decision in treating a patient with exocrine pancreatic
insufficiency is to select the pancreatic enzyme replacement prepara-
tion. At present, there are three types: nonenteric-coated, enteric-coated
tablets, and microencapsulated enteric-coated preparations (Table 1).
The enteric-coated preparations have been developed to circumvent
the problem of acid inactivation of enzymatic activity during gastro-
duodenal transit.

Enteric-coated enzyme preparations do not disintegrate or release
enzymes until the pH is more than 5.5–6.0, which is assumed to be the
pH within the duodenum in patients with exocrine insufficiency.
Theoretically, the preparations should traverse the stomach without
being inactivated by acid and liberate their enzymatic activity within
the duodenum and improve the treatment of malabsorption. However,
in most studies, when adequate dosages of lipolytic activity were used,
enteric-coated enzymes were generally no better than conventional
enzymes in alleviating steatorrhea (7,19–21).

There are several reasons for enteric-coated preparations failing to
significantly improve treatment of exocrine insufficiency. First, in
CP, gastric and duodenal pH rise above 5.0 in the early postprandial
period because of the buffering effects of food, then drop to less than
4.0 after 40 minutes. During 24-hour gastric and duodenal pH studies
in CP, the 2-hour postprandial duodenal pH also was below 5.0 for
15–25% of time when compared with 0–6% in healthy person and
gastric pH was below 3.0 for 75% when compared with 50% in
healthy persons (22). Thus, some enzymatic activity is initially lib-
erated from the enteric-coated preparations, then inactivated when
gastric and duodenal pH fall below 4.0. Second, because upper gas-
trointestinal pH is low for so long, enteric-coated enzymes are
released in the ileum (13,20,23). In vitro data also support these in
vivo findings. At pH 5.0–5.5, only 13–40% of enzymatic activity of
the enteric-coated enzymes are released in 2 hours; in contrast, at pH
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6.0, 90% of the enzymatic activity is released within 15 minutes (24).
Third, enteric-coated preparations may be delayed in emptying from
the stomach until several hours after meals (25). This problem has
been partly solved by the development of 1–2 mm enteric-coated
microspheres (ECMS), which empty from the stomach with meals
but varying the size of the microspheres does not affect the treatment
of malabsorption (26).

ECMS may benefit patients with hyperchlorhydria or when post-
prandial gastric pH and duodenal pH are below 4.0 for a long period of
time, e.g., cystic fibrosis patients (3,7,27). In cystic fibrosis, conventional
enzymes, even taken with cimetidine, are sometimes ineffective
from the inactivation of lipase by the overwhelming acid (28–30).
Other advantages of ECMS are: (1) some ECMS contain a relatively
high amount of lipase and may permit taking a smaller number of
capsules, which may improve patient compliance, particularly in
children; (2) ECMS may be taken without the gelatin capsule (but
they must not be crushed or chewed) and may be used by young chil-
dren who cannot swallow the capsules or patients with conditions
that may impair gastric mixing (e.g., postgastric resection or gastro-
duodenal bypass surgery; 31). However, enteric-coated preparations
are more expensive than nonenteric preparations, and are associated
with colonic strictures in cystic fibrosis children who received high-
dose ECMS (32–34), perhaps because the enteric-coated prepara-
tions deliver enzymes and the enteric coating to the distal small
intestine (13,17,20,23).

Currently, it is our recommendation that treatment should start with
conventional enzymes because of the lower cost and a comparable effi-
cacy to the more expensive ECMS. ECMS are appropriate if the patients:
(1) do not respond to the adequate dose of conventional enzymes with
or without acid suppression therapy; (2) are unable to tolerate or poorly
compliant to taking tablets or capsules of conventional preparations;
and (3) have persistent gastric and duodenal pH below 4.0 documented
by a gastric and duodenal pH study, despite acid suppression therapy
(see below). ECMS should not be used if patients are hypochlorhydric
(e.g., total gastrectomy or on long-term acid suppression therapy for
other gastrointestinal diseases).

Adjunctive Acid Suppression Therapy
In patients who do not have a satisfactory response to enzyme therapy,

adjunctive acid neutralization or acid suppression therapy should be
considered. For these adjunctive therapies to be successful, postprandial
gastric and duodenal pH must be maintained above 4.0 for at least 60
and 90 minutes, respectively (3).
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Magnesium-containing antacids and calcium carbonate are of no
benefit (7) and even increase steatorrhea (35) as a result of the for-
mation of magnesium and calcium soaps and the precipitation of
glycine-conjugated bile salts (36). Aluminum hydroxide antacid only
slightly reduces steatorrhea. Although it increases pH, it also increases
gastric volume secretion and duodenal volume flow, consequently
reducing the concentration of duodenal lipolytic activity (7,8). Sodium
bicarbonate is ineffective at a low dose of 2.5 g postprandially (7) and
only minimally effective when 16.6 g per day is given in divided doses
with meals (35).

Adjuvant therapy with H2-receptor antagonists will abolish steator-
rhea in 40–50% of persons with pancreatic exocrine insufficiency if
increased gastric and duodenal pH are maintained more than 4.0 (7).
Even if this pH is not obtained, especially if patients have hyperchlorhy-
dria (e.g., cystic fibrosis), H2-receptor antagonists with conventional
enzymes reduce steatorrhea 25–30% more than conventional enzymes
alone (28–30). Before each meal, 300 mg cimetidine orally for 30 min-
utes was the initial H2-receptor antagonist and dose (7). In this study,
gastric and duodenal pH were successfully maintained above 4.0, and
cimetidine increased the duodenal concentration of lipase, because
cimetidine inhibited gastric acid secretion and reduced duodenal vol-
ume flow (7). Similar results with cimetidine have been reported by
others (28–30,37,38) and with other H2-receptor antagonists, such as
ranitidine (39) and famotidine (40). Although cimetidine was ineffec-
tive in some studies (35,41), the dose of lipase in these studies was not
enough to abolish steatorrhea, which is the likely reason for its inef-
fectiveness (8). Additionally, it is possible that there was inadequate
inhibition of gastric acid secretion (gastric and duodenal pH was not
measured in either study) (8). Proton pump inhibitors (PPIs), 20
mg/day omeprazole or 15 mg/day lansoprazole, also significantly
reduce steatorrhea (38,42–44). In cystic fibrosis, adjuvant therapy with
PPIs reduce steatorrhea by 25–50% when compared to pancreatic
enzymes alone (43,44). However, adjuvant therapy with PPIs may not
be better than H2-receptor antagonists (38). Yet, PPIs once daily may
be more convenient for patients.

Adjunctive acid suppression therapy may also reduce steatorrhea
because it corrects bile acid malabsorption. In CP, the amount of bile
acids in the micellar phase is significantly reduced because bile acids
precipitate owing to the low duodenal pH (45), and this is corrected
only by increasing duodenal pH by using acid suppression therapy.

Although adjunctive acid suppression therapy is beneficial, routine
use may not be justified because of cost, drug interactions, and long-
term safety. Therefore, it should be used only when abolition of steat-
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orrhea is not achieved following treatment with sufficient dosage of
conventional enzymes.

Summary of the conditions preferred for each pancreatic enzyme
preparation is shown in Table 2.

