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Foreword

This second volume on modern multimodality pancreatic imaging deals with acute and 
chronic pancreatitis and pancreatic trauma. It comprehensively covers the diagnostic and 
interventional radiological techniques employed today in the management of patients with 
lesions related to one of these conditions.

As with the fi rst volume, which deals with cystic and rare tumors of the pancreas, the 
various chapters are written by authors from both sides of the Atlantic, all internation-
ally recognized experts in their particular fi eld of interest. Their contributions, illustrated 
by high-quality images and fi gures, represent the state-of-the-art methods in pancreatic 
radiology.

I am particularly indebted to the editors, E. J. Balthazar, A. J. Megibow and R. Pozzi-
Mucelli, for their great efforts in preparing this superb volume, which should be considered 
as the standard reference handbook on imaging of acute and chronic pancreatitis and pan-
creatic trauma for general and abdominal radiologists, gastroenterologists and abdominal 
surgeons. It will undoubtedly be of great help to guide them in the correct diagnostic and 
therapeutic decisions for their patients.

I am particularly grateful to R. Pozzi-Mucelli, who kindly accepted to take over the 
 editor’s task from our sadly deceased C. Procacci.

I am convinced that this outstanding work will meet with the same success as the fi rst 
volume on cystic and rare tumors of the pancreas previously published in this series.

Leuven  Albert L. Baert
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Preface

Pancreatitis is a ubiquitous disease. Although it is more prevalent in developed countries, 
accounting for approximately 210,000 yearly hospital admissions in the US, the wide  variety 
of causes accounts for it being seen in every country. Even though it is an old affl iction, 
its clinical and pathologic manifestations were not recognized until late in the 19th and 
early 20th century. Seminal articles by Chiari (1896), Fitz (1889) on acute pancreatitis and 
Comfort 1946 on chronic pancreatitis defi ned the distinctive features of these related but 
separate clinical entities.

The radiologic evaluation of patients with these disorders paralleled the increasing clin-
ical sophistication and, important to our current volume, the rapid technological advances 
as related to imaging. The modern era of pancreatic imaging began with the introduction 
of gray-scale ultrasound in the early 1970s and computed tomography (CT) in the mid 
1970s. Pancreatic imaging progressed rapidly in the last two decades of the 20th century, 
specifi cally related to the appreciation of information provided by the proper use of iodi-
nated intravenous contrast materials for both CT and magnetic resonance imaging (MRI). 
The development of multidetector-row CT (MDCT), advances in MRI beyond spin-echo 
techniques and of endoscopic ultrasound further improved and accelerated this trend. In 
addition to improving imaging diagnosis of pancreatitis and its complications, imaging 
techniques serve as a platform for increasingly innovative minimally invasive interven-
tional therapies.

The present volume describes and illustrates the contributions, strengths and limi-
tations of state-of-the-art imaging modalities used to diagnose and evaluate patients 
with pancreatitis and its abdominal complications. Additionally, we attempt to frame 
the imaging contributions in the context of what information is needed to make clini-
cal decisions. The reader will notice several unavoidable overlapping opinions refl ecting 
different points of view, distinct idiosyncratic experiences and various confl icting bib-
liographic references. This serves our purpose in providing a compendium of a variety 
of approaches to these complex patients. We are indebted to our eclectic experts, all 
recognized and experienced pancreatologists from Europe and the US, who contributed 
to this monograph.

This project has taken a signifi cantly longer time to bring to publication than originally 
intended. While the editors bear the ultimate responsibility for timeliness of fi nal publi-
cation, the effect of the untimely death of Professor Carlo Procacci of Verona cannot be 
minimized. The cruel irony that Professor Procacci was taken from us by pancreatic cancer 
is not lost. Professor Procacci conceived this project in 2000; he succumbed to his disease 
on January 1, 2004 at far too young an age. The appointment of Professor Roberto Pozzi-
Mucelli at the Policlinico G. Rossi is guaranteed to sustain the contributions of this center 
to the world’s knowledge of pancreatic disease. 
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A special note of thanks goes to our publisher, Springer-Verlag, to our editor, Ursula 
Davis, whose patience is truly remarkable, to the copy editors who worked hard to prepare 
the manuscripts and assure the illustrations are of the highest quality, and fi nally to Pro-
fessor Albert Baert, who along with Professor Klaus Sartor are the “Diagnostic Imaging” 
series editors. Professor Baert’s gentle and kindly encouragements along the way never 
failed to remind us of his belief in the potential value of this particular work.

New York Emil J. Balthazar
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1.1 

Introduction

Acute pancreatitis is a common clinical entity 
that follows a variable course ranging from mild 
abdominal pain to multisystem organ failure and 
death. There are numerous known causes of acute 
pancreatitis, all of which are thought to precipitate 
the disease by causing acinar cell injury. Although 
acinar injury may be a common trigger for pan-
creatitis, the mechanisms linking causal entities to 
induction of cellular injury remain unclear. Similar 
to the variability of clinical presentation, the pat-
tern of pancreatic pathology following injury can 
manifest in many ways including: simple edema, 
necrosis, pseudocysts, and abscesses.

1.2 

Etiology

Acute pancreatitis can be triggered by a mechanical, 
metabolic, vascular, or infectious event (Table 1.1). 
Although the molecular mechanisms responsible for 
the induction of pancreatitis for each of these causes 
remain elusive, leading theories have been gaining 
evidence and will be discussed subsequently. Gall-
stone disease and chronic ethanol abuse account for 
greater than 80% of cases of acute pancreatitis; how-
ever, the incidence of pancreatitis in patients with 
these conditions is low (5%–10%) suggesting that 
additional co-factors are necessary to precipitate 
pancreatitis. Idiopathic causes are common and ap-
ply to patients with confi rmed pancreatitis in which 
a causative agent cannot be identifi ed. Regardless 
of the etiology, the clinical manifestations of acute 
pancreatitis are remarkably similar, suggesting that 
the pathogenesis involves a common pathway.
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1.2.1 

Mechanical Etiology

The common inciting event in pancreatitis with a 
mechanical etiology is pancreatic duct obstruction. 
Gallstones, tumors, pancreas divisum, ascariasis, 
and trauma can all result in obstructive pancreatitis. 
Pancreatic ductal epithelial cells function to convey 
digestive enzymes in an inactive zymogen state from 
acinar cells to the duodenum where the enzymes are 
cleaved to an active form by enterokinase. Cells that 
line the pancreatic ducts secrete water, bicarbon-
ate, and mucus to minimize activation of the trans-
ported enzymes. Fat and protein in the duodenum 
induce cholecystokinin (CCK) secretion from small 
intestine mucosal endocrine cells, which in turn 
leads to the release of inactive digestive enzymes 
from the acinar cells. When the pancreatic duct is 
obstructed, acinar cells continue secreting digestive 
enzymes against a closed system. It is thought that 
ultimately, intrinsic protective mechanisms to pre-
vent zymogen activation are overwhelmed, result-

ing in the premature activation of the digestive en-
zymes, which in turn leads to acinar cell injury and 
pancreatitis. (Grady et al. 1992; Sakorafas and 
Tsiotou 2000; Lightner and Kirkwood 2001). 

1.2.1.1 

Biliary Calculi

It is generally accepted that gallstone-induced pan-
creatitis results from a gallstone migrating through 
the ampulla of Vater. Several mechanisms have 
been proposed to explain how the migrating stone 
can cause infl ammation of the pancreas. The most 
likely explanation for the pathogenesis of gallstone 
pancreatitis is that as stone passes through the am-
pulla it either directly occludes the pancreatic duct 
by impaction or indirectly leads to pancreatic duct 
hypertension by creating infl ammation and edema 
of the ampulla as the stone passes (Moody et al. 
1990). Other theories that have been put forth sug-
gest that bile refl ux into the pancreatic duct activates 
pancreatic enzymes and leads to pancreatic infl am-
mation. The once popular common channel hypoth-
esis suggested that a stone impacts in the ampulla 
causing bile to refl ux through the common channel 
that exists between the distal ends of the pancreatic 
and common bile ducts (CBD) has been called into 
question because normally there is higher resting 
pressure in the pancreatic duct compared to the 
CBD. Additionally, pancreatic zymogens are acti-
vated by bile only after at least 8–12 h of incubation 
time. There are also reports that 20% of the general 
population has separate common bile duct and pan-
creatic duct openings (Arendt et al. 1999).

A study examining potential unidentifi ed causes 
of idiopathic acute pancreatitis found that 73% of 
these patients had biliary sludge or microlithiasis. 
The authors hypothesized that over 75% of idiopathic 
attacks of acute pancreatitis are, in fact, caused by 
microscopic gallstones that were not detected using 
standard radiological techniques (Ros et al. 1991). 
Treating these patients with cholecystectomy has 
proven to decrease the rate of recurrence of acute 
pancreatitis, suggesting that the rates of gallstone 
pancreatitis may be globally underestimated.

1.2.1.2 

Pancreatic Obstruction from Neoplasm and Ascariasis

Pancreatic neoplasms cause approximately 3% of 
acute pancreatitis cases with a wide range of sever-
ity. The etiology of neoplasm-associated pancreatitis 

Table 1.1. Etiologies of clinical acute pancreatitis. [Modifi ed 
from Cappell (2008); Greenberger and Toskes (2008)]

Common etiologies
Biliary calculi and sludge (Sect. 1.2.1.1)• 
Alcoholism (Sect. 1.2.2.1)• 
Hypertriglyceridemia (Sect. 1.2.2.2)• 
Endoscopic retrograde cholangiopancreatography • 
Traumatic Pancreatitis• 

Drug-induced (Sect. 1.2.3)
Azathioprine• 
6-MP• 
Sulfonamides• 
Estrogens• 
Tetracycline • 
Anti-epileptic• 
Anti Retroviral• 
Furosemide• 

Hypercalcemia with or without hyperparathyroidism 
(Sect. 1.2.2.3)

Posterior penetrating duodenal ulcer
Scorpion venom
Uncommon etiologies

Ischemia/vasculitis (hypoperfusion)• 
Pancreatic cancer (histologic evidence is present in • 
many cases)
Pancreas divisum • 

Genetic/hereditary (Sect. 1.2.3)
Cystic fi brosis
Infections (Sect. 1.2.3)

Ascariasis• 
Mumps• 
Coxsackievirus• 
Herpetic/CMV (HIV patients)• 
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is thought to result from an obstructed or stenotic 
pancreatic duct that leads to an increase in pressure 
distal to the obstruction. Evidence suggests that any 
pancreatic lesions, benign, malignant, solid or cys-
tic can be a potential cause of pancreatitis. Thus, 
neoplastic lesions of the pancreas must be consid-
ered in all idiopathic cases, it is important to note 
the potential requirement for repeat imaging after 
the acute infl ammation has resolved as surrounding 
infl ammation makes CT diagnosis of a carcinoma 
more diffi cult (Grendell 1990).

It should be stressed that any insult which causes 
obstruction of the pancreatic duct can induce acute 
pancreatitis. For example, ascariasis, the most com-
mon helminth worldwide, is the second most com-
mon cause of acute pancreatitis in India. The worms 
move into the ampulla and block drainage from both 
the pancreatic and CBD. It is rare to fi nd pancreatic 
duct invasion by ascariasis, due to the narrow duct 
lumen. Presence of ascariasis can be diagnosed by 
ultrasound demonstrating tubular structures in the 
ducts and ERCP can aid in the diagnosis and extrac-
tion of invading worms (Khuroo et al. 1992).

1.2.1.3 

Congenital Anomalies – Pancreas Divisum

ERCP and autopsy studies demonstrate pancreas 
divisum in up to 10% of the population. Pancreas 
divisum occurs when non-fusion of the dorsal and 
ventral ducts results in a dominant dorsal duct that 
collects the majority of pancreatic secretions and 
drains through a patent minor papilla. The smaller 
ventral duct collects secretions from the inferior 
portion of the head of the pancreas and the uncinate 
process and drains via the ampulla of Vater. Several 
clinical studies support the conclusion that pancreas 
divisum predisposes some patients to acute pan-
creatitis, but the majority of patients with pancreas 
divisum have no symptoms throughout their life-
time, in fact it is estimated that only 5% of patients 
with pancreas divisum develop acute pancreatitis. 
One hypothesis about the etiology of pancreatitis 
resulting from pancreas divisum is that in the set-
ting of a stenotic lesser papilla successful pancreatic 
drainage does not occur, resulting in a relative pan-
creatic duct obstruction. Some reports suggest that 
stenting the duct of Santorini can decrease the fre-
quency of attacks of pancreatitis in these individuals 
(Sakorafas and Tsiotou 2000). In the absence of 
severe pancreatitis no therapeutic maneuvers are in-
dicated for pancreatic divisum. If the pancreatitis is 

severe or there are multiple attacks, then the minor 
papilla may need to be stented, surgical drainage 
may be required, or sphincterotomy may be indi-
cated (Grendell 1990).

1.2.1.4 

Trauma

Trauma to the pancreas results from iatrogenic and 
external traumatic causes. Post-procedural pancrea-
titis can be caused by direct manipulation of the pan-
creas or the pancreatic duct. ERCP has a 3%–4% pan-
creatitis rate. If the patient has a minor papilla and 
an accessory pancreatic duct, these rates decrease. 
Of the complications that occur after ERCP 59% are 
mild complications, 32% are moderate, 7% are severe, 
and 2% are fatal. Post-ERCP pancreatitis is thought 
to occur when more contrast is injected than the duct 
can hold. Furthermore, there is animal evidence that 
the iodinated contrast materials, as used in imaging 
studies, can contribute to the severity of acute pancre-
atitis (Trap et al. 1999;  Pezzilli et al. 2002). Factors 
that increase the risk of post-ERCP pancreatitis are: 
prior history of pancreatitis, operator inexperience, 
elevated injection pressures, multiple injections into 
the pancreatic duct, and depth of cannulation into the 
pancreatic duct. External pancreatic trauma, often 
undetected at the time of injury, can result in ductal 
strictures that manifest years later with chronic ob-
structive pancreatitis.

1.2.2 

Metabolic Etiology

The common metabolic etiologies that can cause 
pancreatitis include excess ethanol use, hyperlipi-
demia, hypercalcemia, and medications.

1.2.2.1 

Alcohol

There is no universally accepted hypothesis explain-
ing the etiology of alcoholic pancreatitis. Symptoms 
usually develop between 2 and 10 years after initia-
tion of heavy drinking, but acute pancreatitis can 
develop in some patients following brief exposure. 
Patients that develop alcohol-induced acute pan-
creatitis average a daily consumption of 100–150 g 
of alcohol. It has been established that the type of 
alcoholic beverage does not affect the risk of devel-
oping pancreatitis or the presentation of the disease 
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(Wilson et al. 1985). Despite the clear connection 
between alcohol consumption and pancreatitis, only 
10%–15% of heavy alcohol users develop the disease, 
suggesting additional co-factors are required to trig-
ger an attack of pancreatitis. One theory of the etiol-
ogy of alcohol-induced pancreatitis is that oxidative 
metabolism of ethanol by alcohol dehydrogenase in 
the pancreas yields acetaldehyde that is toxic to aci-
nar cells. Acetaldehyde toxicity may be direct or 
stem from the production of reactive oxygen species 
generated during metabolism that results in oxida-
tive stress in the pancreas (Majumdar et al. 1986; 
Nordback et al. 1991; Altomare et al. 1996). Alter-
native byproducts of non-oxidative ethanol metabo-
lism, particularly fatty acid ethyl esters (FAEE) also 
have deleterious effects on the pancreas. Indeed, 
FAEE causes pancreatic edema, acinar vacuoliza-
tion and trypsinogen activation when infused in rats 
(Criddle et al. 2004; Criddle et al. 2006). Recent 
reports have suggested that alcohol may increase the 
infl ammatory response to an episode of pancreati-
tis by augmenting NF-κB translocation following 
activation of protein kinase C (Satoh et al. 2006). 
Although the precise mechanism of alcohol-induced 
pancreatitis is still under debate, current evidence 
supports a model in which metabolic byproducts 
of ethanol metabolism either cause direct injury to 
pancreatic acinar cells or sensitize these cells to in-
jury by other toxic agents.

1.2.2.2 

Hypertriglyceridemia

Elevated triglycerides (>1000 mg/dl) is a well es-
tablished cause of acute pancreatitis. Patients with 
familial type V hyperlipoproteinemia develop hy-
pertriglyceridemia and have an increased risk of 
pancreatitis. Other situations that can lead to dra-
matic elevations in triglyceride levels occur in preg-
nancy, oral contraceptive use (particularly in the 
setting of obesity, diabetes, or pre-existing hyper-
lipidemia), and vitamin A treatment. Women are 
particularly vulnerable to developing hypertriglyc-
eridemia-induced pancreatitis in the third trimester 
of pregnancy when triglyceride levels typically in-
crease three-fold. This is clinically relevant as there 
is a 10%–20% mortality rate for the fetus during an 
attack of acute pancreatitis in the third trimester 
(Ramin and Ramsey 2001).

The mechanism of hypertriglyceridemia-induced 
pancreatitis remains under investigation. Under nor-
mal conditions, triglycerides are hydrolyzed to free 

fatty acids by lipase expressed on endothelial cells. 
These free fatty acids are normally safely conveyed 
to the liver by lipoproteins and albumin. One model 
to explain the pathogenesis of triglyceride-induced 
pancreatitis is that in the context of elevated triglyc-
erides, available albumin is saturated, and pancre-
atic capillaries are exposed to highly cytotoxic con-
centrations of circulating free fatty acids that can 
cause vascular endothelial damage, ischemic injury 
and infl ammation (Sakorafas and Tsiotou 2000). 
Genetically engineered mice that mimic hyperlipi-
demic conditions in humans support this model and 
will be useful to further elucidate the mechanisms 
underlying hyperlipidemia-induced pancreatitis 
(Wang et al. 2008).

Diagnosing hyperlipidemic pancreatitis is a chal-
lenge because patients with abdominal pain and 
hypertriglyceridemia often do not have elevated 
amylase or lipase levels, as elevated circulating lip-
ids block the chemical determination of amylase 
resulting in false negative test results. Urinary amy-
lase testing is still accurate in these patients. The 
treatment is to decrease TG level to <500 mg/dl. Oral 
pancreatic enzymes are used to decrease pancreatic 
stimulation and decrease abdominal pain until trig-
lyceride levels are stabilized. The diet should then 
consist of polyunsaturated fat, starch and fi ber (in-
stead of sucrose) (Toskes 1990). 

1.2.2.3 

Hypercalcemia

The association between acute pancreatitis and 
hypercalcemia has long been recognized. The 
most common underlying cause of hypercalce-
mia is hyperparathyroidism; however, only 1.5% 
of these patients develop acute pancreatitis, sug-
gesting that other factors are required to develop 
pancreatitis in the context of hypercalcemia (Bess 
et al. 1980). Hypercalcemia associated with malig-
nancy has also been shown to increase the risk of 
acute pancreatitis (Goldberg and Herschmann 
1976). One mechanism that has been proposed for 
calcium-induced pancreatitis is that high levels of 
circulating calcium result in elevated intra-cellular 
calcium. Research has demonstrated that elevated 
cytosolic calcium can facilitate premature activa-
tion of zymogen granules within the acinar cell 
and cause injury or death to the cell injury. More 
detailed information regarding the role of calcium 
in the induction of pancreatitis will be discussed 
in Sect. 1.3.
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1.2.2.4 

Post Cardiac Surgery

Pancreatitis is a relatively common complication of 
cardiac surgery. Elevations in pancreatic amylase 
are detected in 27% of patients following cardiac 
surgery; however, CT and autopsy studies suggest 
that the incidence is only 0.12%–5%. Acute pancrea-
titis following cardiac surgery is thought to be the 
result of ischemia caused by reductions in pancre-
atic blood fl ow during bypass and the use of pressors 
during surgery. Risk factors for post-operative acute 
pancreatitis include: the use of peri-operative cal-
cium chloride, valve surgery, and renal insuffi ciency. 
It has also been proposed that pancreatitis follow-
ing cardiac surgery may be caused by the shower-
ing of atheromatous emboli that obstructs pancreas 
blood fl ow and causes ischemia (Fernandez-del 
Castillo et al. 1991). 

1.2.3 

Miscellaneous Etiologies

Numerous medications are thought to cause pan-
creatitis, but the etiology remains unclear. There 
are multiple reports that steroids, diuretics, calcium, 
warfarin, cimetidine, sulfonamides, tetracyclines, 
clonidine, and methyldopa can cause pancreati-
tis. In a study of 45 German hospitals over 1 year 
22/1613 patients with pancreatitis had drug-induced 
pancreatitis from azathioprine, sulfasalazine, ddI, 
estrogen, and furosemide (Lankisch et al. 1995), 
suggesting that medication-induced pancreatitis is 
a rare but signifi cant clinical entity. 

Hereditary pancreatitis is a rare inherited disease. 
Patients with hereditary pancreatitis usually have 
multiple bouts of acute pancreatitis, often starting 
in childhood, but presenting as late as 50 years old 
(Pandol et al. 2007). There is an autosomal domi-
nant pattern, with 80% penetrance. The genetic basis 
of hereditary pancreatitis is a mutation in cationic 
trypsinogen that eliminates an autoregulatory tryp-
tic cleavage site (Whitcomb et al. 1996). Absence of 
this autoregulatory cleavage site is thought to result 
in inappropriately elevated levels of trypsin activity 
within the pancreas, ultimately leading to autodi-
gestion of the gland (Bruno 2001). The primacy of 
trypsin in hereditary pancreatitis has been further 
supported by additional recently discovered genetic 
causes of hereditary pancreatitis. Inactivating mu-
tations in a serine protease inhibitor (Spink 1) that 

inhibits trypsin activity have been identifi ed in a 
cohort of individuals with idiopathic hereditary 
pancreatitis (Witt et al. 2000). Finally, mutations 
in chymotrypsin C, an enzyme that cleaves and in-
activates trypsin have also been discovered in in-
dividuals with chronic pancreatitis (Masson et al. 
2008). These genetic studies suggest that mutations 
that increase the activity of trypsin, or decrease the 
effectiveness of an inhibitor of trypsin increase the 
risk of developing pancreatitis.

There are many infectious agents that can cause 
pancreatitis, including mumps, coxsackie B, Ru-
bella, EBV, CMV, and hepatitis A and B. Two-thirds 
of pancreatitis cases in patients with HIV result from 
opportunistic infections of the pancreas. CMV is the 
most common causative agent; others include cryp-
tococcus, cryptosporidium, and mycobacterium 
avium. Many antiretroviral medications also may 
cause pancreatitis, so it is important to distinguish 
infectious from iatrogenic causes in HIV patients 
(Cappell and Hassan 1993).

1.3 

Biochemical Pathogenesis of 

Acute Pancreatitis

1.3.1 

Enzyme Co-localization and 

Mediators of Infl ammation

Clinical acute pancreatitis results from varying de-
grees of cellular autodigestion triggered by a wide 
variety of agents or events that can injure the pan-
creatic acinar cell; the acinar cells are actually in-
jured by the digestive enzymes they produce (van 
Acker et al. 2006). A leading theory suggests that 
the mechanism of acinar injury is premature intrac-
ellular activation of digestive enzymes (particularly 
trypsin to trypsinogen) within pancreatic acini. In 
the healthy acinar cell, digestive enzymes are pres-
ent in an inactive state as either pro-enzymes or 
zymogen granules. When stimulated by CCK, acinar 
cells release zymogen granules into the pancreatic 
ductal system where they are conveyed (in a still 
inactive state) into the duodenal lumen. Pancreatic 
digestive enzymes are activated in duodenum when 
exposed to a low pH and are processed to an ac-
tive form by enterokinase. In acute pancreatitis, it 
is hypothesized that acinar cell injury results in in-
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active zymogens inappropriately co-localized with 
lysosomal hydrolases (such as cathepsin B) within 
acinar cell cytoplasmic vacuoles. These lysosomal 
proteases can cleave the digestive enzymes to a ma-
ture form resulting in premature trypsinogen acti-
vation within the acinar cell and cause cell injury or 
death (Van Acker et al. 2007) (Fig. 1.1). Further evi-
dence to support the role of cathepsin B in promot-
ing premature trypsin activation came from studies 
that demonstrated that inhibition of cathepsin B by 
chemical or genetic means decreases trypsin activity 
and reduces the severity of acute pancreatitis in mice 
(Van Acker et al. 2007; Halangk et al. 2000). The 
mechanism through which these cytoplasmic vacu-
oles form and result in inappropriate co-localization 
is unclear. One compelling theory suggests that the 
cytoplasmic vacuoles are autophagic in origin. This 
study demonstrated that autophagic vacuoles form 
during the induction of acute pancreatitis. Further-
more, these vacuoles form around lysosomes and se-
cretory vesicles and provide the site of inappropriate 
trypsinogen activation. Interfering with the process 
of autophagy during the course of pancreatitis lead 
to a complete protection from the pathophysiologi-

cal hallmarks of acute pancreatitis in this model 
(Hashimoto et al. 2008).

In addition to causing cellular injury, trypsin 
has been shown to directly stimulate cytokine pro-
duction both in acinar cells and in intra-pancreatic 
or circulating macrophages (Hirota et al. 2006; 
Lundberg et al. 2000). As previously discussed, 
genetic evidence supports the relevance of trypsin 
activation in pancreatitis, as individuals with muta-
tions that increase trypsin activity or decrease the 
effectiveness of a factor that inhibits trypsin activity 
can result in hereditary pancreatitis characterized 
by multiple episodes of acute pancreatitis (Teich 
and Mossner 2008). If premature trypsinogen ac-
tivation and inappropriate protease activity are the 
culprit in acute pancreatitis than one would expect 
that inhibition of these proteases would have a ben-
efi cial effect on the course of acute pancreatitis and, 
in fact, protease inhibitors have been found to re-
duce the severity of pancreatitis in animal models 
and post ERCP in humans (Zyromski and Murr 
2003; Whitcomb 2000).

An alternative hypothesis suggests that inappro-
priate secretion of digestive enzymes across the ba-

Fig 1.1. Co-localization hypothesis: In the normal pancreas, acinar cell zymogen granules are localized to the apical region, 
lysosomes to the basolateral region (1). In response to cholecystokinin (CCK) stimulation, zymogens are secreted into the 
ductal system where they are conveyed to the duodenum and activated (2). Any insult that triggers an attack of acute pan-
creatitis causes sustained calcium fl uxes, vacuole formation, and mis-sorting of zymogens and lysosomes (3). Vacuoles and 
mis-sorted lysosomes can result in inappropriate co-localization of lysosomal hydrolases, most notably cathepsin B, which 
can activate digestive enzymes within the cell (4). Inappropriate activation of digestive enzymes results in an autodigestive 
process that can progress to necrotic cell death, loss of membrane integrity, and release of active enzymes into surrounding 
tissue (5)
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solateral membrane of the acini into the interstitial 
spaces can trigger acute pancreatitis. Alterations in 
ductal cell permeability that allow proteases to leak 
through the ductal epithelium into the interstitium 
have also been invoked as a potential mechanism 
for autodigestive tissue injury in acute pancreatitis. 
There is less experimental evidence to support these 
two hypotheses. Regardless of the mechanism, it 
is clear that acinar injury is a critical precipitating 
event in the pathogenesis of acute pancreatitis and 
that autodigestion of the pancreas is a consequence 
of this injury. 

A key question that remains unanswered in re-
gards to the pathophysiology of acute pancreatitis 
is: what are the key cellular and molecular events 
that trigger co-localization, premature zymogen 
activation, and acinar cell necrosis? Experimental 
evidence suggests that calcium is one of the critical 
regulators of these processes. In the normal acinar 
cell, secretion of digestive enzymes is directly linked 
to CCK-mediated calcium fl uxes. In a physiological 
setting these calcium fl uxes are well controlled and 
follow a defi ned spatiotemporal pattern. A leading 
hypothesis suggests that precipitants of acute pan-
creatitis cause sustained cytosolic elevations of cal-
cium that trigger premature activation of zymogens 
and subsequent necrosis (Criddle et al. 2007). All 

animal models of acute pancreatitis, including hy-
perstimulation (Raraty et al. 2000), duct ligation 
(Mooren et al. 2003), bile acid infusion (Kim et al. 
2002), and injection of FAEE, demonstrate sustai-
ned elevations of calcium. Therapeutic attempts to 
reduce calcium levels using chelating agents or cal-
cium channel blockers have been shown to block 
premature activation of trypsin and acinar necrosis 
in these models (Raraty et al. 2000), supporting a 
critical role for sustained calcium levels in the etiol-
ogy of acute pancreatitis. Determining the molecu-
lar pathway that links elevated cytosolic calcium 
levels to co-localization and premature zymogen 
activation will be instrumental to our understand-
ing of the pathogenesis of acute pancreatitis.

1.3.2 

Mediators of Infl ammation in Acute Pancreatitis

Following the initial injury phase of acute pancreati-
tis, a sequential infl ammatory response is triggered, 
the severity of which can ultimately determine the 
outcome of the disease. Resident macrophages and 
acinar cells themselves trigger an intense cytokine 
response that ultimately leads to an infl ux of neutro-
phils and macrophages into the pancreas (Fig. 1.2). 

Single insults

Tissue 
repair

Systemic release of 
pro-infl ammatory cytokines, 

phopholipase A2, elastase

Multi-organ 
failure

Acinar Cell Injury

Release of Enzymes

Cytokines, immune

Recruitment macrophages

Infl ammato response

Multiple insults

Fig. 1.2. Temporal progression of acute pancreatitis: Acinar cell injury and death is the common connection between the 
different types of acute pancreatitis. This injury results in the release of activated digestive enzymes from the dying cells, 
which triggers the secretion of cytokines from resident macrophages and acinar cells. Neutrophils and macrophages respond 
to these cytokines and are recruited into the pancreas. In the majority of patients the infl ammation is resolved without ad-
verse consequences (blue arrow). In some patients the infl ammatory response results in further acinar injury, perpetuating 
a cycle that can ultimately result in the systemic release of pro-infl ammatory cytokines, phospholipase A2, and elastase. 
These factors can target multiple organs including the lung, kidney, and heart and cause microvascular collapse, multi-
organ failure and death (green arrow)
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Activated neutrophils can lead to further acinar in-
jury and zymogen activation by increasing levels of 
reactive oxygen species and neutrophil proteases, 
thus increasing the level of pancreatic damage fol-
lowing injury. Evidence to support the deleterious 
role of neutrophils has come from studies demon-
strating benefi cial effects on the course of animal 
models of pancreatitis following neutrophil deple-
tion. Within hours of the initial insult, mononu-
clear cells invade the pancreas and produce mul-
tiple infl ammatory mediators. There is a persistent 
amplifi cation of the infl ammatory response with 
hyperactivated infl ammatory mediators such as 
complement, nitric oxide, free radicals, cytokines, 
platelet activating factor (PAF), IL-1β, MIF, IL-6, and 
tumor necrosis factor-� (TNF-�). In animal models, 
IL-1β, TNF-�, and PAF are produced within 30 min 
of initiation of pancreatitis (Pereda et al. 2004). Al-
though the initial mediators derive from acinar cells 
and cells that have invaded the pancreas (mono-
cytes and PMN), eventually organs such as the lungs, 
liver, and spleen produce additional infl ammatory 
mediators. To summarize, acute pancreatitis causes 
necrosis with subsequent neutrophil infl ux; this is 
followed by infi ltration of activated macrophages 
that release a “second wave” of cytokines that fur-
ther stimulate neutrophils potentially causing organ 
damage. This phenomenon has been referred to as 
the “second attack” (Ogawa 1998). 

The extent of the infl ammatory phase of an epi-
sode of acute pancreatitis is dependent on the level 
of acinar cell damage. The effect of the infl amma-
tory response on distant tissues results from cytok-
ines and active proteases that are released into the 
circulation from the infl amed pancreas. Systemic 
release of cytokines can prime infl ammatory re-
sponses in distant organs and proteases cause ac-
tivation of elastase and phospholipase, enzymes 
that ultimately digest cellular membranes in distant 
organs. The lung is particularly susceptible to this 
form of cellular injury and acute respiratory distress 
and multiorgan failure may occur. 

Induction and nuclear translocation of the tran-
scription factors nuclear factor κB (NF-κB) and ac-
tivator protein 1 (AP-1) in acinar cells and resident 
macrophages in the early stages of pancreatitis are 
thought to mediate the transcription of pro-infl am-
matory cytokines and chemokines that participate 
in recruitment of neutrophils. The cytokines IL-1β, 
TNF-α, IL-6, IL-8, and PAF are all thought to play 
a critical role in the infl ammatory phase of acute 
pancreatitis. Other mediators implicated in disease 

pathogenesis in experimental models include com-
plement, bradykinin, nitric oxide, reactive oxygen 
intermediates, substance P, and higher polyamines 
(Granger and Remick 2005). In particular, the 
complement and the kallikrein-kinin system be-
come activated during the course of acute pancrea-
titis and cause increased vascular permeability and 
neutrophil accumulation.

In general, it has been thought that cytokines 
alone do not precipitate pancreatitis, but that they 
can exacerbate the course of pancreatitis by promot-
ing cell death (Zyromski and Murr 2003); however, 
recent experiments have suggested that in certain 
contexts, cytokines can directly trigger pancreatic 
necrosis. Infusion of IL-12 and IL-18 in obese leptin-
defi cient mice have been found to precipitate mas-
sive acute pancreatitis, suggesting a potential link 
between the increased risk of severe acute pancreati-
tis and obesity (Sennello et al. 2008). These results 
suggest that certain risk factors can “prime” the 
pancreas for cytokine-mediated cellular injury.

Although there is currently some debate about 
whether cytokines directly or indirectly cause pan-
creatic injury, it is clear that cytokines can act on 
multiple target cells. Cytokines have the property of 
amplifying their own production and that of other 
cytokines, which can result in extremely unfortu-
nate consequences for the host as high levels of cy-
tokines can ultimately cause death. For example, 
it is known that IL-1β can cause hypotension, DIC, 
shock, and death. IL-6 can also cause fever. Elevated 
serum levels are predictive of the severity of pan-
creatitis, leading to the notion that IL-6 levels could 
be measured within the fi rst 24 h of the clinical epi-
sode of pancreatitis to assess the need for intensive 
care monitoring. IL-8 levels also coincide with dis-
ease severity. IL-8 causes leukocyte degranulation 
and release of elastase and other enzymes. IL-1β 
and TNF-α are the primary infl ammatory media-
tors of severe pancreatitis and they both induce IL-6 
and IL-8. It should be noted that these cytokines are 
not uniformly present but are frequently elevated 
in serum of patients with severe disease and cor-
relate with a poor prognosis. IL-10 is produced late 
during the course of acute pancreatitis and has an 
anti-infl ammatory effect that inhibits the activity of 
TNF-α and IL-1β. Because of the anti-infl ammatory 
actions of IL-10, some view this cytokine as a po-
tential treatment to dampen cytokine production in 
severe acute pancreatitis (Norman 1998), and pre-
treatment with IL-10 has been shown to decrease the 
severity of pancreatitis in animal models.
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Further evidence for the roles of IL-1β and TNF-α 
in propagating the systemic infl ammatory response 
is demonstrated by the decrease in mortality of ge-
netically engineered mice lacking these cytokines 
when subjected to models of severe acute pancreati-
tis (Parsons et al. 1992; Kingsnorth 1997). The im-
portance of systemic cytokines levels in regulating 
severity of pancreatitis has also been validated in 
clinical studies demonstrating that TNF-α, TNF-α 
receptors, IL-6, and CRP levels are signifi cantly 
higher in the fi rst 2 days following admission in pa-
tients with acute pancreatitis that ultimately develop 
organ failure (de Beaux et al. 1996). 

In addition to the importance of classic pro-
infl ammatory cytokines in acute pancreatitis nu-
merous other infl ammatory factors are involved in 
the pathogenesis of the disease. One such mediator 
is PAF, a vasodilator and leukocyte activator, and 
its concentrations are closely related to IL-1β and 
TNF-α levels. Inhibition of PAF causes a decrease in 
IL-1β and TNF-α. PAF is synthesized and secreted 
when phospholipase A2 is activated. It is an auto-
crine, paracrine, and endocrine mediator depend-
ing on the concentrations that are activated and 
released. It stimulates enzyme release from normal 
pancreatic tissue. When serum levels of PAF are ele-
vated, it has similar effects to endotoxin, increasing 
vascular permeability in the kidneys, heart, lungs, 
and GI tract. In animal studies, injection of PAF into 
the pancreatic blood supply causes acute pancreati-
tis. It is implicated in both the pathogenesis of the 
local infl ammatory response and the systemic fea-
tures of the disease, probably by increasing vascular 
permeability and through its chemotactic proper-
ties attracting infl ammatory cells to the pancreas. 
Activated cytokines such as PAF cause increased 
expression of adhesion molecules on endothelium, 
activation of white blood cells, and acute phase reac-
tant production (Kingsnorth et al. 1995). Further 
proof of the importance of PAF to the pathologic 
cascade of pancreatitis is the reduction in severity 
of acute pancreatitis in experimental models given 
PAF antagonists (Kingsnorth 1997). 

1.3.3 

Systemic Manifestations of Infl ammation in 

Acute Pancreatitis

The infl ammatory response to acinar injury can re-
sult in multiple systemic complications including 
fever, acute respiratory distress syndrome (ARDS), 

renal failure, and myocardial depression. Fever is 
thought to be a direct impact of pro-infl ammatory 
cytokines acting on the hypothalamus. Acute re-
nal failure is thought to occur secondary to volume 
depletion and hypotension from increased capillary 
permeability. Shock and myocardial depression are 
thought to result from elevation of vasoactive pep-
tides. ARDS is thought to result from microvascular 
thrombosis as well as phospholipase A2-mediated 
cleavage of lecithin, a key component of surfac-
tant.

In addition to infl ammatory mediators that are 
locally produced and released from the pancreas, 
pancreatitis can also affect the permeability of both 
the gut and lung. Increased intestinal permeability 
in pancreatitis is thought to occur secondary to hy-
povolemic ischemia and can cause bacterial trans-
location through the gut and the systemic release of 
endotoxin. Bacterial translocation is associated with 
adverse consequences and can be lethal, resulting in 
the infection of the pancreas or peri-pancreatic tis-
sue. Endotoxin release can further activate the in-
nate immune system and increase the permeability 
of vascular beds exacerbating hypovolemia. Clinical 
evidence supports an association between endotoxin 
levels in the peripheral circulation and severity of 
acute pancreatitis. Experimental evidence suggests 
that there is a dysfunction of the gut barrier following 
induction of acute pancreatitis characterized by epi-
thelial atrophy and decreased numbers of mucosal 
immune cells. In the early stages of acute pancreati-
tis, gut pH is decreased as a result of decreased blood 
fl ow and mucosal ischemia, in later stages malnutri-
tion can cause further mucosal epithelial atrophy. 
It should be noted that although serum endotoxin 
is detected in 90% patients that ultimately die from 
acute pancreatitis, it is not a prognostic indicator for 
mortality. Because of the adverse consequences of 
gut permeability in acute pancreatitis, considerable 
efforts have been focused on maintaining the bar-
rier function of the intestine. There is some evidence 
that enteral feeding can reduce bacterial transloca-
tion and may have a benefi cial impact on the course 
of the disease.

Lung injury is the most comprehensively studied 
systemic complication of acute pancreatitis and it 
serves as a model to elucidate the systemic infl amma-
tory response (De Campos et al. 2007). Lung injury 
with pancreatitis ranges from hypoxia, pulmonary 
edema, and atelectasis, to ARDS. Pulmonary injury 
following acute pancreatitis is thought to result from 
increased vascular permeability leading ultimately 
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to edema formation. PAF may regulate this process 
as experimental evidence has demonstrated that PAF 
antagonists can decrease the fl uid accumulation in 
the lungs and capillary permeability in the pancreas 
itself. PAF antagonists may decrease lung injury by 
blocking PAF within the pancreas where it reduces 
acinar injury, and decreases coagulation and com-
plement activation (Galloway and Kingsnorth 
1996; Sakorafas and Tsiotou 2000). 

In addition to the role of systemic infl ammatory 
cytokines in eliciting lung damage, infl ammatory 
cell infi ltration into the lung may be directly re-
sponsible for pancreatitis-induced lung injury. The 
amount of lung neutrophils are increased within 4 h 
after the induction of pancreatitis, and depletion 
of neutrophils has been shown to ameliorate pan-
creatitis-induced lung pathology in animal models, 
suggesting that neutrophils are the main mediators 
of pulmonary endothelial injury. A current model 
suggests that granulocytic-mediated lung injury is 
exacerbated in the context of infl ammatory media-
tors released from the pancreas and that the neutro-
phils from acute pancreatitis patients can produce 
more severe tissue damage than those from healthy 
donors (Paulino et al. 2007).
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Acute pancreatitis is a challenging illness charac-
terized by abdominal pain and elevated pancreatic 
enzymes. In the majority of cases, acute pancreatitis 
is mild and resolves with conservative therapy. In 
10%–20% of cases, the disease is severe and may 
lead to signifi cant morbidity and mortality, usually 
due to multi-system organ failure or complications 
from infected necrosis. The challenge for clinicians 
is to determine quickly and accurately which pa-
tients are most likely to develop severe disease and 
require intensive care. In this chapter, we will briefl y 
discuss the clinical features of acute pancreatitis, 
methods of assessing severity and use of imaging 
in patient care.

2.1 

Features of Acute Pancreatitis

The main symptom of acute pancreatitis is abdomi-
nal pain which is invariably in the epigastric area 
but frequently diffuse in the upper abdomen. Pain 
associated with pancreatitis is constant with very 
little fl uctuation. In approximately half the cases, 
the pain radiates to the back. The onset of pain is 
acute, reaching maximal levels within 30–60 min. 
The level of pain is strong enough to require medical 
evaluation and at times may be excruciating. In the 
majority of patients, abdominal pain is associated 
with nausea and vomiting.

The differential diagnosis of acute pancreati-
tis includes perforated peptic ulcer, cholecystitis or 
biliary colic, intestinal obstruction or infarction, 
appendicitis, inferior wall myocardial infarction, 
and ectopic pregnancy or ovarian torsion in wom-
en. Because many of these are medical or surgical 
emergencies, the correct diagnosis must be made 
promptly.
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Low-grade fever is common. High fever may in-
dicate cholangitis in the appropriate clinical setting. 
Jaundice supports the diagnosis of biliary pancreati-
tis. The patient may be tachypneic due to abdominal 
pain or diaphragmatic irritation from pancreatic 
exudate. Pulmonary examination may reveal signs 
of pleural effusion, which are usually on the left and 
occasionally bilateral. Cardiac examination usually 
shows tachycardia. Abdominal examination is char-
acterized by epigastric or diffuse upper abdominal 
tenderness and minimal distension in mild cases 
of pancreatitis. In severe cases, the patient’s abdo-
men may be very tender and show peritoneal signs, 
including rigidity and rebound tenderness. Bowel 
sounds are usually hypoactive due to ileus. Ecchy-
moses in the fl anks (Grey-Turner’s sign) or near the 
umbilicus (Cullen’s sign) are rare physical fi ndings 
that result from local spread of pancreatic exudate. 
These fi ndings are present in only 3% of pancreatitis 
(Dickson and Imrie 1984). Very rare physical fi nd-
ings include subcutaneous fat necrosis (panniculi-
tis) and ophthamological abnormalities including 
arcus lipoides, band keratopathy or retinal throm-
bosis, known as Purtscher’s retinopathy.

The gold standard for diagnosing acute pancreati-
tis is a serum amylase that is elevated � 3 times above 
normal (Chase et al. 1996; Steinberg et al. 1985). In 
a detailed analysis of prospective trials, the sensitiv-
ity and specifi city of an increased amylase was 83% 
and 90%, respectively (Dominguez-Munoz 1999). 
Serum levels increase within 2 h of the onset of pain 
but can normalize within 3–5 days (Zieve 1996).

This test has several limitations. Serum amylase 
levels may be normal in acute pancreatitis if asso-
ciated with hypertriglyceridemia (because of an in-
hibitor) (Claiven et al. 1998; Warshaw et al. 1975), 
if there is delayed determination of serum amylase 
(because it may have normalized), or if the patient 
has chronic pancreatitis (because baseline amylase 
production is already low) (Claiven et al. 1989). 
Also, there are numerous non-pancreatic sources 
of amylase, including ovaries, salivary glands, and 
Fallopian tubes. Hyperamylasemia in the absence 
of pancreatitis can also occur with intrabdominal 
diseases including intestinal ischemia, perforation 
or obstruction. It can occur in renal failure, head 
trauma and lung cancer.

Lipase is another pancreatic enzyme used for di-
agnosing acute pancreatitis. When increased three 
times above normal, lipase is considered a more 
accurate test than amylase (Chase et al. 1996). Its 
sensitivity and specifi city are 95% and 96%, respec-

tively, in part because there are fewer non-pancre-
atic sources of lipase (Dominguez-Munoz 1999). 
Its half-life is longer than that of amylase and, as a 
consequence, lipase levels remain elevated in serum 
longer than amylase (Tichtin et al. 1965; Tietz and 
Shuey 1993). Of note, the levels of either enzyme 
have no bearing on etiology or severity.

Serum pancreatic isoenzymes and a urinary am-
ylase-creatinine clearance ratio have been investi-
gated as more accurate methods to diagnose acute 
pancreatitis but are no more useful than serum am-
ylase or lipase. In recent studies, urinary trypsino-
gen-2 measurement has shown encouraging prelim-
inary results but is not yet commercially available 
( Kemppainen et al. 1997; Hedstrom et al. 2001).

2.2 

Prognosis and Severity

In 1992, a multidisciplinary symposium in Atlanta 
proposed a clinically based classifi cation for acute 
pancreatitis (Table 2.1). Mild acute pancreatitis was 
defi ned as pancreatitis with minimal or no organ 
dysfunction and an uneventful recovery. Severe 
acute pancreatitis was defi ned as pancreatitis with 
severe pathology (including pancreatic necrosis, 
pseudocysts, or fl uid collections) and/or organ fail-
ure (renal or pulmonary insuffi ciency, hypotension 
or gastrointestinal bleeding). Pancreatic necrosis 

Table 2.1. Atlanta criteria for mild and severe pancreatitis

Mild acute 
pancreatitis: 

defi ned as pancreatitis with minimal 
organ dysfunction and an uneventful 
recovery.

Severe acute 
pancreatitis: 

defi ned as pancreatitis associated with 
organ failure and/or local complications, 
such as necrosis, abscess, or pseudocyst; 
��3 Ranson’s criteria, ��8 APACHE II score

Organ failure: defi ned as

1. Shock: systolic blood pressure 
< 90 mm Hg

2. Pulmonary insuffi ciency: PaO2 
��60 mm Hg

3. Renal failure: serum creatinine 
> 2 mg/dL after rehydration

4. Gastrointestinal bleeding: 
> 500 mL/24 h

Adapted from Bradley (1993)
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and multi-system organ failure are the two most 
important determining factors of severity.

The establishment of severity is important be-
cause it correlates with prognosis. In cases of mild 
pancreatitis, mortality is approximately 1%–2%. 
Mortality is as high as 50% in necrotizing pancrea-
titis associated with multi-organ failure (Perez et 
al. 2002).

The challenge for the clinician is to identify with-
in a few hours of admission those who will progress 
to multi-system organ failure and to provide appro-
priate care, including fl uid resuscitation, respiratory 
support, and intensive care if needed. To date, there 
is no ideal way to assess severity of acute pancreati-
tis at admission.

2.2.1 

Clinical Assessment of Severity

Bedside clinical assessment, even by experts in the 
fi eld, has been largely inaccurate in determining se-
verity and predicting prognosis. McMahon et al. 
(1980) reported that only 39% of severe cases of pan-
creatitis were accurately predicted at presentation. 
However, there are several risk factors of severity at 
admission that can be identifi ed at the bedside.

Age and obesity have been linked to higher se-
verity and mortality. In one study, the mortality of 
patients with necrotizing pancreatitis over 70 years 
of age was reported to be 26.5% vs 7.8% in those un-
der 70 years (Uomo et al. 1998). Obesity, as defi ned 
by body mass index (BMI = weight/height2[kg/m2]) 
> 30, has been shown to be a risk factor for organ fail-
ure (Funnell et al. 1993; Porter and Banks 1991) 
and mortality (Martinez et al. 1999). A recent study 
reported that android fat distribution and higher 
waist circumference, in particular, are associated 
with a greater risk for developing severe acute pan-
creatitis (Mery et al. 2002). Obesity has a sensitivity 
of 63% and a specifi city of 95% for predicting disease 
severity (Funnell et al. 1993). It is speculated that 
increased fat deposits in the peripancreatic and ret-
roperitoneal spaces in obese patients may increase 
the risk of peripancreatic fat necrosis and infection 
(Funnell et al. 1993).

Information regarding past history of pancrea-
titis can be helpful. The fi rst or second episodes of 
pancreatitis are more likely to result in severe dis-
ease than a later episode (Ranson 1997; Perez et al. 
2002). A reasonable explanation is that the amount 
of viable pancreatic tissue diminishes with each 

episode. Also, a short interval between the onset of 
symptoms and medical evaluation (< 18 h) corre-
lates with severity (Brown et al. 2000). Presumably 
severe disease causes more excruciating abdominal 
pain that forces the patient to seek medical attention 
early.

Certain fi ndings on physical exam can warn of se-
vere disease. While present in only 1%–3% patients 
with pancreatitis, the presence of the Grey-Turner’s 
sign or the Cullen’s sign is associated with a higher 
mortality (Dickson and Imrie 1984).

2.2.2 

Laboratory Assessment of Severity

Hemoconcentration has received recent atten-
tion as an early marker of severity and organ fail-
ure ( Baillargeon et al. 1998; Brown et al. 2000; 
Lankisch et al. 2001a). In a retrospective study of 64 
patients, Baillargeon et al. found that a hematocrit 
� 47% or a failure of hematocrit to decrease in 24 h 
were the best factors for necrotizing pancreatitis 
( Baillargeon et al. 1998). In a later prospective 
study from the same institution, Brown et al. found 
that a hematocrit > 44% was the best predictor of ne-
crotizing pancreatitis and organ failure (Brown et 
al. 2000). A study from Germany found that a hema-
tocrit above the gender-specifi c mean of normal he-
matocrit range correlated with pancreatic necrosis 
on CT but not with organ failure (Lankisch et al. 
2001a). All three studies found similarly high nega-
tive predictive values (88%–96%), indicating that 
in the absence of hemoconcentration, necrotizing 
pancreatitis rarely occurs.

Individual markers have been used to assess se-
verity, including elevated creatinine (> 2 mg/dL) 
(Talamini et al. 1999) or hyperglycemia (> 250 mg) 
(Blum et al. 2001). However, multivariable scoring 
systems, most notably Ranson’s criteria and the 
APACHE II score, are the usual standards to deter-
mine severity. These tabulate markers of both sys-
temic infl ammation and organ failure.

Ranson et al. (1974) developed a scoring system 
to predict severity in alcoholic pancreatitis based 
upon 11 objective criteria (Table 2.2). Five are de-
termined at admission and the remaining six dur-
ing the next 48 h. With � 2 positive signs, mortal-
ity was < 1% whereas with � 6 signs, mortality was 
100% (Ranson 1982). One major shortcoming of 
this system is that intermediate scores of 3–5 do not 
accurately predict the incidence of necrosis or organ 
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failure. Another is that 48 h are required to complete 
data collection, by which time the prognostic infor-
mation may be too late to help the patient.

The Glasgow criteria were developed to simplify 
Ranson’s criteria (Imrie et al. 1978) but still require 
48 h for complete data collection. The Glasgow cri-
teria and later modifi cations are generally no more 
accurate than Ranson’s criteria.

The Acute Physiology and Chronic Health Evalua-
tion (APACHE II) system uses 12 variables represent-
ing seven major organ systems. The advantage of the 
system is its ability to assess severity on admission, 
though it is more accurate after 48 h. An APACHE II 
score � 9 at 48 hs is as accurate as  Ranson’s criteria 
(Larvin and McMahon 1989; Wilson et al. 1990). 
The APACHE II scores can be recalculated daily and 
can monitor response to therapy. A major draw-
back to this scoring system is the need to measure 
many variables. The Atlanta conference defi ned an 
APACHE II score > 7 at admission as severe dis-
ease but this cutoff may be too low. In a modifi ca-
tion, obesity has been added to the list of variables 
(APACHE-O), which has a positive predictive value 
of severity of 74% when the score is > 9 (Martinez 
et al. 1999). APACHE III decreased the number of 
variables but has not afforded any greater advantage 
(Chatzicostas et al. 2002) and may be less accurate 
at the early stages.

Markers of pancreatic infl ammation are also 
available for use. C-reactive protein (CRP) is an 
acute phase reactant, which is a good predic-
tor of necrosis (Uhl et al. 1991; Gross et al. 1990; 
de Beaux et al. 1996; Leser et al. 1991; Pezzilli et al. 
1995; Viedma et al. 1994). The sensitivity and speci-
fi city are 77.5% and 75%, respectively when greater 
than 140 mg/dL (Puolakkainen et al. 1987). A level 
of > 150 mg/L is now accepted as cutoff for severe 
disease (Dervenis et al. 1999). The advantage of 
this test is its low cost and wide availability. Its main 
drawback is the slow increase in serum to peak lev-
els such that the test is most useful after 36–48 h.

Increased urinary trypsinogen activation pep-
tide (TAP), an activation peptide released during 
pancreatitis, is also useful as a marker for severity 
if measured within 48 h of the onset of symptoms 
(Gudgeon et al. 1990; Neoptolemos et al. 2000; 
Tenner et al. 1997; Heath et al. 1995). However, this 
test is not commercially available. Urinary levels of 
the activation peptide from procarboxypeptidase B 
(CAPAP), which is also released by during pancrea-
titis, may prove to be a more useful assay in the fu-
ture (Appelros et al. 1998, 2001).

Trypsinogen is a pancreatic proenzyme thought 
to play a central role in the pathophysiology of pan-
creatitis. One isoenzyme, trypsinogen-2 (anionic 
trypsinogen), is elevated in both serum and urine 
in acute pancreatitis (Kempainnen et al. 1997). In 
one study, a cut-off serum level of 1,000 �g/L dif-
ferentiated complicated from uncomplicated necro-
tizing pancreatitis with a sensitivity of 91% and a 
specifi city of 71% (Saino et al. 1996). Urinary levels 
of trypsinogen-2 lack sensitivity to distinguish mild 
from severe disease (Lempinen et al. 2003, 2001; 
 Kyplanpaa et al. 2000). These test are not yet com-
mercially available.

Other markers of pancreatic injury that are 
being investigated include trypsin complex-
es (Hedstrom et al. 1996), phospholipase A2 
(Wereszycynska-Seimiatkowska et al. 1998), 
pancreatitis-associated protein (Kemppainen et 
al. 1996), methemalbumin (Lankisch et al. 1989), 
and pancreatic ribonuclease (Warshaw et al. 
1975). Markers of infl ammation (Warshaw and 
Lee 1979) that are currently investigational include 
interleukin(IL)-6 (Pezzilli et al. 1999; Chen et al. 
1999), IL-8 (Chen et al. 1999), polymorphonuclear 
elastase (Wereszycynska-Seimiatkowska et al. 
1998), tumor necrosis factor (Chen et al. 1999), and 
serum amyloid A (Pezzillli et al. 2000).

Table 2.2. Ranson’s early prognostic signs

At admission or diagnosis

Age > 55 years

WBC > 16,000/mm3

LDH > 350 IU/L

AST > 250 IU/L

Glucose > 200 mg/dL

Within 48 h

Hematocrit fall > 10%

BUN elevation > 5 mg/dL

Serum calcium < 8 mg/dL

PaO2 < 60 mm Hg

Base defi cit > 4 mEq/L

Fluid sequestration > 6 L

WBC = white blood count, LDH = lactic dehydrogenase, AST 
= aspartate aminotransferase, BUN= blood urea nitrogen, 
PaO2 = arterial pressure of oxygen

Adapted from Ranson et al. (1974)
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2.2.3 

Radiologic Assessment of Severity

At the time of admission, a pleural effusion demon-
strated on chest radiograph indicates a higher risk 
for severe disease. Heller et al. (1997) reported that 
84% of patients with severe pancreatitis (as defi ned 
by Atlanta criteria) had a pleural effusion on chest 
radiograph as compared to 8.6% of patients with 
mild disease. Talamini et al. (1999) reported that a 
pleural effusion on chest radiograph, coupled with 
an increased serum creatinine (> 2 mg/dL), was as-
sociated with an increased risk of necrotizing pan-
creatitis and mortality.

With the original Balthazar grading system 
(Table 2.3), Grades D and E were associated with 
a higher morbidity and mortality. The CT severity 
index (CTSI) is the current system by which sever-
ity is usually determined (Table 2.3) (Balthazar et 
al. 1990) and improves upon the original classifi ca-
tion by including the amount of necrosis as identi-
fi ed following intravenous contrast administration. 
CTSI scores of 0–3 are associated with 8% morbidity 
and 3% mortality, but scores of 7–10 are associated 
with 92% morbidity and 17% mortality. Simchuk et 
al. (2000) found similar fi ndings and reported that 
a CTSI more than 5 also correlated with length of 
hospital stay and need for surgical necrosectomy. 
A disadvantage is that the scoring is susceptible to 
interobserver variability.

2.3 

Timing and Use of Imaging in 

Therapeutic Decision Making

Imaging provides critical information for clinicians 
in the management of acute pancreatitis. This in-
formation includes confi rmation of the diagnosis, 
visualization of the cause of pancreatitis, stratifi ca-
tion of severity of pancreatitis, and identifi cation of 
complications (Banks 1997). Imaging also provides 
vital information when therapeutic intervention is 
required and can be used as a guide to perform 
interventions.

2.3.1 

At Time of Diagnosis

At the time of diagnosis, the primary roles of im-
aging are to determine whether the cause of pan-
creatitis (e.g. gallstones or pancreas divisum) can be 
determined, confi rm the diagnosis of acute pancrea-
titis and exclude other condition such as mesenteric 
infarction or perforated duodenal ulcer, and provide 
preliminary information as to the severity of acute 
pancreatitis.

2.3.1.1 

Identifi cation of Gallstones

At the time of admission, it is important to identify 
the cause of acute pancreatitis. A careful history and 
physical examination, and evaluation of laboratory 
tests and imaging are all helpful. In gallstone pan-
creatitis, abdominal ultrasound is the best initial 
test to identify biliary sludge and cholelithiasis, but 
is not as accurate in identifying stones in the com-
mon bile duct (Elmas 2001). Other imaging studies 
that can accurately identify choledocholithiasis but 
are not usually performed at admission are mag-
netic resonance cholangiopancreatography (MRCP), 
endoscopic ultrasound (EUS), and endoscopic retro-
grade cholangiopancreatography (ERCP) (Fig. 2.1).

If imaging studies reveal the presence of choledo-
cholithiasis or if there is a strong clinical suspicion 
based on characteristic abnormalities of liver func-
tion tests and/or dilatation of the common bile duct, 
the clinician must decide whether urgent (< 48 h) 
ERCP should be performed for the purpose of iden-
tifying and then removing common bile duct stones. 
There are two major clinical concerns when gall-

Table 2.3. CT severity index

Grade CT fi nding Score

A. Normal pancreas 0

B. Pancreatic enlargement 1

C. Pancreatic infl ammation and/or 
peripancreatic fat changes

2

D. Single peripancreatic fl uid#
collection

3

E. Two or more fl uid collections#
and/or retroperitoneal air

4

% necrosis Score

0 0

< 30 2

30–50 4

> 50 6

CT severity index score = Grade score + % necrosis score#
Adapted from Balthazar et al. (1985, 1990)
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stones lodge in the common bile duct. The fi rst is as-
cending cholangitis. The second is that an obstruct-
ing common bile duct stone may lead to additional 
pancreatic damage and thereby increase morbidity 
and mortality. There have been four studies that 
have addressed these concerns ( Neoptolemos et 
al. 1998; Fan et al. 1993; Folsch et al. 1997; Nowak 
et al. 1995). There is general agreement that in mild 
pancreatitis urgent ERCP with removal of gallstones 
from the common bile duct does not alter the clinical 
course and, therefore, is not indicated. However, the 
role of ERCP in severe pancreatitis remains contro-
versial. In one study, ERCP with removal of common 
bile duct stones was helpful in preventing biliary 
sepsis but not in infl uencing the natural history of 
the acute pancreatitis (Fan et al. 1993). Other stud-
ies have yielded confl icting results as to the impact 
of urgent ERCP with removal of common bile duct 
stones in severe acute pancreatitis. There has not 
been agreement that urgent ERCP decreases morbid-
ity and mortality in severe acute pancreatitis. At the 
present time, urgent ERCP is considered a reason-
able option for patients who are either strongly sus-
pected of cholangitis or who are exhibiting evidence 
of organ failure. The optimal timing of urgent ERCP 
appears to be within 48 hours of onset of symptoms. 
Urgent ERCP in severe pancreatitis should be per-
formed only by those with considerable experience 
in therapeutic endoscopy.

2.3.1.2 

Confi rmation of Acute Pancreatitis

At admission, CT scan is indicated if there is doubt 
on the part of the clinician as to whether severe 
abdominal pain is due to pancreatitis or some other 
serious intra-abdominal condition. The Balthazar-
Ranson scoring system (A–E) is suffi cient to confi rm 
that the patient has pancreatitis if the score is � B.

Abdominal ultrasound performed at the time of 
admission may also support the diagnosis of pancre-
atitis; however, visualization of the pancreas is often 
hindered by overlying bowel gas. Findings consistent 
with pancreatitis include diffuse glandular enlarge-
ment, hypoechoic texture of the pancreas indicating 
interstitial edema, focal areas of hemorrhage within 
the pancreas, acute retroperitoneal fl uid accumula-
tion, and free intraperitoneal fl uid (Jeffrey 1989).

2.3.1.3 

Assessment of Severity

The Balthazar-Ranson scoring system provides useful 
information in assessing the severity of acute pancrea-
titis. In general, patients with one or more fl uid collec-
tions (that is, Balthazar-Ranson score of D or E) have 
a more prolonged course of pain and are more likely 
to have organ failure and necrotizing pancreatitis than 
those with a score of A, B, or C (Ranson et al. 1985).

Fig. 2.1. a Projective MR cholangiographic image shows a mildly dilated common bile duct and 
the presence of two fi lling defects consistent with common bile duct stones. b ERCP image ob-
tained in the same patient confi rms the presence of two common bile duct stones

a b
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The radiologic modality of choice to determine 
whether the patient has interstitial or necrotizing 
pancreatitis is contrast-enhanced thin section mul-
tidetector-row CT (Fig. 2.2). Although a contrast-en-
hanced CT scan is frequently performed at the time 
of admission for the purposes of making this distinc-
tion, it remains unproven whether this knowledge can 
impact clinical care in the fi rst few days. Standard of 
care during the fi rst several days includes aggressive 
fl uid resuscitation, bowel rest, analgesia, and vigilant 
assessment for the development of organ failure. In-
deed, the opinion has been expressed that CT scan 
is not essential in the fi rst 48–72 h of hospitalization 
(Lankisch et al. 2001b). It should also be noted that 
pancreatic necrosis is more accurately identifi ed 48–
72 h after the onset of disease (Balthazar 2002).

2.3.2 

During the First Week and Thereafter

As many as 80%–90% of patients with acute pan-
creatitis have interstitial pancreatitis. Most re-
cover within a few days and are discharged within 
4–7 days. Less than 10% experience organ failure, 
which is usually transient. The overall mortality in 
interstitial pancreatitis is less than 3% and is usually 
caused by intractable organ failure in patients with 
comorbid disease.

Among the 10%–20% of patients with necrotiz-
ing pancreatitis, one half experiences organ failure 
which frequently is prolonged. Mortality in necro-
tizing pancreatitis in the absence of organ failure 
is probably 0%–3%. The mortality of single organ 
failure is less than 10%. The mortality associated 
with multi-system organ failure is approximately 
40%–50%.

Patients who do not recover rapidly within the 
fi rst several days require a contrast-enhanced CT 
scan to determine whether they have interstitial or 
necrotizing pancreatitis. Signs and/or symptoms of 
failure to recover or respond to appropriate therapy 
include persistent abdominal pain requiring nar-
cotic medication, persistent leukocytosis or fever, or 
persistence or development of organ failure.

Magnetic resonance imaging (MRI), and in par-
ticular, magnetic resonance cholangiopancreatog-
raphy (MRCP) has been increasingly utilized in the 
care of patients with acute pancreatitis. MR imag-
ing can detect pancreatic necrosis (Saifuddin et 
al. 1993) and determine severity as accurately as CT 
scan (Lescesne et al. 1999; Arvanitakis et al. 2004), 
and is superior in delineating pancreatic duct anat-
omy and detecting choledocholithiasis (Fig. 2.3). In 
addition, potential contrast-mediated nephrotoxic-
ity is minimized by the use of gadolinium chelates. 
Nonetheless, despite these benefi ts, CT scan can be 
obtained in a much more timely and cost-effective 
manner than MR imaging in most hospitals and, 
therefore, remains the preferable radiologic test.

2.3.2.1 

Interstitial Pancreatitis

If CT scan reveals evidence of interstitial pancrea-
titis, the expectation of the clinician is that there 
will be gradual improvement with continued sup-
portive therapy. Abdominal pain usually resolves 
within 3–5 days, and analgesic medication can be 
gradually withdrawn. Leukocytosis, fever and any 

Fig. 2.2. a Axial contrast-enhanced CT image shows an en-
larged and edematous pancreas without evidence of necro-
sis. Note, there is mild peripancreatic fat stranding (arrow) 
in the anterior pararenal space. b Axial contrast-enhanced 
CT image in another patient shows subtotal necrosis of the 
pancreatic gland

a

b
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evidence of organ failure also usually resolve within 
this time frame. However, if abdominal pain, fever 
or leukocytosis persists, and particularly if organ 
failure does not resolve, repeat imaging is advis-
able to determine the cause of persistent toxicity. 
There are several possible causes. First, the patient 
may have pancreatic necrosis rather than intersti-
tial pancreatitis (Fig. 2.4a,b). Second, the patient 
may have interstitial pancreatitis with persistence 
of large fl uid collections in the anterior pararenal 
space, lesser sac, or elsewhere. These fl uid collec-
tions usually resolve over the next several weeks. 
If they do, systemic toxicity usually then resolves. 
However, if fl uid collections persist and are associ-
ated with ongoing systemic toxicity (such as fever or 
leukocytosis) there is a possibility that the extrapan-
creatic fl uid collections have become secondarily in-
fected. While this does not occur very often in the 
absence of necrotizing pancreatitis, image-guided 
percutaneous aspiration with Gram stain and cul-
ture is advisable to exclude infection. If Gram stain 
and culture reveal the presence of infection, percu-
taneous catheter drainage can be utilized to manage 
the infected peripancreatic fl uid collection.

Another possible cause of unresolved toxicity 
associated with persistence of fl uid collections is a 
pancreatic ductal disruption. This entity can be sug-
gested by a CT scan that shows an intrapancreatic 
collection of fl uid at the neck as well as increasing 
peripancreatic fl uid collections and confi rmed by 
ERCP (Fig. 2.4c). The treatment of choice for a duc-
tal disruption is the endoscopic insertion of a stent 

within the pancreatic duct that bridges the disrup-
tion (Telford et al. 2002). The stent is usually left in 
place for approximately 3 weeks, and is then removed 
if endoscopic injection of contrast into the pancre-
atic duct shows that the disruption has healed.

A third possibility for persistent toxicity af-
ter 4–6 weeks is the development of a pancreatic 
pseudocyst (Fig. 2.5). If a pseudocyst develops 
and remains asymptomatic, present thinking is 
that there is no need for intervention. However, if 
the pseudocyst causes abdominal pain, signs of 
biliary or gastric obstruction, or becomes second-
arily infected, it should be drained. Choices include 
CT- or ultrasound-guided percutaneous catheter 
drainage, surgical drainage via cystgastrostomy or 
cystjejunostomy, or endoscopic drainage if feasible 
through the stomach or duodenum.

2.3.2.2 

Necrotizing Pancreatitis

If, in the context of persisting toxicity such as fever 
and leukocytosis and/or unresolved organ failure, 
CT shows the presence of pancreatic necrosis, the 
hospital stay is likely to be prolonged, perhaps for 
as long as 2–6 months. The major concerns for the 
clinician are development or persistence of organ 
failure (including azotemia, hypoxemia, or shock) 
and the development of secondary pancreatic infec-
tion (infected pancreatic necrosis, see below).

Interestingly, the extent of necrosis does not nec-
essarily correlate with toxicity. Although some pa-

Fig. 2.3. a Projective MRCP image shows drainage of the main pancreatic duct through the duct of Santorini consistent with 
pancreas divisum. Note ventral duct remnant (arrow). b Axial contrast-enhanced CT image shows a dilated duct of Santorini 
(arrow) and diffuse peripancreatic fl uid in this patient with interstitial pancreatitis caused by pancreas divisum. A small 
cystic lesion (arrowhead) was incidentally discovered in the posterior aspect of the pancreatic head. (D = duodenum)

a b
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tients with extended pancreatic necrosis have consid-
erable toxicity including multi-system organ failure, 
others, surprisingly, have no manifestations of tox-
icity (Fig. 2.6). Some patients with less than 30% of 
necrosis have considerable toxicity, while others do 
not. Balthazar’s initial data and that of others had 
supported the concept that extensive necrosis cor-
relates with higher morbidity and mortality, includ-
ing organ failure, infected necrosis, and death, but 
these correlations have recently come into question. 
Perez et al. (2002) found that morbidity and mor-
tality in necrotizing pancreatitis correlated better 
with multiorgan failure than extent of necrosis. In 
particular, patients with extensive pancreatic necro-
sis were not more likely to have pancreatic infection 
or multi-system organ failure than those with lesser 
amounts of necrosis (Perez et al. 2002). De Sanctis 
et al. (1997) reported no signifi cant correlation with 
the extent of necrosis and outcome. It would appear 
that the fi nding of extensive necrosis on CT scan 

Fig. 2.5. Axial contrast-enhanced CT image shows a well-
defi ned pseudocyst in the pancreatic tail 6 weeks after ne-
crotizing pancreatitis

Fig. 2.4. a Axial contrast-enhanced CT image shows areas 
of necrosis (F = fl uid). b Axial contrast-enhanced CT image 
obtained 4 weeks later shows organized necrosis in the pan-
creas and lesser sac. The necrosis was drained percutane-
ously. c ERCP image obtained after incomplete resolution 
shows main pancreatic duct disruption (arrow) and spillage 
of contrast in the retroperitoneum and lesser sac surround-
ing the drainage catheter

a b

c



24 R. S. Kwon, K. J. Mortele, and P. A. Banks

does not necessarily mean that the patient is or will 
become seriously ill. In necrotizing pancreatitis, ex-
tensive or not, the main concerns for the clinician 
are the multi-system organ failure (which usually 
occurs within the fi rst 7 days), and pancreatic infec-
tion (which usually occurs after the 7th day). In most 
series, one half of the deaths from acute pancreatitis 
take place within the fi rst 7–14 days as a direct result 
of multi-system organ failure, and the remainder af-
ter 14 days, usually as a consequence of pancreatic 
infection (Mutinga et al. 2000).

Patients who exhibit evidence of organ failure re-
quire treatment in an intensive care unit. Treatment 
for progressive organ failure may require intubation 
with assisted ventilation, renal dialysis, and pharma-
cological support of blood pressure. There are addi-
tional treatment options that should be considered. 
First, clinicians should reevaluate for the possibility 
of biliary sepsis caused by a common bile duct stone. 
Rather than from the pancreatitis itself, progressive 
organ failure could be a result of biliary sepsis. If 
this is suspected, ERCP or MRCP should be consid-
ered. Secondly, patients require prolonged bowel rest 
and nutritional support, either with the use of total 
parenteral nutrition (TPN) or enteral feeding via a 
nasal jejunal feeding tube. Third, the clinician could 
consider the use of broad spectrum antibiotics to 
prevent pancreatic infection (Golub et al. 1998; Uhl 
et al. 2002). The role of prophylactic antibiotics has 
recently been called into question because of con-
cerns for fungal superinfection (Grewe et al. 1999; 
 Isenmann et al. 2002), which can increase morbidity 

and possibly mortality, and also because of concerns 
that antibiotics may be ineffective to prevent pancre-
atic infection (Isenmann et al. 2004).

In general, CT scans are repeated every 7–10 days 
to follow the evolution of necrotizing pancreati-
tis and to look for complications. Patients with ne-
crotizing pancreatitis who do not exhibit systemic 
toxicity or whose systemic toxicity resolves within 
a few days do not require pancreatic interventions. 
Patients who improve clinically over 7–10 days then 
cautiously receive oral nourishment and are dis-
charged after a hospitalization that may vary from 
3–4 weeks. However, some patients continue to 
show clinical instability with persistent tachycar-
dia, persistent fever and leukocytosis or organ fail-
ure. When this occurs, image-guided percutaneous 
aspiration is required to exclude the possibility of 
infected pancreatic necrosis (see below).

2.3.2.3 

Infected Pancreatic Necrosis

While CT scan is very accurate in determining ne-
crosis, it cannot distinguish between infected and 
sterile necrosis in the absence of retroperitoneal air 
bubbles (Fig. 2.7). In general, more than half of pan-
creatic infections are documented between the 7th 
and 21st day of hospitalization, and the remainder 
thereafter. Fungal infections in particular may take 
place after 4–6 weeks, especially among patients 
who have been on potent broad-spectrum antibi-
otic therapy. Percutaneous CT-guided fi ne needle 
aspiration (FNA) has been shown to be a safe and ac-
curate method to determine the presence of infect-
ed necrosis (Banks et al. 1995; Gerzof et al. 1984, 
1987). Aspirated pancreatic fl uid should be submit-
ted immediately for Gram stain and bacterial and 
fungal culture to ensure greatest accuracy. Infected 
pancreatic necrosis has traditionally been managed 
with urgent surgical necrosectomy and appropriate 
antibiotic coverage, and remains the treatment of 
choice (Uhl et al. 2002). However, when patients are 
too ill to undergo surgical treatment, our experience 
and the experience of others provide evidence that 
percutaneous catheter drainage may be successful 
in reducing toxicity associated with infection and 
stabilizing the patient’s condition (Figs. 2.8 and 2.9). 
Surgical debridement can then be more safely per-
formed if catheter drainage is unable to eliminate 
all infected material (Freeny et al. 1998). Success-
ful catheter drainage requires daily conscientious 
management by interventional radiologists, includ-

Fig. 2.6. Axial contrast-enhanced CT image in a patient who 
required intubation and pressor support during the course 
of his pancreatitis shows near-total necrosis of the pancre-
atic gland. The patient recovered fully without the need for 
surgical or radiologic intervention
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ing frequent fl ushing and up-sizing of the catheters. 
Other options to eliminate infected necrotic mate-
rial include endoscopic necrosectomy (Baron et 
al. 2002) (Fig. 2.10) and percutaneous endoscopic 
necrosectomy (Carter et al. 2000). Additional ex-

Fig. 2.8. a Axial contrast-enhanced CT image in a pa-
tient with infected necrosis shows subtotal necrosis of 
the pancreatic gland. The patient was drained percuta-
neously. b,c Unenhanced CT images show the presence 
of four large-bore catheters in the pancreatic bed. The 
patient recovered without the need for surgery

b

c

a

Fig. 2.7. a Axial contrast-enhanced CT image in a patient with sepsis shows subtotal necrosis of the pancreatic gland 
and the presence of air bubbles (arrows), suggestive of infected necrosis. b Axial contrast-enhanced CT image in 
the same patient at a higher level shows the presence of an air-fl uid level (arrow) in the lesser sac

ba

perience with these two techniques will be required 
to evaluate these options more fully. At the present 
time, there have been no prospective studies which 
have compared the various techniques to eliminate 
infected pancreatic necrosis.
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Fig. 2.9. a Axial contrast-enhanced CT image shows subtotal necrosis of the pancreatic gland 
and extensive fl uid accumulation in the retroperitoneum and lesser sac. Because of hyperbiliru-
binemia and gastric outlet obstruction patient underwent CT guided-aspiration and drainage. 
b Photograph obtained during the procedure shows bottles fi lled with brownish pancreatic exu-
dates. Gram-stain and culture showed no organisms

a b

c

Fig. 2.10. a Axial contrast-enhanced CT image shows sub-
total necrosis of the pancreatic gland with viable remnant 
pancreatic tail (arrow). b CT-guided needle aspiration re-
vealed infected pancreatic necrosis. c Endoscopic image 
shows endoscopic transgastric debridement of the ne-
crosis. d Post-debridement unenhanced CT image shows 
presence of two double pigtail catheters connecting the 
stomach with the pancreatic bed

a b
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2.3.2.4 

Sterile Pancreatic Necrosis

Patients who have undergone percutaneous aspira-
tion because of persistent toxicity are considered to 
have sterile necrosis if the aspirate is sterile. Some 
patients recover rapidly and require no additional 
intervention. Others who continue to exhibit clinical 
toxicity should continue to receive aggressive medi-
cal support in an intensive care unit. Historically, 
these patients with unresolved toxicity would have 
undergone urgent surgical debridement (Rattner 
et al. 1992), but within the last 15 years these pa-
tients have been increasingly managed successfully 
non-surgically (Buchler et al. 2000; Bradley and 
Allen 1991). This change in approach refl ects an 
overall impression that early surgery may contrib-
ute to mortality and that persistent medical therapy 
may yield a better result. To date, there are no ran-
domized clinical trials that have compared early 
surgical debridement with continuation of medical 
management to treat severe sterile necrosis.

Patients with ongoing toxicity being managed in 
the intensive care unit should undergo image-guid-
ed aspiration every 7–10 days in order to ensure that 
the necrosis remains sterile. If infection is found, 
surgical debridement or aggressive percutaneous 
catheter drainage is usually then required. Most pa-
tients who continue to have negative aspirates show 
clinical improvement after 3–6 weeks.

In some centers, rather than performing aspira-
tion every 7–10 days, a catheter is left in place and 
irrigated in accordance with radiologic protocol in 
an attempt to provide a radiologic necrosectomy. In 
theory, the removal of sterile necrotic material may 
reduce systemic toxicity. While colonization may be 
expected with an indwelling catheter, experienced 
radiologists believe that a serious infection is not 
likely to occur if the catheter is managed properly. 
To date, there are no clinical studies that have com-
pared the results of therapy utilizing weekly percu-
taneous aspiration to rule out infection versus pro-
longed catheter drainage of sterile necrosis.

Some patients with ongoing toxicity but with 
negative aspirates do not show clinical improve-
ment after 3–6 weeks. One possible explanation is 
that there is a pancreatic ductal disruption (or possi-
bly even several ductal disruptions) with continued 
extravasation of noxious pancreatic juice into areas 
of peripancreatic necrosis. An ERCP is not generally 
recommended to stent across a disruption in the 
setting of sterile necrosis for several reasons. First, 

there may be a ductal obstruction such that the dis-
ruption cannot be visualized. Second, if there is no 
obstruction, the contrast will extravasate through 
the disruption and possibly infect the necrotic area. 
Third, the area of necrosis is often very extensive 
such that the upstream portion of the duct cannot 
be visualized or accessed by a stent. Finally, even if 
a bridging stent can be placed, it may act as a for-
eign body and convert sterile necrosis into infected 
necrosis. Thus, medical management should be con-
tinued in the setting of sterile necrosis.

2.3.2.5 

Organized Necrosis

After approximately 3–6 weeks or longer, there is 
general subsidence of the infl ammatory component 
associated with sterile necrosis with some organiza-
tion of the pancreatic necrosis in a somewhat ovoid 
confi guration, which has traditionally been called 
a pseudocyst and more recently has been termed 
organized necrosis. The value of the term organized 
necrosis is to remind the physician that the low at-
tenuation structure on CT scan contains necrotic 
pancreatic and peripancreatic tissue and not sim-
ply fl uid and that any attempt at intervention that 
does not eliminate the necrotic debris is likely to 
encourage infection. The evolution of necrotizing 
pancreatitis into organized necrosis can be well seen 
on serial CT scans.

During this transformation to organized necro-
sis, most patients improve clinically with subsidence 
of abdominal pain, fever, leukocytosis, and resolu-
tion of organ failure. In these circumstances, the pa-
tient should be fed cautiously. In the setting of ster-
ile necrosis, if there is no abdominal pain or other 
symptoms, there is no intervention required and the 
patient can be weaned off of TPN and discharged.

Some patients are unable to tolerate oral intake 
because of exacerbation of pain or have intracta-
ble nausea and vomiting if the organized necrosis 
causes either gastric outlet or duodenal obstruction. 
The cause of these symptoms is usually increased 
pressure within the organized necrosis caused by 
continued extravasation of pancreatic fl uid from 
the residual viable tail of the pancreas (sometimes 
called a “remnant tail”) (Fig. 2.11). There is invari-
ably a concomitant pancreatic duct disruption 
which serves as the entry for pancreatic juice into 
the organized necrosis.

The physician has several options when abdomi-
nal pain occurs in association with organized necro-
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sis. The fi rst is continuation of TPN, but this rarely 
is helpful. The second would be an ERCP with an 
insertion of a stent into the area of organized necro-
sis. This may cause secondary infection of the orga-
nized necrosis and is not likely to allow the egress of 
the semisolid necrotic material. The third and best 
choice is debridement of the organized necrosis. De-
bridement can be done in three ways. The fi rst is sur-
gical cystjejunostomy or cystgastrostomy (Fig. 2.12). 
The surgeon takes care to fi nger debride residual ne-
crotic material while evacuating the fl uid component 
of organized necrosis. A second choice is endoscopic 
debridement if the organized necrosis is impacted 
against the stomach or duodenum. In this technique, 
an opening is created endoscopically through the 
posterior wall of the stomach or duodenum into the 
area of organized necrosis and an endoscopic snare 
is used to retrieve loose necrotic debris from within 
the cavity. Additional egress of necrotic debris and 
fl uid is achieved by irrigation and the insertion of 
double pig tail catheters between the cavity and the 
stomach (or duodenum) (Fig. 2.10c,d). The catheters 
can then be removed 3–4 weeks later. A third choice 
is percutaneous catheter drainage with vigorous ir-
rigation of the necrotic debris. A possible drawback 
of the radiologic approach would be the diffi culty in 
irrigating the semisolid pancreatic debris such that 
the residual debris may predispose to infection. An-
other disadvantage of this approach is that pancre-
atic juice from the remnant tail usually continues to 
drain through the catheter thereby creating an ex-
ternal fi stula.

2.3.3 

Venous Thrombosis and 

Solid Organ Involvement

Clinicians also rely on CT scan to identify local 
complications, such as venous thrombosis or sur-
rounding organ involvement. Venous thrombosis 
secondary to peripancreatic infl ammation or mass 
effect is rare and usually occurs in the splenic, supe-
rior mesenteric and portal vein (Fig. 2.13a). Rarely, 
a splenic vein thrombosis causes bleeding from gas-
tric varices and require splenectomy.

The surrounding solid organs, including spleen, 
kidney, and liver (in order of frequency) may have a 
subcapsular fl uid collection or even infarction. Solid 
organ involvement may ultimately require surgical 
intervention (Mortele et al. 2003).

Fig. 2.11. Axial contrast-enhanced CT image obtained in a 
patient with known sterile pancreatic necrosis shows pres-
ence of a remnant pancreatic tail (arrow) and fl uid reaccu-
mulation

Fig. 2.12. a Axial contrast-enhanced CT image obtained 
6 weeks after necrotizing pancreatitis shows the presence 
of organized necrosis in the lesser sac. b Axial contrast-
enhanced CT image obtained after surgical debridement 
with cystgastrostomy (arrow) shows sutures at the level of 
the anastomosis between the stomach and retroperitoneum. 
Residual fl uid and air bubbles are seen in the lesser sac

b

a
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2.3.4 

Acute Hemorrhage

Acute bleeding is a rare event that can occur at any 
time in the course of acute pancreatitis. If bleed-
ing occurs, clinicians use endoscopy to evaluate 
and treat gastrointestinal sources of bleeding, and 
CT scan to rule out retroperitoneal hemorrhage, 
pseudoaneurysms, or varices secondary to venous 
thrombosis (Fig. 2.13b).

Pseudoaneurysms result from autodigestion of 
arterial walls, usually the splenic artery, by pan-
creatic enzymes and may cause signifi cant hemor-
rhage. Pseudoaneurysms usually occur late in the 
disease course (weeks to months) and may require 
radiologic embolization (Fig. 2.14). Splenic venous 
thrombosis (and rarely, portal vein thrombosis) can 
cause gastrointestinal bleeding from gastric varices 
(e.g. segmental portal hypertension).

Fig. 2.13. a Axial contrast-enhanced CT image shows the 
hypoattenuating appearance of the splenic vein (arrow) con-
sistent with acute splenic vein thrombosis. b Axial contrast-
 enhanced CT image in another patient with a splenic vein 
thrombosis shows varices (arrow) along the lesser curvature of 
the stomach consistent with segmental portal hypertension

a

b

Fig. 2.14. a Axial unenhanced CT image obtained one year 
after acute pancreatitis shows a small hypoattenuating 
collection (arrow) in the splenic hilum. b Axial contrast-
enhanced CT image in the same patient shows signifi cant 
enhancement of the hypoattenuating structure (arrow) con-
sistent with a pseudoaneurysm. c Digital subtraction angio-
gram shows the saccular pseudoaneurysm (arrow) originat-
ing from a segmental splenic artery branch

a

b

c
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2.4 

Summary

Imaging is an indispensable tool in the care of pa-
tients with pancreatitis. On admission, ultrasound 
can identify cholelithiasis, and CT scan helps con-
fi rm diagnosis and assess severity. During the 
course of acute pancreatitis, repeat CT scans iden-
tify interval changes and local complications. In 
necrotizing pancreatitis, image-guided aspiration 
distinguishes between infected and sterile necrosis. 
In the appropriate clinical setting, interventional ra-
diologic techniques can be used to debride necrosis, 
to drain pancreatic fl uid collections, and to embolize 
pseudoaneurysms.
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3.1 

Introduction

Ultrasound (US) is frequently used as an initial 
diagnostic study for patients suffering from acute 
abdominal pain (Merkle and  Goerich 2002; 

 Panzironi et al. 1997). It can both diagnose acute 
pancreatitis (AP) and exclude many other causes 
of abdominal pain (Bennett and Hann 2001; 

Lecesne and  Drouillard 1999). Both increasing 
operator experience and technological advances in 
equipment (such as tissue harmonics), the pancreas 
can now be evaluated by US in over 90% of cases 
(Atri and Finnegan 1998; Bennett and Hann 

2001;  Jeffrey 1989; Karlson et al. 1999; Minniti et 
al. 2003). In AP, ultrasonographic evaluation is ham-
pered in 25%–30% of patients due to over lapping 
gastrointestinal gas (Manfredi et al. 2001).

In addition to excessive intestinal gas, ultrasound 
has limited capabilities in evaluating the presence 
and extent of necrosis, in detecting the full extent of 
pancreatic related fl uid collections and in identify-
ing gastrointestinal tract complications (Manfredi 
et al. 2001). Despite these limitations there is suffi -
cient literature to support the use of US to follow-up 
(assuming access is not hindered by excessive surgi-
cal drains) and for guiding needle aspiration or per-
cutaneous drainage procedures (Gerzof et al. 1987; 
Malecka-Panas et al. 1998; Merkle and  Goerich 

2002;  Panzironi et al. 1997; Rau et al. 1998; Van 

 Sonnenberg et al. 1989).

3.2 

Diagnosis

The accuracy of diagnostic ultrasound in AP de-
pends on the evolution of the disease and its severity. 
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It is likely that the examination would be incon-
clusive in the early phases and in the mild forms 
of AP (Atri and Finnegan 1998; Bennett and 

Hann 2001; Freeny 1989; Jeffrey 1989;  Lawson 

1983; Lecesne and Drouillard 1999; Merkle and 
 Goerich 2002).

3.2.1 

Size of the Pancreas

Because of interstitial edema induced by the in-
fl ammatory process, the pancreas increases in 
size diffusely (Fig. 3.1) (Atri and Finnegan 1998; 

Bennett and Hann 2001; Jeffrey 1989; Lecesne 
and  Drouillard 1999). Sometimes, however, the 
enlargement is segmental (Fig. 3.2) and affects the 
head of the pancreas (Blery et al. 1987). A modest 
size increase of the pancreas is better appreciated 
on a longitudinal scan along and adjacent to the 
superior mesenteric vein.

Caution is necessary when assessing the increase 
in size of the pancreas with US, especially when the 
size of the gland cannot be compared with a previ-
ous baseline examination. (Merkle and Goerich 

2002). In fact, the normal variations in the size range 
are wide. The normal antero-posterior diameter of 
the pancreas varies from between 21 and 28 mm at 
the head, 12 and 22 mm at the body and 8 and 24 
mm at the tail (De Graaff et al. 1978; Haber et al. 
1976; Kolmannskog et al. 1982, 1983). The pancreas 
tends to atrophy with age (Manfredi et al. 2001). 
Thus ultrasound is more reliable in follow-up than 
on the initial evaluation of the actual size of the pan-
creas (Manfredi et al. 2001; Merkle and Goerich 

2002).

3.2.2 

Echotexture of the Pancreas

The decreased echogenicity of the pancreatic paren-
chyma in patients with AP is related to the presence 
of amount of interstitial edema (Fig. 3.3) (Bennett 
and Hann 2001; Manfredi et al. 2001; Merkle and 
Goerich 2002). The change in echotexture is best 
seen 2–5 days after clinical onset (Freise 1987).

As with size, the decreased echogenicity may 
be diffi cult to appreciate on a single study. If the 
pancreas was inherently hyperechoic because of 
fatty infi ltration seen in advanced age, or if the 
acute infl ammation is superimposed on pre-ex-

Fig. 3.2. Acute edematous pancreatitis: transverse scan 
demonstrates an enlarged hypoechoic head (asterisk) sec-
ondary to infl ammatory changes

a

b

Fig. 3.1a,b. Acute edematous pancreatitis: transverse scans 
showing enlarged hypoechoic pancreas (arrows)
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isting chronic pancreatitis, the resultant echoge-
nicity can  appear normal (Manfredi et al. 2001). 
 Comparing the echogenicity of the pancreas and 
the liver can also be misleading as the latter un-
dergoes fatty infi ltration in AP patients who 
are alcoholics and/or dyslipidemics (Atri and 
Finnegan 1998). The contours of the pancreas are 
usually irregular and poorly defi ned due to the 
infl ammation of the peri-pancreatic fat (Bennett 
and Hann 2001).

It is possible, although uncommon, for the main 
pancreatic duct to be dilated in AP, especially if it 
is obstructed by a focal infl ammatory or neoplastic 
stricture (Atri and Finnegan 1998; Bennett and 
Hann 2001). This fi nding can be apparent in both 
the acute episode and during the healing phases 
 (Malfertheiner and Buechler 1987). Ductal 
dilatation, according to some authors, is common 
with AP in children and is a more reliable diagnos-
tic feature than glandular shape and size. It is also 
useful during a follow-up since it apparently corre-
lates with the increase serum lipase level (Chao et 
al. 2000).

3.2.3 

Focal Changes

Several fi ndings involving different portions of the 
pancreas can occur in AP:

AP can affect a portion of the pancreas, resulting  �
in focal enlargement and decreased echogenicity 
in the affected region. This occurs most frequently 

in the head of the gland (Fig. 3.4) (Bennett and 
Hann 2001; Merkle and  Goerich 2002). In rare 
cases, focal AP can be due to a nearby infl amma-
tory condition, for example a penetrating duode-
nal ulcer (Atri and Finnegan 1998).
It is also possible to see focal changes in the echo- �
texture of the pancreas, usually presenting with 
hazy contours, due to fl uid collections, necrotic 
foci or hyperechoic hemorrhages (Fig. 3.5) (Atri 

and Finnegan 1998; Bennett and Hann 2001; 

Lecesne and Drouillard 1999; Merkle and 

Goerich 2002).

The fi nding of a well-defi ned hypoechoic area in 
the pancreas raises the suspicion of neoplasm par-
ticularly if the patient has no acute symptoms and 
a normal serum amylase (Neff et al. 1984). This 
fi nding should be followed and correlated with fur-
ther imaging; either MDCT, dedicated pancreatic 
MRI or endoscopic ultrasound (US) needle aspira-
tion should be performed if the abnormality per-
sists (Fig. 3.6); however, a result that does not show 
tumor does not exclude the possibilty and close 
clinical follow-up is essential. Differential diagno-
sis of a focal abnormality in the pancreas includes: 
pancreas divisum, focal lipomatosis, idiopathic 
fi brosclerosis, hypoechoic ventral pancreas, diver-
ticulum of the duodenum. The sonographer should 
carefully attempt to exclude the presence of meta-
static lesions, adjacent normal parenchyma, dilata-
tion of the common bile duct or main pancreatic 
duct, normal peri-pancreatic vessels (Loren et al. 
1999).

Fig. 3.3a,b. AP related changes in parenchymal echogenicity: transverse scan. As a consequence of edema pancreas becomes 
hypoechoic and inhomogeneous (arrows)

a b
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3.3 

Extra-glandular Changes

3.3.1 

Fluid Collections

Ultrasound is excellent for detecting the presence 
of fl uid collections. However, MDCT or MRI are 
superior in evaluating the extent of these collec-
tions. Peripancreatic collections may be simple fl uid 
with a hypoechoic appearance or more complex as 
they become fi lled with debris and/or necrotic tis-

Fig. 3.6. Acute edematous pancreatitis, sagittal scans: dif-
ferentiation of focal pancreatitis from neoplasm may be 
diffi cult because both conditions create a focal hypoechoic 
mass on sonograms

Fig. 3.5. Acute necrotizing pancreatitis, transverse scan: 
necrotic foci are an evolution of edema and can cause other 
focal changes (arrow)

Fig. 3.4a,b. Focal involvement in AP, transverse and sagittal scans: there may be focal infl ammatory changes in the body 
(asterisk) or in the head (arrow)

a b

sue (Jeffrey et al. 1986; Atri and Finnegan 1998; 

Lecesne and  Drouillard 1999; Bennett and 

Hann 2001;  Manfredi et al. 2001; Merkle and 

 Goerich 2002). 
The following regions should be carfully interro-

gated for the presence of fl uid collections in patients 
with AP:

The lesser sac – they are easily recognized  �
(Fig. 3.7). The caudate medial border of the cau-
date lobe should be visualized to assess the pres-
ence of fl uid in the upper recesses of the lesser 
sac. EUS has signifi cantly higher sensitivity in 
detection of peripancraetic fl uid collections 
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(Lecesne and Drouillard 1999; Sugiyama and 

Atomi 1998).
Perirenal spaces, left more frequently than right  �
(Fig. 3.8).
Pararenal spaces (Fig. 3.9) ( � Chen et al. 1995).
In mild cases, only a thin band of fl uid surround- �
ing the pancreas may be the only fi nding of fl uid 
(Fig 3.10) (Atri and Finnegan 1998; Jeffrey et 
al. 1986).
It is diffi cult to detect any thickening of Gerota  �
fascia with ultrasound, although this is easily 
visualized with CT imaging (Lecesne and 

Drouillard 1999).

3.3.2 

Pancreatic Ascites

Pancreatic ascites is caused by the slow leakage of 
pancreatic secretions (Fig. 3.11) resulting from a dis-
ruption of the duct of Wirsung, from a fi stula or a 
ruptured pseudocyst (Atri and Finnegan 1998). 
The appearance of ascites associated to a sudden 
reduction in size of a pseudocyst raises the suspicion 
of a fi stula between the main pancreatic duct the cyst 
and the peritoneal cavity (Procacci et al. 2002). The 
appearance of pancreatic ascites is identical with 
benign ascites from any other cause. The diagnosis 
is established by recognizing the presence of ascites, 
and establishing high amylase levels within the ef-
fusion.

Fig. 3.7a,b. Acute pancreatitis, lesser sac fl uid, transverse scans: fl uid can be easily found in the lower lesser sac. Lower 
lesser sac fl uid located between the pancreas and the stomach is the easiest to be localized with ultrasound and it often 
shows debris (arrows)

a b

Fig. 3.8. Acute pancreatitis, perirenal fl uid: sagittal scan, 
fl uid in the perirenal right space surrounding superior pole 
of the right kidney (arrow)

Fig. 3.9. Acute pancreatitis, perirenal fl uid and fat changes: 
echogenic perirenal fat (arrow) is separating fl uid from su-
perior pole of the kidney
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Retroperitoneal fl uid can extend into the me-
diastinum and accumulate in the pleural cavity 
( Belfar et al. 1987).

3.4 

Etiologic Diagnosis

US examination can determine the cause of AP in 
patients with biliary calculi (Atri and Finnegan 

1998; Bennett and Hann 2001; Gandolfi  et al. 
2003; Harvey and  Miller 1999;  Merkle and 

 Goerich 2002; Pezzilli et al. 1999).
The ability to demonstrate biliary stones at any 

level (intra-hepatic, gallbladder, common duct) 
using ultrasound has improved with the introduc-
tion of second harmonic imaging ( Shapiro et al. 
1998).

3.4.1 

Gallstones

It is standard of care that in ANY patient presenting 
with acute pancreatitis, a US examination must be 
performed to exclude biliary calculi. The fi nding of 
gallstones in patients with AP is of signifi cant di-
agnostic value. In all, 4% of patients with gallstone 
disease will result in AP  (Glasgow et al. 2000).

Fig. 3.10. Minimal fl uid in AP, transverse 
scan: small amount of fl uid surrounding pan-
creas (arrow)

Ultrasound the gold standard modality to diag-
nose gallstones (Fig. 3.12) (Jeffrey et al. 1996). It is 
far more reliable than CT, having a higher than 95% 
sensitivity, specifi city and accuracy  (Cooperberg 

and Burhenne 1980; Goodman et al. 1985; Hessler 
et al. 1989;  Laing et al. 1981). Because US is limited 
in its ability to detect choledocholithiasis, MRI is 
becoming more frequently used in the evaluation of 
patients with AP; however, it is expensive and not 
readily available.

3.4.2 

Biliary Ducts Stones

For the diagnosis of dilatation of the biliary tree, 
ultrasound has 99% sensitivity (Cooperberg et al. 
1980) and 93% accuracy, but it is not as reliable at 
defi ning the site (accuracy 60% – 92%) and, the cause 
of the obstruction (accuracy 39% – 71%) (Baron et 
al. 1982; Laing et al. 1986).

The diagnosis of choledocholithiasis requires vi-
sualization of an echogenic spot surrounded by bile 
with a posterior shadow (Fig. 3.13) – ultrasound has 
a reported 47% – 85% sensitivity, 89% – 91% speci-
fi city and 92% positive predictive value. Typical 
pitfalls in this diagnosis are the presence of stones 
in undilated ducts, the absence of shadowing and 
the stone’s location in the distal common bile duct, 
which in about 8% of patients is not visible due to 
the overlapping intestinal gas (Baron et al. 1982; 
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Fig. 3.11a–c. Pancreatic ascites. Sagittal US (a,c) and trans-
verse scans (b), pancreatic ascites can be found in the Mor-
rison’s pouch (a) and in the right (b) and left (c) subphrenic 
spaces

a

b

c

Fig. 3.12a,b. Cholelithiasis: sagittal scans. US can detect 
stones with acoustic shadows (arrow, a) and biliary sludge 
slightly echogenic without acoustic shadows (arrow, b)

a

b
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 Cooperberg et al. 1980). The correlation between 
ultrasonography and ERCP for diagnosing the pres-
ence of stones or sludge in the biliary tracts is only 
60% ( Pezzilli et al. 1999).

Current literature recommends that confi rma-
tion of choledocholithiasis in AP is unnecessary 
in the acute phase unless the patient develops fe-
ver. In those cases, therapeutic ERCP with sphinc-
terotomy and stone removal is indicated (Folsch 
et al. 1997; Harvey and Miller 1999; Merkle 

and  Goerich 2002). The literature regarding dif-
ferent imaging modalities to detect common duct 
stones did not agree until a few years ago. Some 
authors reported a high sensitivity (90%) for spi-
ral CT (Neitlich et al. 1997; Harvey and Miller 

1999; Bennett and Hann 2001), while others were 
of the opinion that the best examination was en-
doscopic ultrasound (Sugiyama and Atomi 1998), 
because of the poor sensitivity of abdominal US 
and spiral CT (47%). The introduction of the MR 
cholangiopancreatography (MRCP) has dramati-
cally improved the noninvasive diagnosis of com-
mon duct stones.

3.4.3 

Idiopathic Pancreatitis

Between 20% and 30% of cases of AP remain “idio-
pathic” (Frossard et al. 2000). Some of these cases 
are due to the presence of tiny unrecognizable stones 
or sludge wedged in the papilla of Vater. If biliary 
microlithiasis is suspected, EUS, which has a posi-
tive predictive value of 98% for the diagnosis of bil-

iary tract stones is indicated (Amouyal et al. 1994, 
Buscail et al. 1995;  Chak et al. 1999; Frossard et 
al. 2000; Lecesne and Drouillard 1999; Liu et 
al. 2000; Norton and  Alderson 2000; Prat et al. 
2001; Shaffer 2001; Snady 2001; Sugiyama and 

Atomi 1998). In patients in whom endoscopic ul-
trasound has demonstrated the presence of stones 
in the biliary tracts, an endoscopic sphincterotomy 
can then be performed at the same session (Prat 
et al. 2001).

3.5 

Clinical Evaluation

3.5.1 

Severity Grading

Ultrasound cannot reliably detect necrosis in pa-
tients with AP (Atri and Finnegan 1998; Bennett 

and Hann 2001). 
It has been stated that the presence of necrosis can 

be suspected when considerable heterogeneity in the 
pancreatic echotexture is found, appearing late after 
the onset of the acute attack ( Cotton et al. 1980). 
According to other authors, however, ultrasound 
is claimed to be reliable in distinguishing between 
edematous and necrotizing forms of AP (Fig. 3.14) 
 (Panzironi et al. 1997). The diagnosis is more re-
liably made with endoscopic ultrasound, which ap-
parently has 100% sensitivity discriminating mild 

Fig. 3.13. Choledocholithiasis: sagit-
tal scan showing small echogenic focus 
with acoustic shadows in the common 
bile duct (arrow)
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3.6 

Complications

3.6.1 

Glandular Infections

There are three complications in AP that are sus-
ceptiple to infection: infected necrosis, infected 
pseudocysts and abscess. Their imaging fi ndings are 
nonspecifi c and, in the case of necrosis and pseudo-
cyst, may be indistinguishable from sterile forms 
(Morgan et al. 1997). When infection is clinically 
suspected, needle aspiration and culture of all fl uid 
collections is necessary. Needle aspiration can be 
effectively performed under ultrasonographic guid-
ance with reported sensitivity of 88% and specifi city 
of 90% for diagnosis (Atri and Finnegan 1998; Rau 

Fig. 3.15a,b. US documentation of resolution of AP. Image 
(a) compatible with edematous AP. There is return to normal 
coincident with clinical resolution (b)

Fig. 3.14a,b. Necro-hemorrhagic pancreatitis, transverse 
scans: pancreatic necrosis can be detected as inhomoge-
neous hypoechoic areas different in extension (a,b)

a

b

a

b

from severe forms of AP (Lecesne and Drouillard 

1999; Sugiyama and Atomi 1998).
Some authors have noted that, during the early 

phases of the disease, cases of AP that may develop 
necrosis are characterized by an increase in the ve-
locity of the fl ow in the hepatic artery and a decrease 
in the pulsatility index of the superior mesenteric 
artery  (Sakagami et al. 2002).