DIET MODIFICATION

Current recommendations indicate that patients who do not decrease
steatorrhea with enzyme therapy and remain symptomatic should
ingest a diet containing a moderate quantity of fat (50–75 g/day), high
amount of protein, and low intake of carbohydrate. These suggestions
are supported by in vitro studies that show lipolytic activity is maxi-
mally preserved by the presence of nutrients high in protein and low in
starch (46–48). However, in careful studies done with a controlled diet
of four meals per day containing 25 g fat per meal (100 g fat/day),
steatorrhea was abolished by pancreatic enzymes with cimetidine (7).
Additionally, dogs with exocrine insufficiency increase fat absorption
when pancreatic enzymes are given with high-fat diets (49,50).
Whether a high-fat diet improves fat absorption in humans with
exocrine insufficiency is unknown. However, if there is difficulty in
correcting steatorrhea, it might be useful to test a diet of four meals per
day with 25 g of fat per meal.

NOVEL TREATMENTS AND FUTURE RESEARCH

Acid Stable Lipases
The ideal lipase to treat exocrine insufficiency should be resistant to

denaturation by acid and luminal proteases and maintain lipolytic activity
in the upper small intestine. Gastric lipase and fungal lipase (from fungi
Aspergillus niger and Rhizopus arrhizus) are acid-resistant, but they are
inactivated by physiological concentrations of bile acids in the intestinal
lumen (51). Bacterial lipase isolated from Burkholderia plantarii,
previously called Pseudomonas glumae (52), is resistant to acid denat-
uration, protease digestion, and does not require colipase for lipolytic
activity. In vitro lipolytic activity of bacterial lipase survives better than
porcine lipase in human gastric and duodenal juice at conditions most
likely present postprandially, as well as in the presence of physiological
concentrations of bile acids (53). In canine exocrine insufficiency, bac-
terial lipase at 300,000 IU (120 mg) is as effective as porcine lipase at
300,000 IU (18 g pancreatin) in correcting steatorrhea, but requires
administering 75 times less (120 mg versus 18 g). A higher dosage of
bacterial lipase (600,000 IU [240 g]) abolishes steatorrhea without
any use of adjunctive acid suppression (49,50). Thus, bacterial lipase
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is a promising treatment for human exocrine insufficiency and should
be further explored.

Decreasing Protease Content in Preparations
Degradation within intestinal chyme of lipase by protease in the

same preparation might limit the efficacy of pancreatic enzyme treat-
ment (17). Decreasing the proteolytic activity of preparations increases
lipolytic activity following enzyme ingestion and is associated with
improving decreased fat absorption (54). Thus, reduction of protease
contents in pancreatic enzyme preparations might improve treatment
of steatorrhea.

MONITORING THE EFFICACY OF TREATMENT

Response to treatment with pancreatic enzymes varies among
patients and is not predictable. The etiology of pancreatic insuffi-
ciency (alcoholic or cystic fibrosis), the inconsistent amount of
enzymes between lots or preparations with equally labeled doses,
and differences in the gastroduodenal acidity among patients
cause different responses to treatment. Clinical indicators, such as
weight gain, reduction in the number of stools, lessening of abdom-
inal pain, and bloating, are all indications of effective treatment.
Reduction or normalization of fecal fat measured by 72-hour fecal
fat determination during treatment is the best method to evaluate effi-
cacy. The qualitative microscopic examination of fat globules in stool
is simpler, more practical, and nearly as sensitive as the gold-standard
72-hour fecal fat (55).

WHAT WE SHOULD DO WITH NONRESPONSIVE
PATIENTS

Most patients improve with treatment. If patients’ symptoms and
steatorrhea do not improve despite appropriate treatment, several pos-
sibilities should be considered, such as reviewing compliance and the
diagnosis. If a patient possibly has CP, but exocrine insufficiency is not
severe enough to cause steatorrhea, which may be the result of a compli-
cation of CP (bacterial overgrowth) or nonpancreatic disease (nontropical
sprue). A direct pancreatic function test is the best way to confirm pan-
creatic malabsorption. Many conditions have been reported to occur
with an increased prevalence in CP. Giadiasis (56,57) or bacterial over-
growth syndrome can occur in 25–40% of patients with CP (58–61).
Menetrier’s disease should be excluded if there is no improvement of
azotorrhea. Specific treatment of these conditions will improve or abolish
the steatorrhea.
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Fig. 3. Treatment approach for the patients with exocrine pancreatic insufficiency.

If none of the previous causes has been identified, a gastric acid
study might be necessary to guide treatment. If postprandial gastric pH
is below 4.0, acid suppression should be adjusted to achieve gastric pH
above 4.0 by changing the H2-receptor antagonist to a PPI, increasing
dosage of PPI, adding bicarbonate with meals, or changing to an enteric-
coated preparation. In contrast, if gastric pH is above 4.0, an hourly
schedule of pancreatic enzymes is an option, but this schedule is
impractical.

RECOMMENDATION FOR TREATMENT OF EXOCRINE
PANCREATIC INSUFFICIENCY

A step-by-step approach (Fig. 3) for the treatment of exocrine
pancreatic insufficiency should begin by giving nonenteric-coated
conventional enzymes containing 90,000 USP units of lipolytic activity



with meals. If the response to treatment is unsatisfactory, reduce dietary
fat to 50–75 g per day. If steatorrhea is still not improved, combine
adjuvant therapy with H2-receptor antagonists or PPIs. Alternatively,
change to the enteric-coated preparations. We prefer using adjuvant
acid suppression therapy to enteric-coated enzymes because of the bene-
fit on bile acids malabsorption, as mentioned earlier. Most patients are
much improved and do well with these treatments.

If these treatments fail, compliance must be checked, and diagnosis
of exocrine pancreatic insufficiency should be verified as a cause of
malabsorption. A pancreatic function test may be necessary. Causes
of small bowel malabsorption and bacterial overgrowth syndrome
should be excluded and, if present, treated appropriately. If a cause for
treatment failure is not found and, if tests of gastric and duodenal pH
are unavailable, increasing the dose of the H2-receptor antagonists,
changing to PPIs, or elevating the dose of PPI should be attempted. If
patients are still unimproved, they may need referral to centers with
expertise in pancreatic diseases.

GOALS OF THE TREATMENT OF EXOCRINE
INSUFFICIENCY

The goal for pancreatic enzyme replacement is controversial. Our
belief is that it should be the abolition of steatorrhea. Pancreatic
enzymes usually reduce steatorrhea by 50% (but not abolish it), improve
stool symptoms, nutritional status, the sense of well-being, and weight
gain, despite persistence of steatorrhea. Adults with exocrine insuffi-
ciency have a significantly shortened life span (6), partly from an
increase in atherosclerotic cardiovascular disease (62). The reason for
the association with cardiovascular disease is unknown, but malab-
sorption, malnutrition, and metabolic derangement might be involved.
Whether long-term outcomes differ between patients with continued
mild steatorrhea when compared to patients with complete abolition of
steatorrhea is unknown. The answer to this question may help clarify
the optimal goal in the treatment of exocrine insufficiency.

SIDE EFFECTS OF PANCREATIC ENZYMES
REPLACEMENT

Most side effects of pancreatic enzymes (Table 3; 63) are minor and
require no treatment. Pancreatic extracts form insoluble complexes
with folic acid (64) and long-term treatment might cause folic acid
deficiency. Hyperuricosuria has been described in children with cystic
fibrosis treated with high doses of conventional enzymes (65,66), but is
more likely associated with the severity of cystic fibrosis rather than
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pancreatic enzyme treatment (67). The most important and severe com-
plication is fibrosing colonopathy or colonic strictures. Originally
described in 1994, this complication is mostly associated with high-
dose pancreatic enzymes in children with cystic fibrosis (32–34).
However, two cases of fibrosing colonopathy have also been reported
in adults, one with and the other without cystic fibrosis (68,69).
Relative risks of fibrosing colonopathy were 10.9 with a dose of lipase
24,000–50,000 U/kg/day and 199.5 with a dose of lipase more than
50,000 U/kg/day (70). Thus, a 1995 consensus conference on the use of
pancreatic-enzyme supplements sponsored by the US Cystic Fibrosis
Foundation recommended the daily dose of lipase should not exceed
10,000 U/kg/day (70).

SUMMARY

Treatment of exocrine pancreatic insufficiency is necessary if
patients have symptoms of malabsorption secondary to severe exocrine
pancreatic insufficiency, steatorrhea, or weight loss. Nonenteric-coated
pancreatic enzymes at a dose of at least 90,000 USP lipolytic activity
units should be given with meals. Reduction of dietary fat to 50–75 g
per day may be an option. Addition of H2-receptor antagonists or PPIs
will improve steatorrhea in most cases and abolish steatorrhea in about
half of patients. If patients do not respond to these measures, compliance
and diagnosis should be checked; a small intestinal disease or bacterial
overgrowth may be present and require treatment. Eventually, increas-
ing the dose of acid suppression treatment may be needed. In difficult
cases, referral to a pancreatic center may be necessary for tests, such as
gastric and duodenal pH, along with direct pancreatic function tests.

Table 3
Side Effects of Pancreatic Enzymes Replacement

Soreness of mouth
Perianal irritation
Abdominal pain
Abdominal distention
Diarrhea
Constipation (in infants)
Hyperuricemia
Folic acid deficiency
Allergy to porcine protein
Hypersensitivity reactions following inhalation (powdered forms)
Colonic strictures

Taken from ref. 63.
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INTRODUCTION

Chronic pancreatitis (CP) is a disease characterized by the progres-
sive and irreversible loss of pancreatic structure and exocrine and
endocrine function. Various complications can develop that require
medical evaluation and intervention. The vast majority of patients with
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CP have the disease because of alcohol intake, and these patients often
develop symptoms related to alcohol abuse, as well as problems directly
attributable to pancreatitis. CP is burdened with numerous complica-
tions, but only a fraction (~20%) is directly the result of pancreatitis or
one of its direct effects. Most patients with CP die of respiratory and
other digestive malignancies, coexistent chronic liver disease, cardio-
vascular causes, or postoperative complications. This chapter examines
some of the more unusual complications of CP, including pancreatic
diabetes, nutritional issues, pleuropulmonary influences, panniculitis
and arthritis, gastroparesis, venous thromboses, biliary and duodenal
obstruction, pancreatic fistulae, and pancreatic malignancy. (Exocrine
insufficiency is discussed in Chapter 16.)

PANCREATIC DIABETES

Histologic damage to the pancreas eventually destroys ductal and
acinar tissue and islet cells. If this damage is significantly extensive,
endocrine and exocrine insufficiency can develop. This degree of dam-
age usually takes many years. Generally, pancreatic exocrine or
endocrine insufficiency appears to develop more slowly in the early-
onset form of idiopathic pancreatitis rather than in the alcoholic and
late-onset idiopathic forms of CP (1,2). Endocrine failure with diabetes
typically begins 20 years after disease onset in the alcoholic form, 12
years in late-onset, and nearly 27 years in the early-onset CP subset
(1–3). Although abstinence from alcohol does not arrest the deteriora-
tion of exocrine and endocrine function, it is commonly agreed that the
decline rate is slower in those patients that abstain. The islets of
Langerhans account for only 1–2% of the total cellular mass of the pan-
creas. In CP, fibrotic infiltration into the islets splits the islets into small
lobules and dysfunctional units (4). These islets may even undergo
hyperplasia in the CP setting. Fasting insulin levels in CP may be
decreased, normal, or even mildly elevated, whereas insulin release
after glucose stimulation is markedly reduced. Most patients with dia-
betes resulting from CP have decreased insulin activity, yet some may
have a pattern of insulin resistance, such as that seen in type II dia-
betes mellitus. Endocrine insufficiency ultimately occurs in 30–50%
of patients with CP. The factors responsible for the development of
pancreatic diabetes include the loss of islet cell mass and function, a
reduced incretin affect (decreased secretion of hormones, e.g., gas-
tric inhibitory polypeptide), and the consequences of pancreatic
surgery (5).

Insulin-secreting β-cells seem to exhibit more susceptibility to
destruction by the sclerotic changes than do glucagon-secreting α-cells
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(6), but both may be eventually destroyed. There is a substantial reserve
of insulin secretory capacity, and diabetes does not develop until dam-
age to the islets is substantial. The usual time of diabetes onset is from
5 to more than 25 years after the initial diagnosis of CP. Although there
is significant variability, diabetes is often a feature of far-advanced and
long-standing CP.

Unlike patients with type II diabetes, patients with diabetes because
of CP may develop quite profound and prolonged hypoglycemia, which
is secondary to inadequate glycogen release, coexistent liver disease, or
malnutrition (6). Glucagon release is usually impaired in CP and may
contribute to profound hypoglycemic episodes. Hypoglycemia fre-
quently complicates pancreatic diabetes as a result of inadequate glycogen
stores from irregular caloric intake related to ongoing alcohol abuse
and/or malabsorption. Finally, severe and prolonged hypoglycemia
may develop as a consequence of excessively vigorous insulin therapy.
These patients often lack a glucagon surge in response to treatment-
induced hypoglycemia, and the prolonged hypoglycemia that ensues
can be fatal. Ketosis in CP patients is rare, and if coma ensues, it is usu-
ally the hyperosmolar nonketotic variant. Patients with CP have a “brittle”
diabetes characterized by decreased insulin requirements, resistance to
ketosis, increased levels of circulating gluconeogenic amino acids, and
susceptibility to insulin-induced hypoglycemia (7–10).

Diabetes mellitus can disturb the metabolism of zinc, copper, and
selenium in the setting of CP (11). Diabetes from CP has been shown
to be associated with decreased plasma zinc and selenium concentrations,
as well as with increased urinary copper excretion. Currently, there is
no concrete evidence that suggests differences in these trace elements
contribute to the clinical expression of the disease. Zinc is a cofactor in
many enzymatic processes, e.g., collagen synthesis, and a deficiency
may possibly be involved in the pathophysiology of CP. Urinary zinc
excretion is invariably high in diabetes mellitus. The excretion of copper
in the bile and pancreatic juice is also altered in CP, which could
explain its high-plasma concentration in these patients. However, mal-
absorption and concomitant diabetes mellitus may also affect the
metabolism of copper. Decreased exocrine pancreatic flow may lead to
an increase in copper absorption, which could be the reason for the very
high urinary excretion of copper in patients with CP that is not typically
observed in idiopathic type I diabetic patients (11).

Treatment of diabetes in the CP setting with the use of insulin can
bring about sudden and prolonged hypoglycemia owing to the inability
of the damaged α cells to release glucagon as a counter-regulatory
mechanism against hypoglycemia. Normally, glucagon stimulates glu-
coneogenesis and glycogenolysis in the liver, restoring blood glucose
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to close to normal level. Absent from this effect, some of these patients
may experience severe or even fatal hypoglycemia as a consequence of
extremely strict attempts at glucose control. However, some patients with
CP may have characteristics of type II diabetes mellitus with profound
insulin resistance. These patients tend to be those with CP caused by
hypertriglyceridemia, and diabetes is a primary, not secondary condition.
In this subgroup of patients, tighter control of blood sugar is appropriate,
as this is required to adequately maintain lipid levels.