3.5.2 

Resolution of Acute Pancreatitis

Ultrasound is a reliable follow-up imaging method 
of the resolution of the acute infl ammatory process 
(Fig. 3.15) that usually characterizes mild forms of 
AP.
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Fig. 3.17a,b. Simple pseudocysts: sagittal scans through 
pancreatic head (a) and tail (b). They are fl uid collections 
with well defi ned nonepithelized wall with anechoic struc-
ture showing acoustic enhancement

et al. 1998). Ultrasound can also be used for guiding 
percutaneous drainage. In the absence of gas within 
the collection, it may be impossible to distinguish an 
infected collection from a sterile one (Fig. 3.16). In-
fected pseudocyst or fl uid collections may be treated 
by percutaneous drainage, but effective control of 
infected necrosis requires open surgical debride-
ment (Morgan et al. 1997; Procacci et al. 2002). 
In the absence of gas, it cannot.

3.6.2 

Pseudocysts

At ultrasound, pseudocysts have a rounded or oval 
shape with smooth well-defi ned contours and in-
traluminal fl uid contents (Fig. 3.17) (Sarti 1980; 

Atri and Finnegan 1998). In the early stage of for-
mation, they may display internal echoes generated 
by residual necrotic material, which tends to disap-
pear over time (Laing et al. 1979; Lee et al. 1988). 
Pseudocysts are unilocular but sometimes have 
thin septa, which divide them into several cavities 
 (Laing et al. 1979). The walls rarely calcify (Atri 

and Finnegan 1998). The ultrasonographic features 
of pseudocysts can be better evaluated with endo-
scopic ultrasound  (Byrne et al. 2002).

Drainage is considered if the pseudocyst persists 
for a long time (more than 6 weeks), if the cyst is 
> 5 cm and if it causes symptoms or complications 
(Atri and Finnegan 1998). Drainage can be per-
formed under ultrasonographic or echo-endoscopic 
guidance (Breslin and Wallace 2002; Byrne et 
al. 2002). Ultrasound, either traditional or endo-

a

b

a

b

Fig. 3.16a,b. Necro-hemorrhagic pancreatitis, transverse scans: 
US can evaluate the evolution of fl uid collections showing even-
tual complications. Infected fl uid collections often show debris 
(arrow, a) or bright echoes from gas bubbles (arrow, b)
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Fig. 3.18a–c. Complicated pseudocysts: US can predict the 
success of a percutaneous drainage evaluating the amount of 
debris in the lesion (a), can be used to guide the procedure 
(b) and to monitor the result (c)

a

b

c

scopic can also evaluate the resolution of a pseudo-
cyst following a drainage procedure (Breslin and 

 Wallace 2002; Byrne et al. 2002; Merkle and 

 Goerich 2002).
Complications from pseudocysts are amenable 

to US diagnosis (Fig. 3.18). These complications in-
clude:

Extesnive cephalad or caudal migration as they  �
dissect across fascial planes (Maier et al. 1986; 
Lye et al. 1987).
Direct extension into the parenchyma of adjacent  �
solid organs (liver, spleen, kidney). 
Gastrointestinal or billiary obstructuin ( � Vick et 
al. 1981; Rheingold et al. 1978).
Spleno-portal vein thrombosis ( � Falkoff et al. 
1986).

Erosion into adjacent arteries causing the forma- �
tion of pseudoaneurysms.
Gastrointestinal bleeding either from arterial ero- �
sion or portal hypertension (Grace and  Jordan 

1976; Stanley et al. 1976).
Sterile or infected peritonitis. �
Superinfection.  �

Presence of infection does not correlate with size 
of cyst or thickness of cyst wall. Endocavity gas bub-
bles are seen in infected pseudocysts but occasion-
ally they may be the consequence of a cyst-enteric 
fi stula (Lee et al. 1988; Bennett and Hann 2001).
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3.6.3 

Vascular Complications

Vascular complications can be caused directly by AP 
or by pseudocysts. The addition of Doppler inter-
rogation improves diagnosis (Atri and Finnegan 

1998; Bennett and Hann 2001; Merkle and 

 Goerich 2002; Dorffel et al. 2000; Bennett and 

Hann 2001).
The most frequent vascular complication of AP 

is the formation of a pseudoaneurysm. In order of 
frequency, the arteries most commonly involved 
are splenic, gastro-duodenal, pancreatico-duo-
denal, left gastric and hepatic arteries. Pseudoan-
eurysms develop in 3.5% – 10% of AP cases, they 
rarely rupture but when they do, the mortality rate 
is around 50% (MacMahon 1994). A ruptured 
pseudoaneurysm can bleed in a pseudocyst, in the 
pancreatic parenchyma, in the peritoneal cavity or 
in the gastro-intestinal tract. US with Doppler is 
an excellent examination for suspected pseudoan-
eurysms ( Ishida et al. 1999; Lecesne and Drouil-

lard 1999).
In all patients with AP the US examination must 

include the Doppler examination of all intra- or 
peri-pancreatic fl uid collections in order to distin-
guish pseudocysts from pseudoaneurysms (Maus 

1993; Waslen et al. 1998). A non-symptomatic 
pseudoaneurysm can occasionally be suspected if 
the B-mode ultrasound reveals, at a short interval, 
any size increase or variation in the echogenicity 
of the fl uid collection (Kahn et al. 1994; Procacci 
et al. 2002).

The Doppler examination shows a whirling fl ow 
with an uneven variable velocity (Kahn et al. 1994). 
These variations depend on the size of the pseudoa-
neurysm and on the presence of clots (Waslen et al. 
1998). If the pseudoaneurysm is totally thrombosed, 
the diagnosis can be diffi cult (Kahn et al. 1994; 
Waslen et al. 1998).

3.7 

Conclusions

In patients with acute pancreatitis the use of ultra-
sonographic abdominal examination contributes to 
the diagnosis, evaluation and management. Con-
ventional abdominal and endoscopic sonographic 
studies are mainly used to detect gallbladder and 

common duct stones, to follow up the presence and 
size of fl uid collections and pseudocysts and to guide 
interventional procedures in patients with compli-
cations such as needle aspirations and drainage of 
fl uid collections and pseudocysts. 
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4.1 

Introduction

For over one hundred years since its original de-
scription by Fitz (1889), acute pancreatitis has 
remained a ubiquitous and somewhat perplexing 
disease. The clinical entity called pancreatitis can 
be better defi ned as a “syndrome” distinguished 
by the sudden onset of a nonspecifi c acute infl am-
matory reaction of the pancreas and by its second-
ary morphologic and physiologic consequences. It 
is further characterized by an unusually diverse 
etiology, by protean clinical manifestations, by an 
unforeseen clinical course and outcome and by a 
relatively high morbidity and mortality (Beger et 
al. 1997;  Malfertheiner and Dominguez-Munoz 

1993; Renner et al. 1985; Banks 1994). Its clinical 
importance, potential health hazards and medical 
fi nancial implications stem from its frequent occur-
rence, particularly in the more developed countries 
and affl uent economic environments. A prevalence 
of about 30 patients with acute pancreatitis per 
100,000 inhabitants per year has been reported, 
with over 100,000 hospitalizations a year in the 
USA ( National Hospital Discharge  Survey 

1989; National Center for Health Statistics 

1987). Moreover, despite a recent decreasing trend in 
mortality, the overall incidence of lethal attacks in 
patients with acute pancreatitis are known to occur 
in 2%–10% of cases (Beger et al. 1997; Banks 1994; 

Dervenis et al. 1999).
Although alcohol intake and cholelithiasis are 

by far the most common known etiologic factors 
(60%–80% of reported cases), 66 other entities that 
potentially may induce pancreatitis have been rec-
ognized in comprehensive reviews (Ranson 1982; 

Steinberg and Tenner 1994). This long list of 
causative agents is impressive not only by its sheer 
number but by the diversity of pathologic processes 
and pathways (metabolic, mechanical, drugs, vascu-
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lar, infections, hereditary), all able to induce a simi-
lar infl ammatory reaction in the affected pancreas 
(Table 4.1). Furthermore, there is no reliable rela-
tionship established between any specifi c etiologic 
factor and the clinical manifestations, severity of 
disease and eventual outcome (Ranson 1982; Berk 

1995; Lankisch et al. 1996; Uhl et al. 1996).
Because of the great diversity of etiologic agents, 

it is safe to assume that the initial biochemical events 
that occur at the cellular level within the pancreas, 
are triggered by diverse mechanisms and remain the 
subject of intense speculation and extensive ongoing 
investigations (Singh and Simsek 1990; Opie 1901; 

Weber and Adler 2001; Uhl et al. 1991; Wilson et 
al. 1989; Gross et al. 1993). At this time there is still 
a poor understanding of the initial cellular and en-
zymatic alterations involved, and a lack of a unifi ed 
pathophysiologic concept.

In the past, limitations in the clinical diagnosis 
and evaluation of patients suspected of harboring 
acute pancreatitis have prompted the use of con-
ventional radiographic procedures such as plain 
abdominal fi lms and barium fl uoroscopic studies. 
These procedures however, have been found to be 
helpful only occasionally, being nonspecifi c and re-
vealing liabilities and serious shortcomings in this 
cohort of patients (Davis et al. 1980; Millward et 
al. 1983; Stein et al. 1959; Price 1956; Safrit and 

Rice 1989; Berenson et al. 1971; Balthazar and 

Henderson 1973; Poppel 1968). As late as 1984, 
in a leading article published in the New England 
Journal of Medicine, Moosa stated that “there is 
no foolproof way of diagnosing acute pancreatitis 
except by direct inspection of the gland at laparo-
tomy” ( Moossa 1984). The introduction of comput-
ed tomography (CT) and particularly the contrast 

enhanced helical or multidetector high resolution 
imaging, has altered this view. CT has greatly en-
hanced our ability to evaluate patients suspected of 
having acute pancreatitis and has, by enlarged, ren-
dered diagnostic laparotomies superfl uous. CT has 
become the standard imaging test and the imaging 
procedure of choice in the evaluation of patients sus-
pected of having acute pancreatitis.

The role of CT examination in patients suspected 
of acute pancreatitis is twofold. First, to confi rm the 
clinical diagnosis, stage the severity of an acute at-
tack and detect local pancreatic, retroperiteneal and 
abdominal complications. Second, to discover or 
rule out alternative intraperitoneal pathologic con-
ditions that may mimic the clinical presentation and 
laboratory abnormalities seen in patients with acute 
pancreatitis.

4.2 

Pathophysiology

Depending on the population studied, alcohol abuse 
and cholelithiasis are the two most common etiolo-
gies of acute pancreatitis (Ranson 1982; Steinberg 
and Tenner 1994). Other causes, less frequently en-
countered in clinical practice, are hyperlipidemia, 
endoscopic retrograde cholangio-pancreatography 
(ERCP), abdominal or cardiac surgery, different 
drugs and infections, and pancreatitis associated 
with acquired immunodefi ciency syndrome (AIDS), 
(Table 4.1) (Ranson 1982; Parenti et al. 1996; Steer 
1989; Pelucio et al. 1995; Seidlin et al. 1992;  Cotton 
1977; Cohen et al. 1996; Feiner 1976; White et al. 

Table 4.1. Etiologic factors in acute pancreatitis. Modifi ed from Ranson JHC. Am J Gastroenterl 1982; 77:633–638

Metabolic Mechanical Vascular Infection

Alcohol Choletithiasis Postoperative (cardiopulmonary bypass) Mumps

Hyperlipidemia Postoperative (gastric, biliary) Periateritis nodosa Coxsackie virus

Drugs Post-traumatic Atheroembolism AIDS

Scorpion venom Retrograde pancreatography Systemic lupus erythemotosus

Genetic Pancreatic duct obstruction

Autoimmune Pancreatic tumor

Ascaris infestation

Duodenal obstruction
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1970; Cappell and Hassan 1993). In approximately 
10%–15% of patients the etiology will remain un-
known and these individuals will be considered 
to have idiopathic pancreatitis. In most of these 
patients occult microlithiasis or biliary sludge are 
probably the leading predisposing factors (Ranson 
1982; Lee et al. 1992).

The common denominator that mediates the 
clinical onset of the disease, is the premature acti-
vation of pancreatic enzymes and their extravasa-
tion in the pancreatic gland and peripancreatic tis-
sues. The mechanism by which pancreatic enzymes 
are activated outside the intestinal tract remains 
obscure. Intraparenchimal and extrapancreatic ex-
travasation of these activated enzymes leads to auto-
digestion and explains the pathologic changes seen 
in patients with acute pancreatitis. Depending on 
the degree of premature activation and the amount 
of extravasation, a variety of pathologic abnormali-
ties from mild edema and reactive infl ammatory 
response to severe tissue injury, damage of the pan-
creatic capillary network, hemorrhage and necrosis 
will ensue. These phenomena explain the develop-
ment of perilobular and/or panlobular necrosis af-
fecting the acinar cells, islet cells, pancreatic ductal 
system and interstitial fatty tissue (Kloppel 1994). 
Furthermore, extravasation of pancreatic lipase re-
sults in the development of ratroperitoneal fat ne-
crosis, a serious development by itself.

Alcoholic pancreatitis occurs predominantly in 
men who consume large quantities of alcohol usu-
ally for a long period of time. It is presumed that 
alcohol is toxic to the pancreas, changes the perme-
ability of the pancreatic ducts and may cause precip-
itation of protein plugs in the secondary and main 
pancreatic ducts (Singh and Simsek 1990). Further-
more, chronic alcohol intake may cause edema of 
the papilla of Vater, papillary dysfunction, spasm of 
the sphincter of Oddi and pancreatic hypersecretion 
which probably plays a role in increasing pancreatic 
duct pressure (Ranson 1982; Singh and Simsek 

1990).
Passage of calculi from the gallbladder into the 

common bile duct impacted at the papilla of Vater 
and obstruction of the main pancreatic duct is ac-
cepted as the triggering mechanism for the unfold-
ing of an acute attack of pancreatitis. It is assumed 
that continuous pancreatic secretion into an ob-
structed ductal system leads to ductal hypertension 
and probably ductal disruption, with intravasation 
and extravasation of pancreatic enzymes (Ranson 

1982; Opie 1901; Balthazar 2003). Cholecysto-

lithiasis (gallbladder stones) estimated to occur in 
about 25 million adults in the USA, is associated with 
choledocholithiasis (common bile duct stones) in ap-
proximately 15% of the patients (Balthazar 2003). 
Most of these patients, however, while developing 
other symptoms and jaundice, do not have pancrea-
titis. To explain this discrepancy, the common chan-
nel theory of Opie suggests that in some individuals 
who have a common biliary-pancreatic channel, the 
impacted stone located distal to the convergence of 
the two ducts, obstructs both systems and facilitates 
bile to refl ux into the pancreatic ductal system, in-
ducing pancreatitis (Opie 1901). In clinical prac-
tice, the detection of gallbladder calculi in patients 
with acute pancreatitis is considered diagnostic of 
biliary pancreatitis. That is despite the fact that the 
evidence of common duct stones or impacted stones 
is only presumptive, and that common duct stones 
may not be present or may have already passed at 
the time of the diagnosis. Indeed, in patients diag-
nosed of biliary pancreatitis with gallstones, persis-
tent ampullary or common duct stones are found at 
surgery in only 7%–18% of patients (Ranson 1982; 

Balthazar 2003).
Clinical and experimental investigations have 

estimated that at the beginning of an acute attack 
of pancreatitis and, related to the degree of pancre-
atic injury, several toxic, biologically active com-
pounds are produced and liberated in the blood 
stream and ascitic fl uid (Weber and Adler 2001; 

Uhl et al. 1991; Wilson et al. 1989; Gross et al. 
1993). Increased levels of serum and/or urinary 
trypsinogen- activated peptide, phospholipase A2, 
and polymorphonuclear cell elastase have been de-
tected in patients with severe pancreatitis (Weber 

and Adler 2001; Uhl et al. 1991; Wilson et al. 1989; 
Gross et al. 1993; Tenner et al. 1997). Moreover, a 
variety of other infl ammatory mediators called cy-
tokines are manufactured and have been isolated 
in the ascitic fl uid (Gross et al. 1993; Denham and 

Norman 1999).
Cytokines are a group of low-molecular-weight 

protein that are physiologically active in very small 
concentrations and have a diverse range of pharma-
cologic activities. Once produced and excreted by 
different cells they induce the production of other 
infl ammatory mediators such as interleukin (IL)-1 
and tumor necrosis factor (TNF) not only in the 
pancreas but in the lungs, liver and spleen as well. 
Some cytokins (IL-1, TNF) considered mediators 
of disease progression tend to start and amplify 
the rapid progression of a several postinfl amma-
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tory cascades, inducing severe systemic and distal 
organ dysfunction (Gross et al. 1993; Denham and 

Norman 1999). Additionally, the diffusion of TNF 
in the pancreatic parenchima is toxic to the acinar 
cells and contributes to the severity of parenchimal 
pancreatic injury. It has been suggested that in ad-
dition to the autodigestion and ischemic theories 
previously proposed, TNF may be a contributing 
factor to the development of necrosis and severity of 
pancreatic injury (Gross et al. 1993; Denham and 

Norman 1999).
Pathologic examination of patients with severe 

pancreatitis shows extensive necrotizing vasculitis 
with thrombosis and occlusions of the small arterial 
and venous pancreatic vessels, areas of hemorrhage, 
and devitalized pancreatic parenchima (Kloppel 

1994). Similar fi ndings are present in variable de-
grees in the extrapancreatic retroperitoneal fatty 
tissue. Necrosis occurs early, within the fi rst 24–48 h 
and, with few exceptions, remains stable during an 
acute episode of pancreatitis (Beger et al. 1997; Uhl 

et al. 1991). Zones of ischimia followed by nonviable 
pancreatic tissue develop, which may be diffuse or 
patchy, superfi cial or deep and which may affect any 
part of the pancreatic gland.

4.3 

Clinical Signifi cance of Pancreatic Necrosis

The clinical relevance of the presence and the detec-
tion of pancreatic necrosis cannot be overempha-
sized. Reported mortality rates of less than 1% in pa-
tients with interstitial pancreatitis show a dramatic 
increase to 10%–23% in patients with necrotizing 
pancreatitis (Beger et al. 1997;  Malfertheiner and 
Dominguez-Munoz 1993; Banks 1994;  Dervenis 
et al. 1999; Berk 1995; Banks 1997). Virtually all 
life-threatening complications occur in patients 
with necrotizing pancreatitis. Secondary bacterial 
contamination is present in 40%–70% of patients 
with pancreatic necrosis and it constitutes a major 
risk of death (Renner et al. 1985). A mortality rate 
of 67% was found to be present in patients with ex-
tended (> 50%) necrosis of the pancreatic gland in 
one series (Beger et al. 1997). Multiorgan failure is 
more common and more severe in patients with ne-
crotizing pancreatitis and more than 80% of deaths 
occur in patients with pancreatic necrosis (Beger 
et al. 1997). In the past decade, attempts to improve 

medical care and decrease morbidity and mortality 
have focussed on clinical, laboratory or radiologic 
means of detecting necrosis and thus separating 
patients with mild, from those with severe forms of 
disease. Patients with pancreatic necrosis are closely 
monitored in the intensive care unit, their systemic 
and organ disturbances are corrected and, follow-up 
CT examinations are routinely performed in this 
setting.

4.4 

Classifi cation of Pancreatitis

Based on a better understanding of pathophysiol-
ogy and of the relevance of pancreatic necrosis, 
acute pancreatitis has been classifi ed, by the 1992 
Atlanta, Ga, International Symposium on Acute 
Pancreatitis, into mild acute pancreatitis and se-
vere acute pancreatitis (Banks 1993). Intermediate 
forms of disease with different clinical and mor-
phologic manifestations certainly occur, but the 
presence of necrosis seems to be the distinguishing 
feature at the pathologic level. This new classifi ca-
tion defi nes the severity of disease in practical, 
clinical relevant terms. It is essentially based on the 
presence and extent of multiorgan failure (clinical 
and laboratory parameters) and on the morphology 
of the pancreatic gland as depicted at CT imaging 
performed with intravenously administrated con-
trast material.

Mild pancreatitis previously called edematous or 
interstitial pancreatitis occurs in about 70%–80% 
of patients. It is a self-limiting disease with absent 
or minimal organ failure, without complications, 
and with an uneventful recovery. Severe acute 
pancreatitis on the other hand, previously called 
hemorrhagic or necrotizing pancreatitis, occurs 
in the minority of patients with acute pancreatitis 
(20%–30%), and is defi ned by pancreatic necrosis, 
its pathologic hallmark. Severe pancreatitis has a 
protracted clinical course, shows evidence of distal 
organ dysfunction, a high incidence of abdominal 
complications, and a high mortality rate (Beger et 
al. 1997;  Malfertheiner and Dominguez-Munoz 

1993; Berk 1995; Banks 1997). Clinical and labora-
tory parameters as well as the CT examinations have 
shown certain advantages and a number of limita-
tions in detecting acute pancreatitis and in staging 
the severity of the initial clinical attack.
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4.5 

Diagnosis of Acute Pancreatitis

4.5.1 

Clinical and Laboratory Features

The clinical diagnosis of acute pancreatitis is based 
on the association of symptoms, mainly abdominal 
pain, nausea and vomiting with an increase in the 
concentration of serum amylase and/or lipase levels. 
There is usually a sudden onset of epigastric pain 
of variable intensity which may radiate to the back 
or both fl anks. The pain may be partially relieved 
by sitting or lying in a fetal position and may have 
been triggered by the ingestion of a heavy meal or 
a drinking binge (Ranson 1982). In mild forms of 
pancreatitis the physical examination is unremark-
able, whereas in more severe disease there may be 
abdominal distension, epigastric fullness and upper 
abdominal tenderness. More specifi c signs of fl ank 
ecchymosis (Gray-Turner’s sign) or periumbilical ec-
chymosis (Cullen’s sign) are helpful but are present 
in only about 1% of patients (Dickson and  Imrie 
1984). The presence of tachycardia, tachypnea, or-
thostatic hypotension, cyanosis, leukocytosis and 
hemoconcentration heralds the development of 
severe pancreatitis. Most of the presenting symp-
toms and clinical signs are confusing, leading to 
a differential diagnosis which includes other acute 
abdominal conditions e.g. perforated peptic ulcer, 
biliary disease, cholecystitis, bowel obstruction and 
mesenteric vascular occlusions with bowel infarc-
tion (Banks 1997). The diagnosis therefore relies 
heavily on the twofold or threefold increase in the 
serum amylase concentration or an elevated serum 
lipase level.

The association of clinical symptoms with an 
elevation in the serum concentration of pancreat-
ic amylase has been reported in about 80% of pa-
tients with acute pancreatitis (Agarwal et al. 1990; 
 Clavien et al. 1989; Spechler et al. 1983). While 
measurement of serum amylase is the most com-
mon diagnostic test used in acute pancreatitis, its 
real sensitivity cannot be accurately estimated be-
cause the test has become the diagnostic criterion 
for detecting the disease. Important pitfalls in diag-
nosis are evident in clinical practice mainly related 
to the limited sensitivity and lack of specifi city of 
the serum amylase concentration. Elevated amylase 
levels are sometimes present in the previously men-
tioned acute abdominal conditions leading to false 

positive diagnostic errors. Normal serum amylase 
concentrations, on the other hand, may be found 
in patients with CT or surgical proven pancreatitis 
leading to false negative diagnostic errors. Report-
ed data in the literature regarding the relevance of 
elevated serum amylase level in acute pancreatitis, 
varies greatly, because of patients selection process, 
etiology of pancreatitis and time of the examination 
after the onset of an acute attack. Serum amylase 
levels tend to return rapidly (48–72 h) to normal lev-
els while elevated lipase levels tend to decrease more 
slowly (Agarwal et al. 1990; Clavien et al. 1989; 
Spechler et al. 1983; Ranson 1997).

In a large review of patients with acute abdominal 
disorders, 20% had elevated serum amylase level; 
75% of patients with hyperamylasemia had acute 
pancreatitis while 25% had other abdominal con-
ditions (Ranson 1997). In a comparative study of 
patients with pancreatitis vs other acute abdominal 
conditions, the initial serum amylase was elevated in 
95% of patients with acute pancreatitis and in only 
5% of those with other acute abdominal disorders 
(Ranson 1997). It is important to consider however 
that biliary colic/cholecystitis is 20 times more com-
mon than acute pancreatitis and perforated ulcer 3 
times more common. Moreover in a study of 318 
subjects with CT evidence of acute pancreatitis, 19% 
of patients had a normal serum amylase on admis-
sion while another survey demonstrated that up to 
one-third of the patients with alcoholic pancreati-
tis had a normal amylase at presentation (Clavien 

et al. 1989; Spechler et al. 1983). Analysis of sev-
eral published series have shown that serum lipase 
estimation has only a slightly superior sensitivity 
and specifi city and a slightly greater overall accu-
racy than serum amylase. The benefi ts are enhanced 
when there is a delay in the initial blood sampling 
(Agarwal et al. 1990; Ranson 1997).

It is diffi cult to estimate the sensitivity of the clin-
ical diagnosis in patients with acute pancreatitis. In 
patients with mild pancreatitis with transitory non-
specifi c symptoms or in patients with acute abdom-
inal symptoms and normal amylase concentration 
the diagnosis is probably often missed. We know, 
however, that even with severe pancreatitis the di-
agnosis was not made in 30%–40% of patients until 
the time of autopsy (Corfi eld et al 1985). Lack of 
characteristic clinical fi ndings or a specifi c labora-
tory test had established CT imaging as a non-inva-
sive and widely accessible complimentary diagnos-
tic test, routinely used today to confi rm the clinical 
suspicion of acute pancreatitis.
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4.6 

CT Diagnosis

CT scanning can adequately visualize the pancreas 
and the adjacent retroperitoneal structures in al-
most all individuals. High resolution images are rap-
idly obtained, and show a remarkable capacity to 
evaluate the morphology of the pancreatic gland and 
detect early peripancreatic infl ammatory changes 
and extrapancreatic fl uid collections (Balthazar 

1989).

4.6.1 

Technical Considerations

Optimal images of the pancreas requires helical (spi-
ral) CT or multidetector row CT (MDCT) combined 
with a rapid administration of intravenous contrast 
material. The goal is to eliminate respiratory arti-
facts and increase the conspicuity of the pancreatic 
gland by reliably augmenting its attenuation values. 
Oral contrast agents are habitually given as well as 
one cup of water just before the start of acquisition. 
We routinely administer a rapid 3–4 mL/s intra-
venous bolus injection of 150 mL of 60% nonionic 
contrast material after the digital scout fi lm is ob-
tained.

With helical scanning, axial images 5-mm col-
limation, pitch 1.5 over the upper abdomen, and 
7-mm collimation, pitch 2 for the rest of the abdo-
men can be obtained.

Acquisition starts from the top of the diaphragm 
at approximately 60 s after beginning of intravenous 
contrast administration.

With the MDCT scanner, a two-phase acquisition 
technique can be employed. The fi rst arterial domi-
nant phase starts obtaining images at 40 s over the 
pancreatic gland, from the top of the vertebral body 
T12 to the superior edge of the vertebral body L4. We 
use a collimation of 2.5 mm, with a table speed of 
3.75 mm. The second, portal dominant phase starts 
at about 70 s and acquires axial images of 5-mm 
collimation, with a table speed of 15 mm, from the 
dome of the diaphragm through the pubic symphy-
sis. Once images are generated they can be viewed 
as planer two-dimensional axial images or they can 
be reconstructed into any plane at a commercially 
available workstation. Images can be examined on 
printed fi lms, workstations or PACS systems. For 
dual-phase pancreatic imaging, with data sets con-

taining hundreds of images, the use of fi lm has be-
come impractical. Similar high resolution images 
can be acquired by changing some of these technical 
parameters, as long as the pancreas is imaged at the 
peak of vascular enhancement (late arterial, early 
portal phase) and narrow collimation axial images 
are obtained.

4.6.2 

Normal Pancreas

The pancreatic gland has an oblique orientation 
in the upper abdomen with the tail located adja-
cent to splenic hilum and the head located more 
inferiorly in the duodenal sweep. Several adjacent 
axial images are required to visualize the entire 
gland. The normal pancreas appears as a sharply 
defi ned, homogeneously enhancing structure, hav-
ing a smooth contour or a slightly corrugated acinar 
confi guration (Fig. 4.1). The size of the gland shows 
individual variations with smaller atrophic glands 
seen in elderly individuals. The head of the pan-
creas measures about 3–4 cm, body 2–3 cm, and tail, 
about 1–2 cm in the anteroposterior diameter with a 
gradual transition between segments (Balthazar 
1989). The inferior aspect of the head of the pan-
creas, called the uncinate process, located just an-
terior and superior to the horizontal, third duode-
nal segment, has a triangular confi guration with its 
apex extending towards the midabdomen (Fig. 4.1). 
The body of the pancreas is reliably located just 
anterior to the splenic artery and vein, relationship 
which helps identify the pancreas on more limited 
quality studies or in cachectic individuals devoided 
of retroperitoneal fat. Dorsal pancreas (body and 
tail) may be rarely congenitally absent and the tail of 
the pancreas may be occasionally slightly enlarged, 
having a bulbous appearance. A normal pancreatic 
duct measuring no more than 1–2 mm in diameter, 
is often depicted with narrow collimation, high reso-
lution scanning.

Baseline attenuation values of the normal pan-
creas on CT images acquired without intravenous 
contrast administration are 40–50 HU. Lower base-
line measurements should be expected in patients 
with pancreatic fatty infi ltration. A homogeneous 
enhancement of the entire pancreatic gland to 
100–150 HU occurs during the administration of 
intravenous contrast (Fig. 4.1). These measurements 
may show slight individual density variations, usu-
ally of no more than 10–20 HU, between different 
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segments of pancreatic gland. Small bulges or mild 
contour abnormalities should be considered vari-
ants to normal, as long as the gland maintains a ho-
mogenous attenuation and a uniform morphologic 
texture.

4.6.3 

Diagnostic CT Features of Acute Pancreatitis

The CT fi ndings in acute pancreatitis refl ect the 
presence and extent of the pancreatic and retroperi-
toneal developing infl ammatory process. The ap-
pearance is similar irrespective of etiology with the 
exception of traumatic pancreatitis in which pan-
creatic lacerations and high density hemorrhagic 

collections may be detected. Acute pancreatitis is 
in majority of cases, a diffuse disease involving the 
entire pancreatic gland (Balthazar 1989, 1994; 
Balthazar et al. 1990). In milder clinical forms 
there is a slight to moderate increase in the size of 
the gland and discrete peripancreatic infl ammatory 
changes (Fig. 4.2). Pancreatic parenchyma becomes 
slightly heterogeneous and the degree of enhance-
ment is variable depending on the extent of hype-
remia and/or edema induced by the infl ammatory 
process. Since the pancreas does not have a well-de-
veloped fi brous capsule, extravasation of pancreatic 
enzymes outside of the gland occurs early. Subtle 
peripancreatic abnormalities seen at the beginning 
of an acute attack of pancreatitis are, a slight in-
crease in the density of peripancreatic fatty tissue 

Fig. 4.1a–d. Normal pancreas, three phase multidetector CT examination. a Preliminary noncontrast phase. Pancreas is well 
visualized (p) with a basic attenuation value of 50 HU similar to the spleen and liver. P: pancreas, s: spleen, L: liver, K: kidney. 
b,c Arterial phase. There is homogeneous enhancement of the pancreas (160 HU) and visualization of a normal pancreatic 
duct (arrowheads). Head of pancreas (h) and uncinate process (black arrow) are well seen. A small accessory spleen is present 
adjacent to tail of pancreas and the spleen (white arrow). s: spleen, S: stomach, L: liver, K: kidney. d Portal phase shows homoge-
neous enhancement (100 HU) of the pancreas (P), and normal peripancreatic structures. P: pancreas, s: spleen, L: liver, K: kidney

a
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with a dirty, hazy or lacelike appearance (Fig. 4.3). 
Small ill defi ned fl uid collections begin to develop 
and often mild thickening of the adjacent fascial 
planes become apparent. In some cases, the contours 
of the pancreatic gland becomes shaggy, extraglan-
dular infl ammatory reaction is evident, however the 
gland appears intrinsically normal in size, contour 
and attenuation values.

In the more severe forms of acute pancreatitis the 
amount of peripancreatic infl ammatory exudate, 

which for a lack of a better term we call fl uid col-
lections, is increased (Fig. 4.4). These collections are 
initially poorly defi ned, heterogeneous in attenu-
ation (20–40 HU) and represent a combination of 
retroperitoneal fat necrosis, extravasated pancreatic 
secretions, infl ammatory exudate and hemorrhage. 
The usual locations of the extravasated fl uid are the 
anterior pararenal space, more common and more 
severe on the left side, and the lesser peritoneal sac 
(Fig. 4.4) (Balthazar 1989, 1994); . When massive, 
fl uid collections tend to dissect fascial planes and 
extend inferiorly along the pararenal spaces, contin-
ue over the psoas muscles and enter the pelvis. Less 
commonly, the exudates may invade the mesentery, 
mesocolon, perirenal space and the peritoneal cav-
ity. Free intraperitoneal fl uid with high amylase lev-
els (pancreatic ascites) is detected by CT in about 
7% of cases of acute pancreatitis (Balthazar et al. 
1985) and is seen mainly in patients with more se-
vere forms of disease.

Acute fl uid collections occur in approximately 
40%–50% of patients with pancreatitis, early in the 
course of disease (Fig. 4.4) (Balthazar et al. 1990; 
Balthazar 1994). They develop in the retroperito-
neum, and lesser peritoneal sac mainly outside of 
the pancreas, although small fl uid collections may 
also be detected in the gland. In more then 50% of 
cases the fl uid resolves without complications while 
in the rest, they linger, tend to partially encapsulate, 
develop into pseudocysts or get infected and become 
pancreatic abscesses (Balthazar et al. 1985, 1990; 

Fig. 4.2a,b. Acute pancreatitis in 34-year-old woman status post ERCP examination. a Tail (T), body (B) and neck (N) 
of the pancreas are enlarged and homogeneously enhancing. Common duct is dilated (white arrow) and large cystic duct 
( arrowhead) is seen. Gallbladder is fi lled with contrast material (G). b Head of pancreas (H) is enlarged and slightly hetero-
geneous. A few small stones are detected in contrast fi lled gallbladder (black arrowhead). Stage B pancreatitis, no necrosis, 
CT severity index 1

a b

Fig. 4.3. Alcoholic pancreatitis in 36-year-old man. CT 
shows a diffusely enlarged pancreas (P) and streaky densi-
ties in the peripancreatic fat (arrows) consistent with peri-
pancreatic infl ammation. Stage C pancreatitis, no necrosis, 
CT severity index 2
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Balthazar 1994; Hill et al. 1982). They can also 
dissect mesenteric and fascial planes and /or involve 
solid organs such as spleen, left kidney, liver or the 
wall of the adjacent segments of the gastrointestinal 
tract, mainly transverse colon and splenic fl exure.

Areas of nonenhancing pancreas, representing 
zones of ischemia and/or necrosis is considered the 
CT hallmark of severe acute pancreatitis (Fig. 4.5). 
In these patients, either the entire pancreas or only 
part of the gland fails to enhance during the intra-
venous contrast examination. A quantitative evalu-
ation of extent of necrosis can be made by grossly di-

viding necrosis into mild, less than one third of the 
volume of the gland, moderate, up to 50% and sever, 
over 50% of the pancreas (Fig. 4.6). Surgical correla-
tion studies have documented that CT has shown an 
overall sensitivity of 77%–85% in detecting pancre-
atic necrosis, with 100% sensitivity for diagnosing 
extended necrosis and 50% sensitivity for depicting 
smaller patchy necrotic areas (Beger et al. 1986). 
The CT fi ndings seen in acute pancreatitis should 
be considered reliable and characteristic with very 
few false positives and with a reported specifi city ap-
proaching 100% (Maier 1987).

Fig. 4.4a,b. Acute pancreatitis in 51-year-old man. a Arterial phase CT reveals diffuse enlargement of the pancreas with 
homogeneous attenuation values of only 92 HU due to parenchymal edema. The normal texture of the gland is preserved 
(P). Fluid is noted adjacent to body and tail of pancreas (f ). b A more caudal image shows similar enhancement of the 
head of pancreas (H) and fl uid accumulation (f ) in the left anterior pararenal space. Stage D pancreatitis, no necrosis, CT 
severity index 3

a b

Fig. 4.5a,b. Gallstone acute pancreatitis in 64-year-old man. a Decreased attenuation in the tail of the pancreas compared 
to the body (B) is consistent with focal area of pancreatic necrosis (N). Fluid (f) is detected around the body and tail of the 
pancreas. b Head of the pancreas (H) is enlarged and small calcifi ed stone is present in the distal common duct (arrow). There 
is fl uid collecting in the right and left anterior pararenal space (f). Stage E pancreatitis, focal necrosis, CT severity index 6

a b
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4.6.4 

Limitations in the CT Diagnosis

Poor quality studies, motion artifacts, absent in-
troabdominal fat and lack of intravenous contrast 
administration are some of the most common limi-
tations of the CT diagnosis of acute pancreatitis. 
Without vascular and parenchymal enhancement 
the diagnosis can still be made in the majority of 
cases. Some of the more subtle parenchymal and 
peripancreatic abnormalities however, become 
harder to depict, decreasing the sensitivity of CT to 
diagnose pancreatitis.

The incidence of a normal pancreatic gland seen 
on CT in patients with acute pancreatitis is diffi cult 
to establish. Surgical and pathologic proof is lack-
ing and the clinical diagnosis is based on nonspecif-
ic symptoms and a rise in the serum amylase level. 
Based on these criteria, a normal pancreatic gland 
may be visualized in as many as 14%–28% of pa-
tients, depending on the severity of disease and type 
of population examined (Balthazar et al. 1985; 
Beger et al. 1986). There is general agreement that, 
given a good quality CT performed during a bolus 
of intravenous contrast administration, all patients 
with moderate or severe pancreatitis will exhibit 
salient CT abnormalities. A normal pancreas on CT 
occurs only in the very mild forms of pancreatitis.

In the context of these potential pitfalls and heav-
ily dependent on the severity of disease in the groups 
of individuals tested, CT sensitivity in acute pan-
creatitis was reported to be 77% (Maier 1987) and 
92% (Clavien et al. 1988) respectively. These fi gures 
should be expected to improve, following the recent 
technical advances achieved in abdominal and pan-
creatic CT imaging.

4.6.5 

Less Common CT Presentations

4.6.5.1 

Segmental Pancreatitis

Pancreatic infl ammatory changes can occasionally 
affect only part of the gland. The segment involved 
in most cases is the head of the pancreas and only 
rarely the pancreatic tail (Fig. 4.7). This presenta-
tion is more commonly seen in patients with bil-
iary pancreatitis, it develops mostly after repeated 
episodes of pancreatitis and it is associated with 
milder clinical forms. It was reported in up to 18% 
of patients with pancreatitis and it involves only a 
part of the gland either exclusively or predominantly 
(Balthazar et al. 1985).

4.6.5.2 

Groove Pancreatitis

Groove pancreatitis can be defi ned as a more severe 
and more chronic form of segmental pancreatitis af-
fecting the head of the pancreas (Fujita et al. 1997; 
Stolte et al. 1982; Becker and Mischke 1991). Pan-
creatic head becomes enlarged and heterogeneous, 
and fl uid with secondary infl ammatory changes 
accumulates in the groove between the head of the 
pancreas and duodenal sweep (Fig. 4.8). This devel-
opment leads, overtime, to intrinsic infl ammatory re-
action and fi brosis involving the duodenal wall and 
common bile duct which defi nes the clinical aspects 
of the syndrome. Duodenal stenosis and/or bile duct 
strictures have been reported in about 50% of these 
patients (Fujita et al. 1997). Abdominal pain, vomit-
ing and obstructive jaundice are the common mani-
festations, and the syndrome appears to be associated 
with alcoholism in most patients (Fujita et al. 1997; 
Stolte et al. 1982; Becker and Mischke 1991). Car-
cinoma of the head of the pancreas if diffi cult to rule 
out and in many patients incidental Whipple resec-
tions are performed (Fujita et al. 1997).

Fig. 4.6. Acute pancreatitis in 47-year-old woman. Pancreas 
(arrows) is enlarged with multiple enhancing islands of pan-
creatic parenchyma, interspaced with large areas of decreased 
attenuation consistent with necrosis (N). There is fl uid in left 
and right anterior pararenal space. Grade E pancreatitis, 
moderate (up to 50%) necrosis, CT severity index 8
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Fig. 4.7a–c. Focal acute pancreatitis in 28-year-old man 
with a previous episode of alcoholic pancreatitis. a Tail (T) 
and Body (B) of the pancreas are unremarkable. A normal 
pancreatic duct is visualized (arrowheads). b Head of the 
pancreas is enlarged and slightly heterogeneous (H). There 
is fl uid collecting only around the head of the pancreas 
( arrows). c Duodenum (d) is enveloped by retroperitoneal 
fl uid (arrows) located mainly to the right of midline

a b

c

Fig. 4.8a,b. Groove pancreatitis in 32-year-old man following repeated episodes of acute pancreatitis presenting with jaun-
dice. a Head of pancreas is enlarged and there is fl uid and infl ammation (I) around the second duodenal segment (d). 
Gallstones are present in the gallbladder (arrow). b T-tube cholangiogram following cholecystectomy shows long segment 
of narrowing of the distal common duct (arrows). D: duodenum

a

b
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4.6.5.3 

Autoimune Pancreatitis

Sarles et al. (1961) described an unusual form of pancre-
atitis associated with autoimune disease and charac-
terized by hypergamaglobulinemia, eosinophilia and 
the presence of antinuclear antibodies (ANA) (Sarles 
et al. 1961; Saito et al. 2002). The histopathologic fi nd-
ings of autoimune pancreatitis include lymphocytes 
and plasma call infi ltration of the pancreas, and fi -
brosis, with damage of the pancreatic islets and acini. 
Morphologic changes detectable by CT are diffuse 
or segmental enlargement with a slightly decreased 
homogeneous enhancement of the pancreas. Patients 
have little or no pain, may have obstruction of the 
common duct with jaundice and they may develop 
regional lymphadenopathy (Fig. 4.9). These fi ndings 
are suspicious for a pancreatic neoplasm particularly 
lymphoma. When the correct diagnosis is suspected, 
hematologic work up and fi ne needle aspiration biopsy 

can confi rm it. Excellent response to steroid therapy 
with resolution of the clinical and CT morphologic 
fi ndings has been reported (Saito et al. 2002).

4.6.5.4 

Acute Exacerbation of Chronic Pancreatitis

Patients with chronic pancreatitis may occasionally 
present with acute symptoms and an elevated serum 
amylase level. Clinical presentation is often mild to 
moderate and stigmata of chronic pancreatitis is de-
tected on CT examination. There is usually evidence 
of parenchymal atrophy, dilatation of the pancreatic 
duct (fi nding absent in acute pancreatitis), intraductal 
calcifi cations and mild peripancreatic infl ammatory 
reaction and/or small fl uid collections. Associated 
pseudocepts or pancreatic abscesses may be present. 
The intrinsic pancreatic morphologic changes are 
permanent while the acute CT changes and clinical 
symptoms usually resolve with conservative therapy.

Fig. 4.9a–c. Autoimune pancreatitis in 73-year-old man 
presenting with jaundice. a Body of pancreas (B) is normal. 
g: gallbladder, l: liver. b Head of the pancreas (H) is enlarged 
and has a slightly lower attenuation compared with the rest 
of the pancreas (arrows). There are no peripancreatic fl uid 
collections. d: duodenum, g: gallbladder, l: liver. c Percu-
toneous cholangiogram reveals external compression and 
narrowing of the distal common duct (arrows) consistent 
with mass in the head of pancreas. Biopsies of the head of 
pancreas and regional nodes revealed lymphocytic infi l-
tration and follow-up examination 3 months later showed 
resolution of the clinical and CT fi ndings

a

b

c
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4.7 

Staging of Acute Pancreatitis

Treatment of patients with acute pancreatitis de-
pends on the early assessment of severity of disease. 
The initial evaluation should be based on objective 
parameters and should be able to detect and quantify 
the severity of an acute attack of pancreatitis. In the 
last 10 years it has become evident that the 2%–10% 
overall mortality of acute pancreatitis is directly re-
lated with the presence and the extent of pancreatic 
necrosis (Malfertheiner and  Dominguez-Munoz 
1993; Banks 1994; Dervenis et al. 1999; Berk 1995; 
Banks 1997; Maier 1987). Thus the early detection 
of patients with severe pancreatitis is mainly based 
on the depiction of pancreatic necrosis (necrotizing 
pancreatitis) and is being used as a grave prognostic 
indicator of the outcome in these patients. An ideal 
staging system should be able to identify necrosis 
early, be reliable based on objective parameters, be 
performed rapidly, and be easily available and af-
fordable (Dervenis et al. 1999). Clinical and CT 
parameters used to assess and quantify the severity 
of an acute attack of pancreatitis have been used and 
discussed in the literature.

4.7.1 

Clinical and Laboratory Evaluation

Several clinical symptoms including hypotension, 
tachycardia, fever, respiratory distress or cyanosis 
are occasionally seen in a severe attack, but are not 
specifi c. They may appear late after an acute attack 
and individually are not reliable predictive indica-
tors (Dervenis et al. 1999; Banks 1993; Agarwal 
and Pitchumoni 1991). Flank ecchymosis (Grey 
Turner’s sign) or periumbilical ecchymosis (Cullen’s 
sign) are rarely seen, appear late in the course of 
disease and are more specifi c (Dickson and Imrie 
1984). It has been reported that a severe attack of 
pancreatitis can be detected based on clinical evalu-
ation alone, in only 34%–39% of patients at the time 
of clinical onset (McMahon et al. 1980; Wilson 
et al. 1990). At the beginning, at the admission to 
the hospital, reliable clinical signs are often lucking; 
when signs develop, they are diffi cult to interpret 
and lack objective quantifi cation.

Abnormal values of certain routine laboratory 
test are often present in patients with severe pan-
creatitis. A low serum calcium level (< 7.5 mg/dL), 

an elevated serum glucose level (> 250 ml/dL), and 
high serum creatinine level (> 2 mg/dL), are disturb-
ing prognostic signs that correlate with an increased 
risk of death (Beger et al. 1997; Malfertheiner and 

Dominguez-Munoz 1993; Banks 1994;  Dervenis 

et al. 1999; Berk 1995). Moreover in Bank’s series 
(Banks et al. 1983), the development of one or sev-
eral signs of distal organ failure (Table 4.2) was as-
sociated with a 50% mortality rate. However, none of 
these single parameters are suffi ciently sensitive or 
specifi c to reliable identify patients with necrotizing 
pancreatitis.

A variety of biologically active substances – called 
vasoactive peptides, cytokines and infl ammatory 
mediators – are produced and liberated in the blood-
stream and ascitic fl uid in patients with pancreatitis 
(Weber and Adler 2001; Uhl et al. 1991; Wilson 

et al. 1989; Gross et al. 1993; Tenner et al. 1997). 
It has been postulated that identifi cation and mea-
surements of some of these toxic compounds may 
correlate with the development and severity of an 
acute attack of pancreatitis.

Methemalbumine and pancreatic ribonuclease 
are considered specifi c markers for the presence of 
hemorrhagic or necrotizing pancreatitis. Pancreatic 
necrosis can be diagnosed or strongly suspected 
when an elevated serum level of tumor necrosis fac-
tor is detected (Lankisch et al. 1989; Warshaw 

and Lee 1979; Kemmer et al. 1991; Exley et al. 1992; 
Paajainen et al. 1995). A number of cytokines in-
cluding, interleukin 6 and phospholipase A2 have 
been shown able to detect and quantify the sever-
ity of an acute attack of pancreatitis (de Beaux et 
al. 1996; Nevalainen 1980; Buchler et al. 1989; 
Bird et al. 1989). An accuracy of about 80% in de-
tecting pancreatic necrosis has been reported with 
phospholipase A2 determinations (Nevalainen 

1980; Buchler et al. 1989; Bird et al. 1989). In ad-
dition, plasma concentration of polymorphonuclear 
elastase has been reported to possess a positive 
predictive value of over 90% in predicting a severe 
episode of pancreatitis (Dominguez-Munoz et al. 
1991). Premature activation of trypsinogen, which 

Table 4.2. Acute pancreatitis: signs of organ failure

Shock, systolic BP < 90 mm Hg

Pulmonary insuffi ciency, PaO2 < 60 mm Hg

Renal failure, creatinine > 2 mg/dL

Gastroitestinal bleeding > 500 mL/24h



62 E. J. Balthazar

occurs mainly in patients with severe pancreatitis 
can be depicted by measuring trypsinogen activa-
tion peptide in the urine (Tenner et al. 1997).

Despite remarkable progress, the clinical util-
ity of most of these laboratory indices remains to 
be further tested in clinical trials. They had not yet 
gained widespread clinical acceptance in most hos-
pitals. A clinically useful correlation with the devel-
opment of pancreatic necrosis and its extent at the 
onset of an acute attack of pancreatitis, remains to 
be proven.

4.7.2 

Numerical Systems

Since individual clinical signs or single laboratory 
parameters do not reliably identify severity of dis-
ease or predict outcome, numerical detection sys-
tems have been devised to better evaluate the poten-
tial risk of death in patients with acute pancreatitis. 
All clinically available systems are based on count-
ing the number and degree of systemic abnormali-
ties (organ failure, metabolic alterations) – called 
grave signs, prognostic indices or risk factors – and 
correlating the results with mortality and morbidity 
rates. It should be remembered however, that the 
detected alterations refl ect systemic dysfunction; 
they do not refl ect the severity of intraabdominal 
disease and they certainly have no diagnostic value, 
being seen in a variety of other acute abdominal 
conditions.

Historically, the fi rst numerical system, proposed 
by Ranson et al. (1974), is still the most popular 
in the USA. It is based on 11 objective signs: 5 de-
termined at the onset, and 6 within the fi rst 48 h 
 (Table 4.3 ). With a higher number of risk factors, 
there is a corresponding worsening of the outcome 
and a gradual increase in the morbidity and mor-
tality. In the original survey, there was less than 1% 
mortality with fewer than three grave signs, 16% in 
patients with three or four signs, 40% in patients 
with fi ve or six signs, and 100% in patients with 
more than six grave signs. The system is a good in-
dicator of disease severity particularly useful at the 
two ends of the numerical scale. Pancreatitis is mild 
with two or fewer grave signs, whereas pancreatitis 
is severe when more than six grave signs are pres-
ent. Inaccuracies in correlation with morbidity and 
mortality are however present in cases presenting 
with three to fi ve signs, which is a common clinical 
occurrence (Banks 1994, 1997).

Several other grading systems, each using slight-
ly different parameters, have since been proposed, 
with a prognostic effi ciency similar to that of Ran-
son system. The best known are the Glasgow original 
or modifi ed system, the Simplifi ed Acute Physiology 
(SAP) score and the simplifi ed prognostic criteria 
(Agarwal and Pitchumoni 1986; Imre et al. 1978). 
Imrie’s modifi cation of the Ranson system uses 
eight prognostic criteria; it omits hematocrit level, 
base defi cit, age and fl uid sequestration but includes 
albumin level of less than 32 g/L as an important cri-
terion of severity (Imre et al. 1978).