End-organ complications of diabetes occur in CP as much as it does
in type I and type II diabetes mellitus. These include the development
of neuropathy, microvascular damage, retinopathy, and nephropathy as
that seen in primary diabetes mellitus (12). In general, management of
pancreatic diabetes should be individualized, and treatment may be
with insulin and/or oral hypoglycemics. It is important to educate the
patient on how to suspect and self-treat hypoglycemic episodes.
Optimal glucose control can delay or prevent microvascular problems,
but firmer control of blood sugar leads to the higher risk of treatment-
induced hypoglycemia. These patients should always have identification
as being diabetics and taking therapy. Periodic measurement of gly-
coslated hemoglobin tests should be performed regularly to determine
long-term glucose control. Additionally, attention to details, such as astute
skin and podiatric care, as well as yearly ophthalmologic visits for the
diagnosis and treatment of diabetic retinopathy, is vital. Urine should
be checked for albumin at regular intervals. As in all diabetics, treatment
of hyperlipidemia and hypertension is also necessary, as is encouraging
patients to stop smoking.

An additional and fascinating aspect of diabetes and CP is worth dis-
cussing. Patients with diabetes mellitus appear to develop impaired
pancreatic exocrine function and may even develop structural damage
to the pancreas. Several studies have noted decreases in fecal elastase-
1 in patients with primary diabetes (13,14), and one study even noted
abnormalities reminiscent of CP in the pancreatic duct in patients with
primary diabetes mellitus (15). The clinical importance and frequency
of these findings remains to be determined.

PANCREATIC MALDIGESTION AND MALNUTRITION

Exocrine insufficiency is discussed in Chapter 16. This section focus-
es on other nutritional problems and deficiencies that may be encoun-
tered. Patients with CP may suffer from maldigestion and malnutrition.
Abdominal pain, sitophobia, nausea, vomiting, postprandial satiety,
and ongoing alcohol abuse may all contribute to poor oral intake.
Chronic inflammation of the pancreas interferes with both its exocrine
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and endocrine function. The metabolic demands of CP create a chal-
lenge for the clinician pertaining to the nutritional support requirements
in this disease. Poor oral intake, coupled with a hypercatabolic state,
often results in negative energy balance and malnutrition (16). These
patients may experience profound maldigestion with marked steatorrhea
and weight loss. Gastric dysmotility and mechanical outlet obstruction
from disease in the pancreatic head may contribute to their malnutrition
and decline. Small-bowel bacterial overgrowth, which commonly
occurs in patients with CP (17), is characterized by 104 or more organisms
per milliliter of small bowel contents. This overabundance of bacteria
leads to the deconjugation of bile salts that impair micelle formation
and cause more problems with maldigestion. As many as 40% of patients
with CP have coexistent small-bowel bacterial overgrowth owing to
either previous surgery, hypomotility from the use of narcotics, or other
currently undefined causes.

Deficiencies of vitamins and trace elements may complicate CP, par-
ticularly when there is inadequate intake from pain or alcohol abuse.
Abnormalities in zinc, copper, and selenium are discussed previously, as
they most commonly occur in the setting of CP and coexistent diabetes.
Fat-soluble vitamin deficiency can also occur. Specifically malabsorp-
tion of vitamin D and calcium can be associated with osteopenia and
osteoporosis, a frequent finding in patients with CP (18). The absorp-
tion of fat-soluble vitamins A, E, and K is often preserved in pancreatic
disease as opposed to primary mucosal diseases. Water-soluble vitamin
absorption is also usually maintained. Especially in chronic alcoholics
with advanced CP, such features of malnutrition as peripheral edema, skin
breakdown, decubitus formation, glossitis, profound hypoproteinemia,
hypovitaminosis, and essential fatty acid deficiencies can be observed.

PLEUROPULMONARY COMPLICATIONS
OF CHRONIC PANCREATITS

There are three main categories of pleuropulmonary complications
of CP, which include the following:

1. Pleural effusion.
2. Diffuse pulmonary injury (adult respiratory distress syndrome

[ARDS]).
3. Nonspecific complications: atelectasis, bibasilar infiltrates, elevated

diaphragm, pleural reaction, bronchopleural fistula, aspiration
pneumonia.

Pleural effusions may occur in the setting of an acute flare of CP,
similarly to that possibly seen in any episode of acute pancreatitis (AP).
In this setting, they are often hemorrhagic and occur from 4 to 17% of
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cases (19). Most of these effusions are painless and occur three times
more often on the left when compared to the right pleural space.
Several theories have been proposed regarding the mechanism of pleural
effusions in acute flares of pancreatitis. These include: (1) amylase-rich
fluid that leaks from the vascular space into the pleural space; (2) holes
in the diaphragm or hiatus that allow inflammatory fluid to traverse
from the abdomen to the pleural space; and (3) via lymphatics carrying
products of inflammation that traverse the abdomen, travel to the medi-
astinum, and eventually reach the pleural space. Pleural effusions may
also occur without an associated acute attack of pancreatitis caused by
the leakage of pancreatic juice from the pancreatic duct or a ruptured
pseudocyst. This fluid can reach the peritoneal or pleural compartment
and can cause pancreatic ascites or a pancreatic pleural effusion (see the
following section).

ARDS characterized by a capillary leak syndrome in the lungs may
also complicate a severe acute flare of CP. ARDS and other nonspecific
pulmonary consequences, which may occur in a severe episode of AP,
are discussed in Chapter 6.

PANCREATIC FISTULAE

Patients with CP may develop fistulae that reach either the pleural
space (producing a pancreatic pleural effusion) or the abdominal cavity
(creating pancreatic ascites). This most often occurs when an established
pseudocyst ruptures, and the fluid tracks to one of these compartments.
Both of these complications are relatively rare, but up to 15% of patients
with pseudocyts will have ascites. The ductal leak is often contained by
the back wall of the stomach, transverse colon, and other adjacent
structures, which results in a pseudocyst. In those patients where this
process is unsuccessful, pancreatic juice may directly reach the peritoneal
cavity. Fluid within the abdominal cavity can also track through the
esophageal hiatus or aortic hiatus into the mediastinum or erode through
the diaphragm into the pleural space. As a consequence, unilateral or
bilateral pleural effusions can be found. The majority of patients with
these internal fistulae are chronic alcoholics with long-standing CP. In
children, trauma is the most common cause of ductal disruption with
internal fistulae.

Patients with pancreatic ascites may have no history or signs to sug-
gest an internal fistula. Most often, they note abdominal distension and
typically do not have a history of a recent episode of pancreatitis,
although they are often known to suffer from CP (20). In some patients,
there may be abdominal pain, weight loss, or dyspnea. Also, in a number
of patients, the presentation may mimic intra-abdominal carcinomatosis
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with weakness, weight loss, and even false-positive ascitic fluid cytology.
It has been hypothesized that pancreatic enzymes can induce metapla-
sia of serosal cells, and this might be mistaken by less-experienced
cytopathologists as malignant cells. When the ascites is sampled, the
amylase in the fluid is usually greater than 1000 IU/L and averages 4000
IU/L (19). The fluid is usually “exudative” with albumin levels typically
over 3 g. Serum amylase is often elevated, but a normal serum amylase
does not eliminate pancreatic ascites or pancreatic pleural effusion.