A slightly more reliable prognostic numerical 
method called the Acute Physiology and Chronic 
Health Evaluation (APACHE II) that can be used at 
the onset of an acute attack as well as in monitoring 
patients progression has been reported (Knaus et al. 
1985; Larvin and McMahon 1989). The system is 
however more complex based on 12 physiologic mea-
surements, and more diffi cult to perform (Table 4.4). 
An APACHE II cutoff score of more than 8 grave 
signs is consistent with the development of severe 
pancreatitis (Knaus et al. 1985; Larvin and McMa-

hon 1989). The accuracy of the APACHE II method 
for identifying patients with severe pancreatitis on 
admission to the hospital has been about 75%. The 
test is used as a prognostic indicator to help select 
patients for intensive care treatment. After 48 h, Ap-
pachy II scores are similar to the previously men-
tioned other numerical system. The general accu-

Table 4.3. Ranson‘s criteria of severity in acute pancreatitis

At admission

� Age > 55 years

� White blood cell count > 16,000/mm3

� Glucose > 200 mg/dL

� Serum Lactic dehydrogenase (SLDH) > 350 IU/L

� Aspartate aminotransferase > 250 IU/L

During initial 48 h

� Hematocrit fall of > 10 vol. %

� Serum urea nitrogen rise of > 5 mg/dL

� Ca++ < 8 mg/dL

� PaO2 < 60 mg Hg

� Base defi cit > 4 mEq/L

� Fluid sequestration > 6 L
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(Balthazar et al. 1985) we have divided the CT fea-
tures of acute pancreatitis into fi ve separate grades 
(Table 4.5) and correlated the CT features with the 
development of local complications and death. We 
observed that most morbidity and all lethal attacks 
occurred in our D and E grades patients presenting 
with peripancreatic fl uid collections (Figs. 4.4–4.6). 
Patients with grade D or E had a mortality rate of 
14% and a morbidity rate of 54%, as compared with 
no mortality and a morbidity rate of only 4% in pa-
tients with grade A, B or C (Fig. 4.10). Similar general 
observations were later published by other clinical 
researches (Clavien et al. 1988; London et al. 1989). 
Moreover we have noticed that the developing fl uid 
collections resolved spontaneously in about half of 
our patients while in other half they partially or 
completely encapsulated, developing into abscesses 
or pseudocysts (Balthazar et al. 1985).

The advantages of our initial grading system rely 
on the ability to select a sub group of patients (with 
grade D or E), at high risk of death and with a poten-
tially higher morbidity rate. This CT grading is easy 
to perform, does not necessarily require intravenous 
contrast administration or it can be performed with 
slower intravenous rates of injection, and with slow-
er CT scanners and 5–7 mm collimation. Its draw-
backs relate to its limited capacity to better foretell 
mortality and morbidity rates in patients with D or 
E grades, since 54% of patients with peripancreatic 
fl uid collection did not developed complications, in 
our original survey  (Balthazar et al. 1985). Fur-
thermore, images obtained with slow rates of intra-
venous contrast perfusion, or without intravenous 
contrast, cannot reliably depict pancreatic necrosis 
at the onset of an acute attack, lowering its sensitivity 
as a prognostic indicator of severity of pancreatitis.

More recent developments, starting with the in-
troduction of incremental dynamic bolus technique 
and followed by rapid CT scanning, faster intrave-
nous injection rates and narrow collimation, have 
dramatically improved CT staging of acute pancrea-

Table 4.4. APACHE. II grading system. Points assigned for 
each variable are summed, given the acute physiology score 
(APS). The higher the score the greater likelihood for morbid-
ity and mortality.

Severity of Disease Classifi cation system

Rectal temperature

Mean arterial pressure

Heart rate

Respiratory rate

Arterial pO2

Arterial pH

Serum sodium

Serum potassium

Serum creatinine

Hematocrit

White blood cell count

Glascow coma score

racy of these numerical systems is about 70%–80% 
with an overall sensitivity ranging from 57% to 85% 
and with a specifi city of 68% to 85% (Dervenis et al. 
1999; Agarwal and Pitchumoni 1991; Agarwal 

and Pitchumoni 1986; Blamey et al. 1984).

4.8 

CT Staging

The ability of intravenous contrast enhanced CT im-
aging to directly assess the morphology of pancreatic 
gland and of the adjacent retroperitaneal structures 
has greatly improved the diagnosis and staging of 
acute pancreatitis. Clinical parameters previously 
discussed evaluate systemic abnormalities, but are 
not able to discern the presence and extend of pan-
creatic injury and /or peripancreatic fl uid collections. 
Modern CT imaging has become a fast, noninvasive 
and reliable examination, available in most hospi-
tals, and able to diagnose and quantify pancreatic 
necrosis. Thus, CT has become a required and es-
sential component of our new classifi cation system 
(Balthazar et al. 1985, 1990; Balthazar 1994).

Previous investigations have tried to gauge the po-
tential use of CT imaging in assessing the severity of 
an acute attack of pancreatitis (Mendez et al. 1980; 
Nordestgaaard et al. 1986). In our 1985 paper 

Table 4.5. CT grading in acute pancreatitis

Grade

A Normal pancreas

B Pancreatic enlargement

C Infl ammation pancreas and peripancreatic fat

D Single small peripancreatic fl uid collection

E Large fl uid collections or retroperitoneal air
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titis (Freeny 1993). Previous investigations have 
recognized a casual relationship between lack of 
pancreatic parenchymal enhancement and the de-
velopment of pancreatic necrosis (Beger et al. 1986; 
Kivisaari et al. 1983). In patients with interstitial 
mild pancreatitis, the capillary network in intact, 
vasodilatation is often present and the entire gland 
is expected to show a signifi cant increase in its at-
tenuation values of at least 50–60 HU above its basic 
values (Figs. 4.2, 4.3). When the arterial fl ow is im-
peded or the capillary network is damaged, there is 
a striking decrease or a total lack of parenchymal 
enhancement, signifying the presence of ichemia 
and often the development of necrosis (Balthazar 

2002) (Figs. 4.5, 4.6). This process can be diffuse or 
patchy, it can be superfi cial or deep and it can af-
fect any segment of the pancreas. It can be grossly 
quantifi ed into severe, affecting most of the gland, 
or segmental involving up to 50% or less then 30% 
of the pancreas (Figs. 4.5, 4.6). Once necrosis devel-
ops, usually within 48–72 h from the clinical onset 
of acute pancreatitis, the normal glandular CT tex-
ture changes, it liquefi es and it becomes better de-
fi ned when compared with the adjacent still viable 
enhancing pancreatic tissue (Fig. 4.11). Criteria for 
the CT diagnosis of pancreatic necrosis have been 
proposed, as focal or diffuse zones of nonenhanced 
pancreatic parenchyma detected on examination 
performed with intravenous bolus administration 
of contrast material (Banks 1993).

An excellent correlation between CT fi ndings in 
acute pancreatitis, length of hospitalization, devel-

opment of local complications and death was docu-
mented in our 1990 published series (Balthazar 

et al. 1990). While patients without necrosis (as 
previously defi ned) had no mortality and only a 6% 
complication rate (Figs. 4.2, 4.3), patients with CT 
evidence of necrosis exhibited a 23% mortality and a 
82% morbidity (Fig. 4.12). The extent of necrosis was 
found, in addition, to have prognostic signifi cance. 
Mortality and morbidity in patients with extensive 
necrosis far exceeded those observed in patients 
with small, patchy areas of necrosis (Figs. 4.5, 4.6 
and 4.10). There were no statistical meaningful dif-
ferences in prognosis, once the necrotic zones were 
larger than 40%–50% of the volume of the gland. 
The combined morbidity in patients with over than 
30% necrosis was 94%, and the mortality was 29% 
(Figs. 4.6, 4.10).

Fig. 4.11a,b. Gallstone pancreatitis in 49-year-old woman. 
a Necrosis with liquefaction (L) affects the tail and part of 
the body (B) of the pancreas. Patient was discharged after 
clinical symptoms subsided. b Follow-up CT examination 
3 months later reveals the development of a large fully en-
capsulated pseudocyst (C).

a

b

Fig. 4.10. CT grading vs morbidity and mortality
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There is general agreement that the development 
of pancreatic necrosis and its CT detection, should 
be considered the most relevant imaging feature 
that correlates with outcome and with severity of 
acute pancreatitis. It must be stressed however that 
while the risk of death occurs mostly in patients 
with pancreatic necrosis, a signifi cant incidence of 
complications – 22% in our experience (Balthazar 

et al. 1985, 1990) – should be anticipated in patients 
with peripancreatic fl uid collections and normally 
enhancing pancreatic glands (Fig. 4.4). According-
ly, we have combined the heretofore described CT 
risk factors, into a single CT grading system which 
we called the CT severity index (Balthazar et al. 
1990).

4.8.1 

CT Severity Index

CT severity index is a simple, easy to calculate, scor-
ing system which combines the original grading 
system (Balthazar et al. 1985) with the presence 
and extent of pancreatic necrosis (Balthazar et 
al. 1990). Patients with grades A through E are as-
signed 0 to 4 points, to which 2 points for 30%, 4 
points for up to 50% and 6 points for > 50% necrosis 
are added (Table 4.6). The calculated CT severity in-
dex score, divided into three broad categories (0–3, 
4–6, and 7–10), better refl ects the early prognostic 
value of CT imaging. As illustrated in Figure 4.13, 

there is a statistically relevant and steady increase 
in the incidence of complications and lethal attacks 
in these individuals. Patients with a severity index 
of 0 or 1 have no mortality or morbidity, whereas 
patients with a severity index of 2 had only a 4% 
morbidity. Conversely, a severity index score of 7–10 
yields a 17% mortality and 92% complications rate 
( Balthazar  et al. 1990).

4.8.2 

Limitations and Pitfalls of CT Staging

Several limitations and pitfalls of CT staging in acute 
pancreatitis have to be pointed out. First, technically 
inadequate examinations and particularly lack of 
intravenous bolus contrast administration drasti-
cally reduces the CT accuracy in staging pancrea-
titis. When clinically indicated, these patients will 

Table 4.6. Acute pancreatis CT staging CT Severity Index 
(CTSI)

CT grade Points Necrosis Points CTSI score

A 0 None 0 0

B 1 None 0 1

C 2 < 30% 2 4

D 3 30%–50% 4 7

E 4 > 50% 6 10

CT severity index (CTSI): CT grade + necrosis (0–10)

Fig. 4.12. Necrosis vs morbidity and mortality
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Fig. 4.13. CT severity index vs morbidity and mortality
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benefi t by magnetic resonance (MR) imaging, using 
rapid gradient-echo-breath-hold techniques and fat 
suppression sequences. MR is an excellent alterna-
tive noninvasive modality to evaluate patients with 
acute pancreatitis with an accuracy generally simi-
lar to high resolution intravenous bolus CT imaging 
(Morgan et al. 1997; Fucher and Turner 1999).

Second, while ichemic changes are evident at the 
onset of an acute attack (zones of decreased attenua-
tion), necrotic changes and liquefaction follows sub-
sequently and become more evident within a few days. 
Thus, CT imaging performed 2–3 days after the ini-
tial clinical onset, has a higher accuracy in detecting 
and quantifying pancreatic gland necrosis (Fig. 4.11). 
Initially, areas of parenchymal ischemia may not be 
entirely depicted, or ischemia may be transitory and 
reversible in nature, leading to zones of liquefaction 
necrosis smaller or sometimes larger than expected 
on follow up CT examinations (Fig. 4.14). Lack of 
pancreatic enhancement on CT imaging is a reliable 
indicator of ischemia and it is usually followed by the 
development of necrosis, however, the extent of pan-
creatic necrosis is more diffi cult to defi ne initially 
(Fig. 4.14). Patients that exhibit equivocal fi ndings or 
relatively normal enhancing glands, but have large 
peripancreatic fl uid collections or a more severe 
clinical course should have at least one follow up CT 
examination  performed.

Third, the clinical implications of CT fi ndings of 
necrosis depend not only on the extent of necrosis 
but on the location of parenchymal damage and the 
potential injury and disruption of the main pancre-
atic duct (Tann et al. 2003). Small necrotic foci lo-
cated superfi cially or involving only the tail of the 
pancreas often heal spontaneously without compli-
cations (Balthazar 2002) (Fig. 4.5). They may be 
initially missed or misinterpreted as small intrapan-
creatic fl uid collections. On the other hand, deep ne-
crotic areas strategically placed in the body, neck or 
head of the pancreas may disrupt the integrity of the 
main pancreatic duct leading to large accumulations 
of extravasated pancreatic enzymes and the expect-
ed complications that follows (Tann et al. 2003) 
(Fig. 4.14). Increasing amount of fl uid collections 
accumulating later after the onset of acute pancrea-
titis, should be viewed with suspicion and should be 
considered related most likely to focci of necrosis 
even when the initial CT fi ndings are equivocal.

Fourth, the extravasation of activated pancreatic 
enzymes produces a severe retroperitoneal infl am-
matory reaction, extensive peripancreatic fat necro-
sis and injuries to the adjacent intestinal segments, 

as well as capillary network, inducing hemorrhage. 
This phenomena which may occur in patients with-
out recognizable parenchymal injury, interferes 
with the absorption of retroperitoneal fl uid and ex-
plains the development of complications in this sub-
set of patients. CT can not accurately detect nor can 
it quantify the extent of retroperitoneal fat necrosis. 
For this reason, all residual lingering, partially en-
capsulated peripancreatic fl uid collections, should 
be deemed suspicious for representing at least par-
tially fat necrosis.

Finally, the CT features of prognostic signifi cance 
– parenchymal injury and peripancreatic heteroge-
neous fl uid collections – refl ect the presence of se-
vere pancreatitis and correlate well with the devel-
opment of local complication and incidence of death 
in this population. The correlation with the type and 
extent of systemic failure and distal organ dysfunc-
tion is however, tenuous. At this time a single com-
prehensive scoring system combining the systemic 
manifestations with the local morphologic changes 
depicted by CT, is not available.

4.9 

Complications of Acute Pancreatitis

As previously stated, most life-threatening complica-
tions of acute pancreatitis occur almost exclusively 
in patients with pancreatic necrosis (Steinberg and 
Tenner 1994; Mann et al. 1994; McKay et al. 1999; 
Lowham et al. 1999; Talamini et al. 1996; Mutinga 
et al. 2000; Balthazar 2002). Several potential le-
thal complications can coexist and can occur at any 
time during the natural history of acute pancreati-
tis. Some of this complications refl ect systemic toxic 
manifestations and are associated with multiorgan 
failure, while others are local pathologic changes 
confi ned mainly to the pancreas and peripancreatic 
tissues (Balthazar 2002). Although there is some 
overlap in the timing of their occurrence, a clinically 
useful approach is to divide complications into early, 
intermediate and late (Table 4.7).

Early complications develop at the onset or with-
in the fi rst 2–3 days of an acute attack and are mostly 
systemic in nature. They account for the 20%–50% 
of the mortality rate reported in acute pancreatitis 
(Steinberg and Tenner 1994; Mann et al. 1994; 
McKay et al. 1999; Lowham et al. 1999). The patho-
genesis of early complications is multifactorial and 
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related to the presence and extent of pancreatic pa-
renchymal injury. It has been established that the ab-
normal production and release in the bloodstream of 
various vasoactive peptides, enzymes, and infl am-
matory mediators are responsible for the develop-
ment and the severity of cardiovascular, pulmonary, 
or renal functional abnormalities ( Beger et al. 1997; 
Malfertheiner and  Dominguez-Munoz 1993; 

Dervenis et al. 1999; Banks 1997). The clinical ex-
pression and the degree of systemic failure differ 
greatly from patient to patient but refl ect the severity 
of disease in the early stages of evolution (Table 4.8). 
Detection of these systemic complications is made 
by clinical means and have lead to specifi c treatment 
options, in the attempt to decrease the early mortal-
ity in patients with acute pancreatitis.

Fig. 4.14a–c. Gallstone acute pancreatitis in 18-year-old 
woman. a Pancreas is enlarged and body (B) and tail (T) of 
the pancreas exhibit attenuation values of 50–60 HU consis-
tent with severe ischemia and necrosis. Large fl uid collection 
is visualized (arrow). b Head of pancreas is enlarged (H) with 
attenuation values of 100–110 HU. Bilateral retroperitoneal 
fl uid collections and heterogeneous collection anterior to the 
pancreas (arrows) are seen. Grade E pancreatitis, over 50% 
necrosis, CT severity index 10. c Follow-up examination re-
veals the development of a large pancreatic pseudocyst (P). 
Note that residual pancreatic parenchyma in the tail (T) and 
body of pancreas is still viable (arrowheads)

a b

c

Table 4.7. Complications of acute pancreatitis

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

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

3 Late, months–years: vascular and hemorrhagic complications, and pancreatic ascites

Table 4.8. Systemic complications of acute pancreatitis

1 Cardiovascular: ECG: changes, cardiac, peripheral vascular failure, hypotension, and shock

2 Pulmonary: respiratory insuffi ciency, tachypnea, arterial hypoxemia, and adult respiratory distress syndrome

3 Renal: oliguria and anuria

4 Metabolic: coagulation factor abnormalities thrombosis or bleeding (disseminated intravascular coagulopathy), 
hyperglycemia, diabetic coma, and hypocalcemia
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4.9.1 

Intermediate Complications

Complications that occur between the second to 
fi fth week after an acute attack of pancreatitis are 
located in the abdomen and mainly in or adjacent 
to the pancreatic gland (Beger et al. 1985). They 
are associated with severe pancreatitis and they oc-
cur predominantly but not exclusively in patients 
with pancreatic necrosis. The detection of these lo-
cal complications by CT imaging and the proper 
clinical management is essential, since they are 
responsible for > 50% of the mortality reported in 
acute pancreatitis (Steinberg and Tenner 1994; 

Mann et al. 1994; McKay et al. 1999; Lowham et 
al. 1999).

4.9.1.1 

Infected Pancreatic Necrosis

As the consequence of severe ischemic changes, 
devitalized pancreatic parenchyma evolves in 
about 20% of patients with acute pancreatitis and 
secondary infections develop in 5%–10% in this 
population (Beger et al. 1997; Malfertheiner 
and  Dominguez- Munoz 1993). If contamination 
does not occur, patients remain clinically stable 
and the developed liquefi ed pancreatic collections 
may slowly resolve or organize into pseudocysts 
(Fig. 4.14). Eventually, scarring and pancreatic at-
rophy appears, contingent on the initial extent and 
severity of pancreatic injury.

Often clinically unsuspected, secondary bacterial 
contamination occurs in the necrotic pancreatic tis-
sue in 40%–70% of these patients (Beger et al. 1985, 
1986; Bradley and Allen 1991). It has been esti-
mated that the incidence of secondary infections in 
patients with necrotizing pancreatitis is slowly in-
creasing after an acute episode and reaches 60% af-
ter 3 weeks (Beger et al. 1985, 1986, 1997;  Bradley 

and Allen 1991). Infected necrotic pancreatic tissue 
is a severe aggravating factor, increasing the mor-
tality rate in this population (Bassi 1994). In the 
 Beger et al. series (1997) a 67% mortality was re-
ported with > 50% infected necrosis as opposed to 
only 14% mortality in patients with a similar extent 
of sterile necrosis.

The source of contamination is probably the in-
testinal tract, particularly the colon. Apparently, 
translocation of bacteria (Escherichia coli, enter-
obacter, klebsiella, anaerobes, fungus) directly 
through the intestinal wall, via lymphatic system, 

hematogenous-born or due to microperforations ex-
plains this phenomenon (Bassi 1994).

Secondary infections should be suspected when 
sepsis (fever, chills, elevated white blood count) 
appears, associated with zones of nonenhancing, 
heterogenous partially liquefi ed pancreas on CT 
imaging (Fig. 4.15). The diagnosis can be confi rmed 
by percutaneous needle aspirations under CT or 
sonography guidance and bacteriologic examina-
tion (Banks 1994, 1997; Bradley 1993; Gerzof et 
al. 1987). In our experience, gas bubbles depicted in 
the necrotic tissue, seen in about 12%–18% of cases 
is strongly suggestive of infected necrosis (Fig. 4.15) 
(Balthazar 2002). The commonly advised treat-
ment is an aggressive surgical approach including 
necrosectomy, debridment, sump drainage, and la-
vage (Banks 1994; Beger et al. 1985). This surgical 
approach has been able to substantially reduce mor-
tality rate to below 10% from previously reported 
40%–80% death rate (Banks 1994; Bassi 1994).

4.9.1.2 

Pancreatic Abscess

Pancreatic abscesses develop in about 3% of patients 
with acute pancreatitis commonly 3–4 weeks after 
the onset of an acute attack, in patients who had 
developed peripancreatic fl uid collections (Banks 

1997;  Balthazar et al. 1994; Bittner et al. 1987; 
Sankaran and Walt 1975). Residual lingering 
fl uid collections and necrotic fatty tissue undergo 
secondary, often polymicrobial contamination with 
germs of intestinal origin, forming abscesses. This 
complications can be defi ned as partially encapsu-
lated collections of pus that appear mostly liquefi ed 
on CT (10–30 HU), located usually in proximity to, 
but outside of the pancreatic gland (Banks 1997; 
Bradley 1993) (Fig. 4.16).

The importance of differentiating infected necro-
sis from pancreatic abscesses has been emphasized 
in the literature. The mortality rate of infected ne-
crosis is about double that of pancreatic abscesses 
 (Bradley 1993; Bittner et al. 1987). Infected necro-
sis, composed of necrotic tissue and pus, has a sub-
stantially thicker content and therefore, it is more 
diffi cult to be successfully drained percutaneously. 
On the other hand abscesses present as mostly lique-
fi ed peripancreatic fl uid collections that can be, by 
enlarged, effectively treated with percutaneous cath-
eter drainage (Balthazar et al. 1994; Bittner et al. 
1987; Freeny et al. 1998). An abscess appears on CT 
imaging, as a single or multiple poorly encapsulated 
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collection of low attenuated fl uid, 3–4 weeks after an 
acute episode of pancreatitis (Fig. 4.16). Presence of 
gas bubbles in these collections, although not totally 
specifi c, reinforces the clinical suspicion, in a septic 
patient (Balthazar et al. 1994). Confi rmations of 
CT diagnosis requires percutaneous needle aspira-
tion and bacteriologic examination (Gerzof et al. 
1987). Small abscesses may respond to conservative 
broad spectrum antibiotic therapy.

4.9.1.3 

Pancreatic Pseudocysts

Pancreatic pseudocysts should be separated from 
the ordinary fl uid collections, having a dissimilar 

Fig. 4.15. Infected pancreatic necrosis in 65-year-old man. 
Entire pancreas is liquefi ed (arrows) and multiple collections 
of air are present in the necrotic gland

Fig. 4.16. Pancreatic abscess (A) in 46-year-old man that de-
veloped sepsis after repeated episodes of acute pancreatitis. 
Percutaneous aspiration of the poorly encapsulated fl uid col-
lection (A) showed E coli infected abscess. Pancreatic duct is 
slightly disteded (arrowheads). p: pancreas

CT appearance, a different prognostic signifi cance 
and requiring a different management approach. 
Pseudocysts are defi ned as completely encapsu-
lated pancreatic fl uid collections located in the 
pancreas or more commonly outside of the pancre-
atic gland, that require more than 4 weeks to evolve 
(Fig. 4.14) (Balthazar 2002; Sankaran and Walt 
1975; Crass and Way 1981; Frey 1997). They oc-
cur in about 3%–10% of cases of acute pancreatitis 
(Balthazar 1989; Bradley 1979) often secondary 
to pancreatic necrotic foci and the development of 
a communicating tract with the pancreatic ductal 
system (Balthazar et al. 1994; Sankaran and 
Walt 1975; Frey 1997). In our experience most if 
not all pseudocysts that develop during an acute 
attack of pancreatitis, evolve at the site or adjacent 
to the site of pancreatic necrosis (Fig. 4.14). Char-
acteristics of pseudocysts are its nonepithelialized 
granulation tissue wall and the very high contents 
of amylase in the encapsulated fl uid. On CT, they 
appear round or oval in shape having a relative thin 
(1–2 mm) symmetrical capsule and a low attenua-
tion (< 15 HU) fl uid content. They can dissect fas-
cial planes and travel away from the pancreas from 
the lower mediastinum to the pelvis. Pseudocysts 
vary greatly in size from 1 cm to 15 cm in diameter, 
show no septations and no intraluminal enhance-
ment (Fig. 4.14). The developing fi brotic circumfer-
ential capsule can become slightly thicker in time 
and eventually it may calcify. Higher attenuation 
solid contents may be present in its lumen represent-
ing residual blood clots. The radiologic differential 
diagnosis of pseudocysts located in the pancreas, 
from cystic pancreatic tumors, is based on the above 
described morphologic features, but it can be dif-
fi cult at times.

Distinguishing from chronic pseudocysts, acute 
pseudocysts diagnosed de novo at 4–5 weeks follow-
ing an attack of pancreatitis have a totally unpre-
dictable fate. Collected data based on sonographic 
examinations has shown that acute pseudocysts 
younger than 6 weeks had a 40% rate of resolu-
tion and a 20% incidence of complication, whereas 
pseudocysts older than 12 weeks tended not to re-
solve and had a complication rate of 67% (Bradley 

1979). Similar data documenting an 18%–50% rate 
of serious complications has lead to an aggressive 
management approach of early operative drainage 
of most pseudocysts (Crass and Way 1981; Frey 

1997; Wade 1985).

These data should be tempered however by a more 
recent CT investigation (Yeo et al. 1990) which sug-
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gested that the need for surgery, based on persistent 
abdominal pain, evidence of enlargement or com-
plications, is more common in larger pseudocyst 
(> 6 cm in diameter) and less common in smaller 
pseudocysts, 67% and 40% respectively. In the co-
hort of 36 symptom free patients with pseudocysts 
that were not drained, follow up examinations had 
shown complete resolution in 60%; 40% of pseudo-
cysts remained stable or decreased in size and only 
one complication developed. In our institution, 
acute pseudocysts smaller than 5 cm in size seen in 
asymptomatic patients at the end of an acute episode 
of pancreatitis are managed nonoperatively with 
clinical and CT follow up examinations.

Spontaneous resolution of a pseudocyst can be 
explained by drainage into the pancreatic ductal 
system, by rupture into the peritoneal cavity and, 
less frequently, by spontaneous drainage into an 
adjacent hollow viscus such as colon or stomach 
(Fig. 4.17). Percutaneous drainage or surgical inter-
nal drainage is reserved for cysts larger than 5 cm 
in diameter and older than 6 weeks, cysts that are 
enlarging, symptomatic cysts (pain, outlet gastric 
obstruction. biliary obstruction) and infection or 
hemorrhage. Infection is suspected in septic patients 
and should be confi rmed by fi ne-needle aspiration. 
The prevalence of hemorrhagic pseudocysts varies 
from 2% to 18% (Crass and Way 1981; Kiviluoto 

et al. 1989; Kelly et al. 1999) and CT fi ndings can be 
helpful in detecting this complication.

Recently, the trend has been to employ a more 
conservative approach to the management of acute 

pancreatic pseudocysts. When intervention is re-
quired, percutaneus catheter drainage using sonog-
raphy or CT guidance has been successful in treating 
over 90% of patients (VanSonnenberg et al. 1989). 
A retrospective study of 92 patients found similar 
success rates with percutaneus as compared to sur-
gical drainage procedures of pancreatic pseudocysts 
(Adams et al. 1991).

4.9.2 

Other Complications

Extravasation of activated pancreatic enzymes in-
duces a chemical reaction damaging retroperitoneal 
vital structures adjacent to the pancreas. Segments 
of the upper gastrointestinal tract, colon as well as 
biliary ducts can be affected by variable extents 
and degree of injuries. Some of these abnormali-
ties such as functional spasm, dilation, and bowel 
edema manifest early within the fi rst a few days and 
usually resolve (Meyers and Evans 1973;  Lindahl 
et al. 1972; Thompson et al. 1977). A more last-
ing, localized spasm at the splenic fl exure of the 
colon produces a massive dilation of the proximal 
transverse colon, referred to as the colon cutoff sign 
(Price 1956). More severe and chronic infl ammatory 
changes can manifest as stenotic intestinal or bil-
iary lesions or can lead to the development of sinus 
tracts and fi stulas affecting the upper gastrointesti-
nal tract and/or colon. Infl ammatory exudates can 
traverse fascial planes and dissect into solid organs 

Fig. 4.17a,b. Spontaneous drainage of pancreatic pseudo-
cyst into stomach in 69-year-old woman. a Large fi stula be-
tween body of pancreas (B) and stomach (S) is clearly visual-
ized (arrows). b Upper gastrointestinal examination shows a 
deep ulceration (arrow) at the level of the fi stulous tract b

a
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such as spleen, liver or kidneys. Subcapsular or pa-
renchymal fl uid collections, intrasplenic pseudo-
cysts, splenic infarcts and splenic hemorrhage are 
complications that can develop a few weeks after 
the onset of severe acute pancreatitis (Farman et al. 
1977; Lilienfeld and Lande 1976) (Fig. 4.18).

4.10 

Late Complications

4.10.1 

Vascular and Hemorrhagic Complications

While some of the vascular and hemorrhagic com-
plications may occur early, most of them are de-
tected late within a few months to years, usually 
after several episodes of acute pancreatitis. These 
complications have an insidious clinical presenta-
tion, diffi cult to diagnose without a documented his-
tory of pancreatitis. CT imaging plays a predominant 
role in their detection and evaluation. Proteolytic 
enzymatic injuries produced by the autodigestive 
action of the extravasated fl uid collections lead to 
the development of vascular and hemorrhagic com-
plications affecting peripancreatic vessels (Belli et 
al. 1990; Cornu-Labat et al. 1997; Burke et al. 1986; 
Gadacz et al. 1978; Nordbach and Sisto 1989).

The most common vascular complication on the 
venous side is thrombosis of the splenic vein which 
develops in 1%–3% of patients following pancrea-
titis (Belli et al. 1990; Cornu-Labat et al. 1997). 
The thrombus may extend into the portal vein, 
however the rapid development of collateral circula-
tion protects the patient until splenomegaly or gas-
tric hemorrhage occurs. The syndrome, sometimes 
called isolated left-sided portal hypertension, is 
characterized by massive enlargement of short gas-
tric and gastroepiploic veins with the development 
of gastric varices located on the posterior wall of 
the gastric fundus (Figs. 4.18 and 4.19) (Belli et al. 
1990;  Cornu-Labat et al. 1997; Madsen et al. 1986). 
Since the coronary vein and portal vein are patent, 
esophageal varices may not be seen in this condition 
(Madsen et al. 1986). Contrast enhanced CT imag-
ing is an excellent noninvasive modality to diagnose 
this entity (Fig. 4.18).

Life – threatening abdominal hemorrhage can oc-
cur at the beginning of an acute attack of pancrea-
titis (Muller et al. 1999), but it is usually seen as 

a late sequela, sometimes in patients with chronic 
pancreatitis. It was reported to occur 1 to 9 years 
(median of 4 years) after the attack of pancreati-
tis in Bretagne et al series (Bretagne et al. 1990) 
and it was detected as late as 8 years, with a mean 
of 2–3 years after the fi rst episode of pancreatitis in 
our published series (Balthazar and Fisher 2001). 
Most serious life threatening hemorrhagic episodes 
are secondary to rupture pseudoaneurysms, af-
fecting commonly the splenic, gastroduodenal or 
pancreatico-duodenal arteries. Left gastric, middle 
colic, hepatic artery or smaller arterial branches are 
less commonly affected (Fig. 4.20).

Fig. 4.18. Gastric varices in 34-year-old woman with two 
previous documented episodes of acute pancreatitis. Spleen 
(s) is enlarged and peripheral infarct (black arrow) is de-
tected. There are many enlarged collateral veins along the 
posterior wall (arrows) of the air fi lled stomach (S)

Fig. 4.19. Splenic vein thrombosis in 39-year-old man with 
long history of alcoholic pancreatitis. There are large col-
lateral veins in the left upper quadrant (arrows) secondary 
to splenic vein thrombosis
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The development of a pseudoaneurysm, which oc-
curs almost exclusively on the arterial side because 
of higher intraluminal pressures, is apparently a rel-
atively common complication of pancreatitis, and it 
is often detected in asymptomatic individuals. An 
incidence as high as 10% following pancreatitis was 
reported in an angiographic survey (White et al. 
1976). Hemorrhage occurs when a slowly enlarging 
false aneurysm ruptures into the peritoneal cavity, 
erodes into an adjacent hollow viscus or communi-
cates with the pancreatic duct producing hemosuc-
cus pancreatitis (Balthazar and Fisher 2001).

While massive hemorrhage is mainly associated 
with ruptured pseudoaneurysms, bleeding pseudo-
cysts, venous or diffuse capillary bleeding associ-

ated with pancreatic necrosis may occur (Figs. 4.21 
and 4.22) (Muller et al. 1999) An incidence of 3.2% 
bleeding pseudoaneurysms and pseudocysts was 
reported in a series of 250 patients with chronic 
pancreatitis (Bretagne et al. 1990). In our series 
(Balthazar and Fisher 2001), 60% of bleeding 
complications were secondary to pseudoaneurysms 
(Fig. 4.20), 20% to hemorrhagic pseudocysts with-
out false aneurysms (Fig. 4.21), and 20% had mas-
sive capillary bleeding related to extensive pancre-
atic necrosis (Fig. 4.22).

a

b

Fig. 4.20a,b. Pseudoaneurysm of the pancreatico-duodenal 
artery in 41-year-old man with history of pancreatitis. a The 
large oval IV contrast fi lled false aneurysm (A) is located 
in a fl uid fi lled pseudocyst (arrows). b Selective angiogram 
shows aneurysm (A) arising from the superior pancreatico-
duodenal artery (arrowheads). The aneurysm was success-
fully embolized

Fig. 4.21. Bleeding pseudocyst in 35-year-old with history 
of alcoholic pancreatis. Extravasation of IV contrast mate-
rial (arrow) is detected within a large thick wall pseudocyst 
(p). A second thin wall uncomplicated pseudocyst is present 
anteriorly (c). S: stomach

Fig. 4.22. Necrotizing pancreatitis associated with massive 
bleeding in 37-year- old alcoholic. Partially loculated collec-
tions of high attenuated fl uid consistent with fresh hemor-
rhage (H) are depicted. Free blood is present in the right 
fl ank (arrow). Uncomplicated fl uid fi lled pseudocyst (C) is 
seen arteriorly
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Early detection of these potentially lethal compli-
cations by means of intravenous bolus CT imaging, 
followed by angiographic evaluation with emboliza-
tion, and when required, an aggressive surgical ap-
proached has reduced previously recorded mortality 
rates from 25%–60% (Bretagne et al. 1990; Stabile 

et al. 1983; Vujic 1989) to about 11% (Balthazar 

and Fisher 2001; Stabile et al. 1983). CT imaging 
can identify pseudoaneurysms as sharply defi ned 
intravenous contrast fi lled, round or oval lesion lo-
cated along or adjacent to a peripancreatic artery 
(Fig. 4.20). Free spill of intravenous contrast mate-
rial or adjacent hemorrhage implies rupture and 
it is easily detected as high attenuated (40–50 HU) 
heterogeneous fl uid collections (Figs. 4.21 and 4.22). 
The sensitivity of CT imaging to detect pseudoan-
eurysm will depend on the size of the lesion, quality 
of examination, and the skill of the radiologic inter-
pretation. Small, nonbleeding false aneurysm inci-
dentally present in asymptomatic individuals, can 
be easily overlooked.

4.10.2 

Pancreatic Ascites

Pancreatic ascites should be defi ned as a syndrome, 
characterized by the massive, chronic accumulation 
of intraperintoneal pancreatic fl uid associated to a 
permanent disruption of the main pancreatic duct 
and establishment of a communication between 
the pancreas and the peritoneal cavity ( Kravetz 
et al. 1988; Johst et al. 1997; Weaver et al. 1982; 
 Fernandez-Cruz et al. 1993; Fielding et al. 1989; 
Cameron et al. 1976; Donovitz et al. 1974). This 
is a rare and late development seen mainly in pa-
tients with stigmata of chronic pancreatitis, when 
strictures obstruct the distal pancreatic duct main-
taining the pancreatic-abdominal fi stula open 
(Fig. 4.23). It should not be confused with transi-
tory small-volume ascites seen in patients with acute 
pancreatitis which occurs in about 7%–12% of cases 
(Balthazar et al. 1985; Johst et al. 1997).

Patients with documented long histories of pan-
creatitis, develop increasing abdominal girth and 
complain of abdominal pain and occasionally nau-
sea and vomiting (Weaver et al. 1982). CT exami-
nation reveals massive ascites and often stigmata 
of chronic pancreatitis such as pancreatic atrophy, 
dilated pancreatic duct and ductal calcifi cations. 
Since the normal pancreas produces in excess of 1 L 
of exocrine secretion per day (Kravetz et al. 1988), 

the ascites tends to be massive. The suspected CT 
and clinical diagnosis can be confi rmed by percuta-
neus needle aspiration when the protein contents in 
the ascitic fl uid is greater than 3 g/dL and the amy-
lase level is elevated above 1000 units (Kravetz et 
al. 1988).

When the initial conservative management fails, 
endoscopic retrograde pancreatography followed by 
endoscopic dilatation of strictures or stent placement 
is attempted (Weaver et al. 1982;  Fernandez-Cruz 

et al. 1993; Fielding et al. 1989). Surgical segmental 
pancreatectomy with pancreatico-jejunostomy can 
be performed if endoscopic therapy is not effective. 
In addition it should be stressed that chronic pan-

Fig. 4.23a,b. Pancreatic ascites in a 38-year-old man with 
long history of pancreatitis. a Pancreas (P) shows a dilated 
pancreatic duct (arrowheads) and free fl uid is present in the 
peritoneal cavity (F). A partially loculated collection ante-
rior to the tail of pancreas (P) is consistent with a ruptured 
pseudocyst. b ERCP demonstrates dilated pancreatic duct 
(small arrows), fi lling of secondary ductules and extrava-
sation of contrast material from the tail of pancreas (large 
arrows)

a

b
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creatic ascites is a serious, debilitating complication 
with a reported operative mortality of about 20% 
and recurrence rate of 15% (Cameron et al. 1976; 
Donovitz et al. 1974).

4.11 

Summary

Helical or multidetector intravenously enhanced CT 
examination is at this time, the imaging modality of 
choice to evaluate patients with acute pancreatitis. 
In individuals clinically suspected of acute pancrea-
titis, CT has a triple role. First, by depicting specifi c 
pancreatic and retroperitoneal abnormalities, it can 
confi rm the clinical suspicion, it can diagnose pan-
creatitis in patients clinically unsuspected and it 
can detect other acute abdominal conditions which 
mimic acute pancreatitis. Second, together with the 
clinical evaluation (mainly numerical systems), and 
based on the presence of pancreatic necrosis and 
pancreatic fl uid collections (CT severity index), it 
can assess the severity of an acute attack of pancrea-
titis, at the onset or within the fi rst 2–3 days. Third, 
follow up CT examinations in patients with severe 
pancreatitis are essential in detecting local inter-
mediate (infected necrosis, abscesses, pseudocysts) 
as well as late abdominal complications (pseudoa-
neurysms, hemorrhage, pancreatic ascites), thus 
contributing to the management of these patients. 
CT imaging has become an indispensable diagnostic 
tool in the evaluation and management of patients 
with acute pancreatitis.
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5.1 

Introduction

Magnetic resonance imaging (MRI) technology 
and availability has rapidly improved over recent 
years with advances in magnet and gradient design, 
phased array coils and software that permit high 
spatial and temporal resolution imaging in a clini-
cally practical scan time. MRI combined with MR 
cholangiopancreatography (MRCP) provides ana-
tomic, physiologic and potentially biochemical in-
formation without the need for ionizing radiation 
or iodinated contrast agents. Compared to com-
puted tomography (CT), MRI provides  superior 
soft tissue contrast, direct multiplanar capability 
and three-dimensional (3D) data acquisition that 
is particularly benefi cial for pancreatic imaging. 
Although CT has traditionally been the gold stan-
dard for imaging in acute pancreatitis, MRI is a 
reliable alternative for staging, assessing severity 
and predicting outcome in patients with acute pan-
creatitis (Lecesne et al. 1999; Arvanitakis et al. 
2004; Arvanitakis et al. 2007; Stimac et al. 2007; 
Viremouneix et al. 2007). In fact, MRI is superior 
to CT for detection of mild acute pancreatitis, as-
sessment of peripancreatic collections and paren-
chymal necrosis while secretin-MRCP (s-MRCP) 
provides a noninvasive method for detection of 
underlying anatomic and functional pancreatic 
duct abnormalities in the setting of acute and/or 
chronic pancreatitis. Finally, the addition of dy-
namic multiphase gadolinium chelate-enhanced 
MRI improves contrast resolution and provides a 
mechanism for assessment and quantifi cation of 
parenchymal perfusion without exposure to ion-
izing radiation. 
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5.2 

MRI Protocol 

5.2.1 

General Principles of MRI of the Pancreas

For a comprehensive assessment of the pancreas in 
a patient with acute pancreatitis, the MRI protocol 
should include (MRCP) sequences typically heav-
ily T2-weighted, 3D volumetric or 2D thick slab 
projection, as well as T2-weighted fat-suppressed, 
T1-weighted in and opposed phase and dynamic 
(multiphase) gadolinium chelate contrast enhanced 
T1-weighted imaging in the axial and/or coronal 
planes. Secretin-enhanced MRCP has been advo-
cated for assessing pancreatic function and detect-
ing underlying anatomic abnormalities that may 
impair function or precipitate recurrent bouts of 
acute pancreatitis such as a pancreas divisum or 
Santorinicele. The mechanism of action of secretin, 
and its infl uence on MRI, will be discussed later in 
the chapter.

In general practice, all studies should be per-
formed at 1.5 or 3.0 Tesla (T) using a phased array 
body coil for optimization of signal-to-noise ratio 
(SNR) unless the patient’s body habitus is prohibi-
tive. While 1.5 T is more widely available and more 
easily optimized, 3-T imaging has several advan-
tages for pancreatic imaging including inherently 
higher signal-to-noise ratio that can be used to im-
prove spatial resolution or speed up scan time and 
better spectral separation leading to improved fat 
suppression. Breath-hold imaging, fat suppression 
and a power contrast-agent injector are preferred 
for optimal dynamic contrast-enhanced imaging of 
the pancreas. 

Phased array radiofrequency (RF) coils are com-
posed of multiple coil elements each able to detect 
and route signals to separate receiver systems. Mul-
tiple coil arrays and high performance gradients are 
required to implement parallel imaging techniques 
such as SMASH (simultaneous acquisition of spa-
tial harmonics) and SENSE (sensitivity encoding) 
(Sodickson and Manning 1997; Pruessmann 
et al. 1999). In the past, only gradients were used 
for spatial encoding of information but with more 
sophisticated RF coil technology, it is possible to 
under-sample phase-encoding lines in k-space and 
use the coil spatial information to recover the data. 
Parallel imaging techniques can lead to higher tem-
poral resolution imaging without compromising 

spatial resolution or permit higher spatial reso-
lution imaging without compromising temporal 
resolution. For example, parallel imaging is useful 
in MRCP imaging for high resolution 3D respira-
tory triggered heavily T2-weighted turbo spin echo 
(TSE) MRCP sequences permitting more reasonable 
acquisition times. Without parallel imaging such a 
sequence would take up to 8–12 min depending on 
the patient’s respiratory rate but with parallel im-
aging, the acquisition time is decreased to 3–4 min. 
Parallel imaging techniques can be applied to many 
of the imaging sequences used in abdominal MRI 
for faster imaging and/or higher resolution imaging 
which is extremely important for pancreatic imag-
ing as the anatomic structures are small and respira-
tory motion can greatly impair image quality.

5.2.2 

Breath-hold Imaging

One of the keys to successful pancreatic imaging 
is breath-hold imaging, since it directly leads to 
shorter scan times, improving overall effi ciency, 
and minimizes respiratory motion artifacts. Tech-
nicians should assess a patient’s breath-holding ca-
pability when placing them in the magnet. Supple-
mental O2 can be administered via a nasal cannula 
if needed. Acquisition time should be adjusted to an 
individual’s breath-hold capacity to optimize image 
quality and compliance. End expiration has been 
demonstrated to be more reproducible (Holland 
et al. 1998). Reproducibility is critical when employ-
ing post-processing techniques such as subtraction 
(subtracting the unenhanced T1 data set from the 
contrast enhanced data set).

5.2.3 

Non-breath-hold Imaging

Breath-hold sequences can be modifi ed in several 
ways to reduce scan times. Spatial resolution may 
be modestly sacrifi ced by decreasing the matrix size 
or increasing the slice thickness. Parallel imaging 
techniques may also be employed. Even severely 
ill patients can potentially breath-hold for a short 
time period (5–10 s). However, if this is not possible, 
non-breath-hold sequences are a viable alternative. 
Ultra-fast sequences such as magnetization pre-
pared T1-weighted gradient echo and half-Fourier 
T2-weighted single shot turbo (or fast) spin echo 
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sequences (HASTE or SSFSE) are most useful. These 
sequences are obtained on a slice-by-slice basis, ef-
fectively freezing respiratory motion during acquisi-
tion. However, breathing can lead to acquisition of 
slices in a non-sequential manner.

There are respiratory navigated versions of the 
standard abdominal MRI sequences which are newly 
available, as well as under development. Respiratory 
navigator sequences track diaphragmatic motion 
and images are only acquired when the diaphragm 
is positioned at a specifi c elevation as chosen by the 
MR imager. This allows free breathing during the 
acquisition. The time of acquisition depends on the 
patient’s respiratory rate and the sequence param-
eters defi ned by the technologist.

5.2.4 

Patient Preparation

Patients should be fasting for at least 4 h prior 
to MRCP. Some authors also advocate the use of 
negative oral contrast (bowel “darkening”) agents 
when evaluating biliary and pancreatic diseases. 
Negative oral contrast agents eliminate the high 
T2 signal intensity of the stomach and small 
bowel which can potentially obscure visualiza-
tion of the biliary tree, especially on heavily T2-
weighted MRCP sequences. There are a variety of 
commercially available negative contrast bowel 
agents including ferric ammonium citrate, man-
ganese chloride, ferric particles, antacid, barium 

sulphate, kaolinate, pineapple juice and blueberry 
juice (Papanikolaou et al. 2000; Riordan et al. 
2004). Some commercial products are also avail-
able such as ferumoxsil (GastroMARK, Mallinck-
rodt, Maryland Heights, Missouri) and diluted IV 
gadolinium such as gadopentetate dimeglumine 
(Magnevist, Berlex Laboratories, Wayne, New Jer-
sey) (Chan et al. 2000). A combined approach using 
pineapple juice and a gadolinium chelate has also 
been proposed (Coppens et al. 2005). As a word of 
caution, visualization of the distal common bile 
duct and main pancreatic duct could be impaired 
in the setting of refl ux of negative oral contrast 
material into the distal common bile duct and main 
pancreatic duct (Sugita and Nomiya 2002). Refl ux 
can be seen after endoscopic sphincterotomy or 
surgical interventions such as a choledochoduode-
nostomy (Sugita and Nomiya 2002).

5.2.5 

Protocol

The following protocol assumes use of a 1.5-T mag-
net, a dedicated phased array body coil and power 
injector (Table 5.1). For 3-T imaging, parameters 
should be slightly adjusted to compensate for ex-
pected lengthening of T1 and shortening of T2 and 
systemic absorption rate (SAR) limits (Lee et al. 
2007). Protocol details will vary slightly depending 
on available technology and patient’s body habitus 
and capabilities. 

Table 5.1. Pancreas MRI/MRCP protocols with parallel imaginga

Sequence TR
(ms)

TE
(ms)

FA
(degree)

Matrix Parallel imaging 
factor (R)

ST
(mm)

Time (s)

Scout

Coronal and axial SSFSE 900 90 150 320 2 4–6 20���2

Axial T1 GRE in/oop 180 4.8 80 256 2 8 12

Axial T2 FS TSE 3600 100 180 256 2 8 12 

3D respiratory triggered T2 TSE 1300 680 180 384 3 1 120–180 

2D thick slab (optional) 	 1100 180 320 30–60 <�3

Axial 3D T1 FS GRE (VIBE) 
pre/post

3.2 1.3 12 256 2 2 
(interpolated)

12

SSFSE, single shot fast spin echo; GRE, gradient echo; FS, fat-suppressed; TSE, turbo spin echo; VIBE, volume interpolated 
breath hold examination.
aAlthough the same sequences may be performed without parallel imaging, imaging times will be longer, but can still be 
performed in a breath-hold with the exception of the respiratory triggered sequences which depend on patient’s respiratory 
rate (RR).
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A three-plane scout should be used to ensure that 
the fi eld of view is centered over the pancreas and bil-
iary tree. A standard protocol will include Half-Fou-
rier acquisition single shot turbo spin echo (HASTE) 
[or single shot fast spin echo (SSFSE)] sequences in the 
axial and coronal or coronal oblique plane to best visu-
alize the biliary and pancreatic ducts. Axial dual echo 
T1 in- and out-of-phase images are used for detecting 
fat stranding, hemorrhage, fat, calcium and iron in 
the pancreas or in adjacent organs. Axial T2-weighted 
images with fat suppression, either T2-weighted fat-
suppressed TSE or short tau inversion recovery (turbo 
STIR) are useful for detecting subtle pancreatic T2 sig-
nal abnormalities in the setting of pancreatitis. 

The MRCP portion of the exam should include a 
thick-slab (30- to 60-mm) heavily T2-weighted se-
quence which can be performed in a breath-hold 
(single slab in < 3 s) in the coronal and at least two 
coronal oblique planes with approximately +/– 30 
degree angulation to allow appropriate projection 
direction for optimal visualization of the pancreatic 
duct. If available, a 3D respiratory triggered, heav-
ily T2-weighted TSE can replace the thick slab tech-
nique because of the ability to acquire a volume data 
set with 1-mm slice thickness which can be evalu-
ated post hoc in 3D (Fig. 5.1).

Dynamic contrast enhanced imaging through the 
pancreas should be performed with a breath-hold 
2D or 3D T1 fat suppressed gradient echo sequence 
before and following intravenous gadolinium ad-
ministration. Imaging should be performed in the 
arterial phase, as determined by a timing run, in the 
venous and in delayed phases. A total of 5 s should 
be added to the time of peak arterial enhancement, 
as determined by a timing run through the aorta at 
the level of the pancreas, to ensure optimal pancre-
atic enhancement. The subsequent phases should 
be performed at about 60 s and 120–180 s following 
injection. Advantages of 3D T1-weighted imaging 
are thinner slice partitions, 2–3 mm, and the abil-
ity to perform arbitrary multiplanar reformations 
(Fig. 5.2).

5.2.6 

Secretin-MRCP (S-MRCP)

Secretin is a digestive enzyme that, when released 
in response to a meal, stimulates production of 
bicarbonate rich fl uid by the exocrine pancreas 
(Cappeliez et al. 2000) and increases the tone of 
the sphincter of Oddi. When secretin is admin-

Fig. 5.1. a Coronal heavily T2W thick slab through the nor-
mal biliary tree and pancreatic duct. Note the apparent fi ll-
ing defect or signal loss in the common hepatic duct (arrow); 
this is a common artifact due to pulsation from the hepatic 
artery (not seen here). b Coronal heavily T2W thick slab 
demonstrates pancreas divisum. c Coronal heavily T2W 3D 
respiratory triggered TSE (3D-MRCP) with parallel imaging 
in the same patient with pancreas divisum

b

c

a
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istered intravenously, the main pancreatic duct 
will distend up to 3 mm from baseline and the 
duodenum will become progressively distended 
with pancreatic effl uent. In healthy individuals, 
these effects are observed within 5 min of ad-
ministration (Fig. 5.3). This physiologic response 
can be imaged dynamically with MR. Changes in 
pancreatic duct diameter may reveal underlying 
strictures or branch duct dilatation and quanti-
fi cation of pancreatic exocrine function may be 
assessed. In the setting of acute pancreatitis, S-
MRCP may be used to identify pancreatic duct 
disruption and communication of the pancreatic 
duct with surrounding fl uid collections, as well 
as anatomic variants such as pancreas divisum or 
other acquired conditions leading to sphincter of 
Oddi dysfunction that may be associated with re-
current bouts of acute pancreatitis (Arvanitakis 
et al. 2004; Manfredi et al. 2000; Delhaye et al. 
2008; Matos et al. 2006).

A baseline, heavily T2-weighted thick slab MRCP 
in the coronal oblique plane that includes the entire 
main pancreatic duct, biliary tree and duodenum 
is required before secretin administration to deter-
mine an individual patient’s response to secretin 
over time. It is important to eliminate any back-
ground high signal from fl uid in the stomach and/
or duodenum by using a negative oral contrast agent 
prior to administration of secretin. If high signal re-
mains in the duodenum and stomach, it can be dif-
fi cult to confi dently differentiate between normal 
physiologic emptying of fl uid from the stomach into 
the duodenum and pancreatic secretions into the 
duodenum in response to secretin infusion.

Signs of impaired response to secretin include: vi-
sualization of pancreatic side branches, delayed time 
to peak dilation of the pancreatic duct or delayed re-
covery of baseline diameter including dilation of the 
pancreatic duct > 3 mm at 10 min and reduced fi ll-
ing of the duodenum, implying impairment of func-
tional reserve (Cappeliez et al. 2000). Progressive 
enhancement of pancreatic parenchyma or “acinar 
fi lling” has been observed in patients with recurrent 
attacks of pancreatitis likely refl ecting tissue hyper-
tension or loss of parenchymal compliance, sugges-
tive of early chronic pancreatitis (Matos et al. 1998; 
Manfredi et al. 2002). 

In patients with impaired pancreatic function, re-
duced duodenal fi lling alone was specifi c (87%) but 
less sensitive 72% for detection of impaired exocrine 
function (Cappeliez et al. 2000). S-MRCP may be 
of particular use in patients in whom chronic pan-
creatitis is suspected but no morphologic changes 
are evident on CT, US, MRI and even ERCP. These 
patients may have detectable and quantifi able func-
tional impairment before presenting with distinct 
morphologic changes.

5.2.7 

Intravenous Contrast

Intravenous gadolinium chelate administration is use-
ful for assessment of pancreatic perfusion and viabil-
ity as well as the vascular complications of pancreatitis 
such as venous thrombosis or pseudoaneurysm.

Dynamic contrast enhanced imaging through the 
pancreas should be performed with a breath-hold 

Fig. 5.2. a Axially acquired 3D T1W FS GRE (volume interpolated breath-hold examination, or VIBE) through normal body 
and tail of the pancreas (arrows). b Coronal reformation of the same axial images demonstrate the common bile duct (arrow) 
coursing through the pancreatic head. Note the excellent off axis resolution due to isotropic voxel size

a b
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2D or preferably 3D T1 fat suppressed gradient echo 
sequence before and following intravenous gado-
linium administration using weight base dosing of 
0.1 mmol/kg for gadolinium DTPA, although lower 
doses may be used if gadolinium chelate agents with 
higher T1 relaxivity are administered.

MRI has been advocated as an alternative to CT 
for imaging of patients with pancreatitis because 
it does not require ionizing radiation and utilizes 
gadolinium chelate contrast agents which are less 
likely to cause allergic reactions and renal toxic-
ity and considered relatively safe in patients with 
renal insuffi ciency. However, in 2006, gadolinium 
chelate agents were shown to be associated with a 
rare debilitating and potentially fatal entity called 
nephrogenic systemic fi brosis (NSF), a systemic 
disorder with its most prominent and visible ef-
fects in the skin (Grobner and Prischl 2007). 
NSF almost exclusively affects patients on dialysis 
(peritoneal or hemodialysis) but also has been re-
ported in patients with acute renal failure. While 

the exact role of gadolinium chelate agents in the 
development of this disease is unclear, they should 
be used with caution in patients with severely im-
paired renal function.

Gadolinium chelate agents should be avoided in 
patients on dialysis. In patients with eGFR < 30 mL/
min/1.73m2, gadolinium chelates should also be 
avoided unless the benefi ts of the examination out-
weigh the risks as determined by the clinical team. 

Exogenous contrast, although helpful for assess-
ment of pancreatic necrosis, pancreatic masses and 
metastases, is in fact not essential. Indeed, several 
studies have compared unenhanced MRI to con-
trast enhanced CT for staging severity and prog-
nosis and found that both approaches are compa-
rable (Arvanitakis et al. 2004; Arvanitakis et 
al. 2007; Stimac et al. 2007; Viremouneix et al. 
2007; Lecesne et al. 1999). In addition, MRI has 
some distinct advantages over CT because of the 
excellent tissue contrast which will be discussed 
below. 

Fig. 5.3a–f. Normal response to IV administration of secretin is demonstrated on this series of 2D thick slab MRCP images 
before and after secretin administration with appropriate mild dilatation of the pancreatic duct demonstrating normal 
distensibility and prompt excretion of the pancreatic juices into the duodenum

Pre IV secretin 30 s Post 60 s Post

90 s Post 120 s Post 150 s Post

a c

e

b

d f
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5.3 

Role of MRI of Acute Pancreatitis

5.3.1 

Underlying Causes of Pancreatitis

There are various causes of pancreatitis with the 
most common being alcohol and choledocholithiasis. 
Other causes include abdominal trauma, infection, 
metabolic disorders, anatomic variants, mechanical 
obstruction of the pancreatic duct, vasculitis, genetic 
predisposition, cystic fi brosis, idiopathic, medica-
tions, ERCP and autoimmune disease. MRI can be 
useful for determining the underlying cause of pan-
creatitis particularly in the setting of a mechanical 
obstruction. Other causes require clinical and labora-
tory data for defi nitive diagnosis. In the acute setting, 
the morphologic features of pancreatitis often look 
similar despite the underlying causes.

As discussed above, MRI is considered compa-
rable to multidetector CT (MDCT) in diagnosing 
acute pancreatitis and its complications. MRI may 
be superior to contrast enhanced CT for determin-
ing the composition of peripancreatic fl uid collec-
tions, differentiating between pancreatic necrosis 
and peripancreatic fl uid collections, detecting un-
derlying duct pathology and assessing vessel pat-
ency (Ward et al. 1997; Morgan and Baron 1998; 
Lecesne et al. 1999; Robinson and Sheridan 2000; 
Amano et al. 2001; Hirota et al. 2002; Zhang et 
al. 2003; Arvanitakis et al. 2004). In the setting of 
mild acute pancreatitis, the sensitivity of MRI may 
even exceed that of CT with T2-weighted imaging 
being most useful for revealing subtle pancreatic 
signal changes and peripancreatic edema (Amano 
et al. 2001). 

MRI including MRCP can provide additional in-
formation regarding the etiology of acute pancreati-
tis including choledocholithiasis, pancreas divisum 
or, more rarely, pancreatic neoplasm. Specifi cally, in 
terms of the biliary tree, it is generally agreed that 
an evaluation of the presence of biliary stone disease 
is necessary in every patient presenting with acute 
pancreatitis. Because of the low sensitivity of CT for 
detecting biliary calculi, these patients will require 
additional imaging, usually ultrasound, to exclude 
the presence of biliary stones. However, because the 
sensitivity of MRCP is high, a single imaging evalu-
ation is possible for the patient referred for MRI. The 
sensitivity of stone detection is similar to ERCP for 
detection of common bile duct stones, but ERCP is 

associated with a failure rate of 3%–11% (Soto et al. 
1996), morbidity rate of 7% and mortality rate of 1% 
(Reinhold and Bret 1996).

MRCP is noninvasive, requires no exogenous 
contrast agents, accurately assesses the diameter of 
ducts and permits visualization of the biliary tree 
in the setting of prior biliary enteric anastomosis. 
MRCP can help guide therapeutic intervention and 
determine whether a patient should undergo ante-
grade or retrograde cannulation of the ducts (Soto 
et al. 1996). The sensitivity and specifi city of MRCP 
in detecting CBD stones is 81%–99% and 85%–99%, 
respectively, exceeding that of CT (45%–85% sensi-
tivity) and US (20%–65% sensitivity) (Pedrosa and 
Rofsky 2003). MRCP has a high negative predic-
tive value of 98% for detection of common bile duct 
stones in patients with acute gallstone pancreatitis 
selecting only those patients requiring stone extrac-
tion for ERCP (Makary et al. 2005).

5.4 

MRI Findings in Acute Pancreatitis

5.4.1 

Normal Pancreas

Normal pancreatic parenchyma demonstrates high 
signal intensity compared to liver parenchyma on 
unenhanced T1-weighted fat suppressed sequences 
(Fig. 5.4). This relative high signal on T1-weighted 
imaging is likely due to the presence of aqueous 

Fig. 5.4. Normal unenhanced axial T1W FS GRE image through 
the pancreas demonstrating the slight hyperintensity of nor-
mal pancreatic tissue (arrows) relative to liver and spleen
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opposed to density measurement, changes in pa-
renchymal T1 and T2 signal intensity may be used 
to provide additional information. The T1 and T2 
signal intensity of the unenhanced pancreas remains 
normal in relation to the other abdominal viscera 
in mild acute pancreatitis. As the severity of the 
pancreatitis worsens, pancreatic parenchyma may 
become isointense or hypointense to hepatic paren-
chyma due to loss of acinar proteins. Alternatively, 
the pancreatic signal can become increasingly hy-
perintense when compared with liver parenchyma 
on unenhanced T1-weighted imaging due to the pres-
ence of hemorrhage (Fig. 5.7). T2 signal will increase 
refl ecting edema. T2-weighted imaging is the most 
sensitive to subtle changes of edema and may reveal 
changes of pancreatitis in the setting of a normal CT 

proteins in the acini of the pancreas (Semelka and 
Ascher 1993). Normal pancreas is isointense or 
slightly hypointense to normal liver on T2-weighted 
sequences (Fig. 5.5). Following intravenous ad-
ministration of a gadolinium chelate, the normal 
pancreas demonstrates homogenous enhancement 
with maximal enhancement during the pancreatic 
 arterial phase becoming isointense to the liver on 
subsequent phases of imaging (Fig. 5.6).

5.4.2 

Mild (Edematous) Pancreatitis

The Balthazar CT severity index for pancreatitis 
can be modifi ed and used for MRI (Table 5.2). As 

Fig. 5.5. a Axial T2W half-Fourier acquired single shot turbo spin echo (HASTE) through a normal pancreas (arrows). b Axial 
breath-hold T2W turbo spin echo (TSE) with parallel imaging demonstrating normal hypointensity of the pancreas (arrows)

a b

Fig. 5.6a,b. Dynamic axial T1W FS GRE image through the pancreas performed using a VIBE (volume interpolated breath-
hold examination) sequence. a On arterial phase imaging note the maximal homogenous enhancement of the pancreas. b 
Venous phase demonstrates normal homogenous enhancement of the pancreas and a patent splenic vein (arrows)

a b
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Table 5.2. MRI severity index for acute pancreatitis. [Balthazar et al. (1990); Lecesne et al. (1999); Stimac et al. (2007)]

Balthazar grade MRI fi ndings T1 FS T2 Score

A Normal pancreas Homogenous, slightly hyperin-
tense compared to normal liver 
parenchyma

Homogenous slightly hypoin-
tense to isointense to liver

0

B Heterogeneous, and/or 
enlarged pancreas

Enlarged, heterogeneous, isoin-
tense to slightly hypointense com-
pared to normal liver parenchyma

Enlarged, heterogeneous mild 
hyperintensity

1

C Peripancreatic changes As above with peripancreatic fat 
stranding

As above with peripancreatic 
hyperintensity and fat stranding

2

D Peripancreatic collection in a 
single location

Homogenous or heterogeneous 
confl uent ill-defi ned unencapsu-
lated peripancreatic collection

Homogenous or heterogeneous 
confl uent ill-defi ned unencap-
sulated peripancreatic

3

E Two or more peripancreatic col-
lections or retroperitoneal air

Multiple collections as above Multiple collections as above 4

% Necrosis
None
� 30%
> 30%–50%
> 50%

0
2
4
6

MRSI, MR severity index = Balthazar Score + % necrosis.

Fig. 5.7. a Axial 3D T1 GRE in a patient with mild acute 
pancreatitis demonstrates normal T1 hyperintensity of the 
pancreas. b Axial 3D T1 GRE image in a patient with acute 
on chronic pancreatitis and a pseudocyst (P) in the tail with 
loss of normal T1 hyperintensity of the pancreas (arrow) in 
the setting of acute pancreatitis. No necrosis was present. 
c In the third patient, there is patchy T1 hyperintensity in 
the pancreatic body and tail with severe acute pancreatitis. 
The areas of hyperintensity likely represent areas of hemor-
rhage or proteinaceous exudate and in this case correspond 
to regions of non-enhancement and necrosis c

a b

P
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5.4.3 

Severe (Necrotizing) Pancreatitis and 

Complications

In severe pancreatitis, more extensive peripancre-
atic fat necrosis and parenchymal necrosis becomes 
evident. In the absence of hemorrhage, T1 signal 
intensity becomes more heterogeneous or decreased 
in relation to the hepatic parenchymal signal. T2-
signal intensity of the pancreatic parenchyma and 
peripancreatic soft tissues can increase and become 
closer to fl uid signal intensity. 

scan (Fig. 5.8). Use of fat suppression increases the 
conspicuity of pancreatic edema and peripancreatic 
fl uid on T2-weighted imaging (Fig. 5.9). 

With increasing disease severity, fl uid accumu-
lates in the peripancreatic space extending into the 
lesser sac, small bowel mesentery, anterior pararenal 
fascia, lateral conal fascia and track inferiorly along 
the retroperitoneum. Peripancreatic fat stranding 
likely due to infl ammatory reaction can be appreci-
ated on both T1- and T2-weighted imaging. Subtle 
fat stranding is often more apparent on the non-fat-
suppressed T1-weighted in phase images (Fig. 5.10). 

Fig. 5.8 a,b. A 40-year-old female with suspected acute pancreatitis by clinical history and laboratory data. a Axial image 
from a helical CT scan performed without IV contrast revealed no evidence of pancreatitis. b MRI of the pancreas performed 
on the same day reveals subtle T2-hyperintensity surrounding the tail of the pancreas on the axial T2W FS images compat-
ible with peripancreatic edema (arrow) from acute mild pancreatitis

a b

Fig. 5.9. a Axial T2W image through the pancreas demonstrates mild peripancreatic hyperintense fl uid signal surrounding 
the pancreas which becomes more apparent on the FS T2W sequence in a patient with acute pancreatitis (b)

a b
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5.4.4 

Pancreatic Necrosis

Detection and quantifi cation of necrosis is crucial 
as it is considered an important prognostic indi-
cator in patients with acute pancreatitis (Lecesne 
et al. 1999; Balthazar 2002a; Balthazar 2002c). 
Dynamic contrast-enhanced MRI is helpful for 
determining the presence and extent of necrosis 
and for distinguishing between peripancreatic fl uid 
collections and parenchymal necrosis. Pancreatic 
parenchymal enhancement may diminish or be-
come absent in severe pancreatitis corresponding 
to regions of ischemia or necrosis (Fig. 5.11). How-
ever, exogenous contrast agents are not essential 
for detecting necrosis. In a study by Lecesne et al. 
(1999), areas of nonenhancing parenchyma on con-
trast enhanced MRI corresponded to those seen on 
CT. In fact, there are several studies that have com-
pared unenhanced MRI with contrast enhanced CT 
for staging the severity of acute pancreatitis with 
both methods being equally reliable. (Lecesne et 
al. 1999; Viremouneix et al. 2007; Arvanitakis 

Fig. 5.10. a Axial FS T2W TSE image through an enlarged 
pancreatic head with mild stranding in the peripancreatic fat 
and lymphadenopathy in a 50-year-old male with gallstone 
pancreatitis. b 2D T1 in phase GRE in the same patient dem-
onstrates fat stranding around the enlarged peripancreatic 
head in a 50-year-old man with acute focal pancreatitis. c A 
48-year-old male with diffuse pancreatitis is shown. Axial 
2D T1 in phase GRE just along the inferior margin of the 
pancreas demonstrates acute on chronic diffuse pancreatitis 
with fat stranding around the entire pancreas

a b

c

et al. 2007; Stimac et al. 2007). On non-contrast 
MRI, necrosis can be quite variable in appearance. 
Typically, there is focal loss of the normal acinar 
pattern of the pancreatic parenchyma on T1- or 
T2-weighted imaging with associated hyper- and/
or hypointensity on T1-weighted and T2-weighted 
imaging (Fig. 5.12). In patients who cannot receive 
gadolinium contrast such as pregnant patients, 
non-contrast MRI offers the best alternative for 
detection and staging of pancreatitis.

Contrast enhanced MRI may be superior to con-
trast enhanced CT in differentiating necrotic foci 
within the pancreas from intrapancreatic fl uid or 
hemorrhagic regions (Fig. 5.13) (Hirota et al. 2002). 
Small areas of necrosis can be missed on CT or mis-
interpreted as intraparenchymal fl uid collections, 
particularly when imaging is performed within 12 
h of onset of symptoms such that follow-up is re-
quired (Balthazar 2002c). Both MRI and CT can 
fail to recognize necrosis early on in the course of 
the disease since necrosis may not become appar-
ent for 24–48 h after initial symptoms. However, the 
contrast resolution of MRI and the ability to acquire 
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Fig. 5.11a–f. Acute pancreatitis with focal hemorrhagic necrosis in the neck of the pancreas which demonstrates T1 hyper-
intensity (arrow) on unenhanced T1W GRE images (a) without and (b) with fat suppression and (c) T2 hyperintensity on 
FS T2 FSE. There is no evidence of enhancement on the FS 3D T1W GRE (d) arterial and (e) venous phases confi rmed with 
(f) subtraction (arrow)

a

c

e

b

d

f

Fig. 5.13a–d. 77 year old male with acute hemorrhagic necrotizing pancreatitis. a Contrast enhanced CT performed 10 days 
after the MRI shows little differentiation between necrotic pancreas and peripancreatic fl uid. b T2W image reveals that the 
low density collection in the pancreatic bed represents necrotic pancreas and peripancreatic fl uid with c T1 hyperintensity 
on pre contrast images and no evidence of enhancement in >90% on d post contrast 3D T1W FS GRE images of the pancreas 
confi rmed with subtraction, not shown here
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Fig. 5.12. a 2D T1W GRE images reveal extensive peripancreatic fat stranding and fl uid as well has focal hypointense lesions 
within the pancreatic body. b T2W images reveal a T2 hyperintense focus in the body of the pancreas and one in the lesser 
sac corresponding to a focal areas of pancreatic necrosis (short arrow) on post contrast (c) arterial and (d) venous phase 
images and a small peripancreatic collection in the lesser sac (long arrows)

a

c

b

d
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baseline and multiple post-contrast scans without 
increasing radiation dose allowing post-processing 
techniques such as subtraction make MRI superior 
to CT for detection of necrosis.

5.4.5 

Hemorrhage

Hemorrhage and hemorrhagic f luid collections 
are better recognized on MR. Hemorrhage is usu-
ally hyperintense on T1-weighted imaging and 
should be differentiated from the normal baseline 
relative hyperintensity of normal pancreatic tis-

sue. The T1 hyperintensity of hemorrhage within 
the pancreas decreases sensitivity for detection 
of enhancement and, in turn, necrosis. In cases 
of hemorrhagic pancreatitis, post processing with 
subtraction (subtracting the pre-contrast images 
from the post-contrast data sets) can improve 
sensitivity for detection of parenchymal enhance-
ment (Fig. 5.14). On CT, it may be difficult to dis-
tinguish between peripancreatic edema and fat 
necrosis with hemorrhage but this is an important 
finding to recognize on MRI because it has been 
shown in a study by Martin et al. (2003) that 
fat necrosis with hemorrhage was associated with 
poor outcome (Fig. 5.15).

Fig. 5.14a–e. 41 year old with coagulopathy with acute hem-
orrhagic pancreatitis. On CT, there is paripancreatic fl uid 
and fat stranding (a) arrows but on MRI (b) performed with 
days, the peripancreatic fl uid demonstrates T1 hyperinten-
sity (c, arrows) suggestive of a hemorrhagic peripancreatic 
fl uid collections. This should be distinguished from pancre-
atic necrosis. In this case, decreased enhancement on arte-
rial and venous phases is seen in the pancreatic body/tail 
(d, e) indicative of the presence of small areas of parenchy-
mal necrosiss

a

c

b

d

e



  Magnetic Resonance Imaging of Acute Pancreatitis 93

One should recognize that correlative histopa-
thology in acute pancreatitis is limited and, there-
fore, it is unclear whether the T1 hyperintensity 
within or surrounding the pancreas truly refl ects 
hemorrhage since it could also refl ect proteinaceous 
exudates. Therefore, it has been suggested to refer to 
these collections as “hemorrhage-like” fl uid collec-
tions (Lecesne et al. 1999). 

5.4.6 

Peripancreatic Collections

The content of peripancreatic collections are better 
assessed with MRI than CT. MRI can better dif-
ferentiate fl uid from solid debris and thus, more 

accurately predict which collections would be ame-
nable to intervention (Ward et al. 1997; Morgan 
and Baron 1998). T2-weighted imaging is especially 
useful in differentiating between the fl uid and solid 
content of collections (Fig. 5.15). Drainage and/
or aspiration of peripancreatic collections may be 
required, particularly when patients show signs of 
possible infection. Infection rate of pancreatic tissue 
is 7%–12 % occurring in 30%–70% of patients with 
necrotizing pancreatitis (Piironen 2001). 

Gas, although not commonly seen in patients with 
infected peripancreatic collections, is a very useful 
sign of infection (Federle et al. 1981). Gas on MRI 
demonstrates a signal void on T1- and T2-weighted 
images with “blooming” or susceptibility effects 
demonstrated on long TE sequences. Gas could eas-

Fig. 5.15a–e. Differentiating pancreatic necrosis from peri-
pancreatic fl uid collections may be diffi cult on CT (a). In this 
28-year-old male, there is a distinct peripancreatic collection 
seen on MRI without evidence of pancreatic necrosis (b,c). 
The complexity of the collection is also more apparent on 
MRI with a complex hemorrhagic rather than simple fl uid 
collection revealed on MRI (d) axial T2W and (e) 3D T1 FS 
GRE imagee

a

c

b

d
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Fig. 5.17a,b. Simple pseudocyst in the tail of the pancreas with (a) T2 hyperintensity and (b) a thin smooth rim of enhance-
ment (arrows) on post-contrast imaging

a b

ily be missed on MRI or mistaken for bowel gas or 
calcifi cation. In one study by Ward et al. (1997) 
comparing CT and MRI for pancreatitis, CT showed 
peripancreatic gas in 12 patients, whereas MRI pro-
spectively detected only six patients; even after a 
consensus review only four of six cases with gas on 
CT were recognized on MRI, representing a poten-
tial limitation of MRI. Calcifi cations suggesting the 
presence of underlying chronic pancreatitis can also 
be missed on MRI (Fig. 5.16).

5.4.7 

Pseudocysts

Pseudocysts are encapsulated collections usually lo-
cated in the pancreas or adjacent to it requiring at least 

4 weeks to develop after the initial episode of pancrea-
titis (Balthazar 2002b). If pseudocysts communicate 
with the main pancreatic duct, they are more likely 
to be detected at ERCP; however, overall, less than 
50% of pseudocysts are detected at ERCP (Fayad et 
al. 2003). Most pseudocysts resolve spontaneously. 
They can vary in size and may be found in the chest, 
abdomen or pelvis. More often they arise at a site of 
necrosis or duct disruption. Location, size, complexity 
and number of pseudocysts should be documented. 

Simple pseudocysts are typically unilocular, 
encapsulated, homogenously high signal on T2-
weighted and low signal on T1-weighted images 
(Fig. 5.17). Pseudocysts can become complicated by 
hemorrhage, proteinaceous or necrotic debris or in-
fection. In these cases, the cyst will appear hetero-
geneous on T2- and T1-weighted imaging or dem-

Fig. 5.16 a,b. Acute on chronic pancreatitis with pancreatic calcifi cation seen readily on (a) contrast enhanced CT and less 
well on non-enhanced T1W GRE images with relatively TE = 4.4 ms demonstrating susceptibility artifact related to calcium 
on the body of the pancreas

a b
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Fig. 5.19a,b. Acute on chronic pancreatitis with peripancreatic fat stranding and a more complex pseudocyst with (a) T2 
hypointense debris and (b) no internal enhancement on post-contrast T1W images

a b

Fig. 5.18a–c. Acute on chronic pancreatitis with a minimally 
complex pseudocyst that contains (a) T2 hypointense and 
(b) T1 hyperintense material either blood or proteinaceous 
exudates without internal enhancement on (c) post-contrast 
images. The pseudocyst has formed at the site of necrosis 
in the head and body with a T1 hyperintense peripancreatic 
collection in the splenic hilum

a b

c

onstrate a hemosiderin rim on long TE sequences. 
Fluid levels may be present in the dependent portion 
of the pseudocysts. Internal debris is often irregular 
in shape demonstrating low signal on T2- and high 
signal on T1-weighted images (Fig. 5.18–5.20). Com-
munication with main duct or side branches may be 
evident on heavily T2-weighted images (Fig. 5.21). 
A thick, irregular and/or nodular enhancing wall 
is not suggestive of a pseudocyst and in such cases 

malignancy needs to be considered. Internal en-
hancement would more likely favor malignancy and 
sampling of the mass should be performed. Contrast 
enhancement is usually present in the wall of the 
collection but internal enhancement should not be 
present (Fig. 5.22). Post processing with subtraction 
would permit optimal visualization of enhancement 
when evaluating a complex mass with internal T1 
hyperintensity on unenhanced imaging. 
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Fig. 5.20. a Contrast enhanced CT scan at the level of the pancreas shows large fl uid density collection nearly replacing the 
entire pancreas. b Axial and (c) coronal T2W images demonstrate extensive pancreatic necrosis as seen on CT with large 
pseudocyst that does not represent simple fl uid but rather a complex collection not amenable to percutaneous drainage. c 
Gross pathologic specimen reveals that this represents a predominately solid mass of debris

a

b

c

5.4.8 

Vascular Complications

Vascular insults should be recognized since, al-
though infrequent, they can result in life-threat-
ening complications. Extravasated pancreatic en-
zymes can lead to loss of integrity or damage of 
the vessel wall resulting in infl ammation and/or 
fi brosis with development of stricture, thrombosis, 

pseudoaneurysm and/or hemorrhage (Balthazar 
2002b). Most commonly, splenic vein thrombosis 
occurs (1%–3%) (Balthazar 2002b). Throm-
bus can extend into the superior mesenteric vein 
(SMV) and portal vein. Splenic vein thrombosis 
leads to splenomegaly and enlargement of short 
gastric, left gastric veins and gastroepiploic col-
laterals (Fig. 5.23).
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Fig. 5.21a–f. Patient with pancreas divisum and acute pancreatitis with duct disruption and large pseudocysts com-
municating with the main duct. a,b T2 HASTE images reveal a complex pseudocyst with internal debris which is 
(c) hyperintense on T1W imaging and demonstrates rim enhancement (d) post-contrast images. After 8 months, the 
pseudocyst has diminished in size as shown on the (e) HASTE images but disruption of the duct lead to upstream duct 
changes of chronic pancreatitis with main and side branch duct dilatation and irregularity seen on the (f) maximum 
intensity projection (MIP) of heavily T2W respiratory triggered 3D TSE MRCP

a

c

e

b

d

f

Pseudoaneurysms must be recognized as rupture 
and bleeding can develop. Most common vessels 
affected include splenic, gastroduodenal and pan-
creatico-duodenal arteries with left gastric, middle 
colic and hepatic artery less commonly involved 
( Balthazar 2002b) (Fig. 5.24).

5.4.9 

Imaging Features of Autoimmune Pancreatitis

Autoimmune pancreatitis also known as primary 
sclerosing pancreatitis, lymphoplasmacytic scle-
rosing pancreatitis or nonalcoholic duct-destruc-
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a

c

b

d

Fig. 5.22. Unilocular pancreatic tail mass predominantly (a,b) T2 hyperintense with linear hypointense internal architecture 
that (c) enhances on post-contrast images confi rmed on (d) subtraction images highly suggestive of neoplasm in this patient with 
no history or imaging fi ndings to suggest acute or chronic pancreatitis. This was confi rmed to be a mucinous adenocarcinoma

a

c

b

d
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Fig. 5.23a–d. 49 year old male with acute on chronic alcohol related pancreatitis with a enlargement and loss of T1 hyper-
intensity in body and tail of the pancreas, peripancreatic fat stranding and a b T2 hyperintense collection (dotted arrow) 
replacing the tail of the pancreatic corresponding to c pancreatic tail necrosis and resultant fl uid collection (dotted arrow) 
with d occlusion of the splenic vein and enlargement of perigastric (arrows) and perisplenic collateralss

tive chronic pancreatitis is important to recognize 
and to consider as a cause of pancreatitis (Sahani 
et al. 2004). Prognosis and management in these pa-
tients is different from other types of pancreatitis. 
In this subset of patients, the morphologic changes 
of pancreatitis are reversible and patients respond 
best to steroid therapy. Patients typically have no 
history of acute attacks of pancreatitis and no his-
tory of alcohol abuse with histopathologic speci-
mens showing fi brotic change and lymphocyte in-
fi ltration (Irie et al. 1998). Laboratory data may 
reveal increased serum IgG levels and the presence 
of antinuclear antibodies. This entity can occur 
alone or in association with autoimmune diseases 
such as Sjögren syndrome, primary sclerosing cho-
langitis, ulcerative colitis and collagen vascular 

diseases. Imaging features include focal or diffuse 
(sausage-shaped) enlargement of the pancreas, 
pancreatic duct irregularity, homogenous but de-
layed enhancement and a low attenuation rim sur-
rounding the pancreas on contrast enhanced CT 
corresponding to a rim of T2 and T1 hypointensity 
on MRI with delayed enhancement (Fig. 5.25) (Irie 
et al. 1998; Sahani et al. 2004; Yang et al. 2005). 
Interestingly, associated extrapancreatic fi ndings 
may be observed including most commonly bil-
iary strictures, salivary and submandibular gland 
involvement, retroperitoneal fi brosis, lymphade-
nopathy and renal parenchymal lesions and peri-
renal involvement (Irie et al. 1998; Sahani et al. 
2004; Kamisawa et al. 2005; Kamisawa et al. 2006; 
Takahashi et al. 2007). 

Fig. 5.24a–c. Splenic artery aneurysm (arrows) on (a) and 
(b) FS T1-weighted images and corresponding (c) selective 
celiac artery digital subtraction angiogram in a patient with 
chronic pancreatitisc

a b
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5.5 

Emerging MRI Techniques

A number of MRI techniques are emerging for physi-
ologic and tissue level characterization. These hold 
promise for the evaluation of both acute and chronic 
pancreatitis. While their implementation and fu-
ture role remains speculative, the following para-
graphs give a brief introduction to key promising 
approaches including MRI based assessment of tis-
sue perfusion, MR spectroscopy, diffusion weighted 
imaging and its interpretation and MR elastography. 
While a complete discussion of these methods is 
beyond the scope of this chapter, it is hoped that a 
brief review will alert the interested reader to these 
emerging capabilities.

5.5.1 

Perfusion Imaging

Perfusion describes the rate of delivery of essential 
nutrients (glucose and oxygen) to tissue via blood 
fl ow and thereby can serve as a marker for tissue 
function or viability. While adequate perfusion alone 
does not imply tissue viability, it can be considered 
a necessary but not suffi cient requisite for tissue vi-
ability. In general, there are two major MRI-based 
approaches to assessing and measuring tissue perfu-
sion; one uses exogenous relaxation contrast agents 
such as gadolinium chelates to serve as a tracer or 
marker for perfusion, while the other which does 
not use exogenous contrast agents but instead takes 
advantage of MRI manipulation of the intrinsic mag-
netic properties of blood as a mechanism of determin-
ing perfusion. Using gadolinium chelates permits the 
calculation of a variety of parameters related to the 
timing and passage of the contrast bolus. These have 
been variously interpreted as blood volume, blood 
fl ow, and time of arrival and transit of contrast agent, 
each of which may contain information indicative of 
hemodynamic abnormality. None of these parame-
ters, however, is a true, quantitative measure of blood 
fl ow. Non-exogenous contrast mechanisms, such as 
arterial spin labeling (ASL) which magnetically tags 
blood water protons, can, in principle, determine 
blood fl ow quantitatively. With either approach, and 
indeed with quantitative or semi-quantitative meth-
ods in general, confi dence in interpretation is always 
increased by observing predictable responsiveness 
in the measure upon applying a known physiologi-

Fig. 5.25a–c. Autoimmune pancreatitis. a Axial T1 FS GRE 
and (b) axial HASTE images through the pancreas reveal 
diffuse enlargement of the pancreatitis with minimal peri-
pancreatic fat stranding and (c) decreased enhancement of 
the pancreatic tail (arrows) in this patient with autoimmune 
pancreatitis

a

c

b
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cal manipulation or challenge. In assessment of 
cardiovascular reserve, for example, hemodynamic 
measures are quantifi ed pre- and post-behavioral or 
pharmacological stress tests.

Fortunately, for pancreatic imaging, there is a com-
mercially available exogenous agent that can predict-
ably alter tissue perfusion, secretin. This agent can be 
used to accentuate alterations in tissue perfusion from 
baseline in normal and abnormal pancreatic tissue. 

Initially, investigators assessed pancreatic perfu-
sion using semi-quantitative measures (Johnson 
and Outwater 1999; Sica et al. 2002; Zhang et al. 
2003; Coenegrachts et al. 2004; Tajima et al. 2004), 
primarily for assessment of chronic pancreatitis. A 
more quantitative approach as used in liver imag-
ing has been recently explored in normal volunteers 
(Bali et al. 2008). Essentially, this particular tech-
nique uses high temporal resolution dynamic con-
trast enhanced T1-weighted MRI sequences imaging 
and post processing is performed using compart-
mental modeling. This method may be quite sensi-
tive for detecting, and more signifi cantly quantify-
ing, perfusion changes related to acute and chronic 
pancreatitis. More studies are needed to better un-
derstand and validate baseline pancreatic perfusion 
and changes that occur in response to secretin such 
that pathologic responses may be understood. 

Recent concerns over the use of gadolinium in pa-
tients with renal dysfunction have reemphasized the 
need for alternative non-exogenous contrast agent 
enhanced imaging methods. For perfusion imag-
ing, as an alternative to bolus tracking gadolinium 
chelates, arterial spin labeling (ASL) methods have 
been proposed and developed over the last two de-
cades, primarily for application in the brain. They 
are now emerging as a potentially viable imaging 
technique for characterizing hemodynamics in the 
body. There is relatively few literature on the subject 
for pancreatic imaging, although a recent feasibility 
study is encouraging (Schrami et al. 2008).

5.5.2 

MR Spectroscopy

MR spectroscopy promises regional biochemical 
analysis of metabolites and breakdown products. 
In vivo measurements are hampered by low con-
centrations of metabolites and respiratory, cardiac 
and bowel peristaltic motion. There have been some 
promising ex-vivo spectroscopy studies, predomi-
nantly on the bile acids and in vivo in the context of 

pancreatic neoplasm (Cho et al. 2005), but further 
investigation is warranted before clinical adoption.

5.5.3 

Diff usion-Weighted Imaging

Diffusion-weighted imaging (DWI) is a unique con-
trast mechanism sensitive to random motion of water 
molecules, whether due to bulk motion or alterations 
in the cellular microenvironment, i.e., microscopic 
shifts of water protons between intra- and extra-
cellular compartments. DWI can refl ect cytotoxic 
edema, alterations in normal cellular density and 
cellular organization. While DWI has been exten-
sively explored for neuroimaging application, only 
recently has DWI been feasible for body application 
as it is very sensitive to respiratory and bowel mo-
tion artifacts, for example. Recent advances in MRI 
technology permit good quality, reproducible DWI 
in the abdomen and pelvis. DWI has shown promise 
in liver imaging and is potentially useful for pancre-
atic imaging. DWI may be useful for assessment of 
pancreatic necrosis and possibly for differentiating 
focal pancreatitis from pancreatic carcinoma, but 
only preliminary data is available to date (Matsuki 
et al. 2007; Momtahen et al. 2008; Takeuchi et al. 
2008). A recent study investigated the change in ap-
parent diffusion coeffi cient (ADC) in the pancreas 
on DWI before and after secretin administration 
and found that in the pancreatic tissue of patients 
with risk for or known chronic pancreatitis, there 
was a temporal delay in the peak increase in ADC 
that occurs in normal control patients in response to 
secretin (Erturk et al. 2006). As in other abdominal 
organs, the apparent diffusion measured by DWI 
may in large part refl ect intra-voxel perfusion or 
microscopic fl ow and not only true microscopic dif-
fusion. This is of particular signifi cance when inter-
preting secretin induced changes in apparent diffu-
sion given the known perfusion effects secondary to 
secretin. However, the results are intriguing because 
DWI does not require exogenous contrast agents and 
may offer an alternative to contrast enhanced imag-
ing for assessing perfusion and diffusion changes in 
pancreatic tissue. Generally, distinguishing between 
perfusion and diffusion effects is needed to better 
understand and measure underlying pathologic 
mechanisms of disease. While these two effects can 
be confounding they may provide complementary 
information relevant to studying the pathophysiol-
ogy of pancreatitis. 
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5.5.4 

MR Elastography

MR elastography is a technological approach that 
gives insight into tissue structure and biomechanics; 
it combines a mechanical vibratory stimulus (typi-
cally approximately 60 Hz) with an MRI sequence 
called phase contrast (PC-MRI), analogous to that 
used for velocity encoding in MR angiography, that 
is sensitive to tissue motion or vibration in at least 
three directions in space over time (Muthupillai 
et al. 1995). Complex patterns of wave propagation 
through a specifi c tissue over time can be interpreted 
in terms of underlying tissue properties. Alterations 
in the normal patterns of wave propagation may re-
veal underlying focal or diffuse structural or biome-
chanical abnormalities that may result, for example, 
from the presence of a benign or malignant tumor 
mass, tissue necrosis or fi brosis. Currently, this tech-
nique is primarily being explored for detection of 
liver fi brosis (Huwart et al. 2006; Rouviere et al. 
2006) and in breast cancer (McKnight et al. 2002; 
Xydeas et al. 2005). However, preliminary work in 
the pancreas is ongoing with the thought that MR 
elastography can provide quantitative maps of shear 
stiffness of pancreatic tissue. Note, however, that, 
unlike the liver, it would appear that more complex 
3D spatial modeling and temporal sampling may be 
warranted in the pancreas (Yin et al. 2008)

5.6 

Conclusion

MRI is as effective as CT in the diagnosis and stag-
ing of acute pancreatitis and its complications. MRI 
offers a safe, noninvasive and reproducible method 
of evaluating the pancreatic parenchyma, as well as 
pancreatic and biliary ducts. In the setting of mild 
acute pancreatitis, the sensitivity of MRI exceeds 
that of CT (Amano et al. 2001). In severe pancrea-
titis, MRI is superior to contrast enhanced CT for 
evaluation of peripancreatic collections and degree 
of necrosis. Heavily T2-weighted images can pro-
vide additional information regarding the underly-
ing cause of pancreatitis such as choledocholithiasis, 
pancreas divisum or, more rarely, pancreatic duct 
obstruction due to stricture or neoplasm. 

Nonetheless, CT imaging is less expensive, faster, 
more readily available at any time of day, and is 

particularly useful in severely ill patients who are 
more unstable. In pediatric patients, pregnancy or 
patients with renal insuffi ciency, unenhanced MRI 
offers an excellent alternative.
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injury should be suspected (Subramanian et al. 
2007). Traumatic injury to the pancreas may also 
occur in patients who undergo endoscopic retro-
grade pancreatography (ERCP) (Abdel Aziz and 
Lehman 2007). 

In a retrospective review of 16,188 trauma pa-
tients admitted to two Level I trauma hospitals 
over a 10-year period, 72 patients (0.4%) had pan-
creatic injury. Mechanism of injury was gunshot 
in 32 (45%), blunt in 27 (37%), and stab wound in 
13 (18%). There were 18 grade I (25%), 32 grade 
II (45%), 16 grade III (22%), and 5 grade IV (7%) 
injuries. Pancreatic injury is infrequent and is 
most often associated with penetrating trauma 
(gunshot wounds and stab wounds) (Akhrass et 
al. 1997).

6.2 

Clinical Classifi cation of Pancreatic Injury

The American Association for the Surgery of Trauma 
(AAST) proposed a fi ve-point pancreatic organ in-
jury scale (OIS). Severity of injury is directly re-
lated to integrity of the pancreatic duct. Hematomas 
and lacerations without duct injury are considered 
Grade I–II, whereas all lacerations associated with 
duct transection are graded III–V. The most severe 
injury is massive disruption of the pancreatic head 
(Moore et al. 1990). The importance of pancreatic 
duct integrity has been highlighted in other large 
series (Bradley et al. 1998). Isolated pancreatic in-
jury in the trauma patient may be diffi cult to detect 
(Buccimazza et al. 2006). 

The classic clinical triad of upper abdominal 
pain, leukocytosis, and hyperamylasemia in the 
trauma patient indicative of pancreatic trauma 
is neither sensitive nor specifi c for pancreatic in-

6.1 

Introduction

Traumatic injury to the pancreas occurs in ap-
proximately 5% of patients sustaining blunt ab-
dominal trauma, 6% of patients with abdominal 
gunshot wounds, and 2% of patients with upper 
abdominal stab wounds. Pancreatic injury is as-
sociated with a 45% morbidity rate that increases 
to 60% if diagnosis is delayed (Olah et al. 2003). 
In 70%–90 % of cases, pancreatic injuries occur 
in association with other injuries to surrounding 
vessels, organs, and viscera (Bradley et al. 1998; 
Cirillo and Koniaris 2002); conversely, when 
injuries are seen in these structures, pancreatic 
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jury, especially immediately following the event. 
Serum amylase is unreliable, even reported as nor-
mal in patients with pancreatic ductal transaction 
(Jones 1985). Hyperamylasemia may be present 
when there are duodenal injuries, hepatic injuries, 
and in intoxicated patients (Wright and Stanski 
2000).

Normal serum amylase levels may be present in 
40% of cases even in the face of pancreatic duct dis-
ruption (White and Benfi eld 1972; Cirillo and 
Koniaris 2002). 

ERCP-related pancreatitis is estimated to occur in 
4%–8% of patients. The reported ranges from <1% to 
up to 40% of post-ERCP patients refl ects variable di-
agnostic criteria for the diagnosis (Abdel Aziz and 
Lehman 2007). With increased awareness and more 
directed post-procedure monitoring, it is apparent 
that most cases are mild (Bhatia et al. 2006). Severe 
pancreatitis occurs in approximately 0.3%–0.6% of 
patients (Freeman and Guda 2004). Risk factors for 
developing post-ERCP pancreatitis include: young 
age, female gender, sphincter of Oddi dysfunction, 
and prior history of post-ERCP pancreatitis (Cheng 
et al. 2006). Proposed mechanisms include trauma 
to the papilla, hydrostatic injury, chemical or aller-
gic injury related to the contrast material, enzymatic 
activation related to the introduction of a foreign 
substance, infection, pancreatic duct edema, and 
thermal injury (Freeman and Guda 2004). In terms 
of clinical grading, the severity of post-ERCP pan-
creatitis is graded by the number of days the patient 
requires hospitalization and on the level of interven-
tion necessary. 

6.3 

Imaging Diagnosis

Most surgeons agree that imaging is crucial in the 
diagnosis of pancreatic injuries. Furthermore, as 
there is an increasing trend toward non-operative 
management of the trauma patient, careful imaging 
is required to exclude clinically occult pancreatic 
injury (Leppaniemi and Haapiainen 1999). Undi-
agnosed ductal disruptions produce secondary in-
fections, fi stulas, and fl uid collections, requiring ex-
tended hospitalization (Subramanian et al. 2007). 
The imaging tests that are utilized include computed 
tomography (CT), ERCP and MRI, particularly with 
secretin stimulation (Ragozzino et al. 2003).

6.3.1 

Computed Tomography

Computed tomography has an established role in 
the trauma patient. Almost all patients sustain-
ing signifi cant trauma will undergo CT scanning. 
Current multidetector-row CT (MDCT) technology 
allows almost instantaneous interrogation of the 
entire patient, including vessels, viscera, and mus-
culoskeletal structures in a single acquisition (Ptak 
et al. 2003; Sheridan et al. 2003). Despite the excel-
lence of current imaging technology, the signs of 
pancreatic injury may be subtle, missed when more 
dramatic fi ndings are present, or just not visible by 
current techniques. A high index of suspicion and 
excellent CT technique are required to make the 
diagnosis.

6.3.1.1 

CT Technique

MDCT scanners have almost totally replaced the 
installed base of CT in the US. These scanners have 
the ability to acquire thin sections composed of iso-
tropic voxels within a short period of time. These 
technologic advances allow production of high reso-
lution images that can be displayed in 3D and reduce 
the critical time needed to make therapeutic deci-
sions in trauma patients (Hilbert et al. 2007).

There is no specifi c MDCT technique directed 
at evaluating pancreatic trauma; diagnoses can 
be made from the data sets that are generated for 
the overall evaluation of the patient with abdomi-
nal trauma. Oral contrast is generally not admin-
istered, particularly in cases where there is loss of 
consciousness. Intravenous contrast is necessary if 
one expects to diagnose vascular trauma and detect 
parenchymal laceration. As directly related to the 
pancreas, the increased attenuation of the pancre-
atic parenchyma following IV contrast facilitates 
visualization of the pancreatic duct. An injection 
rate of 3 ml/s should be considered as the absolute 
minimum; however, signifi cantly improved angio-
graphic evaluation is possible with rates at 5–6 ml/s 
(Miller and Shanmuganathan 2005; Venkatesh 
and Wan 2008). A total volume of 100–150 ml of 
non-ionic intravenous contrast is administered. 
Because of the long scan range (thorax, abdomen, 
and pelvis), as well as the relatively younger pa-
tient population, we choose to use a wider detec-
tor confi guration (1.2–1.5 mm) that provides thin 
slices composed of 1.5- to 2-mm isotropic voxels. 
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These slices are sent to the workstation. Axial and 
coronal sections (4–5 mm) are automatically and 
simultaneously reconstructed and sent to PACS or 
to fi lm. These images are combined with the 3D im-
ages created from the larger isotropic data stored on 
the workstation. By beginning image acquisition ap-
proximately 60–70 s following the initiation of the 
contrast injection, there will be high level of pan-
creatic parenchymal enhancement. Scanning dur-
ing this phase of contrast enhancement was shown 
to provide maximal visualization of pancreatic duct 
disruption in patients with proven pancreatic injury 
(Wong et al. 2008)

6.3.1.2 

CT Findings

The fi ndings at MDCT parallel those outlined by in 
the OIS. Contusion will appear as an area of low at-
tenuation within the affected portion of the gland. 
Wong and colleagues (1997) proposed the follow-
ing classifi cation of pancreatic injury: grade A, pan-
creatitis or superfi cial laceration (<50% pancreatic 
thickness); grade B1, deep laceration (>50% pan-
creatic thickness) of the pancreatic tail; grade B2, 
transection of the pancreatic tail; grade C1, deep lac-
eration of the pancreatic head; grade C2, transection 
of the pancreatic head. It should be noted that we do 
not classify the injury in the formal report; rather, 
the above classifi cation informs the report and helps 
frame appropriate management decisions. 

Pancreatic laceration or fractures were the fi rst 
form of pancreatic injury described in the CT lit-
erature (Jeffrey et al. 1983). Specifi c signs of pan-
creatic injury on CT include: fracture , laceration, 
pancreatic enlargement with edema, pancreatic 
hematoma, extravasation of IV contrast from peri-
pancreatic arteries, fl uid separation of the pancreas 
and splenic vein (Bigattini et al. 1999; Cirillo 
and Koniaris 2002; Gupta et al. 2004). Pancreatic 
fractures are most often transverse in orientation, 
the most common site being the body or neck of 
the gland (Dodds et al. 1990; Venkatesh and Wan 
2008) (Fig. 6.1). High attenuation fl uid represent-
ing blood may be present between the edges of the 
fracture. Another fi nding that is considered highly 
predictive of pancreatic injury is detection of fl uid 
between the dorsal margin of the pancreas and the 
splenic vein. Although neither the precise mecha-
nism nor the nature of fl uid is known, this fi nding 
was present in 90% of patients subsequently proven 
to have a pancreatic injury (Lane et al. 1994). 

Several authors have noted the fi ndings that 
pancreatic edema and peripancreatic collections 
may obscure visualization of the actual pancreatic 
injury. Although the actual parenchymal defect in 
the injured pancreas may not be detected, CT fi nd-
ings that simulate acute pancreatitis (peripancre-
atic increased density, thickening of anterior renal 
fascia, peripancreatic fl uid collections, mesocolic 
collections, intra- and retroperitoneal fl uid) should 
raise the suspicion of pancreatic injury (Bigattini 

Fig. 6.1. a Pancreatic fracture isolated injury. The fracture line can easily be seen traversing the entire width of the gland 
(arrow). No peripancreatic abnormalities are detected. b Pancreatic fracture as lesser injury. MDCT image from a 33-year-
old patient who sustained a stab wound to the left fl ank. There is extravasation of iodinated contrast from the aorta. Ad-
ditionally, there is a fracture across the pancreatic body (arrow). The patient was taken to surgery, the aorta was repaired, 
and the patient survived

a b
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Fig. 6.3. a Evolution of pancreatic injury. CT image in 
29-year-old patient who was in an automobile accident re-
veals a small lucency in the body of the pancreas (arrow). He-
moperitoneum and a liver laceration are seen. b Evolution of 
pancreatic injury. Same patient as in (a); CT study 3 days later. 
The hematoma has increased in size resulting in increasing 
separation of the pancreatic fragments (arrow). The hemo-
peritoneum has increased. c Evolution of pancreatic injury. 
Same patient as in (a) and (b). Study performed 2 months 
later. The intrapancreatic injury has increased in volume but 
decreased in complexity. A bilobed pseudocyst (asterisks) has 
developed. The hemoperitoneum and peripancreatic changes 
have resolved. The collections were percutaneously drained; 
the patient made an uneventful recovery

Fig. 6.2. a Diffuse pancreatic hematoma. Single image from a non-IV contrast-enhanced CT scan reveals diffuse pancreatic 
enlargement (P) in this patient who was hit by an automobile. Notice the high attenuation rim surrounding the pancreas 
representing blood accumulating under the capsule (arrowheads). b Diffuse pancreatic hematoma. There is a blood/fl uid 
level in the pancreatic head (arrow). Peripancreatic fl uid is present in the right anterior pararenal space and posterior to 
the pancreas on the left. Additional injuries included renal contusions (arrowheads) and a pelvic fracture that produced 
arterial injury requiring embolization

a b

ba
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et al. 1999; Cirillo and Koniaris 2002; Gupta et al. 
2004; Venkatesh and Wan 2008) (Fig. 6.2). If there 
is high clinical suspicion of pancreatic injury, par-
ticularly in the presence of a delayed elevation in the 
serum amylase, a repeated MDCT study may actu-
ally reveal the injury that was occult on the initial 
evaluation (Fig. 6.3) (Wright and Stanski 2000; 
Brestas et al. 2006).