Those patients with pancreatic pleural effusion also commonly lack
a history of a recent flare of pancreatitis and may mainly complain of
dyspnea or chest pain rather than pancreatic-type abdominal pain. Like
pancreatic ascites, there is mainly anecdotal data. Most reviews note that
the majority of patients are chronic alcoholics, and at least half involve
ruptured pseudocysts (21,22). The fluid is also generally exudative, and
the amylase level is often more than 4000 IU/L.

In those with pancreatic ascites or a pancreatic pleural effusion, a high-
quality computed tomography (CT) with pancreatic protocol may define
the presence or absence of a residual pseudocyst and may occasionally
define the fistula track. There are also reports of accurate localization
of the fistula track using magnetic resonance pancreatography. In most
cases, however, an endoscopic retrograde cholangiopancreatography
(ERCP) is required to localize the site of the leak and assess for down-
stream pancreatic duct strictures, both of which must be known for
appropriate therapeutic planning.

Medical therapy for internal pancreatic fistulae includes making
the patient null per os, paracentesis or thoracentesis, and hyperali-
mentation. The use of the somatostatin analog, octreotide, has been
used with anecdotal success. Medical therapy by itself has only mod-
erate efficacy but may be worth the attempt in some patients. In one
recent review, octreotide or somatostatin was effective in 12 of 17
patients (20). Efforts at external drainage are usually met with failure
and/or recurrence.

If medical therapy is undertaken, and ascites or pleural effusions
do not resolve, ERCP should be performed if not already done.
Endoscopic therapy can be an option at the same setting. The place-
ment of pancreatic duct stents has become more widely used as ther-
apy of these fistulae. In one recent review, stent placement was as
successful as surgery (20). In those with a leak from the pancreatic
head or body, a stent that covers the site of the leak is often used, but
some have advocated that a shorter pancreatic duct stent across the
ampulla is adequate. Pancreatic duct sphincterotomy is also used,
usually in conjunction with stent placement. Leaks from the tail of the
gland are only able to be treated with these shorter stents. Even if
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endoscopic therapy is not possible, ERCP should be done in all of
these patients with pancreatic ascites or pancreatic pleural effusion
to assist the surgeon. The anatomy of the duct and site of the leak
allow the surgeon to plan the operative approach, shorten operative
time, avoid enterotomy if possible, and aid in the design of optimal
operation directed at the duct, pseudocyst, or parenchyma alone. If
endoscopic therapy is impossible or unsuccessful, the surgical
management of a direct leak in the absence of a persistent or residu-
al pseudocyst is to cap the leak with a defunctionalized jejunal limb
and roux anastamosis. If the leak is in the tail, distal pancreatectomy
may suffice. In those with a dilated pancreatic duct, therapy may
include the addition of a duct decompression surgery, such as the
Peustow procedure. In the presence of a pseudocyst, it may be possible
to perform a cystjejunostomy or cystgastrostomy.

ARTHRITIS AND PANNICULITIS IN PANCREATITIS

Patients with AP and/or CP can suffer from significant arthropathy.
This disease may be mono- or polyarticular with the involvement of
small and large joints. Joint aspiration of these patients reveals fat
globules, and the fluid is typically milky, sterile, with a very high free-
fatty acid content and elevated levels of glycerol (23). Circulating
lipase levels are typically quite high, and fat necrosis develops in the
soft tissues of periarticular regions, producing the arthritis. The spec-
trum of panniculitis is also quite fascinating in this disease.
Panniculitis can occur in the setting of both AP and CP, as well as
associated with pancreatic neoplasms. These lesions may often mimic
erythema nodosum or the Weber-Christian disease. The panniculitis
may precede the clinical onset of pancreatic disease by up to 13 weeks.
The vast majority of patients with panniculitis from fat necrosis will
have associated pancreatitis or pancreatic carcinoma. The legs are the
most commonly involved sites, thighs and buttocks also being quite
frequent, and arms being involved very rarely. These areas of fat
necrosis are typically found in regions of pressure or contact in the
body. In the skin, one sees liquefaction necrosis as well as fibrinoid
necrosis. Other classic histological findings are necrotic adipose cells
and fat lobules surrounded by lipophages, numerous polymorphonu-
clear cells, and “ghost cells,” which are cells with absent nuclei com-
posed of amorphous granular debris. Saponified calcium can be found
in the panniculitis inflammatory reaction. These nodules are red, quite
painful, and may coalesce into subcutaneous nodules typically more
than 5 cm in size much similar to that viewed in erythema nodosum.
They may occasionally progress to sterile abscesses. Panniculitis is
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believed to occur in 3% of pancreatic disorders, including both benign
inflammatory and malignant disease. Pancreatic ductal obstruction is
considered to be crucial to the release of exocrine factors, particularly
lipase, which causes metastatic fat necrosis. The higher the lipase lev-
els, the greater the risk of panniculitis, but it is essential to note that
this disorder can be found with normal levels of lipase. Interestingly,
drainage of an associated pseudocyst or relief of the pancreatic duct
obstruction by pancreatic stenting, Whipple resection, lithotripsy, and
even dilation of the pancreatic duct, can all improve this panniculitis
process (24,25).

GASTROPARESIS IN CHRONIC PANCREATITIS

Although not widely appreciated, gastroparesis may complicate CP.
This may complicate clinical management, because gastroparesis may
produce similar symptoms (nausea, vomiting, and abdominal pain),
and gastroparesis may interfere with the delivery of pancreatic
enzymes used for the treatment of pain or exocrine insufficiency. The
overall prevalence of gastroparesis in patients with CP is not com-
pletely defined. One study from the authors’ institution examined 56
patients with small duct CP (26), and 44% of these patients had gastro-
paresis. The cause of gastroparesis was probably multifactorial. Many
patients with chronic pancreatitis have elevated levels of cho-
leystokinin (CCK). CCK is thought to cause delayed gastric emptying
in humans. Gastroparesis could also be produced by many independent
factors, such as the effect of unabsorbed nutrients reaching the ileum,
coexistent diabetes, pancreatic inflammation affecting the antrum of
the stomach, and the influence of narcotics used to treat chronic pain.

Another study (27) evaluated postprandial motility of patients
with CP and their response to a liquid meal and placebo versus a liquid
meal with a pancreatic enzyme supplement. A multilumen catheter
was used to record contractions, and markers were used to measure
transit. In CP, a liquid meal induced a much shorter migratory motor
pattern that was associated with increased gastric emptying and
rapid intestinal transit. Added exogenous enzymes reversed these
changes, and delivery of unabsorbed nutrients to the ileum repro-
duced the changes.

The difference between the two studies may relate to the variety in
patient populations (the second study included only patients with
advanced CP and exocrine insufficiency) or to modifications in
methodology (liquid versus solid meal). A more recent study (28) used
antroduodenal manometry and a liquid meal and documented a prolon-
gation of the postprandial motor pattern in patients with CP along with
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a significant reduction in the antral motility index. The addition of
exogenous enzymes improved these changes. Interestingly, these changes
were only significantly different from controls in patients with advanced
CP and exocrine insufficiency, again suggesting that the nature and
severity of motility disorders may differ in patients with advanced dis-
ease when compared to those with small duct disease. The clinical
implications of these findings are not entirely clear, but in the author’s
experience, it is valueable to measure gastric emptying in patients with
CP who experience significant nausea and vomiting or do not respond
to enzyme therapy. In these patients with coexistent gastroparesis, the
combination of a prokinetic, such as erythromycin ethyl succinate, can
markedly improve symptoms.