The diagnosis of duct disruption is the single 
most important observation to be made in the pa-
tient sustaining a pancreatic injury (Fig. 6.4). Once 
duct disruption is detected, duct repair is essential; 
however, in patients in whom non-operative man-
agement is contemplated, it becomes important to 
exclude the presence of duct disruption (Cirillo 
and Koniaris 2002; Subramanian et al. 2007). 
 Using current MDCT techniques, the pancreatic 
duct may be visualized in the majority of patients. 
Post-processing techniques such as minimum-in-
tensity projection (Salles et al. 2008) and curved 
multi-planar reformat (Gong and Xu 2004) aid in 
delineation of the duct. Visualization of the duct 
is hampered in non-contrast scans and in patients 
with pancreatic edema. It is not surprising to fi nd 
that the presence of duct disruption correlates with 
the depth of pancreatic injury (Wong et al. 1997). 
Currently available MDCT technology was 91% sen-
sitive and 91% specifi c for identifying duct injury in 
33 patients in whom operative confi rmation of fi nd-
ings was available (Teh et al. 2007). 

6.3.2 

Magnetic Resonance Imaging

Most patients who have sustained upper abdominal 
trauma are too critically ill to undergo an MRI ex-
amination. However, MRI can be extremely useful 
in the detection of delayed complications related to 
pancreatic duct disruption (Fig. 6.5). Current MRI 
can produce a high quality 3D magnetic resonance 
cholangio-pancreatogram (MRCP). The use of secre-
tin stimulation (S-MRCP) increases the sensitivity to 
detecting duct disruption (Cirillo and Koniaris 
2002; Gillams et al. 2006; Hellund et al. 2007). 
S-MRCP has been shown to be more sensitive than 
ERCP for detecting duct disruption and it is non-in-
vasive and less traumatic to fragile pancreatic tissue. 
Finally, S-MRCP can be safely used in the evaluation 
of pediatric patients (Tipnis and Werlin 2007). 

The technique of S-MRCP for detection of duct 
disruption is no different than that used for con-
ventional MRCP. Using parallel imaging techniques 
and heavily T2-weighted turbo-spin echo imaging, 
the entire pancreas can be evaluated in 2–4 min. 
The continuous acquisition will produce thin slices 
that can be viewed in 3D on a workstation. A 3D re-
spiratory triggered heavily T2-weighted TSE in the 
coronal and coronal oblique planes with 30-degree 
angulation depending on the orientation of the pan-
creatic duct is preferred over the thick-slab tech-
nique. The coverage is between 3–6 cm and 1-mm 

Fig. 6.4. a Intrapancreatic hematoma with pancreatic duct disruption. A high attenuation fl uid collection (asterisk) is seen 
separating two fragments of enhancing pancreatic tissue in this 17-year-old male who sustained abdominal trauma. b Intra-
pancreatic hematoma with pancreatic duct disruption. Image from same study as in (a) reveals a portion of pancreas that is 
not contiguous with remainder of gland (asterisk). The patient developed a pseudocyst several weeks later that was percuta-
neously drained. Surgical resection of the pancreatic tail was required before the drainage catheters could be removed

ba
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Fig. 6.5. a Pancreatic hematoma, CT image from a 33-year-
old female patient who was kicked in the abdomen ap-
proximately 5 days earlier. There is a unilocular mass with 
increased density in the pancreatic head compatible with a 
hematoma (H). Note the thin rim of fl uid surrounding the 
ventral border of the pancreas (arrowheads). b Pancreatic 
hematoma, follow-up. CT image from the same patient as 
in (a) 1 month later reveals the hematoma has resolved but 
a traumatic pseudocyst (asterisk) persists. The peripancre-
atic changes have resolved. c Pancreatic hematoma, MRCP. 
MRCP image from same patient as in (a) and (b) performed 
1 day following the CT study in (b). The pancreatic duct is 
intact

Fig. 6.6. a Peripancreatic fl uid collection, value of secretin. MRCP image from patient who sustained abdominal trauma 
reveals a high signal focus (arrow) representing a fl uid collection immediately superior to the tail of the pancreas. b Peri-
pancreatic fl uid collection, value of secretin. MRCP image in the same patient as in (a) reveals an increase in the size of 
the fl uid collection (arrow) indicating direct communication with the main pancreatic duct. Note the upstream dilatation 
of the duct proximal to the disrupted and strictured main pancreatic duct (arrowhead). (Case courtesy of M. Fatih Akisik, 
MD, Indianapolis, Indiana)

a

c
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slices are created. Following a slow administration 
of intravenous secretin at a dose of 1 ml/10-kg thick 
slab images are obtained at 1-min intervals over a 
10-min period of observation. 

S-MRCP is most useful in patients in whom there 
are pancreatic lacerations of >50% of the width of 
the gland in which duct disruption is suspected, but 
cannot be confi rmed (Fig. 6.6).

6.3.3 

Other Imaging Tests

ERCP had been used extensively in the evaluation of 
pancreatic duct integrity in patients having sustained 
blunt pancreatic trauma directly related to the fact 
that the major morbidity is directly associated with 
duct transection (Bradley et al. 1998; Phelan and 
Minei 2005). ERCP can show duct disruption in 75% 
of patients. Downstream obstruction of the pancre-
atic duct may prevent contrast medium from reach-
ing the level of the disruption of the duct (Gillams 
et al. 2006). Most current reviews of diagnostic and 
management options in pancreatic trauma advocate 
S-MRCP, if available, to evaluate the integrity of the 
pancreatic duct. ERCP is reserved for patients who 
might benefi t from pancreatic duct stenting (Wolf 
et al. 2005; Canlas and Branch 2007). 

The focused abdominal sonogram for trauma 
(FAST) has gained utility among emergency physi-
cians. While a useful technique for rapid detection of 
abdominal fl uid collections, the FAST study is poor 
for localization of the source of injury (Shuster et 
al. 2004). In a study of 772 blunt trauma victims, 29% 
of abdominal injuries were missed by using FAST as 
the sole diagnostic technique (Chiu et al. 1997).

6.4 

Clinical Follow-Up

Between 70%–85% of pancreatic injuries are OIS grade 
I–II and are conservatively managed; conversely, de-
layed treatment of severe pancreatic injury leads to 
a signifi cantly increased morbidity (Cirillo and 
Koniaris 2002; Subramanian et al. 2007; Duchesne 
et al. 2008). Furthermore, it should be remembered 
that clinical manifestations of pancreatic injury may 
not appear early after the trauma, and that these fi nd-
ings may be diffi cult to detect on initial studies per-

formed at the time of admission. Follow-up scanning 
several days later may fi nally reveal the presence of a 
pancreatic injury (Brestas et al. 2006).

Long-term complications of pancreatic trauma 
include: pancreatic fi stula (23%), traumatic pancre-
atitis with or without abscess (6%–15%), pseudocyst 
formation (5%) (Figs. 6.4, 6.5), and development of 
duct stricture (Bradley et al. 1998). These are simi-
lar to complications seen in acute pancreatitis pa-
tients and are managed in a similar fashion.

6.5 

Accuracy of Imaging Studies in Pancreatic 

Trauma

There has been a demonstrable improvement in the 
ability to detect pancreatic injury on imaging studies. 
The improvement is directly related to improvements 
in MDCT technology and in the ability to obtain rapid 
heavily T2-weighted MRCP images. A retrospective 
review of 16,188 trauma patients seen over a 10-year 
period and published in 1997 identifi ed 72 patients 
with pancreatic injury, 17 of whom underwent initial 
CT. In that group, nine had a normal pancreas on the 
initial imaging study; all were proven to have pan-
creatic injuries at surgery, three of which were OIS. 
grade III lesions requiring distal pancreatectomy. In 
another patient, the CT underestimated the extent of 
the injury (Akhrass et al. 1996).

These results can be compared with a more recent 
review of 33 patients with pancreatic injuries who un-
derwent CT scanning and subsequent laparotomy. In 
this group, CT was 91% specifi c for identifi cation of 
pancreatic ductal injury (Teh et al. 2007). Finally, in 
a review of 35 of 120 hemodynamically stable adults 
who sustained low grade blunt pancreatic trauma and 
who underwent CT scanning, non-operative man-
agement was successful in the majority. Direct duct 
imaging with ERCP or MRCP was recommended to 
improve the analysis of the most appropriate thera-
peutic strategy (Duchesne et al. 2008). 
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Chronic pancreatitis is an infl ammation of the exo-
crine pancreas, characterized by progressive and ir-
reversible destruction of the whole organ, resulting 
in exocrine (maldigestion, steatorrhoea) and endo-
crine (diabetes) insuffi ciency.

Until a few years ago, chronic pancreatitis was 
considered as one individual disease; multiple hy-
potheses were offered as to the physiopathological 
mechanism without indentifi cation of a common 
factor.

In the 1980s and 1990s, aided by improvements 
in imaging techniques and genetic research, many 
forms of the disease have been identifi ed that may be 
differentiated by their epidemiological, clinical and 
biochemical characteristics that therefore require 
different therapeutic approaches (medical, endo-
scopic and surgical). The unifying term “infl amma-
tory pancreatic diseases” (Cavallini and Frulloni 
2001) has been proposed for this reason.

7.1 

The Role of Alcohol in Chronic Pancreatitis: 

Old and New Concepts

In Western industrialized countries, heavy alcohol 
consumption has been considered the main aetio-
logical factor of chronic pancreatitis, on the basis of 
the epidemiological evidence that long-term alcohol 
abuse (more than 80 g of alcohol/day for more than 
5 years) is reported in 70%–80% of patients (Dite et 
al. 2001;  Dufour and Adamson 2003; Lankisch et 
al. 2002; Lin et al. 2001; Vaona et al. 1997).

On the basis of studies published since the begin-
ning of the 1980s, the French school hypothesised 
that the underlyingpathophysiologic derangement 
causing CP was the precipitation of insoluble pro-
teinic fi brillar material inside the pancreatic ducts, 
particularly lithostathine (LS-S) (Sarles et al. 
1989a). On this proteinic matrix (protein-plug) Ca++ 

crystals were then deposited, the formation of which 
would be accentuated by insuffi cient production of 
LS-S. Decreased LS-S can be either genetically de-
termined or secondary to exogenous toxic factors 
(alcohol, tobacco, diet, etc.). The protein (calcifi ed) 
plugs would cause traumatic changes at the walls of 
the small ducts inducing peri-ductal infl ammation 
and leading to stenosis of the duct and local increase 
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in fi brosis within the adjacent pancreatic paren-
chyma. The upstream fl ow of pancreatic juice of the 
obstruction would be progressively impeded, with 
stasis of the exocrine secretion creating still further 
formation of the plugs and progressive secondary 
atrophy of the acinar structures.

In this context, alcohol accelerates LS-S degrada-
tion and decreases the solubility of Ca++. This could 
occur through a variety of alcohol induced mecha-
nisms, such as the increase in the concentration of 
proteolithic enzymes in the pancreatic juice (Sar-

les et al. 1971), the decrease of enzymatic inhibi-
tors like the Pancreatic Secretory Trypsin Inhibitor 
(PSTI) (Rinderknecht et al. 1985) and a decrease 
in the pancreatic juice pH due to a decrease in the 
secretion of bicarbonates (Hajnal et al. 1990), or by 
means of direct poisoning by alcohol or its metabo-
lites, especially acetaldehyde, of the pancreatic aci-
nar cells with secondary reduction of lithostathine 
production (Pitchumoni 1988). On the basis of this 
hypothesis, the Marseilles-Rome 1984–1988 ( Sarles 
et al. 1989b) classifi cation was proposed.

There is a great deal of confl icting experimental 
evidence questioning the primary role of LS-S with 
the exception of an initial study by Sarles et al. 
(1971) ( Pitchumoni 2001;  Schneider et al. 2002; 

Lerch et al. 2003). For example, low levels of LS-S 
in patientswho abuse alcohol without CP are in-
distinguishable from low levels of LS-S seen in CP 
patients. Lastly, the levels of mRNA, the codifi er of 
LS-S in patients with obstructive pancreatitis, were 
the same as those for patients with the calcifi ed form 
of the disease  (Cavallini et al. 1998).

The role of alcohol in chronic pancreatitis has 
been reconsidered from an aetiological point of 
view, but it still plays an important role in the patho-
genesis of the disease. In cultured pancreatic rat 
acinar cells it has been demonstrated that ethanol 
metabolism follows two paths (Haber et al. 1998): 
(1) an oxidative path, involving alcohol dehydroge-
nase (ADH) type III (non saturable form of ADH) 
producing acetaldehyde and acetate, (2) a non oxi-
dative path, involving fatty acid ethyl esters (FAEE) 
synthase and producing FAEE, in particular ethyl 
palmitate. FAEEs activity is 3- to 10-fold higher than 
in the liver.

Acetaldehyde has been shown to cause morpho-
logic damage in the pancreas (Wilson et al. 1992; 
Altomare et al. 1996; Korsten et al. 1994). It has 
been reported to inhibit stimulated secretion from 
isolated pancreatic acini, probably secondary to the 
binding of secretagogues to their receptors or to mi-

crotubular dysfunction affecting exocytosis. Dur-
ing oxidation from ethanol to acetaldehyde and ac-
etate, large quantities of hydrogen ions are released 
and the intracellular oxidation/reduction state is 
altered, leading to metabolic alteration that may 
contribute to acinar injury. Long-term exposure 
to ethanol may lead to oxidative stress in human 
chronic pancreatitis.

FAEE have been shown to induce pancreatic in-
jury (Korsten et al. 1994; Haber et al. 1993, 1994). 
The mechanism of damage may involve the destabi-
lization of intra-cellular membranes (in particular 
of lysosomal and mitochondrial), or free fatty acids 
released by FAEE hydrolysis, or lastly cholesteryl 
ester synthesis and accumulation after long-term 
ethanol administration.

Another potential mechanism of alcohol mediat-
ed pancreatic cellular damage could involve the ac-
tivation of pancreatic stellate cells (PSC); either ac-
tivated directly by ethanol (Apte and Wilson 2003; 

Apte et al. 2000), or indirectly by acetaldehyde/
acetate (Apte et al. 2000), oxidative stress products 
(Gutierrez-Ruiz et al. 2002) or by pro-infl amma-
tory cytokines released after ethanol-induced pan-
creatic infl ammation (Haber et al. 1999; Apte et al. 
1999).

Activated stellate cells produce extra-cellular ma-
trix (ECM) and therefore contribute to progressive 
loss of glandular tissue and replacement with intral-
obular and perilobular pancreatic fi brosis.

In brief, ethanol may produce pancreatic damage 
by altering cellular membranes, causing metabolic 
alterations in acinar cells and producing oxidative 
stress molecules or accelerating the progression of 
pancreatic fi brosis by activating and stimulating 
PSC to directly or indirectly produce ECM.

7.2 

A Common Pathogenetic Mechanism: 

Ductal Obstruction

Chronic pancreatitis-like lesions may be reproduced 
experimentally only with incomplete obstruction 
of the main pancreatic duct. The partial obstruc-
tion of the pancreatic duct in experimental chronic 
pancreatitis results in lesions of the pancreatic pa-
renchyma that are very similar to those observed 
in human chronic pancreatitis (Letko et al. 1989; 

Tanaka et al. 1988; Pap and boros 1989). Chronic 
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alcoholic intake aggravates pancreatic lesions, ac-
celerates their onset and makes them irreversible 
(Pap and boros 1989).

Experimental studies have also shown that: (1) the 
longer the obstruction is in place, the more serious 
the pancreatic lesions are, (2) ductal obstruction 
causes the formation of pancreatic calculi in animal 
models (Konishi et al. 1981), (3) complete obstruc-
tion results in atrophy of pancreatic parenchyma, 
(4) the restoration of the pancreatic outfl ow prevents 
the formation of new calculi and slows further pa-
renchymal damage (Runzi et al. 1993;  Karanjia et 
al. 1994).

We may therefore assume that most aetiological 
factors act to produce some form of obstruction of 
the pancreatic duct system. The stasis of the pan-
creatic juice facilitates the precipitation of calcium 
crystals in the lumen duct, inducing calcifi cations 
that aggravate the obstruction. The acinar compo-
nent undergoes severe ultra-structural changes that 
reduce the enzyme production and stimulate an 
infl ammatory process and fi brosis involving all the 
glands above the stricture.

In the presence of lithogenetic factors, such as 
alcohol abuse and cigarette smoking (Sarles and 

Berger 1989; Cavallini et al. 1994), the process 
may be accelerated, with the early onset of calcifi ca-
tions and of exocrine and endocrine insuffi ciency. 
Regardless of the cause (aetiology) of the ductal ob-
struction, the consequences are always the same, i.e. 
infl ammation, fi brosis and loss of pancreatic exo-
crine and endocrine tissue. 

The most recent concept in the pathogenesis of 
chronic pancreatitis is that acute pancreatitis may 
recur over multiple episodes becoming chronic 
(Kloppel and Maillet 1992; Ammann et al. 1996). 
This was demonstrated in hereditary pancreatitis 
and in pancreatitis associated with mutations of the 
CFTR gene (Frullini et al. 2003) and PRSS1 gene 
(Whitcomb 2001), but some authors have hypoth-
esised this as a common factor seen in all patients 
suffering from chronic pancreatitis ( Kloppel and 
Maillet 1992). The main consequence of this hy-
pothesis is not to use the terms acute recurrent and 
chronic pancreatitis, but to introduce the more gen-
eral term “pancreatitis” for patients suffering from 
recurrent episodes of pancreatitis.

We can conclude that: (1) chronic pancreatitis is 
the advanced stage of an infl ammatory process of 
the pancreas; (2) in an early stage of the disease we 
are more likely to identify the cause (aetiology) of 
the pancreatitis, whereas this is more diffi cult in a 

more advanced stage; (3) removing the cause of the 
disease in an early stage may lead to complete recov-
ery of pancreatic function, whereas alterations are 
irreversible in an advanced stage.

7.3 

The Causes of Ductal Obstruction: 

“Infl ammatory Pancreatic Diseases”

There are many etiologies that lead to partial ob-
struction of the pancreatic ductal system with re-
sultant episodic acute pancreatitis that, over time, 
progresses into CP.

The common causes of pancreatic ductal obstruc-
tion in humans are listed in Table 7.1.

Stenosis of the papilla of Vater, probably second-
ary to biliary lithiasis, as hypothesised at the begin-
ning of the 20th century by Opie, is the most com-
mon cause of pancreatitis based on our experience 
in Verona.

Table 7.1. Causes of pancreatic ductal obstruction

Sphincter of Oddi dysfunction
�  Primary
�  Secondary to acute or chronic biliary stone disease

Cystic dystrophy of the duodenal wall (groove pancreatitis)

Autoimmune (lymphoplasmacytic) Pancreatitis

Pancreatic tumors
�  Adenocarcinoma
�  Serous cystadenoma
�  Intraductal papillary mucinous tumor
�  Neuroendocrine
�  Others

Pancreatic anomalies
�  Pancreas divisum
�  Annular pancreas

Genetic mutations
�  CFTR
�  SPINK1
�  PRSS1
�  K8
�  Unknown

Necrotizing or relapsing acute pancreatitis
�  Pseudocysts
�  Parenchymal scarring
�  Parenchymal necrosis
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Other possible causes are biliary or pancreatic 
tumours, pancreatic anomalies, particularly pan-
creas divisum, stenosis of the main pancreatic 
duct secondary to severe (necrotizing) or relaps-
ing acute pancreatitis. Several genetic mutations 
have been described in patients suffering from 
chronic pancreatitis, particularly mutations of 
the CFTR gene (cystic fibrosis gene), as well as 
mutations of the gene PRSS1 (cationic trypsino-
gen gene), the SPINK1 gene (pancreatic secretory 
trypsin inhibitor – PSTI – gene) and the K8 gene 
(keratin 8 gene).

7.3.1 

Pancreatitis Associated with Sphincter of 

Oddi Dysfunctions and Biliary Lithiasis

The abnormalities of sphincter of Oddi contractility 
(sphincter of Oddi dysfunction – SOD) may be re-
lated to the biliary and/or pancreatic portions of the 
sphincter. Two types of pancreatic SOD have been 
hypothesised (Corazziari et al. 1999): (1) stenosis 
is a chronic infl ammatory process, probably second-
ary to biliary lithiasis or microlithiasis, that produc-
es fi brosis and narrows part or all of the sphincter 
(Corazziari et al. 1999); (2) dyskinesia is a func-
tional alteration of the physiological motility of the 
sphincter that determines some delay in the passage 
of the pancreatic juice in duodenum  (Hogan and 

Geenen 1988).
Preliminary data from 107 patients admitted with 

diagnosed recurring acute pancreatitis (defi ned as 
at least two episodes of pancreatitis before hospitali-
sation) and with an 8-year average follow-up, seen 
at our institution, shows that biliary lithiasis is the 
etiology in about 60% of cases. Despite therapeutic 
procedures (endoscopic sphincterotomy or stenting, 
medical therapy with bile acids), 25% of these pa-
tients developed chronic pancreatitis. The evolution 
toward chronic pancreatitis seems to be associated 
with a clinically severe pancreatitis at the fi rst epi-
sode (pancreatic necrosis) and with the presence of 
genetic mutation.

From the preliminary data of the PanCroInf-AISP 
study, under the sponsorship of the Italian Asso-
ciation for the Study of the Pancreas (Associazione 
Italiana per lo Studio del Pancreas – AISP), which 
involves 22 Italian centres, on 500 patients suffering 
from chronic pancreatitis, it appears that stenosis of 
the sphincter of Oddi can account for approximately 
40% of the causes of chronic pancreatitis.

7.3.2 

Pancreatitis Associated with Cystic Dystrophy 

of the Duodenal Wall – Groove Pancreatitis

Cystic dystrophy of the duodenal wall (Potet 
and Duclert 1970; Flejou et al. 1993; Procacci 

et al. 1997; Rubay et al. 1999; Glaser et al. 2002), 
also called groove pancreatitis (Stolte et al. 1982; 
 Becker and Mischke 1991; Fujita et al. 1997; 

Shudo et al. 2002; Hwang et al. 2003), is a particular 
kind of chronic pancreatitis that originates along the 
border of the entire length of the pancreas between 
the duodenum, the pancreas and the CBD, charater-
ized by the presence of infl ammation or cysts.

There are two hypotheses that have been put for-
ward to explain this unique infl ammatory process. 
The fi rst hypothesis (Stolte et al. 1982), supported 
by pathologists, maintains that the presence of ecto-
pic pancreatic tissue inside the duodenal wall com-
bined with the presence of an abnormal opening of 
the Santorini duct into the duodenum through the 
minor papilla alters the drainage of pancreatic se-
cretion coming from the dorso-cranial pancreas, 
which would then result in a change in the direction 
of pancreatic fl ow from the minor Santorini duct 
towards the main duct of Wirsung. This non-phys-
iologic fl ow, when associated with altered visocity 
of the pancreatic juice secondary to alcohol abuse, 
would be responsible for a functional and regional 
ductal obstruction producing localized CP.

The second hypothesis (Adda et al. 1984) states 
that the damage may be secondary to an incomplete 
embryologic rotation of the ventral pancreatic buds. 
This results in heterotopic pancreatic tissue within 
the duodenal wall without an effi cient ductal drain-
age system. As the pancreatic secretion becomes 
altered by alcohol or other exogenous challenges, 
the situation of a functional obstruction to the fl ow 
of pancreatic juice results in CP. This hypothesis, 
would explain why, in some cases, the infl ammato-
ry/dystrophy cystic mass within the duodenal wall 
presents on the external face of the duodenum away 
from the groove.

The anatomic abnormality would initially be re-
gional with the presence of cysts and pancreatitis 
only at the pancreatic head, in the groove. At a later 
stage, the increasing volume of infl ammatory tissue 
and/or cysts would compress the Wirsung’s duct, 
resulting in a stenosis and obstructive pancreatitis 
upstream. The process can also involve the main 
CBD (causing jaundice) and the duodenum (causing 
upper intestinal obstruction).
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7.3.3 

Autoimmune Pancreatitis

The possibility of an autoimmune etiology in the 
pathogenesis of chronic pancreatitis has been 
considered since the 1950s, but has never been 
demonstrated. 

Experimentally, the instillation of tri-nitro-ben-
zene sulfonic acid (TNBS) into the pancreatic duct 
of rats induced anatomic and histologic pancreatic 
changes similar to those observed in human chronic 
pancreatitis (Puig-Divi et al. 1996). TNBS acts as 
a hapten, alters the membranes of the epithelium 
and changes the antigenic profi le of the pancreatic 
ducts. The new formatted antigen stimulates an im-
mune T cell-mediated response, with mono- and 
polymorphonuclear cell infi ltration in the pancreas 
in the fi rst three weeks and subsequent fi brosis in 
more advanced stages (6 weeks) with progressive 
acinar atrophy. The authors used alcohol as a “bar-
rier breaker” to facilitate the action of TNBS. Later, 
the same authors demonstrated that ethanol feeding 
aggravates the pancreatic injury in TNBS induced 
pancreatitis (Puig-Divi et al. 1999). The fact that 
the same substance can produce alterations in the 
biliary tree (Orth et al. 2000), the colon  (Morris et 
al. 1989; Yamada et al. 1993) as well as the pancreas 
(Puig-Divi et al. 1996, 1999) may indicate a possible 
relationship between the immune-mediated diseas-
es of these organs.

The biochemical fi nding that raises the possi-
bility of an immune-mediated mechanism in the 
pathogenesis of chronic pancreatitis is the presence 
of antibodies against carbonic anhydrase type I and 
II (CA I and CA II) in patients suffering from chronic 
pancreatitis (Kino-Ohsaki et al. 1996; Frulloni et 
al. 2000). Carbonic anhydrases are a family of zinc 
metal enzymes that catalyze the reversible hydra-
tion of carbon dioxide to bicarbonate and hydro-
gen ions. The enzymes are largely distributed in 
the gastrointestinal tract, in particular in the sali-
vary glands, stomach, duodenum, colon and biliary 
tract ( Lonnerholm et al. 1985). CA II antigens are 
characteristically present in the pancreatic ductal 
epithelium (Lonnerholm et al. 1985; Parkkila 
et al. 1994), and therefore the presence of antibod-
ies against this isoenzyme may provide evidence of 
an immune reaction to a pancreatic target antigen. 
Non-specifi c auto-antibodies, such as antinuclear 
antibodies, were found to be present in some patients 
suffering from chronic pancreatitis  (Frulloni et al. 
2000). Recently, serum IgG4 has been proposed as 

a marker of autoimmune pancreatitis. However in 
our experience serum IgG4 may be elevated in all 
pancreatic diseases.

Clinically, the association between chronic pan-
creatitis and assumed autoimmune diseases of the 
gastrointestinal tract has been widely reported in 
the literature (Cavallini and Frulloni 2001).

Pathological fi ndings in patients with autoim-
mune pancreatitis seem to show a typical pattern 
 (Cavallini and Frulloni 2001; Okazaki and Chi-

ba 2002;  Saito et al. 2002; Kamisawa et al. 2003; 

Pearson et al. 2003; Taniguchi et al. 2000). There 
is a rich infl ammatory cellular infi ltration, localised 
mainly around the pancreatic ducts, but also involv-
ing the other pancreatic structures (acini, vessels, 
nerves). Lymphocytes and granulocytes are present 
around the affected ducts, with rupture of the ductal 
basal membrane and, in some cases, complete duc-
tal destruction (Pearson et al. 2003; Taniguchi 

et al. 2000; Bovo et al. 1987; Bedossa et al. 1990). 
Cytological material, obtained by fi ne needle aspira-
tion biopsy (FNAB), may show the presence of large 
numbers of lymphocytes, plasma cells and granulo-
cytes. An increased expression of the major antigen 
of histocompatibility type II (HLA-DR) may be ob-
served in the epithelial cells of the pancreatic ducts 
that normally do not express this antigen (Bovo et 
al. 1987; Bedossa et al. 1990; Jalleh et al.1993).

7.3.4 

Pancreatitis Associated with Gene Mutations

The discovery of a genetic mutation of cationic 
trypsinogen gene (PRSS1) in 1996 (Whitcomb et al. 
1996) opened the chapter of “pancreatitis associated 
with gene mutations” and, for the fi rst time, clini-
cally demonstrated the relationship between acute 
recurrent and chronic pancreatitis. Mutations of the 
cystic fi brosis (CFTR) gene, the pancreatic secretory 
trypsin inhibitor (SPINK1) gene and the keratin 8 
gene have also been described.

In the duodenum, cationic trypsin plays a central 
role in the digestion of dietary proteins and in ac-
tivating all the others pancreatic pro-enzymes (see 
Chap. 1). To date, 20 genetic variants have been iden-
tifi ed in the cationic trypsinogen gene (PRSS1) of pa-
tients with hereditary, familial, or sporadic chronic 
pancreatitis (Whitcomb et al. 1996; Creighton 

et al. 2000; Howes et al. 2001; Chen et al. 2001; Le 

Marechal et al. 2001; Simon et al. 2002; Pfutzer et 
al. 2002; Teich et al. 2004) and the assumed mecha-
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nisms involve increased activation or decreased 
inactivation of trypsin. Therefore, the inappropri-
ate (intra-pancreatic) activation of trypsin, geneti-
cally determined, promotes the onset of acute recur-
ring pancreatitis, which later develops into chronic 
pancreatitis.

Pancreatic Secretory Trypsin Inhibitor (PSTI) or 
Serine Protease Inhibitor Kazal type 1 (SPINK1), 
is a peptide that specifi cally inhibits trypsin from 
blocking its active site. SPINK1 is synthesized in the 
acinar cells and co-localized with trypsinogen into 
zymogen granules. It represents a defensive mecha-
nism inside the pancreas because it prevents the pre-
mature and inappropriate activation of the trypsin 
in acinar cells, the interstitial space and the ductal 
system. Mutations of the gene coding for SPINK1 
result in an intra-pancreatic activation of trypsin 
that, similarly to PRSS1 mutations, initially lead to 
acute pancreatitis and later to CP (Witt et al. 2000; 

Kaneko et al. 2001;  Bhatia et al. 2002; Chandak 

et al. 2002; Drenth et al.2002;  Threadgold et al. 
2002; Le Marechal et al.2004).

Severe mutations in both alleles of the cystic 
fi brosis transmembrane conductance regulator 
(CFTR) gene result in the onset of clinical features 
of cystic fi brosis (Cavallini et al. 1994; Cohn et al. 
1998; Sharer et al. 1998; Castellani et al. 1999; 

Arduino et al. 1999; Gomez et al. 2000; Ockenga 

et al. 2000;  Monaghan et al. 2000; Malats et al. 
2001;  Bhatia et al. 2000; Castellani et al. 2001; 

Truninger et al. 2001; Gomez Lira et al. 2001; 

 Kostuch et al. 2002; Gaia et al. 2002; Lee et al. 
2003; Pezzilli et al. 2003;  Reboul et al. 2003). The 
frequency of CFTR gene mutations are signifi cantly 
higher in patients suffering from acute recurrent 
pancreatitis than in the general population. The 
recurrent episodes of pancreatitis lead to dilation 
of the main pancreatic duct and later, to the onset 
of pancreatic calcifi cations (Cavallini et al. 1994). 
The pathogenesis of pancreatitis in patients with 
cystic fi brosis may be secondary to the alteration 
in the composition of the pancreatic juice, with low 
levels of water and chloride accompanied by mark-
edly increased water and sodium from the lumen 
of the pancreatic ducts. The resulting hyperconcen-
tration of pancreatic juice faciliates the precipita-
tion of proteins (protein plugs) causing intraductal 
obstruction. An alternative hypothesis involves the 
impairment of intraductal pH, with modifi cations 
in the transport of zymogen granules in the acinar 
cells and intracellular activation of proteolytic en-
zymes (Freedman et al. 2001).

Finally, a single mutation of the keratin 8 (K8) 
gene, resulting in the replacement of glycine with 
cysteine at amino acid position 61 (G61C), was 
found to be associated with chronic pancreatitis 
( Cavestro et al. 2003). Pancreatic epithelial cells 
express cytoplasmatic K8/K18 exclusively. Epithelial 
keratins may play a relevant role in the regulation 
of exocrine pancreas homeostasis and disruption of 
the mechanisms that normally regulate keratin ex-
pression; this may cause alteration in the processing 
and/or secretion of zymogen granules.

7.3.5 

Pancreatitis Associated with 

Pancreatic and Peripancreatic Anomalies

Pancreas divisum is thought to arise from a failure 
of the dorsal and ventral ducts of the fetal pancreas 
to fuse during the second month of development. 
The duct of Wirsung drains the ventral pancreas 
and uncinate process through the major papilla, 
whereas the duct of Santorini drains the dorsal pan-
creas through the minor papilla. This leads to two 
separate pancreatic drainage systems.

The role of pancreas divisum as a cause of acute, 
recurrent pancreatitis and chronic pancreatitis 
is controversial (Burtin et al. 1991; Carr-Locke 

1991; Cunningham 1992; Chowdhury et al. 1997; 

Varshney and Johnson 1999). The pathogenesis of 
pancreatitis associated with pancreas divisum may 
be secondary to functional stenosis of the dorsal 
duct. In pancreas divisum, most of the pancreatic 
secretion drains by means of the duct of Santorini 
through the orifi ce of the minor papilla that is in-
adequate to accommodate the volume of juice that 
must drain. It is unclear just how many patients with 
pancreas divisum eventually develop pancreatitis, 
because the onset of pancreatic pain is so variable, 
ranging anywhere from early childhood to persons 
in their 40s. Several investigators have reported 
epidemiological studies showing an increased in-
cidence of pancreas divisum in patients undergo-
ing investigations for unexplained pancreatitis 
( Cunningham 1992;  Bernard et al. 1990; Dhar et 
al. 1996; Lu 1998).

Other anatomic anomalies such as duodenal or 
periampullary diverticula (Shallman and Kolts 

1987; Shemesh et al. 1987; Uomo et al. 1996; Lobo 

et al. 1999; Naranjo-Chavez et al. 2000), santorin-
icele (Eisen et al. 1994; Seibert and Matulis 1995; 

 Costamagna et al. 2000; Peterson and Slivka 
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2001), and choledochal cysts (Swisher et al. 1994; 

Rizzo et al. 1995; Sugiyama et al. 1999; Hiramatsu 

et al. 2001; Zhao et al. 1999) can obstruct the pan-
creatic ductal orifi ce leading to relapsing, episodic 
acute pancreatitis.

Annular pancreas (Paulino-Netto and Paulino 

1963; Ahmed et al. 1982; Chevillotte et al. 1984; 

Gilinsky et al. 1987; Dowsett et al. 1989; Yogi et 
al. 1999) is a rare anomaly in which a band of pan-
creatic tissue either completely or incompletely sur-
rounds the descending portion of the duodenum 
and is in continuity with the head of the pancreas. 
The anomaly is often discovered incidentally and/
or at autopsy. Some patients with this anomaly de-
velop duodenal stenosis, obstructive jaundice, and 
pancreatitis. Most individuals remain asymptom-
atic and the anomaly is only discovered accidentally 
in adulthood. 

7.3.6 

Other Causes

Other causes of pancreatitis secondary to obstruc-
tion of the main pancreatic duct may be the slow-
growing biliary (tumour of the papilla of Vater) and 
pancreatic tumours (endocrine tumours, serous or 
mucinous cystadenoma). The pathogenic mecha-
nism is partial obstruction of the Wirsung duct by 
direct compression of the tumour, causing an ob-
structive pancreatitis upstream of the stenosis.

We may frequently observe a sequela of acute ne-
crotizing pancreatitis (pseudocysts, ductal stenosis, 
parenchymal scars). Pathogenesis may be related to 
direct compression of the pseudocysts on the Wir-
sung duct, ductal fi brosis after ductal infl ammation 
or fi brotic retraction over the duct near the pancre-
atic necrotic tissue.
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The natural history of chronic pancreatitis (CP) is 
characterised by the appearance of clinical symp-
toms of acute pancreatitis, that recur and, later, de-
velop towards the chronic more advanced phase, 
characterised by ductal dilatation, intraductal cal-
cifi cation, and clinical signs of exocrine and endo-
crine insuffi ciency.

Clinical Aspects of Chronic Pancreatitis: 8

Features and Prognosis

Luca Frulloni and Giorgio Cavallini

Pain is characteristically recurrent and relaps-
ing (Ammann 2001;  Ammann and Muellhaupt 

1999; Cavallini et al. 1998). The interval between 
the clinical onset of pancreatitis (1st painful epi-
sode) and diagnosis of chronic pancreatitis is quite 
variable. It appears to be shorter (1–2 years) in pa-
tients who have a high alcohol consumption rate 
(Ammann and  Muellhaupt 1999; Cavallini et al. 
1998; Otsuki 2003) compared to those who do not 
drink. The chronic pancreatitis onset-diagnosis in-
terval is considerably longer in the case of pancrea-
titis associated with genetic mutation (Frulloni et 
al. 2003).

In the advanced stage, generally 5 years after the 
diagnosis of chronic pancreatitis, specifi c signs of 
exocrine function failure (malabsorption and st-
eathorroea) and endocrine function failure (diabe-
tes) begin to appear (Ammann and  Muellhaupt 

1999; Cavallini et al. 1998; Otsuki 2003).
Other specifi c symptoms that can arise in CP 

may be: (1) nausea, vomiting and epigastric pain, 
secondary to duodenal obstruction by compression 
of the pancreatic head, (2) jaundice and cholestasis 
due to stenosis of the intra-pancreatic choledoch, 
(3) signs/symptoms secondary to portal hyperten-
sion, (4) signs/symptoms secondary to the forma-
tion of pseudocysts.

8.1 

The Diff erent Clinical Aspects of 

“Infl ammatory Pancreatic Diseases”

Classifi cation of chronic pancreatitis has always 
been a diffi cult problem. Many classifi cation sys-
tems have been used, all based on the assumption 
of being able to trace all pancreatic pathologies 
back to one single pathogenetic mechanism (Steer 
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et al. 1995). The most widely used classifi cation 
was the Marseilles Classifi cation of 1963 (Sarles 
1965), which was then reviewed in 1984 (Singer 

and  Sarles 1985) and again in 1988 (Sarles et 
al. 1989). The clinical course of the disease was 
therefore always described by considering the pa-
tient as a whole (Cavallini et al. 1998; Dite et 
al. 2001; Dani et al. 1990; Dufour and Adamson 
2003). Currently, we recognize different forms of 
CP, each displaying somewhat unique clinical, ra-
diological, biochemical and anatomo-pathological 
characteristics that also demand different thera-
peutic approaches (medical, endoscopic, surgical). 
One concept that deserves highlighting is that 
directly addressing the etiology, where possible, 
slows down the development of CP.

The clinical characteristics of the different pan-
creatic pathologies observed at our institution in 
Verona, Italy, are listed below (Table 8.1).

8.1.1 

Pancreatitis Associated with Sphincter of 

Oddi Dysfunctions (Sod) and Biliary Lithiasis

Stenosis of the sphincter of Oddi (that may occur 
from a variety of causes) is the most common cause 
(40% of cases) of CP.

Stenosis of the sphincter of Oddi produces ob-
struction of the main pancreatic duct. The main 
pancreatic duct slowly dilates, generally in a uni-

form manner. As the disease progresses, secondary 
side branches become distended as well. The forma-
tion of intraductal calculi occurs in 36% of patients, 
although this is a lower frequency than in patients 
with CP from alcoholism ( Cavallini et al. 1996, 
1998; Talamini et al. 1996a; Cavallini et al. 1994; 

Lin et al. 2000; Talamini et al. 1996b;  Talamini et 
al. 2000; Lin et al. 2001).

The clinical course of these patients is charac-
terised by recurrent episodes of pancreatic-type ab-
dominal pain, associated with elevated serum pan-
creatic enzymes (e.g. lipase and amylase). Biliary 
(micro) lithiasis is diagnosed in a large percentage of 
patients at the onset of pancreatitis, but a signifi cant 
number of cases is not diagnosed until some years 
later. In these patients, endoscopic sphincterotomy 
therapy is effective as a method of improving the 
fl ow of pancreatic juice across the sphincter into the 
duodenal lumen (Rosch et al. 2002; Farnbacher et 
al. 2002; Binmoeller et al. 1995; Smits et al. 1996). 
The earlier this intervention can be performed, the 
more effective the result. Intraductal stones can 
also be removed endoscopically, effectively aided by 
preprocedural lithotripsy (Farnbacher et al. 2002; 

Brand et al. 2000).
Further relief from symptoms related to sphinc-

ter of Oddi stenosis may be obtained by endoscopi-
cally placed stents from the duodenal lumen into the 
main pancraetic duct. Appropriate patient selection 
is important to assure the procedure will be used on 
those who will benefi t (Talamini et al. 2000; Lin 

Table 8.1. Epidemiological and clinical characteristics in CP patients treated in Verona

Type of Pancreatitis Estimated 
prevalence

Sex (M:F) Alcohol and 
smoking

Age (onset) Evolution into CP 
(Time)

Calcifi cations

SOD (stenosis) 30%–40% 1:1 Uncommon 30–40 5–10 years Up to 40%

CDDW 20%–30% All males All drinkers 
and smokers

30–40 Few years 80%–100%

AIP 5%–10% 0.8:1 Rare Variable Unknown Rare

SG-PBT Less than 5% 1:1 Uncommon Old Depend on entity of 
stricture

Rare

Pancreas divisum 5–10% 0,7:1 Uncommon 20–40 Unknown Variable

Gene mutations 5%–10% 1,25:1 Rare 10–20 3–5 years 80%–100%

Sequelae of
necrotizing
pancreatitis

Less than 5% 1:1 Uncommon 40–60 Depend on entity of 
stricture

30%

SOD = sphincter of Oddi dysphunction; CDDW = cystic dystrophy of the duodenal wall; AIP = autoimmune pancreatitis
SG-PBT = slow-growing pancreato-biliary tumours; M = males; F = females
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et al. 2001;  Binmoeller et al. 1995; Ponchon et al. 
1995;  Cremer et al. 1991).

8.1.2 

Pancreatitis Associated with Cystic Dystrophy 

of the Duodenal Wall (or Groove Pancreatitis)

CP associated with cystic dystrophy of the duodenal 
wall (Potet and Duclert 1970; Flejou et al. 1993; 

Procacci et al. 1997), also termed “groove pancrea-
titis” (Stolte et al. 1982; Balachandar et al. 1999; 

Mohl et al. 2001) or  “infl ammatory mass in the 
head of the pancreas” (Ozawa et al. 2000; Beger and 

Buchler 1990; Beger et al. 1990; Muranaka 1990; 

Eddes et al. 1996) is a distinct clinical entity.
Patients suffering from this particular form of PC 

are men, aged 30 to 50 years at presentation, heavy 
drinkers and heavy smokers. Clinically, symptoms 
of a duodenal obstruction (nausea, vomiting, epi-
gastric pain) or pancreatitis can appear, as well as 
jaundice, due to compression of the infl ammatory 
mass on the choledochus (CBD). Such symptoms, 
which are particularly severe in these patients, raise 
a differential diagnosis of focal pathologies of the 
head of the pancreas, especially tumours of the pan-
creatic head or of distal CBD and autoimmune pan-
creatitis.

Cystic dystrophy of the duodenal wall, especially 
the cystic form, may fully respond to therapy with 
octreotide or lanreotide (Rubay et al. 1999; De 

P arades et al. 1996; Basili et al. 2001); in patients 
with this form of pancreatitis in an early stage (with-
out involvement of the body-tail of the pancreas) the 
radical surgery (duodeno-cephalo-pancreasectomy) 
may cure the disease defi nitively.

8.1.3 

Autoimmune Pancreatitis

Patients suffering from autoimmune pancreatitis 
(AIP) display symptoms that are not dissimilar 
to CP from other causes. However, many of them 
will also having co-existing autoimmune diseases 
(Crohn’s disease, ulcerative colitis, primary scleros-
ing cholangitis, primary biliary cirrhosis, Sjögren’s 
syndrome); others will manifest systemic associated 
autoimmune diseases, (systemic lupus erythemato-
sis, Reiter syndrome, retroperitoneal fi brosis), seen 
in about 50% of patients. These co-morbid condi-
tions may be sub-clinical and should therefore be 

investigated during the work-up of AIP. In the ma-
jority of these patients there are none of the typical 
pancreatitis risk factors such as alcohol or tobacco 
abuse. As in other autoimmune diseases, there is a 
slight preponderance in females.

Clinically, the disease can present as an episode 
of acute pancreatitis or, more frequently, as a sus-
pected pancreatic tumour (mass-forming pancrea-
titis). In the fi rst case, the predominant symptom is 
pancreatic-type pain similar to that seen in mild-
oedematous acute pancreatitis. In the second, the 
symptoms are non specifi c even presenting as sud-
den painless jaundice, similar to adenocarcinoma 
resulting in pancreatico-duodenectomy.

Steroid therapy is the treatment of choice for 
these patients. A short period (2 weeks) of high dos-
age steroid treatment, to then be slowly tapered, will 
bring the disease into complete clinical remission. 
For this reason the response to steroids is used as 
a diagnostic criterion for establishing the diagnosis 
of AIP.

8.1.4 

Pancreatitis Associated with 

Slow-Growing Pancreatic and Biliary Tumours

Slow-growing pancreatic tumours [serous and mu-
cinous cystoadenomas, endocrine tumours, intra-
ductal mucin-producing tumours (IPMT)] may be 
produce CP.

In patients with these often clinically silent tu-
mours, it is possible that the pancreatic duct ob-
struction, secondary to the presence of mucus inside 
the ducts or extrinsic compression, may produce of 
symptoms of pancreatitis. Misdiagnosing a cystic 
tumor for a retention cyst leads to the non-removal 
of the tumour and allows for potential degeneration. 
In particular, the differential diagnosis between CP 
and intraductal mucin-producing tumour should 
be carefully evaluated. The clinical characteristics 
of intraductal mucin-producing tumours and CP are 
quite different (Table 8.2). 

Ductal adenocarcinomas are also associated 
with a peritumoral pancreatitis, probably second-
ary to obstruction of the pancreatic ductal system, 
but in these cases the predominant symptoms are 
obviously those related to tumour. Nevertheless, 
especially in patients who respond to chemo- and/
or radiotherapy, it is possible that clinical pictures 
secondary to chronic pancreatitis also emerge (dia-
betes, steathorroea).
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8.1.5 

Pancreatitis Associated with 

Pancreatic Anomalies

Some congenital anomalies of the pancreas may be 
associated with pancreatitis. Pancreas divisum is 
characterised by anatomical alterations of the pan-
creatic ducts that results in the majority of pan-
creatic juice being forced to drain from the duct of 
Santorini into the duodenum through the minor pa-
pilla. Three variants have been described (Kleitsch 

1955; Stern 1986): (1) type I, or classical divisum, 
in which there is total failure of fusion of the dorsal 
and ventral portions of the main pancreatic duct, (2) 
type II, in which dorsal drainage is dominant in the 
absence of the main pancreatic duct, (3) type III, or 
incomplete divisum, where a small communicating 
branch is present. Large autopsy series estimate pan-
creas divisum to be present in 5% of the population 
(Stimec et al. 1996; MacCarty et al. 1975).

Annular pancreas, another pancreatic anomaly, 
arises from two ventral buds that develop slightly 
caudal to the dorsal bud, and then the left bud later 
atrophies but rarely persists to become an annular 
pancreas.

The clinical signifi cance of pancreatic anoma-
lies, particularly the most common, pancreas divis-
um, has been the subject of debate for many years 
 (Delhaye et al. 1985; Cunningham 1992; Burtin 

et al. 1991; Carr-Locke 1991) with opinions varying 
from that of an innocent congenital anomaly to a sig-
nifi cant risk factor for the development of pancreati-
tis. Evidence to support pancreas divisum as a risk 
factor for the development of pancreatic disease de-
rives from the observation that there is an increased 
incidence of the anomaly in subjects with idiopathic 
pancreatitis of 12%–26% (Dhar et al. 1996).

Compared with patients with pancreatitis and 
normal duct anatomy, patients with pancreas di-
visum tend to be younger, more often female, less 
likely to drink alcohol, and more often have a clini-
cal pattern of recurrent acute attacks of pancreatitis 
(Bernard et al. 1990).

We most commonly observe an alteration in 
the drainage of the dorsal duct, but sometimes the 
ventral duct can be involved with the appearance 
of ductal dilatation and/or calcifi cations restricted 
to the Wirsung duct. Obviously, from a therapeutic 
point of view, it is very important to diagnose the 
precise portion of the pancreas involved since the 
endoscopic therapeutic approach (sphincterotomy 
or stent placement) can be aimed at the major (ven-
tral duct) or minor (dorsal duct) papilla.

8.1.6 

Pancreatitis Associated with Gene Mutation

In the last decade, more and more evidence has sug-
gested that some genetic mutations can be associated 
with a higher frequency of pancreatitis. Comfort and 
Steimberg reported a family association of pancrea-
titis, suggesting that a genetic-type alteration should 
be sought  (Comfort and Steimberg 1952).

That a single mutation of the CFTR gene could 
be a risk factor for chronic pancreatitis not associ-
ated with excessive alcohol consumption was re-
ported in 1994 (Aygalenq et al. 1994). Following 
this, numerous studies have appeared in literature 
that confi rm a greater frequency of single mutation 
of the CFTR gene in patients affected by recurrent 
acute pancreatitis and those with idiopathic chronic 
pancreatitis  (Frulloni et al. 2003; Cohn et al. 1998; 

Sharer et al. 1998; Arduino et al. 1999;  Bhatia 

Table 8.2. Comparison of epidemiologic and clinical characteristics in CP vs. IPMT.

Chronic pancreatitis Intraductal mucin-producing tumours

Sex (% males) 80% 50%

Age at onset (years–mean) 40 65

Alcohol Frequent Rare

Cigarettes smoking Frequent Rare

Symptoms at onset Pain Diabetes, pain, steathorroea,
asymptomatic

Calcifi cations Frequent Rare
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et al. 2000; Gomez Lira et al. 2000; Ockenga et 
al. 2000;  Castellani et al. 2001;  Truninger et al. 
2001; Nishimori and Onishi 2001).

The epidemiological and clinical characteristics 
of these patients are quite typical. Males seem to be 
more frequently affected than females, and the onset 
age is 19 years (Frulloni et al. 2003). Progression to 
CP takes about 7 years on average, with increasingly 
numerous episodes of acute pancreatitis 2–3 years 
after the initial clinical presentation. The presence 
of calcifi cations is quite rare (20%), as is exocrine 
and endocrine pancreatic insuffi ciency (diabetes 
and steathorroea) (Frulloni et al. 2003).

In 1996 Withcomb et al. (1996) demonstrated 
the presence of a mutation (R122H) of the gene that 
codes for cationic trypsinogen (PRSS1) in patients 
affected by hereditary pancreatitis, data that was 
later confi rmed by many other studies (Gorry et al. 
1997; Elitsur et al. 1998; Chen et al. 1999;  Ferec 

et al. 1999; Ford and Whitcomb 1999; Nishi-

mori et al. 1999; O’Reilly and Kingsnorth 2000; 

 Applebaum-Shapiro et al. 2001; Howes et al. 2001; 

Le Marechal et al. 2001; Pfutzer et al. 2002; 

Teich et al. 2004). To date, about 20 new mutations 
have been described. 

Genetically, hereditary pancreatitis is character-
ised by recessive-type genetic transmission with high 
penetration, due to the early onset between the age 
of 1 and 20 years and the really numerous reoccur-
rence of attacks and development towards chronic 
pancreatitis. At imaging, a progressive dilatation of 
the Wirsung duct can be observed with the appear-
ance of a great number of intraductal and glandular 
calcifi cations in a very short period of time.