VENOUS THROMBOSIS IN CHRONIC PANCREATITIS

The inferior mesenteric vein that drains the left colon and rectum
joins the splenic vein to the left of the ligament of Treitz behind the
pancreas. The splenic vein is closely associated with the posterior
aspect of the pancreas, whereas the superior mesenteric vein and
splanchnic vein form the portal vein behind the neck of the gland. In
the acute phase, these patients also often develop a hypercoagulable
state, contributing to the venous thrombotic tendency. The develop-
ment of pseudocysts, peripancreatic fluid collections, and necrosis of the
gland all contribute to an inflammatory venulitis predisposed to throm-
bosis and its complications (29). As a result, acute and/or chronic
inflammation in the pancreas can lead to venous thrombosis.

Given its close apposition to the pancreatic body and tail, splenic
vein thrombosis is not surprisingly the most common. The rate of
splenic vein thrombosis in CP is estimated to be 11% (29,30). Splenic
vein obstruction produces a left-sided or sinistrial portal hypertension
with gastric varices in the absence of esophageal varices or gastric
varices out of proportion to esophageal varices (30). Consequently,
ascites, splenomegaly, and bleeding from gastric varices may occur in a
dramatic manner. The risk of a variceal bleed in these patients is in the
range of 6% (29–31). Therefore, not all patients require therapy,
because the risk of bleeding is relatively low. The use of duplex ultra-
sonography to identify the magnitude and direction of the venous
flow is useful in diagnosing venous thrombosis. Also, CT and magnetic
resonance venography can clarify the presence or absence of venous
thrombosis in this critical region.

Splenectomy is curative for splenic vein thrombosis (29–31).
Thromboses of other splanchnic veins poses much more challenging
therapeutic options, and mortality is very high (32). Surgical shunt,
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transjugular intrahepatic portocaval shunt, and regional thrombolysis
have all been attempted with limited success.

BILIARY OR DUODENAL OBSTRUCTION
IN CHRONIC PANCREATITIS

Fibrosis within the pancreatic head or compression by a pseudocyst
in the same location can obstruct the distal common bile duct as it passes
behind the head of the pancreas (19). This can lead to cholestasis, jaun-
dice, and even secondary biliary cirrhosis, and is most commonly seen
in the setting of chronic alcoholic pancreatitis in patients with advanced
big-duct disease. These patients present with jaundice after a very indo-
lent and prolonged clinical course typified by postprandial pain, nausea,
or low-grade fever. Elevations of transaminases can be quite subtle for
years, and only later do the alkaline phosphatase or γ-glutamyl
transpeptidase begin to rise. It is at the late stage of this disease that
bilirubin levels may rise above three and become clinically detectable
as scleral icterus or jaundice (33,34).

These patients may also develop abnormal liver chemistries for
other reasons, particularly alcoholic hepatitis or cirrhosis. The pattern
of abnormal liver chemistries is not an accurate method in differentiat-
ing common bile duct stenosis from intrinsic alcoholic liver disease
(35). Liver biopsy is usually helpful in distinguishing these conditions
so that appropriate therapy can be planned (35). There is now increasing
evidence that relief of the obstruction not only can prevent hepatic fibrosis,
but that pre-existing hepatic fibrosis may actually improve after relief
of obstruction (36).

Operative biliary bypass is the treatment of choice with choledo-
choduodenostomy or a Roux-en-Y jejunal bypass (33,34). The Roux
procedure is generally favored, because this technique prevents reflux
of lumenal contents up into the biliary tree. In those with an associated
pseudocyst, decompression of the pseudocyst may relieve biliary
obstruction, but often a biliary bypass is also required. In those
patients with an associated inflammatory mass in the head of the
pancreas or coexistent duodenal obstruction, more extensive surgical
procedures may be required, including pancreaticoduodenectomy or
duodenum-preserving pancreatic head resection (37,38). Endoscopic
stent placement allows the prompt decompression of the obstructed
biliary tree, but it is usually not effective as a permanent solution
(39–41). It is usually needed as a temporizing measure, especially in
the setting of concomitant cholangitis. Long-term stenting is associated
with significant complications (40), often owing to noncompliance
with scheduled stent changes. Permanent metal biliary stents have
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also been used (39,42). Presently, the long-term results of removable
or permanent endoscopic stenting remains unknown, and these thera-
pies are generally used as temporizing measures. In patients consid-
ered poor surgical candidates, endoscopic management is utilized, but
this usually frequently obligates the patient to multiple return visits
for stent changes.

Some patients with bile duct obstruction also have concomitant
duodenal obstruction from fibrosis in the pancreas and surrounding tis-
sues. Not uncommonly, these patients have a large inflammatory mass
in the head of the pancreas, which can even mimic carcinoma (34).
These patients develop symptoms of gastric outlet obstruction with
postprandial satiety, bloating, nausea, and periods of violent vomiting
of poorly digested food remnants. As a result, they may develop a fear
of the sight and smell of food and can lose a significant amount of
weight. It is not unusual to appreciate gastric distension clinically with
a succussion “splash.” The diagnosis is best made with upper gastroin-
tentestinal barium radiography, as the endoscopic findings may be
subtle. Surgery remains the preferred treatment. This is usually a gas-
tric bypass with gastrojejunostomy, but some patients require a more
extensive resection (pancreaticoduodenectomy and duodenum preserv-
ing head resection). These more extensive resections are generally
undertaken for patients with a large inflammatory mass in the head of
the gland with duodenal (and often biliary) obstruction (34,37,38,43).
For the patient who is not an operative candidate, dilation of the duo-
denum and pyloric channel may provide temporary relief. On rare
occasions, enteral metallic stents to maintain patency of the postbulbar
region and descending portion of the duodenum can be considered for
patients with extreme fibrosis and encasement who have other severe
underlying medical conditions, but this is usually considered for those
with malignant obstruction (44).

PSEUDOCYSTS

Pseudocysts and fluid collections are discussed in Chapter 8. A few
additional comments are related specifically to CP. Some patients with
CP develop pseudocysts from the evolution of peripancreatic fluid col-
lections that complicate a severe episode of pancreatitis. Pseudocysts
may also develop without this series of events. In some patients, an
obstruction of the pancreatic duct or one of its side branches leads to a
“retention”-type cyst upstream of the obstruction. In this situation, there
is no preceding history of a severe flare of AP complicating pre-existing
CP. Therapy of pseudocysts is often undertaken when the wall of the
collection is mature. This may take several weeks for pseudocysts that
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evolve from acute fluid collections, but these retention-type cysts are
usually mature when discovered, and there is no need for therapy to
be delayed (19).

A second issue that merits specific discussion is the pseudocyst com-
plication of a bleeding pseudoaneurysm, which is found almost exclu-
sively in patients with CP and a pseudocyst. These pseudoaneurysms
form in visceral arteries (45) with the splenic artery being most com-
mon, followed by gastroduodenal arteries and pancreaticoduodenal
arteries. The most frequent presentation is bleeding into the associated
pseudocyst. Blood may remain in the pseudocyst, rupture the pseudo-
cyst, and reach the peritoneal cavity, or reach the gut lumen through the
pancreatic duct (hemosuccus pancreaticus; 30). The usual clinical sce-
narios include sudden onset of pain associated with unexplained anemia
or gastrointestinal bleeding. The diagnosis is usually established with a
CT that demonstrates the pseudocyst containing a contrast-enhancing
vascular structure. Urgent angiography is indicated with embolization of
the pseudoaneurysm. Some patients require definitive surgery, but the
majority can be initially managed with embolization alone.