Further genetic mutations that produce CP by af-
fecting trypsin-trypsinogen activation/deactivation 
are well known. These include mutations in the pan-
creatic secretory trypsinogen inhibitor gene (PSTI) 
(Witt et al. 2000; Kaneko et al. 2001; Bhatia et 
al. 2002; Chandak et al. 2002; Drenth et al. 2002; 

Threadgold et al. 2002; Le Marechal et al. 2004) 
and keratin 8 (K8) (Cavestro et al. 2003). We still 
know very little about the clinical picture associated 
with these gene mutations which, as with the hy-
potheses for the single mutation of the CFTR gene, 
are perhaps not enough on their own to induce the 
disease, as they may only be modifi ers. In this way 
they may make people prone to the disease but not 
be the sole cause. Preliminary observations seem to 
confi rm that the natural history of these patients is 
similar to those affected by pancreatitis associated 
to mutations of the CFTR gene.

8.1.7 

Pancreatitis Secondary to Sequelae of 

Acute Necrotizing Pancreatitis

CP may arise, albeit infrequently, in patients recov-
ering from severe necrotizing pancreatitis. In a study 
of 118 patients, we demonstrated the high frequency 
of ductal alterations in greater than 40% of patients 
recovering from necrotizing pancreatitis, compared 
with only  6% of patients affected by oedematous 
pancreatitis who showed these changes (Angelini 
et al. 1993). In those patients with necrotizing pan-
creatitis induced ductal scarring, 10% developed 
CP over a 10-year follow-up period (Angelini et al. 
1993). In all, 30% of these patients with a fi nal di-
agnosis of chronic pancreatitis developed pancreatic 
calcifi cations. ERCP fi ndings in these 10 patients 
showed that chronic pancreatitis was secondary to 
stenosis of the Wirsung duct with upstream dilata-
tion and calcifi cation. More rarely ductal stenosis 
can also be caused by a pseudocyst.

8.2 

Natural History of Chronic Pancreatitis and 

Prognosis

The natural history of CP is characterised by a 
progressive reduction in the painful symptoms 
and a parallel development towards functional 
insuffi ciency of the pancreatic gland (Steer et al. 
1995; Cavallini et al. 1998; Lankisch 2001). The 
appearance of steathorroea occurs when the pro-
duction of lipase by the pancreas falls below 10% 
(Dimagno et al. 1973) and is probably conditioned 
by numerous factors, among which diet, the produc-
tion of co-lipase and biliary acids, duodenal pH, 
the production of extra-pancreatic lipase (lingual, 
gastric) (Layer and Keller 2003). The appearance 
of steathorroea is quite common in the advanced 
stages of the disease (Ammann 1990; Konzen et 
al. 1993;  Nakamura et al. 1995; Steer et al. 1995; 

 Nakamura and Takeuchi 1997; Cavallini et al. 
1998; Nakamura et al. 1999), particularly in pa-
tients that have undergone surgery (White and 

Slavotinek 1979; Morrow et al. 1984; Nogueira 

and Dani 1985; Greenlee et al. 1990; Sakorafas 

et al. 2000; Hwang et al. 2001).
Diabetes develops in about 50% of patients 

15 years after the onset of pancreatitis (Cavallini 
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et al. 1998). The diabetes that appears in patients af-
fected by chronic pancreatitis can be due to a defi cit 
in insulin production as well as increased insulin 
resistance (Cavallini et al. 1993).

A large number of patients (70% at 15 years) 
 (Cavallini et al. 1998) undergoes surgical interven-
tion mainly due to painful symptoms (Cavallini et 
al. 1998; Lankisch 2001; Otsuki 2003). In the greater 
part of these cases the type of intervention is deriva-
tive, even if for some forms of pancreatitis, especially 
the one associated to cystic dystrophy of the duodenal 
wall, the most used surgical intervention is resection 
(duodeno-cephalo-pancreasectomy). Autoimmune 
pancreatitis deserves a separate mention, as steroid 
therapy would be the best choice (Pearson et al. 
2003). Nonetheless, if there is doubt, these patients 
are often submitted to surgical resection. The 5-year 
follow-up of these patients reported the good course 
of the disease up to complete resolution of the symp-
toms and no relapse (Pearson et al. 2003)

Patients affected by pancreatitis secondary to or-
ganic SOD undergo endoscopic therapy (pancreatic 
sphincterotomy) with the reduction/disappearance 
of painful symptoms or, in any case, a slowing down 
of its natural evolution towards the chronic stage. 
In the more advanced phases too, endoscopic treat-
ment allows for the removal of intraductal stones 
that form secondarily to the refl ux obstruction of 
pancreatic secretion, with considerable improve-
ment in the clinical, functional and instrumental 
picture.

From a prognostic point of view, patients affect-
ed by chronic pancreatitis have a mortality rate at 
20 years equal to 25% (Cavallini et al. 1998), slightly 
inferior to that of the general population. The causes 
of death are mainly secondary to alcohol and tobacco 
correlated pathologies, particularly extra-pancreat-
ic tumours (cancer of the lung, mouth, oesophagus 
and the stomach) and cardiovascular pathologies 
(Cavallini et al. 1998). In particular, the frequency 
of pancreatic adenocarcinoma is increased, possi-
bly infl uenced by smoking habits (Lowenfels et al. 
1993, 1999; Cavallini et al. 1998; Lankisch et al. 
2002; Maisonneuve and Lowenfels 2002; Malka 
et al. 2002). This possibility should be suspected due 
to the reappearance of pancreatic pain in a patient 
with a long history of chronic pancreatitis that has 
been clinically silent for many years. The frequency 
of pancreatic adenocarcinoma is directly correlated 
to the duration of the disease (Lowenfels et al. 
1993) and is therefore greater in the genetically cor-
related forms (Lowenfels et al. 1997, 2000).

The prognosis of patients affected by chronic 
pancreatitis therefore seems to be infl uenced by 
their alcohol and tobacco in-take, which also condi-
tions their quality of life.

We are still not able to establish the natural histo-
ry and the prognosis of the different types of chronic 
pancreatitis, even if it seems that some forms of the 
disease, especially the non-alcohol and tobacco cor-
related ones, have a more benign course.
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9.1 

Ultrasonographic Features

Pathological alterations of the pancreatic paren-
chyma secondary to chronic pancreatitis are char-
acterized by non-uniform tissue scarring and focal, 
segmental or diffuse destruction of the parenchyma 
(Singer et al. 1985). These parenchymal alterations 
may be associated with variable degrees of main 
pancreatic duct dilation. Despite detailed knowledge 
of the pathologic changes within the pancreatic pa-
renchyma, there is poor correlation between the 
anatomic alterations and clinical severity (Sarner 
and Cotton 1984a,b).

Ultrasonography (US) is a well established diag-
nostic modality that can identify the morphological 
alterations of the pancreatic gland characteristic of 
chronic pancreatitis. Current technological innova-
tions provide a signifi cant improvement in spatial 
resolution that, together with the use of harmonic 
frequencies and the development of compounding 
techniques, are responsible for the improvement in 
the diagnostic ability and reliability of this tech-
nique (Shapiro et al. 1998).

9.1.1 

Pancreatic Gland Changes

The pancreatic alterations visible by US are second-
ary to alterations in size, morphology and texture 
of the gland.

9.1.1.1 

Size, Shape and Contour

Alterations in the size of the pancreas may be seen 
in fewer than half of the patients affected by chronic 
pancreatitis (Alpern et al. 1985; Bolondi et al. 1987, 
1989), the degree of change being proportional to the 
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length of the disease. The differences between the 
various series on the presence and severity of size 
alterations of the pancreas are a result of the differ-
ences in the stage of the disease and lack of uniform 
criteria defi ning normal gland size (Lecesne et al. 
1999). Early in the disease, the pancreas may appear 
minimally enlarged (Fig. 9.1) (Lecesne et al. 1999). 
This fi nding is non-specifi c; often the increased size 
of the pancreas is interpreted as acute pancreatitis. A 
variety of congenital anomalies may produce asym-
metric gland enlargement. Finally, in lean young 
patients, the pancreatic body-tail may be bigger than 
the head region (Fig. 9.2). Conversely, the fi nding of 
a normal size pancreas does not exclude a diagnosis 
of chronic pancreatitis (Alpern et al. 1985; Lecesne 
et al. 1999). 

Atrophy and focal alterations in size of the pan-
creas are more easily identifi ed alterations (Fig. 9.3). 
However, these alterations of the pancreatic volume, 
even though easily identifi able, are expressions of 
advanced stages of the disease. Focal mass-like en-
largement of portions of the gland in chronic pan-
creatitis may be diffi cult to differentiate from neo-
plasm (Fig. 9.4a). Size evaluation has therefore poor 
diagnostic value in the early stages of the disease and 
is a complementary fi nding in the advanced stages 
(Alpern et al. 1985). In the follow up of chronic pan-
creatitis it is critical to compare serial studies so that 
size changes are more readily appreciated. 

In the advanced stages of the disease the glandu-
lar contours appear irregular, sharp and sometimes 
nodular. Because the pancreas lacks a capsule, it is 
diffi cult to appreciate these morphologic changes, 
particularly in obese patients even in the late stage of 
the disease (Lecesne et al. 1999). Careful inspection 
of the interface of the dorsal border of the pancreas 
with the splenic vein, the region of maximal sensi-
tivity for detection of contour abnormalities result-
ing form chronic pancreatitis, is recommended. The 
poor anatomical demarcation between the pancreas 
and the adjacent retroperitoneal connective tissue 
makes the US evaluation of gross contour abnor-
malities extremely diffi cult. 

Fig. 9.3. Pancreatic atrophy in late stage chronic pancrea-
titis. US shows a uniform dilation of the main pancreatic 
duct (asterisk) with signifi cant reduction of the pancreatic 
parenchyma

Fig. 9.1. Early stage chronic pancreatitis. US examination 
reveals a diffuse, slight increase in size of the pancreatic 
gland

Fig. 9.2. Normal size variation in a female. At US the pancre-
atic body-tail (arrows) is bigger than the head region
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9.1.1.2 

Echogenicity, Parenchymal Texture and 

Calcifi cations

Echogenicity of the parenchyma is increased in 
chronic pancreatitis due to gland atrophy with 
fatty replacement infi ltration (Lankisch and Banks 
1998a,b) and fi brosis ( Husband et al. 1977; Lecesne 
et al. 1999; Remer and Baker 2002). Increased echo-
genicity, however, is not specifi c; it can be found in 
elderly and obese patients. Alteration of glandular 
echotexture, on the other hand, is a more specifi c US 
fi nding in chronic pancreatitis. Pancreatic echotex-
ture is inhomogeneous and coarse with coexisting 
hyperechoic and hypoechoic foci (Fig. 9.5) repre-
senting fi brosis and infl ammation (Lecesne et al. 
1999; Remer and Baker 2002). These fi ndings are 
present in 50%–70% of the cases (Alpern et al. 1985; 
Bolondi et al. 1987). In patients with severe exocrine 
pancreatic insuffi ciency, the changes in echotexture 
may be seen in as many as 80% (Bolondi et al. 1989). 
Apparent normality of the glandular echotexture 
in chronic pancreatitis is reported in the Literature 
in up to 40% of cases, and is expected in the early 
stages of disease (Lees et al. 1979; Foley et al. 1980; 

Grant and Efrusy 1981; Alpern et al. 1985). State-
of-the-art US imaging is more sensitive to the subtle 
alterations of the glandular texture. 

The Japan Pancreas Society (Homma et al. 1997), 
identifi es the presence of pancreatic calcifi cations as 
pathognomonic of chronic pancreatitis. Pancreatic 

calcifi cations are calcium carbonate deposits form-
ing on a protein matrix (plugs) or on interstitial ne-
crotic areas (Ring et al. 1973; Alpern et al. 1985; 

Lankisch and Banks 1998a,b). At US these appear 
as hyperechoic spots with a posterior shadowing. 
Their detection is size dependant (Fig. 9.6), due to 
the presence of artifact from ultrasound beam re-
fraction. The demonstration of pancreatic calcifi ca-
tions may be improved by the use of harmonic im-
aging and high resolution US (Fig. 9.7) ( Balthazar 
1994). Intraductal plugs with minimal or no calcium 
carbonate deposits appear at US as hyperechoic 
spots without posterior shadowing (Fig. 9.8). 

9.1.2 

Pancreatic Duct Changes

Ductal alterations include dilatation, changes in 
contour and abnormal ductal content. US is an ex-
cellent technique to evaluate the abnormal pancre-
atic duct.

9.1.2.1 

Caliber and Contour

Pancreatic duct dilatation is a hallmark of chronic 
pancreatitis. The normal duct should not be more 
than 2 mm in width when fasting (Lawson et al. 
1982; Niederau and Grendell 1985). In the normal 
subject, however, main duct caliber may increase 

Fig. 9.4a,b. Focal enlargement of the pancreatic gland in chronic pancreatitis. a Baseline US demonstrates an enlarged 
pancreatic head (arrowheads) appearing slightly hypoechoic compared to the rest of parenchyma. b  CEUS in the early phase 
shows enhancement (arrowheads) similar to that of the adjacent pancreas

a b
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Fig. 9.8. Chronic pancreatitis. At US examination main pan-
creatic duct is uniformly dilated. Note the poorly shadow-
ing endoluminal defect, presumably a protein plug or caste 
(arrow)

Fig. 9.7. Chronic pancreatitis. High resolution US 
shows a small calcifi cation (arrow) with well seen 
posterior shadowing within the main pancreatic duct 
(asterisk)

Fig. 9.5a,b. Chronic pancreatitis. a The US examination 
shows coarse echotexture of the pancreatic parenchyma 
produced by hyperechoic and hypoechoic foci in the paren-
chyma, better seen in (b) detailed image

a

b

Fig. 9.6. Chronic pancreatitis. US shows increased volume of 
the pancreatic gland with inhomogeneous echotexture ow-
ing to the presence of variable size calcifi cations and ductal 
deposits
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in physiologic conditions such as following meals 
(Brogna et al. 1991). The main pancreatic duct is 
considered as dilated when its caliber is wider than 
3 mm (Remer and Baker 2002). 

In chronic pancreatitis, main pancreatic duct dila-
tion is the most easily identifi ed US fi nding (Fig. 9.3). 
US has a sensitivity between 60%–70% ( Niederau 
and Grendell 1985; Bolondi et al. 1987) for detect-
ing ductal dilatation and a specifi city between 80%–
90% (Niederau and Grendell 1985; Hessel et al. 
1982; Bolondi et al. 1987). The lower sensitivity re-
fl ects the lesser degree of duct dilation in the early 
stages of chronic pancreatitis, where the duct calibre 
may be normal (Lecesne et al. 1999). Chronic pan-
creatitis may also manifest with a marked narrow-
ing of the main pancreatic duct (Fig. 9.9a), as seen 
in autoimmune pancreatitis (Furukawa et al. 1998). 
Because the infl ammation may be segmental, espe-
cially in the initial stages, duct caliber alterations 
may be evident only in some parts of the pancreas. 
Duct contour alterations refl ecting chronic pancrea-
titis are more diffi cult to identify (Fig. 9.10). Ductal 
contour irregularity, however, may also be found 

upstream to a complete obstruction of the main 
pancreatic duct by neoplasm (Fig. 9.11).

9.1.2.2 

Intraductal Calculi

Intraductal calculi are protein aggregates with cal-
cium carbonate deposits that appear at US as round 
echoic particles. The degree of echogenicity (and 
ease of identifi cation) is proportional to the extent 
of the calcium deposition (Lankisch and Banks 
1998a,b). When possible, harmonic assisted high 
resolution US aids in the demonstration of ductal 
fi lling defects (Fig. 9.7). 

9.2 

Ultrasonographic Diagnosis

In chronic pancreatitis, imaging is essential for es-
tablishing the diagnosis, the severity of the disease, 

Fig. 9.9a–c. Autoimmune chronic pancreatitis. a At US the 
pancreas is diffusely hypoechoic and increased in volume 
(arrowheads) with a “sausage” appearance. The main pan-
craetic duct is compressed and not visible. b  Power-Doppler 
US demonstrates increased vascularization of the pancre-
atic parenchyma (arrowheads). c CEUS better shows the 
intense hypervascularity of the pancreatic parenchyma 
( arrowheads)

a b

c
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and obtaining information for therapeutic decision 
making. Clinical and laboratory investigation is 
necessary to establish the etiology in most cases.

9.2.1 

Severity

Ultrasonographic diagnosis of chronic pancreatitis 
depends on the demonstrability of glandular pa-
renchyma and ductal system alterations caused by 
chronic infl ammation. Main pancreatic duct altera-
tions are directly connected to the degree of severity 
of the disease. Even though there is not a direct cor-
relation between pancreatic alterations and clinical 
severity of the disease, it is certainly more likely that 
in the advanced stages there are more prominent 
pancreatic alterations, improving US diagnosis. 
Sensitivity of 60%–70% and specifi city of 80%–90% 
for US diagnosis of chronic pancreatitis are reported 
(Gowland et al. 1981; Hessel et al. 1982).

9.2.1.1 

Early Stage

US ability to diagnose chronic pancreatitis in the 
early stages is limited, despite recent technologi-
cal developments. The improvement in spatial and 

contrast resolution and the introduction of har-
monic imaging, however, have surely improved 
the accuracy of US imaging in the identifi cation of 
pancreatic alterations typical of the early stages of 
the disease (Fig. 9.5). It is possible to demonstrate 
the small hyperechoic (fi brosis) and hypoechoic 
(infl ammatory) foci (Lecesne et al. 1999;  Remer 

and Baker 2002), that are responsible for the 
changes in parenchymal echotexture (Fig. 9.5ab). 
Main pancreatic duct caliber, on the other hand, 
may be within a normal range in the early stages 
of disease (Lecesne et al. 1999). The use of secretin 
stimulation improves the detection of pancreatic 
duct alterations. Glaser et al. (1994) reported a 
sensitivity of 92% and a specifi city of 93% for se-
cretin enhanced US for the diagnosis of chronic 
pancreatitis.

9.2.1.2 

Advanced Stage

In the advanced stages of chronic pancreatitis, 
pancreatic alterations are readily demonstrable 
at US (Lankisch and Banks 1998a,b). Pancreatic 
parenchyma is atrophic (Fig. 9.3). US shows paren-
chymal calcifi cations (Fig. 9.6) and intraductal cal-
culi (Fig. 9.7) with a dilated main pancreatic duct 
(Fig. 9.10).

Fig. 9.11. Pancreatic ductal adenocarcinoma. At US ex-
amination a hypoechoic pancreatic head mass is visible 
( asterisk) with complete obstruction of the main pancreatic 
duct irregularly dilated upstream (arrows)

Fig. 9.10. Chronic pancreatitis. US shows inhomogeneous 
echotexture of the pancreatic parenchyma with microcal-
cifi cations and main pancreatic duct dilation (arrows) with 
contour irregularities
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9.2.2 

Etiology

Etiologic diagnosis is aimed at identifi cation of the 
cause of the visualized pancreatic alterations, in or-
der to defi ne the type of chronic pancreatitis. The 
problem of the defi nition of the type of chronic pan-
creatitis is very important in relation to the increas-
ing incidence of secondary forms.

9.2.2.1 

Obstructive Chronic Pancreatitis

Obstructive chronic pancreatitis is characterized by 
a dilation of the main pancreatic duct upstream to 
an obstructing process, be it infi ltration, invasion, 
compression or stenosis of the affected segment of 
pancreatic duct (Lankisch and Banks 1998a,b) 

Neoplastic infi ltration of the main duct is one of 
the most frequent causes of obstructive secondary 
chronic pancreatitis (Fig. 9.11). Obstructing neo-
plasms may be quite small; this possibility must be 
kept in mind especially when only a portion of the 
duct is dilated. Main pancreatic duct invasion by an 
intraductal papillary mucinous tumor (IPMT) causes 
duct dilation (Fig. 9.12a) and as a consequence sec-
ondary obstructive chronic pancreatitis (Procacci 

et al. 1996, 2003; Lankisch and Banks 1998a,b). At 
US examination, the mucin of IPMT may not be eas-
ily differentiated from the solid portions of the tu-
mor (Fig. 9.12b). Harmonic imaging, with its better 
contrast resolution (Shapiro et al. 1998; Bennett 

and Hann 2001), may lead to the identifi cation of the 
part of IPMT which is not solid (Fig. 9.12c,d). How-
ever, with US, IPMT fi nal diagnosis by demonstrat-
ing the communication between the tumor and the 
pancreatic duct is diffi cult (Procacci et al. 2003).

Cystic dystrophy of the duodenal wall and groove 
pancreatitis are in a border site (groove region) be-
tween pancreas and duodenum, a site diffi cult to ac-
cess for a correct US evaluation. However, in the pres-
ence of a unexplained main pancreatic duct dilatation 
at initial US (Fig. 9.13a), the groove region should be 
examined with high resolution US (Fig. 9.13b). The 
use of a high frequency probe may better evaluate the 
more proximal juxta-papillary portions of mainduct 
(Fig. 9.13b). Identifi cation of small cystic formations 
in the thickened duodenal wall on the pancreatic side 
is a specifi c fi nding ( Procacci et al. 1997) for cystic 
dystrophy of the duodenal wall (Fig. 9.13c).

Mass-forming focal pancreatitis has US features 
that may be indistinguishable from ductal adeno-

carcinoma (Kim et al. 2001) (Fig. 9.4a). The pres-
ence of small calcifi cations in the lesion (Fig. 9.14) 
favors chronic pancreatitis (Remer and Baker 
2002). Contrast-enhanced ultrasonography (CEUS) 
can improve US differential diagnosis between mass 
forming pancreatitis and pancreatic adenocarci-
noma. Specifi cally, ductal adenocarcinoma remains 
hypoechoic in all contrast-enhanced phases enhanc-
ing similar to the pancreatic parenchyma (Fig. 9.4b). 
Enhancement paralleling the adjacent pancreas at 
CEUS favors an infl ammatory mass.

9.2.2.2 

Non-obstructive Chronic Pancreatitis

Primary chronic pancreatitis, not caused by ductal 
obstruction, is the most common type of chronic 
pancreatitis. Alcoholism is the most common eti-
ology ( Balthazar 1994; Lankisch and Banks 
1998a,b). Alcoholic chronic pancreatitis is char-
acterized by parenchymal and ductal alterations 
which are readily evident on imaging studies. In 
the advanced phase, US can demonstrates paren-
chymal atrophy, main pancreatic duct dilation, 
pancreatic calcifi cations and intraductal calculi. 
On the basis of morphology, a US differentiation 
from hereditary chronic pancreatitis is diffi cult, 
even if in the latter, calcifi cations may be different 
in morphology and size from those of alcoholic 
chronic pancreatitis (Ring et al. 1973). Autoim-
mune chronic pancreatitis is a particular type of 
chronic pancreatitis recently recognized clinically 
and at histology (Furukawa et al. 1998). Autoim-
mune pancreatitis is characterized by periductal 
lymphocytic infi ltration, with evolution to fi brosis 
(Furukawa et al. 1998). As opposed to the other 
forms of chronic pancreatitis, the pancreas is dif-
fusely increased in size, with the typical “sausage” 
look, and main pancreatic duct is compressed or 
string-like ( Furukawa et al. 1998). US fi ndings 
are characteristic in the diffuse form when the en-
tire gland is involved (Fig. 9.9a). Echogenicity is 
markedly reduced, gland volume is increased, and 
Wirsung duct is compressed by glandular paren-
chyma (Fig. 9.9a). Color- and power-Doppler may 
demonstrate an increase in glandular vasculariza-
tion caused by infl ammations (Fig. 9.9b). The pe-
culiar vascularization of autoimmune pancreatitis 
is better demonstrated at CEUS (Fig. 9.9c). These 
fi ndings at US may be especially useful in the study 
of focal forms of autoimmune chronic pancreatitis 
that can mimic ductal adenocarcinoma.
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Fig. 9.12a–d. IPMT of the pancreatic head. a Ultrasono-
graphic examination shows dilation of the main pancreatic 
duct at the pancreatic body (asterisk) and (b) hypoechoic 
mass at the pancreatic head (arrowheads). c At ultrasono-
graphic harmonic imaging more or less sharp intralesion-
al interfaces become visible inside the hypoechoic lesion 
( arrowheads). d In the resected specimen very small intral-
esional septa (arrow) are visible

a

c

b

d
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Fig. 9.13a–c. Cystic dystrophy of the duodenal wall. a US 
examination shows uniform dilation of the main pancreatic 
duct at the pancreatic body (arrow). b At high resolution 
US very small cysts are present in the “groove” region. c In 
the resected specimen the presence of small cysts (arrow) is 
diagnostic for cystic dystrophy of the duodenal wall

a

c

b

Fig. 9.14. Mass-forming focal chronic pancreatitis. Hypoe-
choic pancreatic head mass is visible at ultrasonographic ex-
amination with small calcifi cation (arrow) inside the  lesion. 
Differentiation from pancreatic neoplasm is extremely dif-
fi cult prior to resection
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Continuous acquisition (either single or multidetec-
tor confi guration) has a pivotal role in the evaluation 
of patients with chronic pancreatitis (CP) in all stages 
of the disease (Malfertheiner and Buchler 1989; 
Forsmark 2000; Brizi et al. 2001). These can be 
divided into an early phase of relapsing pancreatitis 
(RP) in which episodes of mild acute pancreatitis 
(MAP) or severe acute pancreatitis (SAP) repeatedly 
occur over a period of time, an early chronic stage, 
and irreversible advanced CP (Malfertheiner and 

Buchler 1989; Lankisch and Banks 1998).

10.1 

Relapsing Pancreatitis (RP)

In patients with RP who go on to develop CP, subtle 
ductal abnormalities will occur that will likely not 
be able to be detected by current imaging. If the cli-
nician is suspicious, altered response to secretin may 
be demonstrated. The morphology and dimensions 
of the pancreas in this phase are, in fact, normal at 
CT examination. Parenchymal enhancement is not 
affected (Figs. 10.1a and 10.2a).

The ductal structures may be normal (Figs. 10.1a 
and 10.2a) or dilated (Fig. 10.1f) in relation to the 
size of the obstruction.

The major contribution of imaging is to detect any 
mechanical reason that would lead to impairment of 
pancreatic drainage. A wide variety of etiologies may 
be encountered; the radiologist is advised to methodi-
cally evaluate the bile ducts for microlithiasis in the 
common bile duct (CBD) and/or papilla (Maione et al. 
1999; Levy and Geenen 2001; Gullo et al. 2002; Levy 
2002); postinfl ammatory papillary stenosis; a dysfunc-
tion of the sphincter of Oddi (Levy and Geenen 2001; 
Levy 2002); an ampullary tumor and congenital biliary 
anomalies (Guelrud et al. 1999;  Dussaulx-Garin 
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et al. 2000; Komuro et al. 2001); to evaluate the pan-
creas for congenital anomalies at the level of the pan-
creatic ductal system  (Inamoto et al. 1983; Jadvar 

and  Mindelzun 1999; Morgan et al. 1999; Levy and 

Geenen 2001;  Megibow et al. 2001; Shan et al. 2002); 
tumors; scarring from SAP ( Somogyi et al. 2001); 
and to evaluate the duodenum for tumors, congenital 
anomalies and duodenal dystrophy.

CT is excellent in elucidating neoplastic and congen-
ital abnormalities,. Adequate treatment of such lesions 
can help impede any subsequent development into CP.

10.1.1 

Neoplastic Causes of RP

10.1.1.1 

Adenocarcinoma of the Papilla

The most common neoplastic cause of RP is adeno-
carcinoma of the papilla, appearing at CT as a nodu-
lar lesion with solid density located in the papilla 
(Pandolfo et al. 1990), slightly enhancing in the pan-
creatic phase of enhancement (Wise and  Stanley 
1984). When the duodenum is adequately distended 
with neutral contast, the lesion can be visualized 
as jutting into the lumen (Wise and Stanley 1984) 
(Fig. 10.1b,c). The intra- and extrahepatic biliary 
tracts are dilated (Fig. 10.1a), as is the main pancre-
atic duct (MPD) (Gmelin and Weiss 1981; Wise and 

Stanley 1984). This tumor is more easily recognised 
with MSCT (Takeshita et al. 2002) which, thanks to 
3-D multiplanar capabilities (Fig. 10.1d), can localize 
the mass within the papilla.

10.1.1.2 

Neuroendocrine Tumors

RP can be secondary to the presence of a neuroendo-
crine tumor, generally represented by somatostati-
nomas of the papilla associated with von Reckling-
hausen’s disease (Hamissa et al. 1999), recognisable 
as quite small nodular lesions located in the papilla. 
They have a solid density and are hypervascularized 
in the pancreatic enhancement phase (Fig. 10.1e).

10.1.1.3 

Mesenchymal Tumors

Uncommon causes of RP are ampullary mesenchy-
mal tumors (papillary lipomas and leiomyomas, lei-
omyosarcoma and duodenal lymphoma) ( Ferrozzi 
et al. 2000).

10.1.2 

RP Due to Congenital Malformation

10.1.2.1 

Pancreas Divisum

The most common anomaly associated with RP is 
pancreas divisum. The mechanism of RP is insuffi -
cient size of the minor papilla to allow drainage of 
pancreatic juice from the Santorini duct. Rarely, a me-
chanical obstruction at the minor papilla will be found 
(Hsu et al. 2001; Procacci et al. 2001b; Somogyi et al. 
2001). The relationship of pancreas divisum and RP 
is controversial, as most patients with the anomaly 
are asymtptomatic. If, through provactive test such as 
assessing drainage following a secretin challenge, the 
causal relationship is established, then minor papilla 
stenting or sphincterotomy will retard progression to 
CP (Soulen et al. 1989; Hsu et al. 2000).

 MDCT will demonstrate the normal pancratic duct 
in the majority of cases, especially using 3-D techniques. 
It is therefore possible to detect pancreas divisum on 
most current CT examinations (Fig. 10.1f); MRCP is re-
served for doubtful cases (Megibow et al. 2001).

10.1.2.2 

Annular Pancreas

A less frequent congenital cause of RP is annular 
pancreas. CT examination shows the presence of 
gastric dilatation and stenosis of the second por-
tion of the duodenum. At the level of the narrow-
ing, one recognizes soft tissue attenuating material 
that enhances identically to pancratic parenchyma. 
The annulus may be total or partial (Inamoto et al. 
1983; England et al. 1995; Rizzo et al. 1995; Jadvar 

and Mindelzun 1999) (Fig. 10.2a). This obstructs 
the main pancreatic duct because of oedema of the 
duodenal wall caused by the continual traumatic 
diffi culty of passing digested material.

10.1.2.3 

Extraluminal Duodenal Diverticulum

RP associated with the presence of extraluminal 
duodenal diverticulum is seldom encountered. The 
diverticula are generally located on the mesenteric 
side of the second portion of the duodenum adjacent 
to the ampulla of Vater and at the pancreatic head, 
which may distend due to torsion, infl ammation or 
obstruction by food, thus causing RP by compres-
sion of the biliary and pancreatic ducts.
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Fig. 10.1 a–f. Relapsing pancreatitis (RP): Contrast enhanced CT – axial images – (a–c, e); coronal (d) and curvilinear (f) 
reconstructions. a–e Ampullary tumors. Papillary adenocarcinoma (a–d). The pancreas shows normal morphology and 
size, preserved parenchymal enhancement, dilatation of the intrahepatic biliary tracts (a), gallbladder and common bile duct 
(clear  arrows); there is a small mass (arrow) in the papillary region (b), jutting into the water distended duodenal lumen 
(c) (curved arrow). The mass has soft tissue attenuation and minimally enhances in the pancreatic phase following CM (b) 
but is hypodense in the venous phase (c). Solid mass (black arrow) in the papillary region, projecting into the duodenal lu-
men visualized on coronal MDCT (d). Neuroendocrine papillary tumor (e). Small mass (arrow) in the juxtapapillary area 
(arrowhead) with soft tissue, hypervascularized in the pancreatic phase (somatostatinoma). f Congenital lesions. Pancreas 
divisum. The outlet of the dorsal pancreatic duct (arrow) separate from that of the common bile duct (empty arrow) and 
the ventral pancreatic duct (arrowhead) in the curvilinear MDCT reconstruction.
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CT examination identifi es the presence of a 
rounded thin walled air containing mass, that 
may also contain oral contrast medium or debris 
(Fig. 10.2b,c) It is also sometimes possible to see the 
thin neck that connects the lesion to the medial por-
tion of the duodenal sweep.

10.1.2.4 

Intraluminal Duodenal Diverticulum

Intraluminal duodenal diverticulum, rarer still than 
the extraluminal forms, can increase in size as it be-
comes fi lled with food. This size increase will cause 
episodes of pain, vomiting (Fidler et al. 1998), jaun-
dice and RP (Fidler et al. 1998), from by papillary 
compression and obstruction (Fidler et al. 1998).

If the diverticulum collapses, it appears at CT 
as a low density “fl ap” inside the duodenal lumen, 
which is distended by water or orally administered 
opaque contrast medium (Fidler et al. 1998). If the 
diverticulum is distended and its neck patent, the 
water or opaque oral CM fi lls the diverticular lumen. 
A rounded mass will then be recognisable within the 
lumen contrasted by water or oral CM and circum-
scribed by a thin, hypodense diverticular wall, which, 
in turn, is surrounded by a fi lm of oral CM contained 
within the real duodenal lumen (Fidler et al. 1998).

10.1.2.5 

Duodenal Duplication

CT examination reveals the presence of a cystic-type 
mass (Procacci et al. 1988), adjacent to the second 
and third portions of the duodenum, imbedded in the 
duodenal wall. The mass appears rounded or oval, is 
sometimes lobulated, has a thick wall and is usually 
not larger than 7–8 cm (Procacci et al. 1988). Its den-
sity depends on the type of duplication (Procacci 
et al. 1988). The non-communicating form often 
contains fl uid and therefore has a fl uid density with 
typical internal parallel and thin septa due to folds 
in the mucous covering ( Procacci et al. 1988), while 
the communicating form, in the emptying phase, can 
have a solid density (Procacci et al. 1988). They can 
result in RP by extrinsic compression of the main 
pancreatic duct in the head of the gland. 

10.1.2.6 

Choledochal Cyst-Choledochocele

Type III choledochocyst or choledochocele is a her-
niation of the bileduct into the duodenal lumen. 

This malformation can cause repeated episodes of 
RP, even SAP (Fig. 10.2d) because of the intermit-
tent obstruction of the biliary and main pancreatic 
ducts, although most patients with choledochocele 
are asymptomatic. If large enough, choledochocele 
appears at CT as a fl uid mass located at the papilla, 
jutting into the duodenal lumen (Fig. 10.2e,f). The 
MRCP examination shows a “club-like” appearance 
of the intramural portion of the distal CBD jutting 
into the duodenal lumen (Fig. 10.2g).

10.2 

Chronic Pancreatitis (CP): Early Phase

In time, repeated episodes of RP lead to the estab-
lishment of irreversible anatomic changes in the 
parenchyma and ductal structures. The earliest 
changes recognizable on a macroscopic level are 
cystic ectasia of the branch ducts and subtle irregu-
larity of the contour of the main pancreatic duct. 
Direct visualization of the pancreatic duct with 
endoscopic retrograde cholangiopancreatography 
(ERCP), is the only method capable of detecting 
these changes in situ. 

State-of-the-art MDCT (Kahl et al. 2002) cannot 
recognize these subtle ductal changes. CT imag-
ing is employed to exclude neoplasm (Etemad and 

Whitcomb 2001) and anomaly in the same way as 
described for RP.

10.3 

Chronic Pancreatitis (CP): Advanced Phase

In advanced CP, the irreversible parenchymal de-
struction and gross ductal abnormalities are eas-
ily recognized. CT is performed to distinguish be-
tween obstructive CP (OCP) and non-obstructive 
or primitive CP (PCP). In patients with OCP, MDCT 
can further demonstrate the etiology. MDCT also 
attempts to differentiate CP from a neoplastic 
pancreatic pathology, thus helping the clinician to 
make the correct therapeutic choice (Elmas 2001). 
This latter differentiation is a major challenge to 
imaging.
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Fig. 10.2 a–g. Relapsing pancreatitis (RP). Contrast enhanced CT – 
pancreatic phase (a–c, e, f), venous phase (d), MRCP (g). Congeni-
tal lesions. a  Annular pancreas. The pancreas is regular in size and 
volume; the enhancement in the pancreatic enhancement phase is 
preserved, as are the ducts. Ring (arrow) of pancreatic tissue sur-
rounds the lumen of the descending duodenum (arrowhead). The 
attenuation is isodense with pancreatic parenchyma. b,c RP associ-
ated with periampullary diverticulum CT examination (b) during 
the initial episode of RP, the pancreas is normal. Inside the duodenal 
lumen (arrowhead) a small (clear arrow) rounded gas collection is 
visible (periampullary duodenal diverticulum). CT study in same 
patient 5 years later (c), after repeated episodes of RP, the small 
periampullary duodenal diverticulum persists (clear arrow). The 
pancreas is atrophic. A ductal stone (arrowhead) at the uncinate 
process is visible (sign of OCP). d–g RP associated with choledochocele. (d), after repeated episodes of RP there is a pseudo-
cyst (asterisk) in the body of the pancreas, producing obstruction on the main pancreatic duct in the body-tail (arrow). The 
patient underwent pseudocyst-jejuno-anastomosis. At 8 years later (e), appearance of CP with duct stones in the pancreatic 
head. A small fl uid density mass (clear arrow) can be seen near the papilla (arrowhead), initially interpreted as a retention 
cyst. At 6 months later (f), CT examination shows an increase in the number of tiny ductal stones in the head of the gland 
and the persistence of the small peri-papillary fl uid formation (clear arrow), referable at MRCP examination (g) to a small 
choledochal cyst (clear arrow)
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10.3.1 

Obstructive Chronic Pancreatitis (OCP)

10.3.1.1 

CT Characterisation of OCP

CT examination identifi es OCP by recognizing 
characteristic alterations in both the parenchyma 
and the ducts. In these patients, one sees dilatation 
of the pancreatic ducts at the level of the obstruc-
tion and atrophy of the acinar cells, replaced by 
uniform and diffuse fi brosis within the pancreatic 
parenchyma (Elmas 2001; Etemad and Whitcomb 

2001;  Sakorafas et al. 2001).

10.3.1.1.1 

Parenchyma

Morphology

The size of the pancreatic gland, initially normal, 
becomes progressively smaller (Figs. 10.3 and 10.4) 
due to an increasing parenchymal atrophy char-
acterized as uniform and diffuse (Elmas 2001) 
(Figs. 10.3 and 10.4). In extreme cases, the paren-
chyma may not be visible  (Procacci et al. 1998).

The unaffected pancreatic parenchyma down-
stream to the obstruction (Sakorafas et al. 2001) 
appears normal (Fig. 10.5f). This fi nding is unusual, 
however, since, in the majority of cases, the obstruc-
tion is located in the head of the pancreas and con-
sequently involves the whole gland (Procacci et al. 
1998).

Structure

On unenhanced MDCT studies the only visible pan-
creatic abnormality is the presence of calcifi cations 
(Figs. 10.3a and 10.4a,b), the commonest and most 
specifi c CT manifestation of chronic pancreatitis 
(Kim et al. 2001).

Calcifi cations are the consequence of calcium 
deposits in the form of endoductal protein plugs 
( Luetmer et al.1989; Procacci et al. 1998). By com-
pletely occupying the lumen of the smaller periph-
eral side ducts, they may appear to have an intrapa-
renchymal location (Fig. 10.4c).

Following CM administration the parenchyma af-
fected by CP shows reduced enhancement in the pan-
creatic phase (Kusano et al. 1999), thus hypodense 
compared to the normal parenchyma (Fig. 10.3b,e–
g). This is exactly the reverse enhancement pattern 
of normal pancreatic parenchyma at this stage.

In the portal venous phase, the parenchyma 
becomes progressively hyperdense (Fig. 10.3c); if 
further delayed imaging is performed, the hyper-
density (Kusano et al. 1999) within the fi brotic ar-
eas becomes even more striking (Fig. 10.3d). This 
fi nding is more evident in the case of focal fi bro-
sis where areas of fi brosis alternate with areas of 
normal tissue in the gland itself (Procacci et al. 
1998).

10.3.1.1.2 

Ducts

The ductal changes in OCP, present from the initial 
phases of the disease, are described as uniform and 
regular dilatation.

The branch ducts are generally undamaged 
( Manfredi et al. 2001). Later in the disease, the 
branch ducts dilate secondary to stenoses exacer-
bated by stone formation (Pavone et al. 1999) re-
sulting in multi-lobulated cystic spaces (Fig. 10.4f), 
until they become retention cysts (Fig. 10.4g).

On dual acquisition CT studies, ductal dilatation 
is best evaluated in the pancreatic phase where it can 
reach diameters between 2–3 cm. (Fig. 10.3e,f).

In OCP, there may be stones inside the lumen of 
the main duct (Figs. 10.3a–f and 10.4a,b), sometimes 
the Santorini duct (Fig. 10.4d–e) and the minor ducts 
(Figs. 10.3g and 10.4c,f,g). These stones arise from 
calcium deposits along the intraductal protein plugs 
(Procacci et al. 1998; Manfredi et al. 2001). These 
are recognisable as small, hyperdense ductal fi lling 
defects (Fig. 10.6a,c,e,f). However, in the obstructive 
form, stones are less frequent compared to heredi-
tary or primary forms of the disease (Procacci et 
al. 1998, 2001b).

CT examination easily recognises stones 
(Homma 1998; Berrocal et al. 1999), especially 
on unenhanced studies Care should be taken to not 
interpret splenic artery calcifi cation as intraductal 
calculi (Luetmer et al. 1989). The stones are hy-
perdense, small punctate (Fig. 10.4c–d) or rounded 
foci (Fig. 10.3a–d). The larger ones have a “casted” 
or irregular morphology (Figs. 10.3f,g and 10.4a,b), 
are widely distributed or concentrated in groups or 
clusters (Fig. 10.3g).

Their number and size are variable (Procacci 
et al. 2001b; Cavallini and Frulloni 2002) in re-
lation to the stage of the disease. They can remain 
unchanged but generally tend to increase with time 
(Fig. 10.4a,b). 
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Fig. 10.3 a–g. Obstructive chronic pancreatitis (OCP). Unen-
hanced (a) and post IV contrast phases (b–g). a–d Parenchymal 
features. Decreased pancreatic parenchymal enhancement due 
to diffuse fi brous replacement of normal glandular tissue: late 
and persistent parenchymal enhancement in later phases. Rela-
tive decreased parenchymal attenuation (arrow) in the pancre-
atic enhancement phase (b) (compare with a); the parenchyma 
becomes hyperdense (arrow) in the portal venous enhancement 
phase (c) and does not change (arrow) in delayed phase (d). e–g 
Ductal features. Uniform dilatation of the lumen of the main 
duct with endoluminal (e, f) stones (arrows); multiple group or 
“cluster” of stones in the branch ducts of the uncinate process 
(g) h
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10.3.1.2 

CT Diagnosis of Causes of OCP

MDCT makes a signifi cant contribution to patient 
management by identifying the specifi c cause of 
OCP, leading to optimal therapy.

10.3.1.2.1 

Scarring from Severe Acute Pancreatitis (SAP)

As necrotic parenchymal regions and extraglandu-
lar collections (Fig. 10.5a–c) of severe acute pancrea-
titis (SAP) heal, depending on the severity of the 
insult, variable regions of intrapancreatic scarring 
develop a component which can result in stenosis of 
the main duct. Over time, the result will be OCP.

At MDCT examination the pancreas upstream 
of the obstruction demonstrates uniform dilata-
tion of the main duct, extending from the site of 
the duct obstruction. The branch ducts are undam-
aged, but there is signifi cant parenchymal atrophy 
(Fig. 10.5d,e). The pancreas downstream of the ob-
struction appears normal (Fig. 10.5f).

Pseudocysts, can also be responsible for signifi -
cant ductal stenosis that can persist at the site of the 
origin even after the cyst is diminished either due to 
spontaneous re-absorption or drainage (Fig. 10.5g).

10.3.1.2.2 

Chronic Infl ammatory Stenosis of the Papilla

Chronic infl ammation of the papilla, in the majority 
of cases following repeated trauma due to the pas-
sage of stones and/or biliary microlithiasis, can, in 
time, lead to scarring and stenosis of the sphincter 
of Oddi and, subsequently, the onset of OCP.

Diagnosis of this form of OCP is based mainly 
on clinical and functional investigations. MDCT’s 
contribution is limited to diagnostic confi rmation 
of this pathology (Fig. 10.6), as it is able to exclude 
other causes of the ductal obstruction.

10.3.1.2.3 

Duodenal Dystrophy

Duodenal dystrophy (DD) is a primary pathology of 
the duodenal wall, presumably originating from the 
ectopic pancreatic tissue (Tio et al. 1991;  Vullierme 
et al. 2000). It appears as fi brous thickening of the 
duodenal wall, often associated with chronic in-
fl ammation of the intraduodenal pancreatic tissue, 
and with cystic lesions located at the sub-mucous 

or muscular layers (Tio et al. 1991;  Indinnimeo et 
al. 2001).

The progression of ectopic pancreatic tissue in-
fl ammation, associated with the progressive in-
crease in cyst size within it, could lead to compres-
sion of the MPD and therefore to OCP (Indinnimeo 
et al. 2001).

The only radical therapeutic option to stop this 
process is surgical resection. For this reason the cor-
rect diagnosis is important (Yamaguchi and  Tanaka 

1992; Procacci et al. 1997, 2001b; Indinnimeo et al. 
2001). This includes recognition at MDCT together 
with OCP features, of typical signs of DD, in both its 
cystic (CDD) or solid (SDD) variants.

Cystic Variant (CDD)

This variant is easily identifi able with MDCT ex-
amination as cysts can be seen imbedded in the 
thickened fi brotic duodenum wall (Procacci et al. 
1997).

A specifi c sign of duodenal wall dystrophy 
 (Procacci et al. 1997) is fi brous parietal thickening 
that appears at CT (Procacci et al. 1997) as a layer of 
solid tissue lying between the duodenal lumen and 
the head of the pancreas. It is isodense compared to 
the parenchyma before CM administration and hy-
podense compared to the surrounding parenchyma 
in the pancreatic enhancement phase (Procacci et 
al. 1997) (Figs. 10.7b,e and 10.8a). This enhancement 
differential is more obvious when there is less injury 
to the adjacent pancreas (Fig. 10.7), but less evident 
if the parenchyma has been replaced by fi brosis as a 
consequence of OCP (Fig. 10.8a–c).

The thickening within the duodenal wall tends 
to have a slower enhancement in the venous phase 
(Fig. 10.7c); the enhancement becomes more appar-
ent if delayed acquisitions are obtained (Fig. 10.7d), 
due to the fi brous tissue (Procacci et al. 1997; Irie 

et al. 1998b; Vullierme et al. 2000). Cystic forma-
tions can be seen in the space between the pancre-
atic head and the fi rst, more commonly the second 
(Figs. 10.7b–e and 10.8b,c) or the third duodenal 
segments (Fig. 10.8d,e), usually on the mesenteric 
side and more rarely on the anti-mesenteric side 
(Figs. 10.7b–e and 10.8b,c). Generally, the cystic 
lesions are multiple (Figs. 10.7 and 10.8) from 3 to 
more than 10 in number, with a 3–5 mm diameter 
(Irie et al. 1998b). They have a fl uid density and, in 
contrast to pseudocysts (Fig. 10.5b,g), their mor-
phology is elongated or multilobular (Procacci et 
al. 1997; Ly and Miller 2002) (Fig. 10.8e) narrowing 
and deforming the duodenal lumen (Figs. 10.7 and 
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Fig. 10.4 a–g. Obstructive chronic pancreatitis (OCP). Axial CT in the pre- (a,b,e) and post-pancreatic enhance-
ment phases (d, f, g); (c) coronal reconstruction. Ductal features. a, b The pancreas is atrophic, with dilatation of 
the main duct and intraductal calculi, varying in morphology and size (arrow). After 2 years (b), the stones in the 
main duct have increased in size and number. c Multiple small, punctate stones (arrowhead) in the lumen of the 
branch ducts of the body-tail visible with MDCT coronal reconstruction. They seem to be located within the atrophic 
glandular parenchyma. d, e Small rounded ductal stones in the lumen of the branch ducts of the uncinate proc-
ess (e) and the Santorini duct (d, e: arrow), at the minor papilla orifi ce. f, g Ductal stones obstructing the lumen of 
several side branch ducts in the pancreatic head. These ducts are dilated and form multiple, small, cystic regions 
(f: arrows), or one single, large cyst (g: asterisk) with fl uid density (retention cyst)
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Fig. 10.5 a–g. Obstructive chronic pancreatitis (OCP) following 
previous SAP. CT in the pancreatic enhancement phase. Two cases 
(a–f; g). Widespread parenchymal necrosis with large retroperito-
neal collection, following an episode of SAP (a); 1 month later (b) 
appearance of pseudocysts (asterisk) in the pancreatic isthmus be-
coming smaller over the next month (c). Same patient, 6 months 
later (d), OCP with parenchymal atrophy in the body-tail and dila-
tation of the MPD (arrow). Same patient 1 year later (d). The duct has 
increased in diameter (e). The head of the pancreas is normal (f), 
(post-SAP fi brotic ductal stenosis). g The pancreas is atrophic with 
uniform dilatation of the main duct at the body-tail (arrow), that 
terminates at the site of the pseudocysts (asterisk). Note the gas-
troduodenal artery which is shifted to the right (arrowhead)g
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Fig. 10.6a–f. Obstructive chronic pancreatitis (OCP) due to infl ammatory stenosis of the papilla. CT in the pre- (a,e) and 
post-intravenous contrast phases (b,c,f); ERCP (d). a–d At the fi rst examination the pancreas displays total parenchymal 
atrophy with marked dilatation (arrow) of the MPD (b). A slightly hyperdense intraluminal fi lling defect (protein “plug”) 
at the papillary region (a,c) is present. ERCP examination, 5 months later (d), demonstrates dilatation of the CBD, with 
stenosis within the intramural portion (arrowhead). The MPD is obstructed by stones. They were subsequently extracted 
endoscopically. At CT examination the following year (e,f), the protein plug has reappeared (clear arrow) in the distal 
(papillary) portion of the MPD (chronic infl ammatory papillary stenosis)
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10.8). There may also be gastric outlet obstruction 
(Itoh et al. 1994; Procacci et al. 1997; Vullierme 

et al. 2000;  Indinnimeo et al. 2001; Procacci et al. 
2001b). Lastly, since they originate in the duode-
num, the cysts may displace (Procacci et al. 1997) 
the gastroduodenal artery forwards and to the left 
(Figs. 10.7a,b,e and 10.8a), precisely the opposite of 
what happens if the pathology originates from the 
head of the pancreas. 

Solid Variant (SDD)

Because the cystic components of this variant are 
tiny and their presence “overwhelmed” by the exu-
berant fi brous tissue, they may be occult on imaging 
(Procacci et al. 1997). Therefore, this process may 
be easily mistaken for a solid mass (Procacci et al. 
1997, 2001b).

On unenhanced MDCT, one may only observe in-
crease in size of the pancreatic head (Fig. 10.9a). In 
many cases this is associated with duodenal narrow-
ing and gastric distension. During the pancreatic 
phase of enhancement, the fi brous thickening of the 
duodenal wall is hypodense and thus distinguish-
able from the head of the pancreas (Fig. 10.9b), be-
coming progressively hyperdense as the acquisition 
is carried out over in portal (Fig. 10.9c) and delayed 
phases (Fig. 10.9d).