PANCREATIC CANCER IN CHRONIC PANCREATITIS

Pancreatic cancer, one of the most lethal of all human malignancies,
ranks within the five most common causes of cancer mortality in the
United States. Evidence shows that some forms of pancreatitis are asso-
ciated with a high risk of pancreatic cancer. The duration and etiology
of pancreatitis appears to be key factors. Although CP is a risk factor
for pancreatic malignancy, most cases of pancreatic adenocarcinoma
do not arise in patients with pre-existing pancreatitis.

A multicenter study that examined an excess of 2000 patients from
clinical centers located around the United States and Europe revealed
that the excess risk of carcinoma was observed in both alcoholic and
idiopathic CP in both sexes and in all countries (46). Older patients
with CP appeared to be at greater risk than younger patients, likely
because of the longer duration of their disease. Twenty years after the
diagnosis of pancreatitis, the cumulative risk of pancreatic cancer was
4%. Pancreatic malignancy is obviously only one cause of death in
these patients. In one large natural history study, smoking, alcohol
intake, or development of cirrhosis increased the risk of death during
the observation period (47). At 10 years after the diagnosis of CP, the
crude survival rate was 70% when compared with an expected 93%; at
20 years, more than half of the group had expired. In distinction, dia-
betes and calcification of the pancreas were associated with increased
survival. This connection is likely because of the fact that both factors
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often indicate longer duration of disease, yielding an apparent survival
advantage for subjects who live long enough to develop either one of
these complications. As this cohort was followed, many of the patients
developed cancers outside the pancreas, such as cancer of the mouth,
oropharynx, larynx, and lung (47).

The risk of pancreatic cancer developing in the background of CP
varies with the duration of disease but also with the etiology of disease.
Patients with hereditary pancreatitis are particularly prone to the devel-
opment of pancreatic adenocarcinoma. One study followed a large
international cohort of these patients and noted a marked increase in
risk (48). In these patients, the mean age of diagnosis of pancreatic can-
cer was 54 years, and the cumulative risk of cancer to an age of 70 was
close to 40%. In the subgroup with a paternal inheritance pattern, the
risk was even greater. Smoking appeared to be a major cofactor; smok-
ers had double the risk in comparison to nonsmokers (48). Tropical
pancreatitis, another rare form of CP, also brings particular risk for pan-
creatic adenocarcinoma. In one report of 185 cases followed for an
average of less than 5 years, six pancreatic cancers were observed when
compared to an expected number of 0.06 with a risk ratio of 100 (49).
Cystic fibrosis, another cause of pancreatic exocrine insufficiency, is
also linked with an excessive risk of all forms of digestive cancers,
including pancreatic malignancy.

Although chronic inflammation in the pancreas is a risk factor for
malignancy (like chronic colonic inflammation is a risk factor for colonic
carcinoma), there are undoubtedly numerous cofactors that influence
the risk of malignancy. Age is unquestionably the strongest known risk
factor for pancreatic carcinoma. Pancreatic cancer is nearly 20 times
more common in patients older than age 50 than in younger patients.
Additionally, smoking, a well-established risk factor for pancreatic
cancer, is the single factor most amenable to preventative measures. A
20-pack-per-year smoking history leads to an approximately twofold
increased risk of pancreatic cancer. In the United States, African-
American men and women have higher rates of pancreatic cancer than
whites. Indeed, there may be racial differences in nicotine metabolism and
the susceptibility to tobacco-related carcinogens. Racial differences
and the ability to detoxify tobacco-related carcinogens could explain
the excess of both lung and pancreatic cancer (50). Several dietary factors
are also suspected to be risk factors for pancreatic carcinoma, includ-
ing high-fat diets, high-carbohydrate diets, and diets deficient in fruits,
vegetables, and fiber. The alcoholic with chronic pancreatitis may fit
into this category.

The clinical ramifications in the relationship between pancreatic
cancer and pancreatitis are substantial. Most patients with pancreatic
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carcinoma present with abdominal pain, anorexia, and weight loss.
However, some may present with an initial episode of AP. In one study
from the Veterans Administration database, patients with pancreatic
cancer commonly had pre-existing admissions with the diagnosis of
pancreatitis. This study revealed a clear excess of prior hospitalization
for pancreatitis in patients who subsequently developed pancreatic
malignancy when compared to a matched control group (51). The new
onset of diabetes mellitus is also an occasional harbinger of pancreatic
cancer, particularly if the onset is sudden, the patient is thin, and there
is no family history of diabetes (52). The symptoms of CP, such as
anorexia, weight loss, and persistent abdominal pain, may also mimic
the symptoms of carcinoma; therefore, it is essential for the clinician to
consider the possibility of malignancy as a frequent and often lethal
complication in these patients. Not only can pancreatic cancer mimic
CP, but the two conditions can occur simultaneously. Distinguishing
pancreatic cancer from an inflammatory “pseudotumor” in CP can be
difficult. Presently, multidetector CT with “thin slices” through the
pancreas is most useful. Endoscopic ultrasonography (EUS) with fine-
needle aspiration biopsy (FNA) of any visible masses is also frequently
used, but the changes of CP within the gland make the identification of
a tumor difficult (Fig. 1). In one study of 102 patients with negative
cytology via CT-guided FNA or ERCP, 57 of 102 patients had positive
EUS-guided FNA cytology aspirates (53). EUS-guided FNA can also
assess vascular invasion and sample suspicious peripancreatic
nodes—critical components of accurate tumor staging. ERCP can
also be beneficial in differentiating CP from pancreatic malignancy
with the definition of ductal strictures or mass effect (54,55). Brush
cytology obtained at ERCP of pancreatic or biliary strictures is diag-
nostic in only one half of cases; combining biopsy of ductal stricture
substantially improves accuracy. It is worth noting that the small
cytologic specimens obtained under CT, ERCP, or EUS guidance
require substantial skill in pathological interpretation. Distinguishing
well-differentiated carcinoma from CP can be difficult for even the
best cytopathologist.

The sensitivity and specificity of several serum tumor markers may
be insufficient to differentiate CP from pancreatic carcinoma. CA 19-9
remains the most well-studied marker with the best accuracy. The pos-
itive predictive value of CA19-9 in the diagnosis of early pancreatic
cancer in the CP setting is still inadequate owing to the fact that CA19-9
can be elevated in approximately 20% of patients with benign CP (56).
New technologies, including positron emission tomography utilizing
flouro-deoxy glucose (PET-FDG), are also being studied. One recent
study of 48 patients with CP and 27 with pancreatic carcinoma compared
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the results of PET-FDG with CT, ultrasound, ERCP, operative findings,
and histology (57). The sensitivity and specificity of PET was 98% and
100%, respectively, for carcinoma, and 100% and 97% for CP. FDG-PET
assesses glycolysis in tumorous tissue and must be interpreted with
caution in diabetics.

New methods to examine cytologic specimens and analyze pancre-
atic secretions are also being evaluated. These analyses are generally
based on an understanding of the genetic alterations that commonly
occur in pancreatic malignancy (58). Various malignant markers can be
studied in this regard, such as k-ras-2, telomerase, mucin gene (MUC),
and tissue polypeptide-specific antigen. It remains to be known

Fig. 1. An endosonographic image of the pancreatic head reveals a hypoechoic
mass within the pancreatic parenchyma—a feature of pancreatic carcinoma. The
markers identify the margins of the mass. A fine-needle aspiration biopsy can be
obtained by endoscopic ultrasound to verify the diagnosis.
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whether these markers add to the accuracy of cytologic examination,
but initial studies do show promise. A mucin termed MUC 4 may be
extremely sensitive and specific for adenocarcinoma; in one study,
none of the CP patients displayed this mucin (59). K-ras mutation is an
early event in carcinogenesis. Measurement of k-ras-2 can be per-
formed in pancreatic secretions and brush cytology collected at the
time of ERCP. However, k-ras mutations do not improve the diagnos-
tic yield of cytology, nor does it act as a marker of potential malignant
transformation, as it can be present in patients with benign CP (60).
Finally, telomerase activity in ductal brushings as measured by the
telomeric repeat amplification protocol assay may become a useful
adjunct in differentiating CP from malignancy. Only 3% of CP patients
display telomerase activity. It is postulated that telomerase activity is a
marker of cell immortalization and malignant change (61). Whether
new markers or a combination of these markers noted previously ulti-
mately become clinically useful remains to be determined. With current
technology, the differentiation of pancreatic cancer from CP remains a
difficult clinical challenge.
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risk factors, 69
pancreatic duct stents to pre-

vent, 73–76
and chronic pancreatitis, 189,

200–203, 223–272, 275–
276, 327

and gallstone pancreatitis, 36–
37, 41–45

and pancreatic fistulae, 318–320
and pseudocysts, 117–119, 121–

123, 255–256
Endoscopic ultrasonography

and acute pancreatitis, 22
and chronic pancreatitis, 189,

203–204, 276, 327
and cystic lesions, 128
and pseudocysts, 116

Enterokinase, 10

F

Fecal fat, 192, 305
Fistula, pancreaticocutaneous, 124,

256
Fluid collection, acute, 83, 113–114

treatment, 117
Frey operation, 285–288
Function tests, pancreatic, 195–198

G

Gabexate mesilate
prevention of post-ERCP pan-

creatitis, 69–70
treatment of mild acute pancre-

atitis, 67
Gallstones

acute pancreatitis caused by, 5, 8
Gastroparesis, 213–214
Glasgow system (modified), 23, 40
Glyceryl trinitrate, 71
Grey-Turner’s sign, 34

H

Hemosuccus pancreaticus, 115
Hereditary pancreatitis, 56–57, 152,

160–161, 232, 326
Hyperglycemia and acute pancre-

atitis, 85
Hyperlipidemia, 52–53, 85
Hypocalcemia and acute pancreati-

tis, 85

I

Interleukins, 12–14, 102, 155
Intraductal papillary mucinous

tumor (IPMT), 126
Ischemia, pancreatic, 224, 274
Islets of Langerhans, 314
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K

k-ras, 328

L

Lipase, 18, 297–299
Lithotripsy

extracorporeal shock wave, 229,
249–253

intraductal, 254
Local resection of the head of the

pancreas, 285–288
Loxiglumide, 218

M

Magnetic resonance imaging
magnetic resonance

cholangiopancreatography
(MRCP), 38, 200, 276

Matrix, 155, 158
Metal (self-expanding) stents, 229,

260–261, 323
Menetrier’s disease, 305
Microlithiasis, 5
Mucinous ductal ectasia, see IPMT

N

Necrotizing pancreatitis, see acute
pancreatitis

Necrosectomy, 105–109

O

Octreotide
and chronic pancreatitis, 216–217
prevention of post-ERCP pan-

creatitis, 70–71
and pseudocysts, 125
treatment of acute pancreatitis,

66–67
Opie’s common channel hypoth-

esis, 32–33

P

Pancreas divisum
acute pancreatitis caused by, 6,

55–56
and chronic pancreatitis, 263–265

Pancreatectomy
distal, 284
total, 284–285

Pancreatic ductal stones, 239–255
dissolution, 254–255
endoscopic therapy

complications, 249
efficacy, 245–255
and lithotripsy, 249–253
techniques, 240–245

Pancreatic ductal strictures, 225–
239

stent therapy
complications, 237–239
efficacy, 229–237
techniques, 226–229

Pancreatic enzymes
for chronic pancreatitis pain,

215–216
and colonic strictures, 301, 307–8
for exocrine insufficiency, 295–

312
and H-2 receptor antagonists, 302
and proton pump inhibitors, 302

Pancreatic stone protein (PSP), 13
Pancreaticoduodenectomy

pylorus-preserving, 283
Whipple operation, 281–283

Pancreatitis-associated protein
(PAP), 13

Pancreolauryl test, 193–194
Panniculitis, 320–321
Papilla of Vater, 32
Peustow operation, 279–281
Pirenzipine, 68
Phlegmon, 83
Pleural effusion, pancreatic, 256,

317–320
Polymorphonuclear elastase, 28, 102
Positron emission tomography

(PET), 327–328
Pressure, pancreatic duct, 223, 274
Pseudoaneurysm, 85, 115, 121, 325
Pseudocyst

acute, 83, 113–134
chronic, 255–256, 324
complications, 115, 325
definition, 114–115
natural history, 117
treatment, 117–125

algorithm for treatment, 118
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endoscopic treatment, 121–
123, 255–256

EUS, 122–123
transpapillary, 121
transmural, 122–123

medical, 117
percutaneous, 124–125
surgical, 125, 281

Q

Quality of life, 110, 274

R

Ransons criteria, 4, 23, 40, 86, 101

S

Schwachman-Diamond syndrome, 151
Secretin test, 195–198
Somatostatin

prevention of post-ERCP pan-
creatitis, 70–71

treatment of acute pancreatitis,
66–67

SPINK-1 (serine protease inhibitor
Kazal type 1), 57–58, 143–
144

Sphincter of Oddi
and acute pancreatitis, 6, 33, 54–

55
and chronic pancreatitis, 262–

263
manometry, 55

Sphincterotomy
biliary, 229
pancreatic, 229

Steatorrhea, 296
Stellate cells, 155, 157
Stents, bile duct,

bioabsorbable, 261
chronic pancreatitis and, 256–62
metal, self expanding, 260–261

Stents, pancreatic duct
chronic pancreatitis and, 223–239
prevention of post-ERCP pan-

creatitis, 73–76
Sudan III stain of stool, 192

T

Telomerase, 328–329
Thoracoscopic splanchnicectomy,

219, 275
Transforming growth factor-

(TGF- ), 155
Trimethadione, 255
Tropical pancreatitis, 57, 326
Tubular complexes, 13
Tumor necrosis factor-  (TNF- ),

12, 155
Trypsin, 11, 191
Trypsinogen

diagnosis of chronic pancreatitis,
191–192

and mutations in hereditary
pancreatitis, 11, 56–57

and premature activation in acute
pancreatitis, 11,

Trypsinogen activation peptide
(TAP), 28, 35–36

U

Ultrasound
and chronic pancreatitis, 189,

198–200, 275
and gallstone pancreatitis, 36
and pseudocysts, 115–117

V

von Hippel-Lindau disease, 126
“V-plasty,” 288

W

Whipple operation, see
pancreaticoduodenectomy

Z

Zymogen
activation of enzymes and acute

pancreatitis, 10–11
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