The cystic and solid dystrophy variants are not 
always separate entities but different developmen-
tal stages of one pathological process. The iden-
tifi cation by CT examination of one or the other 
variant can alternate in the same patient within 
a short period of time (Procacci et al. 2001b) 
(Fig. 10.8d–f).

10.3.1.2.4 

Congenital Lesions

Congenital lesions of the biliary tracts and duode-
num that sustain RP, if not identifi ed and corrected, 
create an increased risk for the development of OCP 
(Fig. 10.2b–f). Pancreas divisum is of particular 
importance. CT suggests the diagnosis of pancreas 
divisum in the rather advanced phase of OCP by 
recognising changes of CP affecting a single duct 
drainage tributary.

It is common to recognise infl ammatory involve-
ment exclusively within the dorsal pancreatic pa-
renchyma with atrophy and dilatation of only the 
dorsal duct, up to its outlet into the minor papilla 
(Fig. 10.10a). The ventral area, corresponding to the 
posterior half of the head and the uncinate process, 

is, in contrast, perfectly normal (Procacci et al. 
2001b) (Fig. 10.10b).

At the minor papilla, it is sometimes possible to 
observe cystic dilatation of the Santorini duct with a 
fl uid density, jutting into the duodenal lumen (San-
torinicele). According to some authors, this is the 
result of an obstruction associated with an acquired 
or congenital weakness of the distal wall of the duct 
(Manfredi et al. 2000) caused by functional steno-
sis of the minor papilla.

Less common is pancreas divisum associ-
ated with CP, which inversely involves the ventral 
segment while the dorsal portion is undamaged 
(Fig.  10.10c–e). This disease, in fact, seems to be the 
result of the combined effects of alcohol and biliary 
refl ux through the ventral pancreatic duct, while the 
dorsal portion, which does not communicate with 
the biliary tree, remains uninvolved ( Brinberg et 
al. 1998). In this case, CT examination may highlight 
(Soulen et al. 1989; Brinberg et al. 1998) a focal 
area of the pancreatic head which, in contrast to the 
rest of the surrounding parenchyma, remains hy-
podense before CM due to fi brosis and often has dif-
fuse and small calcifi cations (Fig. 10.10d). If the lat-
ter are absent, the lesion can be confused with ductal 
adenocarcinoma (Soulen et al. 1989;  Brinberg et 
al. 1998).

Lastly, a rare variant called inverse pancreas di-
visum appears on CT examination with recognisa-
ble signs of OCP involving the entire dorsal pancreas 
and the uncinate process except for the antero-supe-
rior portion of the head. The latter remains undam-
aged, and therefore demonstrates normal enhance-
ment in the pancreatic phase, being hyperdense 
compared to the rest of the pancreas (Zeman et al. 
1988;  Silverman et al. 1989; Procacci et al. 2001b), 
and hypodense due to fi brosis, thus creating the im-
age of a hypervascular pseudo-mass (Fig. 10.10f,g) 
in the head of the pancreas.

10.3.1.2.5 

Slow-growing Tumors

Those Slow-growing pancreatic and papillary tu-
mors which may lead to long-term obstruction of the 
pancreatic duct producing OCP (Maisonneuve and 

Lowenfels 2002) are juxtapapillary duodenal ad-
enocarcinoma (Fig. 10.11a,b) and non-functioning 
pancreatic neuroendocrine tumor ( Procacci et al. 
1998; Levy and Ruszniewski 2002). Non-function-
ing neuroendocrine tumours, at CT examination, 
produce a large, capsulated and hypervascular mass 



  The Role of Computed Tomography 161

(Procacci et al. 1998). Sometimes there are areas 
of necrosis and calcifi cations. Because of their slow 
and prolonged growth, there is secondary dilata-
tion of the MPD at the body-tail and often complete 
glandular atrophy (Levy and Ruszniewski 2002) 
(Fig. 10.11c).

The fi nding of OCP secondary to ductal adeno-
carcinoma and acinar carcinoma of the pancreas is 
less frequent (Yamaguchi and Tanaka 1992; Van 

 Gulik et al. 1999; Levy and  Ruszniewski 2002; Ly 
and Miller 2002; Schima and Fugger 2002). Down-

Fig. 10.7 a–e. Obstructive chronic pancreatitis (OCP) due to duodenal cystic dystrophy (CDD). MDCT: Contrast enhanced 
images (a–d), coronal curved reconstruction (e). Dilatation (black arrow) of the main duct (a, e). Thickening (white arrow) 
of the wall of the second duodenal portion, is hypodense in the pancreatic phase (b–e), with late and progressive enhance-
ment in the venous (c) and late (d) phases. Within the thickened wall (b–e), there are two small fl uid attenuation lesions. 
Note the anterior and left-sided displacement (a, b, e) of the gastro-duodenal artery (curved arrow)
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stream of the MPD dilatation and parenchymal at-
rophy (Procacci et al. 1998) a solid mass is visible, 
hypodense because of its scirrhous structure and 
often infi ltrating the ductal structures (Procacci et 
al. 1998) in the ductal adenocarcinoma (Fig. 10.11d), 
or slightly vascularized and capsulated in the acinar 
carcinoma (Fig. 10.11e,f).

Other tumors responsible for OCP are cystic tu-
mors (Levy and Ruszniewski 2002) (Fig. 10.12) of 
the pancreas. Among these is the serous cystoad-
enoma (Fig. 10.12a–d). The mucinous cystic tumor, 



162 R. Graziani et al.

Fig. 10.8 a–f. Obstructive chronic pancreatitis (OCP) due to duodenal cystic dystrophy (CDD). Two cases of two brothers in 
the same family (1st case, a–c; 2nd case, d–f). CT in the pancreatic enhancement phase. a–c Mild atrophy of the parenchyma, 
uniform dilatation of the MPD (arrow in a) with multiple intraductal calculi (a–c). Thickening of the wall of the second 
portion of the duodenum (arrowhead), is hypodense in early contrast enhanced phases (a–c) with small fl uid density regions 
inside (asterisks) (b, c) and narrowing (b, c) of the duodenal lumen (clear arrow). Note the anterior and left-sided displace-
ment (a) of the gastro-duodenal artery (curved arrow). d–f Mild dilatation of the main duct and intrapancreatic portion 
of the CBD; fl uid collection (asterisk) within the duodenal walls (d). After only 10 days (e), a multilocular fl uid lesion has 
appeared in the wall of the second duodenal portion (asterisks), while the fl uid collection in the duodenal wall has become 
smaller. Complete regression (f) of both fl uid duodenal formations at the last CT examination after 30 days; thickening of 
the wall of the second duodenal portion still persists (arrowhead)
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which almost exclusively involves females and is 
located in the tail of the gland causes dilatation of 
the main duct and glandular atrophy confi ned to the 
caudal portion of the pancreas (Fig. 10.12e,f).

10.3.1.3 

CT Diff erential Diagnosis:

OCP vs Pancreatic Tumors

Once an OCP has been identifi ed at CT examination, 
together with some of its potential causes, further 

refi nements in differential diagnosis are possible 
(Maisonneuve and Lowenfels 2002; McNulty 
et al. 2001).

10.3.1.3.1 

CT Diff erential Diagnosis: OCP vs IPMT

Intraductal papillary mucinous tumors of the pan-
creas (IPMT) are rare lesions (Levy and  Ruszniewski 

2002; Valette et al. 2001); they have a better prog-
nosis than ductal adenocarcinoma (Ito et al. 2001; 

Fig. 10.9 a–d. Obstructive chronic pancreatitis (OCP) due to duodenal solid dystrophy (SDD) or grooved pancreatitis. CT 
in the pre- (a) and post-contrast enhancement phases (b–d). Thin sleeve of solid tissue (arrow), hypodense in the pre- (a) 
and post-pancreatic enhancement phases (b), located between the pancreatic head and the lumen (arrowhead) of the sec-
ond duodenal portion (parietal fi brosis); note the displacement of the gastro-duodenal artery (b: clear arrow). Progressive 
enhancement of the peri-duodenal fi brosis, which, in the venous (c) and late (d) enhancement phases is evident. The intra-
pancreatic CBD is dilated (curved arrow)
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Valette et al. 2001). Because they manifest at imag-
ing in a very similar way to OCP (Procacci et al. 
2001b; Valette et al. 2001; Irie et al. 2002; Levy and 

Ruszniewski 2002), it is challenging to differentiate 
them from OCP (Levy and Ruszniewski 2002).

Until a few years ago, the only possibility of dis-
tinguishing the two pathologies was ERCP, which 
could recognise the secretion of mucin from the pa-
pilla and the presence of fi lling defects, either mu-
cin plugs or papillary neoplasms in the dilated ducts 
(Procacci et al. 2001b; Ito et al. 2001).

Current day MDCT aids in this differentia-
tion in a larger percentage of (but not all) cases 
(Fig. 10.13b,c,e,f). 3-D isotropic voxels created by cur-
rent MDCT technology improves the quality of mul-
tiplanar, curved-multiplanar and volume rendered 
images (Ito et al. 2001; McNulty et al. 2001; Nino-

Murcia et al. 2001; Procacci et al. 2001b; Takeshita 
et al. 2002). The extent of the dilated pancreatic duct 
can be mapped and the adjacent atrophic pancreas as-
sessed. Also, the presence of hyperdense ductal fi lling 
defects due to tiny papillary vegetations on the ductal 
wall and/or mucin fi lling defects inside the ductal lu-
men (Fig. 10.13b,e), a dilated papilla bulging into the 
duodenal lumen (Fig. 10.13c,f) and cystic ectasia of 
the branch ducts, more often in the uncinate process 
(Fig. 10.13f) and/or dilatation of the CBD (Procacci 
et al. 2001b, 2003) can be detected .

These CT signs, together with abnormal dilatation 
of the pancreatic duct and unexplained parenchy-
mal atrophy that can cause an obstruction, arouse 
the suspicion of an intraductal tumor (Pavone et al. 
1999). If IPMT cannot be distinguished from OCP, 
ERCP is mandatory.

10.3.1.3.2 

CT Diff erential Diagnosis:

OCP Secondary to Solid Duodenal Dystrophy (SDD) vs 

Ductal Adenocarcinoma of the Head of the Pancreas

Distinction between the two entities is diffi cult; clin-
ically, both diseases have many common features 
( Procacci et al. 2001b); aspiration biopsy that fails 
to reveal tumor is not meaningful (Yamaguchi and 

 Tanaka 1992; Van Gulik et al. 1999; Pugliese et 
al. 2001; Shams et al. 2001;  Ramesh 2002). For these 
reasons some patients with SDD undergo surgical 
resection for suspected carcinoma of the head of 
the pancreas (Yamaguchi and Tanaka 1992; Irie 
et al. 1998b).

The contribution of imaging is discussed in detail 
in Section 10.3.1.2.3 (Fig 10.14a–g). 

10.3.1.3.3 

CT Diff erential Diagnosis: OCP Associated with Inverse 

Pancreas Divisum vs Neuroendocrine Tumors

As already discussed, this anomaly can be associ-
ated with phenomena of localized chronic pancreati-
tis within the dorsal pancreas and uncinate process, 
drained by the ventral duct, while the anterior and 
superior portion of the head of the pancreas can re-
main undamaged as it is drained by the dorsal duct. 
Because the unaffected pancreas appears hyperdense 
against the background of hypodense diseased gland, 
it is possible to mistake this condition for a neuroen-
docrine tumor (see Sect. 10.3.1.2.4). 

10.3.2 

Non-obstructive or 

Primitive Chronic Pancreatitis (PCP)

CT examination identifi es some forms of non-ob-
structive, or primary, CP (PCP).

10.3.2.1 

CT Identifi cation of Hereditary PCP Secondary 

to Genetic Mutations

Multiple genetic mutations have been associated with 
the onset of CP, mostly by cystic fi brosis genes (CFTR), 
SPINK 1 (serine protease inhibitor Kazal type 1), α1-
antitrypsin and cationic trypsinogen (Etemad and 

Whitcomb 2001; Bhatia et al. 2002; Mossner and 
Teich 2002; Teich et al. 2002; Witt and Becker 

2002; Charney 2003; Frulloni et al. 2003).
CT examination is able to identify some modifi -

cations in the ductal structures and the parenchyma 
typical of hereditary CP.

10.3.2.1.1 

Ductal Structure

In the advanced phase (Choudari et al. 2002), 
the main duct is dilated along its whole length 
(Figs. 10.15b,c and 10.16b,d), is often outlined and ir-
regular (Hoshina et al. 1999; Procacci et al. 2001b), 
measures 1–2 cm diameter (Rohrmann et al. 1981). 
There is also associated irregular dilatation of the 
branch ducts (Rohrmann et al. 1981).

In the lumen of the MPD, stones can usually be 
recognised (Rohrmann et al. 1981; Luetmer et 
al. 1989; Hoshina et al. 1999), hyperdense in both 
pre- and post-enhancement phases (Figs. 10.15 and 
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Fig. 10.10 a–g. Obstructive chronic pancreatitis (OCP) due to pancreas divisum. Axial CT in the pancreatic enhancement 
phase (a–d, f); coronal reconstruction (g); MRCP (e). Three cases (1st case, a, b; 2nd case, c–e; 3rd case, f,g). a, b Small ductal 
stones (clear arrow) in the body of the pancreas (dorsal pancreas); the dorsal pancreatic duct drains into the minor papilla 
(arrow). The posterior half of the head and the uncinate process (ventral pancreas) are normal; the CBD (b) is visible in the 
major papilla (arrowhead). c–e Mild, uniform dilatation (arrow) of the dorsal pancreatic duct (c); CP with numerous stones 
(d) in the posterior half of the head and the uncinate process (ventral pancreas); MRCP examination (e) demonstrates the 
intersection of the CBD and the dorsal pancreatic duct, confi rming the presence of pancreas divisum. f, g Fibrosis of the 
parenchyma in the head is hypodense in the pancreatic phase, dilatation (short arrow) of the main duct (g) with stones in the 
pancreatic head (f). A solid nodule (arrow) between the duodenal lumen (arrowhead) and the pancreatic head, hyperdense in 
the pancreatic enhancement phase, unlike the fi brotic pancreatic parenchyma, representing an inverse pancreas divisum
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Fig. 10.11 a–f. Obstructive chronic pancreatitis (OCP) due to neoplasm. CT in the pancreatic enhancement phase. a, b The 
pancreas is atrophic, the MPD (arrow) is dilated due to the prolonged obstructive effect of a juxtapapillary mass. The mass 
has a solid, slightly vascularized (asterisk). Marked dilatation of the CBD (curved arrow) obstructed by the mass (adeno-
carcinoma of the papilla). c Total atrophy of the parenchyma, with prominent and uniform dilatation of the MPD at the 
body-tail (arrow) due to the prolonged obstructive effect of a large mass at the head of the pancreas. The mass is solid and 
hypervascular with necrotic central areas. Hypervascular hepatic metastases are visible (non-functioning neuroendocrine 
pancreatic tumor). d The tail of the pancreas is small and atrophic. The MPD is dilated due to the obstructive effect of a 
hypovascular mass (arrow) at the pancreatic body of the pancreas (ductal adenocarcinoma of the pancreas). e, f The pancreas 
is small and atrophic at the body-tail (e) while the main duct is slightly dilated due to the initial obstructive effect of a mass 
(f: clear arrow) with solid density (f), poorly vascularised and regular margins (acinar carcinoma of the pancreas)
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Fig. 10.12 a–f. Obstructive chronic pancreatitis (OCP) due to neoplasm. CT in the pancreatic enhancement (a–e) and venous 
(f) phases. a–d Initial parenchymal atrophy and mild dilatation of the MPD (a: clear arrow) due to the mild obstructive 
effect of a fl uid density mass (b: arrow), with lobulated margins and multiple small cystic spaces separated by radially ori-
ented septa. CT examination 4 years later (c, d), shows further glandular atrophy. The main duct (clear arrow) is progres-
sively dilated due to the increase in the size of the lesion (arrow) in the head of the pancreas (serous cystoadenoma of the 
pancreas). e, f Slight dilatation of the MPD in the body-tail due to the initial obstructive effect of a mass in the pancreatic 
neck (arrow). The mass has a fl uid density and is relatively hypodense in the pancreatic (e) and venous (f) phases (cystic 
papillary tumor of the pancreas).
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10.16). They are fewer in the early phase, becoming 
more numerous later, and are widely distributed 
inside the dilated main duct. They are either round 
or oval and are often more than 2–3 cm in diameter 
(Figs. 10.15 and 10.16). They can have a typically hy-
perdense peripheral margin and a hypodense centre 
(Rohrmann et al. 1981; Hoshina et al. 1999) due to 
the lack of calcium deposits in the central core, an 
aspect often described by some authors as a “bull’s 
eye” (Fig. 10.16f). Visualization of this somewhat 
unique characteristic of calculi in hereditary CP is 
accentuated by examining the images using “bone 
(wide level, wide width) windows”.

Compared to the calcifi cations present in other 
CP forms, in hereditary CP the stones tend to appear 
earlier, are larger (Luetmer et al. 1989;  Procacci 
et al. 1998) and are typically rounded, often aligned 
within the considerably dilated main duct (Figs. 10.15 
and 10.16). Therefore, the ductal stones, numerous 
and large, particularly the “bull’s-eye” type, are a 
rather characteristic fi nding of hereditary CP. In 
contrast, in hereditary CP associated with cystic fi -
brosis gene mutations (CFTR), the calcifi cations are 
generally smaller and tend to appear later compared 
to other forms of hereditary chronic pancreatitis 
(Frulloni et al. 2003) (Fig. 10.13d).

10.3.2.1.2 

Parenchyma

There is signifi cant glandular atrophy (Hoshina et 
al. 1999; Procacci et al. 2001b) and only the residual 
rind of tissue displays enhancement (Fig. 10.15c–f). 
Some parenchymal portions can be unaffected or 
even appear hypertrophic (Fig. 10.16e,f).

The parenchymal fi brosis often causes stenosis of 
the intrapancreatic portion of the CBD (Choudari 
et al. 2002). Moreover, in hereditary pancreatitis, 
the frequency of pseudocysts is higher compared to 
other forms of CP (Choudari et al. 2002; Charney 
2003).

10.3.2.2 

CT Identifi cation of Autoimmune PCP

Identifi cation of autoimmune PCP is important 
since this disease responds quickly to oral ster-
oid therapy (Irie et al. 1998a; Pavone et al. 1999; 

 Taniguchi et al. 2000; Etemad and Whitcomb 
2001). CT examination is able to identify some 
unique fi ndings that are useful for making a cor-
rect diagnosis.

Two forms of autoimmune PCP are distinguish-
able: diffuse and focal (Wakabayashi et al. 2002), 
which are probably just different stages of the same 
disease (Wakabayashi et al. 2002).

10.3.2.2.1 

Diff use Form

Parenchyma

The dimensions of the gland (Fig. 10.17) are in-
creased (Horiuchi et al. 1996; Irie et al. 1998a; 
Eerens et al. 2001; Procacci et al. 2001a,b).

The parenchyma (Irie et al. 1998a; Procacci et al. 
2001a) is isodense on non-contrast enhanced CT im-
ages compared with the spleen (Fig. 10.17c). Enhance-
ment is late in the pancreatic phase (as opposed to the 
brisk enhancement seen in the normal pancreas dur-
ing this phase of study), due to the presence of wide-
spread lymphocytic infi ltration. The parenchyma 
is hypodense compared to the spleen (Fig. 10.17d). 
During the subsequent venous phases it becomes 
less hypodense (Fig. 10.17a,b,e). In the venous phase 
a peripheral hyperdense band can appear known 
as a “capsule-like rim” (Irie et al. 1998a; Eerens 
et al. 2001; Procacci et al. 2001a) surrounding the 
gland. It has smooth and well-defi ned margins, prob-
ably due to infl ammatory processes that involve the 
peripancreatic tissue. According to some authors, the 
“capsule-like rim” is in fact made up of fi brous tissue 
secondary to a chronic infl ammatory process involv-
ing the fatty peripancreatic tissue (Irie et al. 1998a; 

Eerens et al. 2001; Etemad and Ehitcomb 2001).
In the late phase (Fig. 10.17f) the gland remains 

less dense compared to the spleen while the periph-
eral band becomes hyperdense (Irie et al. 1998a; 
Procacci et al. 2001a).

If no irreversible structural changes in the gland 
are found (Procacci et al. 2001a), regression of the 
infl ammatory process can be expected with steroid 
therapy (Pavone et al. 1999). The size of the pancreas 
and the parenchymal enhancement return to normal 
and the “capsule-like rim” of peripheral enhancement 
disappears (Irie et al. 1998a; Eerens et al. 2001).

Ducts

The periductal infl ammatory cellular infi ltrate (Irie 
et al. 1998a) produces diffuse narrowing of the main 
pancreatic duct (Furukawa et al. 1998; Irie et al. 
1998a; Van Hoe et al. 1998), which has irregular 
walls (Etemad and Whitcomb 2001). If the ductal 
stenosis is localized, the upstream duct is dilated 
(Fig. 10.17a).
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Fig. 10.13 a–f. Obstructive chronic pancreatitis (OCP) and primitive chronic pancreatitis (PCP) vs intraductal papillary mu-
cinous tumor (IPMT). CT in the pancreatic enhancement phase. Four cases: (1st case, a; 2nd case, b,c; 3rd case, d; 4th case, e,f). 
Total atrophy of the parenchyma; marked and uniform dilatation (arrows) of the MPD (a, b, d, e). Multiple hyperdense ductal 
fi lling defects (thick arrows) of large size in d (non-calcifi c protein plugs), smaller in b, e (neoplastic papillary vegetations and/
or mucin deposits). The side branches of the uncinate process are dilated (f: asterisks), the papilla is enlarged (arrowhead) and 
bulges into the duodenal lumen (d in c). (a: OCP); d: hereditary PCP, secondary to genetic mutation: CFTR; b, c, e, f: IPMT)
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Fig. 10.14 a–g. CT differential diagnosis of obstructive chronic pancreatitis (OCP) due to solid duodenal dystrophy (SDD) 
vs ductal adenocarcinoma. Two cases: (1st case, a–d > SDD; 2nd case, e–g > ductal adenocarcinoma). Contrast enhanced CT. 
Solid tissue (arrow) between the pancreatic head and the lumen of the second duodenal portion; the lesion is hypodense in 
the pancreatic enhancement phase (b, f) and shows late enhancement in the venous phase (c), with further enhancement in 
the late phase (d), although remaining hypodense g. The main duct is not dilated at the body-tail in a, but it is dilated in e. 
The gastro-duodenal artery (arrowhead) is displaced anterior and to the left in b (a–d: the histological diagnosis on the 
resected specimen was of solid duodenal dystrophy. The patient underwent resection due to a CT misdiagnosis of pancreatic 
tumor; e–g: ductal pancreatic adenocarcinoma)
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The side branch ducts show no cystic dilatation 
(Van Hoe et al. 1998), but, like the MPD, they are 
narrower or destroyed (Coyle et al. 2002). These 
ductal changes can also be resolved with steroid 
therapy (Irie et al. 1998a).

Stones are absent in most cases at presentation 
(Irie et al. 1998a; Van Hoe et al. 1998), but can be 
seen in the advanced stages of the disease where the 
“capsule-like rim” is not visible (Procacci et al. 
2001a).

10.3.2.2.2 

Focal Form

Parenchyma

There is a focal increase in the size of the pancreatic 
gland that may appear as a subtle localized swelling 
or a frank mass (Irie et al. 1998a; Eerens et al. 2001; 
 Procacci et al. 2001a,b) (Fig. 10.18).

Before the administration of CM, the affected re-
gion is isodense to the rest of the healthy parenchyma 
and the spleen  (Furukawa et al. 1998; Procacci et 
al. 2001a). There is no atrophy of the parenchyma 
proximal to the lesion (Van Hoe et al. 1998).

Enhancement is late in the pancreatic phase 
(Irie et al. 1998a) and is reduced compared to the 
surrounding parenchyma because of the presence 
of lymphocytic infi ltration (Fig. 10.18a,c,e). In the 
venous phase (Procacci et al. 2001a) the affected 
parenchyma is denser than the spleen and the adja-
cent healthy parenchyma (that has already begun to 
“de-enhance”) (Fig. 10.18b,f).

In the focal form the characteristic “capsule-
like rim” appears in the venous phase (Irie et al. 
1998a; Eerens et al. 2001; Procacci et al. 2001a) 
with smooth and well-defi ned margins (Irie et al. 
1998a). 

In the late phase, the affected gland remains hy-
podense compared to the spleen and the adjacent 
unaffected parenchyma while the peripheral band 
becomes hyperdense (Irie et al. 1998a; Procacci et 
al. 2001a).

If no irreversible structural changes in the gland 
have occurred (Procacci et al. 2001a), complete re-
gression of the disease can be achieved with steroid 
therapy (Pavone et al. 1999) both clinically and at 
imaging (Irie et al. 1998a; Eerens et al. 2001).

Ducts

The periductal infl ammatory cellular infi ltrate (Irie 
et al. 1998a) produces a focal, irregular narrowing of 
the MPD (Irie et al. 1998a; Etemad and Whitcomb 

2001). Depending on the various degrees of paren-
chymal involvement, stenosis of the MPD lumen 
is often found (Procacci et al. 2001a) with dilata-
tion upstream (Fig. 10.18d). Such dilatation, when 
present, however, is modest, especially given the size 
of the infl ammatory mass (Van Hoe et al. 1998). 
These ductal changes resolve with steroid therapy 
(Irie et al. 1998a).

Involvement of Adjacent Structures and 
Complications in Diffuse and Focal Forms

Both the focal forms, located at the head of the pan-
creas, and the diffuse forms, can involve the intra-
pancreatic portion of the CBD, causing stenosis with 
dilatation of the proximal biliary tracts (Furukawa 

et al. 1998; Irie et al. 1998a; Procacci et al. 2001a; 
Van Hoe et al. 1998).

The major arterial structures are not encased, nor 
is there venous obstruction (Irie et al. 1998a; Van 

Hoe et al. 1998. 

10.3.2.3 

CT Identifi cation of PCP Associated with 

Toxic and Metabolic Factors

Hypercalcemia is a well established cause of CP al-
though the pathogenesis is still largely unknown 
(Ring et al. 1973; Etemad and Whitcomb 2001). 
50% of patients with hyperparathyroidism develop 
chronic calcifi c pancreatitis (Ring et al. 1973). The 
pancreatic stones found are non-specifi c in their 
composition and appearance. 

Since CP can develop before the full clinical pic-
ture of hyperparathyroidism develops, it is impor-
tant to consider the parathyroid disease every time 
that CT examination (Ring et al. 1973) reveals the 
presence of co-existent pancreatic and renal calcifi -
cations (Fig. 10.19a–c).

In patients with chronic renal failure secondary 
hyperparathyroidism can accelerate the develop-
ment of CP and calcifi c CP (Etemad and Whitcomb 
2001).

A relationship between alcohol and chronic pan-
creatitis has been proposed for more than 50 years. 
Alcohol is probably not a direct cause but a co-factor 
in the development of CP (Etemad and Whitcomb 
2001). Calcifi c CP is present in 20%–40% of cases, 
usually manifesting after 5–10 years of abdominal 
pain attacks in patients with alcoholic chronic cal-
cifi c pancreatitis.

The parenchyma, especially in the early phases 
of the disease, can demonstrate focal or diffuse in-
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Fig. 10.15 a–f. Primary chronic pancreatitis (PCP): hereditary CP (associated genetic mutation: SPINK 1). Plain fi lm (a), 
ERCP (b), CT in the enhanced phase (c–f). a CP at the onset, in early age (25 years): multiple and large calcifi cations in 
the pancreatic area at plain fi lm. At 8 years later (b) the ERCP examination reported marked dilatation of the MPD with 
endoluminal (stones) defects (arrows) and dilatation of the branch ducts (arrowheads). At 17 years later (c, d), the pancreas 
is atrophic, dilatation (clear arrow) of the main duct (c) and multiple large ductal stones (arrows in d). No change is seen 
at CT, 3 years later (e, f)
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Fig. 10.16 a-f. Primary chronic pancreatitis (PCP): hereditary CP (associated genetic mutation: SPINK 1). CT pre- (a) and 
post- (b–f) CM administration. a–c CP at the onset in adult age (40 years): the pancreas is reduced in size in the body-tail, 
with early atrophy of the glandular parenchyma. Irregular dilatation of the MPD (b) and multiple and large ductal stones 
(a,c) in the head are seen. At 5 months later (d–f), dilatation of the MPD has increased (d); a hypodense area in the medial 
side of the head (e) has appeared (arrow). A ductal stone (e, f: arrowhead) with a central hypodense nucleus due to the lack 
of calcifi cation and hyperdense peripheral rim (“bull’s eye” appearance) is visible in the pancreatic head
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Fig. 10.17 a–f. Primary chronic pancreatitis (PCP): diffuse autoimmune CP. CT in the pre- (c) and post- (a, b, d–f) enhance-
ment phases. a, b Mild increase in size of the pancreatic gland, with mild hyperdensity of the glandular parenchyma (venous 
phase), initial dilatation of the MPD (a) at the body-tail (autoimmune pancreatitis not recognised at the clinical onset). At 
4 months later (c–f) there is diffuse increase in the size of the pancreas with an altered enhancement of the parenchyma, 
showing late and reduced enhancement of the glandular tissue, hypodense in the pancreatic enhancement phase (d), but 
progressively more hyperdense in the venous (e) and late (f) phases. The initial dilatation of the MPD (a) has regressed: the 
duct is compressed due to infi ltration of infl ammatory cells
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Fig. 10.18a–f. Primary chronic pancreatitis (PCP): focal autoimmune CP. Contrast enhanced CT. a, b At the onset, there 
is a mild increase in the size of the pancreatic head compared to the body and tail with altered enhancement of the paren-
chyma: hypodense (arrow) in the pancreatic enhancement phase (a), more hyperdense (arrow) in the venous phase (b). At 
2 years later (c) a further increase in the size of the pancreatic head is seen. The parenchymal hypodensity has increased 
(arrow) in the contrast enhanced pancreatic phase. At the third CT examination after 6 months (d–f), the pancreatic head 
is even larger and hypodense (arrows) (e) in the pancreatic enhancement phase and clearly more hyperdense in the venous 
phase (f). The MPD has become dilated (d) at the body-tail. The case was diagnosed as a pancreatic tumor (intra-operative 
histological diagnosis of focal autoimmune CP)
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crease in size and an altered enhancement after CM 
caused by the presence of unevenly distributed fi -
brotic areas within the substance of the parenchyma 
(Fig. 10.19d–f). In the more advanced phase, there 
is a fi brotic retraction of the parenchyma until at-
rophy occurs. The collateral ducts show ectasia that 
can sometimes become retention cysts. The main 
pancreatic duct (Ring et al. 1973) has strictures al-
ternating with more dilated parts and the so-called 
“chain-of-lakes” appearance. There are multiple 
stones of variable size and the morphology is often 
irregular (Fig. 10.19d–f).

10.3.2.4 

CT Diff erential Diagnosis: PCP vs Pancreatic Tumors

10.3.2.4.1 

CT Diff erential Diagnosis: 

Autoimmune Focal PCP vs Ductal Adenocarcinoma

Focal autoimmune CP and pancreatic adenocarci-
noma can be virtually indistinguishable at imaging 
(Fig. 10.20a–e). In each of these cases, the affected pa-
renchyma appears hypovascular (Pavone et al. 1999; 

Ito et al. 2001; Ozawa et al. 2002), hypodense in the pan-
creatic phase of contrast enhancement (Fig. 10.20b,d), 
with dilatation of the MPD upstream. In autoimmune 
CP (Ito et al. 2001; Ozawa et al. 2002), however, the 
hypodensity tends to reverse in the venous phase and 
in the later phases (Fig. 10.20b,c) unlike adenocarci-
noma (Fig. 10.20d,e). Furthermore, the margins of the 
autoimmune pancreatitis lesion are more sharply de-
fi ned, without extrapancreatic extension (Van Hoe et 
al. 1998) and with preservation of major vessels. 

The “capsule-like rim” sign excludes adenocarci-
noma  (Procacci et al. 2001a). There is no atrophy of 
the parenchyma as typically seen in adenocarcinoma 
(Yamaguchi and Tanaka 1992; Van Hoe et al. 1998; 

Eerens et al. 2001; Kim et al. 2001). Dilatation of the 
main duct is never very severe, especially in relation 
to the size of the lesion (Van Hoe et al. 1998).

However, CT diagnosis of autoimmune CP calls 
for an initial decision on the therapeutic approach 
and confi rmation by a combination of clinical, labo-
ratory and histologic fi ndings.

10.3.2.4.2 

CT Diff erential Diagnosis:  

Diff use Autoimmune PCP vs Lymphoma

The CT appearance of diffuse autoimmune CP 
(Fig. 10.20f) can be similar (Horiuchi et al. 1996; 

Furukawa et al. 1998) to that of diffuse pancreatic 
non-Hodgkin lymphoma (NHL) (Fig. 10.20g).

30% of patients suffering from NHL show pan-
creatic involvement at autopsy report (Glazer et 
al. 1983; Webb et al. 1989), while the primary pan-
creatic lymphoma without other disease locations is 
unusual (Webb et al. 1989; Van Beers et al. 1993; 
Sheth and  Fishman 2002).

In both pancreatic NHL and autoimmune pan-
creatitis (Ferrozzi et al. 2000; Remer and Baker 
2002) the entire gland is increased in size. The pa-
renchyma appears homogenous, hypodense and 
without calcifi cations. Enhancement is decreased 
in the pancreatic phase compared with normal pa-
tients. The pancreatic enhancement increases over 
time (Fig. 10.20f,g).

In contrast, the presence of lymphadenopa-
thy located in the peripancreatic and periaortic 
regions (Webb et al. 1989; Horiuchi et al. 1996; 

Ferrozzi et al. 2000), distal to the renal veins 
(Sheth and  Fishman 2002), is a sign of lymphoma 
(Fig. 10.20g).

Evaluation of the main pancreatic duct with 
MRCP reveals diffuse narrowing in patients with 
autoimmune pancreatitis, whereas the duct is of 
regular size in lymphoma (Webb et al. 1989).

10.3.2.4.3 

CT Diff erential Diagnosis: 

Hereditary PCP from Genetic Mutations vs IPMT

Hereditary PCP associated with fi brocystic gene 
mutation (CFTR) in the advanced phase can appear 
very similar at CT examination to an IPMT. In both 
diseases there is parenchymal atrophy and signifi -
cant dilatation of the main duct. In hereditary PCP 
due to CFTR mutation, late-appearing ductal stones 
are found which are smaller than those found in 
other hereditary PCPs. However, in the lumen of 
the MPD large, hyperdense fi lling defects are often 
present (Fig. 10.13d), due to protein aggregates that 
are formed because of the high level viscosity of 
the pancreatic juice. This is typical of cystic fi brosis 
(Frulloni et al. 2003; Procacci et al. 2003) appear-
ing at CT examination like the mucin deposits and/
or neoplastic papillary vegetation common to IPMTs 
(Fig. 10.13b,e).

For this reason, in young patients with a long 
history of acute pancreatitis attacks and suspected 
IPMT at imaging, it is advisable to carry out a study 
of the fi brocystic gene mutations before deciding on 
therapy (Frulloni et al. 2003).



  The Role of Computed Tomography 177

Fig. 10.19 a–f. Primary chronic pancreatitis (PCP) – metabolic causes. CT before (d) and after (a–c, e, f) CM administra-
tion. Two cases (1st case, a–c; 2nd case, d–f). a–c PCP associated with hypercalcemia. Total parenchymal atrophy, diffuse 
dilatation of the MPD, multiple and large ductal stones (b); small nodule (arrow) with solid density in the right adrenal 
gland (a: adenoma); right ureteral stones (c: arrowhead). d–f PCP associated with toxic causes (alcohol). Diffuse increase 
in the size of the pancreas, altered density with late enhancement in the pancreatic phase (e) due to widespread fi brosis, 
multiple and diffuse ductal calculi (arrows) with “staghorn” morphology (e, f). Lamellar calcifi cations of the splenic artery 
(d, e: arrowheads)
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b

d

f
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Fig. 10.20 a–g. Primary chronic pancreatitis (PCP): au-
toimmune CP vs pancreatic tumors. Four cases (1st case, 
a–c; 2nd case, d,e; 3rd case, f; 4th case, g). CT in the en-
hancement phase. a–e Mild increase in the size of the 
pancreatic head compared to the body-tail. There is dila-
tation (arrow) of the MPD upstream (a, d, e), hypoden-
sity of the parenchyma in the pancreatic head during the 
pancreatic enhancement phase (b, d), more hyperdense in 
the venous phase in c, while it remains hypodense in e. 
a–c Focal autoimmune CP of the head, confi rmed at histo-
logical examination of the resected specimen; d, e: ductal 
pancreatic adenocarcinoma. f, g Widespread increase in 
the size of the pancreas with hypodense parenchyma in 
the enhancement phase. In g, there are (asterisks) ret-
roperitoneal lymphnodes (f: diffuse autoimmune CP; g: 
non-Hodgkin lymphoma)g
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10.3.2.4.4 

CT Identifi cation of Ductal Adenocarcinoma in 

Pre-existing CP

CP is considered as one of the risk factors for the 
development of pancreatic ductal adenocarci-
noma (Lankisch and Banks 1998; Howes and 

 Neoptolemos 2002; Levy and Ruszniewski 2002; 

Malka et al. 2002).
CT examination is limited in identifying a ductal 

adenocarcinoma arising in CP (Fig. 10.21) because of 
the decreased difference in attenuation between the 
cancerous lesion, which is typically hypovascular-

ised, and the pancreatic parenchyma. Furthermore, 
the obstruction of the main pancreatic duct will be 
assumed to be secondary to CP, the offending neo-
plasm is not appreciated. 

If the images are carefully examined, one realizes 
that the attenuation of the neoplasm will still be de-
creased compared to even the diseased parenchyma. 
The lesion to background difference paradoxically in-
creases on delayed images as the fi brotic parenchyma 
retains contrast material.  The onset of an adenocar-
cinoma in CP can sometimes be recognized by the 
displacement of ductal calcifi cations in comaprison 
to previous CT examinations (Elmas 2001).

Fig. 10.21 a–d. CT differential diagnosis of CP: ductal adenocarcinoma in CP. CT in the enhancement phase. a, b The 
pancreas is small, atrophic and hypodense due to fi brosis in the pancreatic enhancement phase, with multiple ductal stones 
in the main duct (a). Small hypodense nodular area (b: arrow) of the uncinate process adherent to the superior mesenteric 
vein, with ventral displacement (arrowhead) of a small stone is seen (histological diagnosis of ductal adenocarcinoma in CP, 
diagnosed at intra-operative biopsy during pancreatic surgery and not recognised at CT). c, d Hereditary PCP (associated 
genetic defect SPINK 1): the pancreatic head is larger with multiple ductal stones. 5 months later (d), a hypodense (clear 
 arrows) area appears in the pancreatic enhancement phase, responsible for displacing the stones to the right (the histological 
examination revealed glandular fi brosis)

a

c
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d



180 R. Graziani et al.

10.4 

Conclusions

The role of CT in diagnosing CP varies in relation to 
the different phases of the disease (Malfertheiner 

and Buchler 1989; Forsmark 2000; Brizi et al. 
2001). In the early stage, CT is particularly useful for 
excluding other pathologies, the symptoms of which 
are similar to those of CP, as well as for identifying 
specifi c etiologies of obstruction which may origi-
nally cause the onset of CP. However, CT examination 
is not able to demonstrate the subtlest and earliest 
changes in the pancreatic ducts that occur in CP..

In the advanced phase, this technique is not only 
able to make the correct diagnosis of CP, but is also 
able to characterise the disease, defi ne its aetiology 
and make the correct differential diagnosis between 
CP and tumours, as well as identify complications. 
In fact, CT examination easily characterises OCP 
where the pancreas typically appears reduced in 
size and there is glandular atrophy and considerable 
and uniform dilatation of the main duct. In many 
cases CT can demonstrate the cause of the obstruc-
tion (slow-growing tumours, duodenal dystrophy, 
pancreas divisum). CT imaging can be useful in 
arousing the suspicion of some unusual forms like 
autoimmune CP or hereditary CP.

CT is limited when identifying the possible onset of 
pancreatic carcinoma, of which patients with CP are 
more at risk than the rest of the general population.

References

Berrocal T, Torres I, Gutierrez J, Prieto C, Del Hoyo ML, 
Lamas M (1999) Congenital anomalies of the upper gas-
trointestinal tract. Radiographics 19:855–872

Bhatia E, Choudhuri G, Sikora SS, Landt O, Kage A, Becker 
M, Witt H (2002) Tropical calcifi c pancreatitis: strong 
association with SPINK 1 trypsin inhibitor mutations. 
Gastroenterology 123:1020–1025

Brinberg DE, Carr MF Jr, Premkumar A, Stein J, Green PH 
(1988) Isolated ventral pancreatitis in an alcoholic with 
pancreas divisum. Gastrointest Radiol 13:323–326

Brizi MG, Natale L, Manfredi R, Sallustio G, Vecchioli A, 
Marano P (2001) High resolution spiral computed tom-
ography of the pancreas. Rays 26:111–115

Cavallini G, Frulloni L (2002) Fisiopatologia della pancrea-
tite cronica. Argomenti di Gastroenterologia Clinica 
15:203–212

Charney RM (2003) Hereditary pancreatitis. World J Gas-
troenterol 9:1–4

Choudari CP, Nickl NJ, Fogel E, Lehman GA, Sherman S 
(2002) Hereditary pancreatitis: clinical presentation, 
ERCP fi ndings, and outcome of endoscopic therapy. Gas-
trointest Endosc 56:66–71

Coyle WJ, Pineau BC, Tarnasky PR, Knapple WL, Aa-
bakken L, Hoffman BJ, Cunningham JT, Hawes RH, 
Cotton PB (2002) Evaluation of unexplained acute and 
acute recurrent pancreatitis using endoscopic retro-
grade cholangiopancreatography, sphincter of Oddi 
manometry and endoscopic ultrasound. Endoscopy 
34:617–623

Dussaulx-Garin L, Pagenault M, Le Berre-Heresbach N, 
Boudjema K, Bretagne JF (2000) Obstructive pancreatitis 
due to mucus produced by metaplastic choledochal cyst 
epithelium. Gastrointest Endosc 52:787–789

Eerens I, Vanbeckevoort D, Vansteenbergen W, Van Hoe L 
(2001) Autoimmune pancreatitis associated with primary 
sclerosing cholangitis: MR imaging fi ndings. Eur Radiol 
11:1401–1404

Elmas N (2001) The role of diagnostic radiology in pancrea-
titis. Eur J Radiol 12:125–158

England ER, Newcomer MK, Leung JW, Cotton PB (1995) An-
nular pancreas divisum – a report of two cases and review 
of the literature. Br J Radiol 68:324–328

Etemad B, Whitcomb DC (2001) Chronic pancreatitis: diag-
nosis, classifi cation, and new genetic developments. Gas-
troenterology 120:682–707

Ferrozzi F, Zuccoli G, Bova D, Calculli L (2000) Tumori mes-
enchimali del pancreas: aspetti con tomografi a compu-
terizzata. J Comput Assist Tomogr 24:622–627

Fidler JL, Saigh JA, Thompson JS, Habbe TG (1998) Demon-
stration of intraluminal duodenal diverticulum by com-
puted tomography. Abdom Imaging 23:38–39

Forsmark CE (2000) The diagnosis of chronic pancreatitis. 
Gastrointest Endosc 52:293–298

Frulloni L, Castellani C, Bovo P, Vaona B, Calore B, Liani C, 
Mastella G, Cavallini G (2003) Natural history of pancrea-
titis associated with cystic fi brosis gene mutations. Dig 
Liver Dis 35:179–185

Furukawa N, Muranaka T, Yasumori K, Matsubayashi R, 
Hayashida K, Arita Y (1998) Autoimmune pancreatitis: 
radiologic fi ndings in three histologically proven cases. 
J Comput Assist Tomogr 22:880–883

Glazer HS, Lee JK, Balfe DM, Mauro MA, Griffi th R, Sagel SS 
(1983) Non-Hodgkin lymphoma: computed tomographic 
demonstration of unusual extranodal involvement. Ra-
diology 149:211–217

Gmelin E, Weiss HD (1981) Tumors in the region of the pa-
pilla of Vater. Diagnosis via endoscopy, biopsy, brush cy-
tology, ERPC and CT-scan. Eur J Radiol 1:301–306

Graf O, Boland G, Warshaw AL, Fernandez-del-Castillo C, 
Hahn P, Mueller P (1997) Arterial versus portal venous 
helical CT for revealing pancreatic adenocarcinoma: con-
spicuity of tumor and critical vascular anatomy. AJR Am 
J Roentgenol 169:119–123

Guelrud M, Morera C, Rodriguez M, Jaen D, Pierre R (1999) 
Sphincter of Oddi dysfunction in children with recurrent 
pancreatitis and anomalous pancreatico-biliary union: 
an etiologic concept. Gastrointest Endosc 50:194–199

Gullo L, Migliori M, Pezzilli R, Olah A, Farkas G, Levy P, 
Arvanitakis C, Lankisch P, Beger H (2002) An update 
on recurrent acute pancreatitis: data from fi ve European 
countries. Am J Gastroenterol 97:1959–1962



  The Role of Computed Tomography 181

Hamissa S, Rahmouni A, Coffi n C, Wolkenstein P (1999) CT 
detection of an ampullary somatostatinoma in a patient 
with von Recklinghausen’s disease. AJR Am J Roentgenol 
173:503–504

Homma T (1998) Criteria for pancreatic disease diagnosis in 
Japan: diagnostic criteria for chronic pancreatitis. Pan-
creas 16:250–254

Horiuchi A, Kaneko T, Yamamura N, Nagata A, Nakamura 
T, Akamatsu T, Mukawa K, Kawa S, Kiyosawa K (1996) 
Autoimmune chronic pancreatitis simulating pancreatic 
lymphoma. Am J Gastroenterol 91:2607–2609

Hoshina K, Kimura W, Ishiguro T, Tominaga O, Futakawa N, 
Bin Z, Muto T, Makuuchi M (1999) Three generations of 
hereditary chronic pancreatitis. Hepatogastroenterology 
46:1192–1198

Howes N, Neoptolemos JP (2002) Risk of pancreatic ductal 
adenocarcinoma in chronic pancreatitis. Gut 51:765–766

Hsu JT, Chen HM, Jan YY, Chen MF (2001) Chronic pancrea-
titis with pancreas divisum treated with pylorus-preserv-
ing pancreatoduodenectomy: a case report. Hepatogas-
troenterology 48:1770–1771

Inamoto K, Ishikawa Y, Itoh N (1983) CT Demonstration 
of annular pancreas: case report. Gastrointest Radiol 
8:143–144

Indinnimeo M, Cicchini C, Stazi A, Ghini C, Laghi A, Me-
meo L, Iannaccone R, Teneriello FL, Mingazzini PL (2001) 
Duodenal pancreatic heterotopy diagnosed by magnetic 
resonance cholangiopancreatography: report of a case. 
Surg Today 31:928–931

Irie H, Honda H, Baba S, Kuroiwa T, Yoshimitsu K, Tajima T, 
Jimi M, Sumii T, Masuda K (1998a) Autoimmune pancrea-
titis: CT and MR characteristics. AJR Am J Roentgenol 
170:1323–1327

Irie H, Honda H, Kuroiwa T, Hanada K, Yoshimitsu K, Tajima 
T, Jimi M, Yamaguchi K, Masuda K (1998b) MRI of groove 
pancreatitis. J Comput Assist Tomogr 22:651–655

Irie H, Honda H, Kuroiwa T, Yoshimitsu K, Aibe H, Shino-
zaki K, Masuda K (2002) Measurement of the apparent 
diffusion coeffi cient in intraductal mucin-producing tu-
mor of the pancreas by diffusion-weighted echo-planar 
MR imaging. Abdom Imaging 27:82–87

Ito K, Koike S, Matsunaga N (2001) MR imaging of pancreatic 
diseases. Eur J Radiol 38:78–93

Itoh S, Yamakawa K, Shimamoto K, Endo T, Ishigaki T (1994) 
CT fi ndings in groove pancreatitis: correlation with his-
topathological fi ndings. J Comput Assist Tomogr 18:911–
915

Jadvar H, Mindelzun RE (1999) Annular pancreas in adults: 
imaging features in seven patients. Abdom Imaging 
24:174–177

Kahl S, Glasbrenner B, Leodolter A, Pross M, Schulz HU, 
Malfertheiner P (2002) EUS in the diagnosis of early 
chronic pancreatitis: a prospective follow-up study. Gas-
trointest Endosc 55:507–511

Kim T, Murakami T, Takamura M, Hori M, Takahashi S, 
Nakamori S, Sakon M, Tanji Y, Wakasa K, Nakamura H 
(2001) Pancreatic mass due to chronic pancreatitis: cor-
relation of CT and MR imaging features with pathologic 
fi ndings. AJR Am J Roentgenol 177:367–371

Komuro H, Makino SI, Yasuda Y, Ishibashi T, Tahara K, 
Nagai H (2001) Pancreatic complications in choledo-
chal cyst and their surgical outcomes. World J Surg 
25:1519–1523

Kusano S, Kaji T, Sugiura Y, Tamai S (1999) CT demonstra-
tion of fi brous stroma in chronic pancreatitis: pathologic 
correlation. J Comput Assist Tomogr 23:297–300

Lankisch PG, Banks PA (1998) Pancreatitis. Springer, Berlin 
Heidelberg New York, pp 199–121

Levy MJ (2002) The hunt for microlithiasis in idiopathic acute 
recurrent pancreatitis: should we abandon the search or 
intensify our efforts? Gastrointest Endosc 55:286–293

Levy MJ, Geenen JE (2001) Idiopathic acute recurrent pan-
creatitis. Am J Gastroenterol 96:2540–2555

Levy P, Ruszniewski P (2002) Chronic pancreatitis. Rev Prat 
52:997–1000

Luetmer PH, Stephens DH, Ward EM (1989) Chronic pan-
creatitis: reassessment with current CT. Radiology 
171:353–357

Ly JN, Miller FH (2002) MR Imaging of the pancreas. A prac-
tical approach. Radiol Clin North Am 40:1289–1306

Maione G, Guffanti E, Fontana A, Pozzi C, Baticci F, Noto S, 
Franzetti M (1999) Acute biliary pancreatitis. Therapeu-
tic trends. Minerva Chir 54:843–850

Maisonneuve P, Lowenfels AB (2002) Chronic pancreatitis 
and pancreatic cancer. Dig Dis 20:32–37

Malfertheiner P, Buchler M (1989) Correlation of imaging 
and function in chronic pancreatitis. Radiol Clin North 
Am 27:51–64

Malka D, Hammel P, Maire F et al. (2002) Risk of pancreatic 
adenocarcinoma in chronic pancreatitis. Gut 51:849–852

Manfredi R, Costamagna G, Brizi MG, Spina S, Maresca G, 
Vecchioli A, Mutignani M, Marano P (2000) Pancreas di-
visum and “santorinicele”: diagnosis with dynamic MR 
cholangiopancreatography with secretin stimulation. Ra-
diology 217:403–408

Manfredi R, Brizi MG, Masselli G, Gui B, Vecchioli A, Ma-
rano P (2001) Imaging of chronic pancreatitis. Rays 
26:143–149

McNulty NJ, Francis IR, Platt JF, Cohan RH, Korobkin M, 
Gebremariam A (2001) Multi-detector row helical CT of 
the pancreas: effect of contrast-enhanced multiphasic 
imaging on enhancement of the pancreas, peripancreatic 
vasculature, and pancreatic adenocarcinoma. Radiology 
220:97–102

Megibow AJ, Lavelle MT, Rofsky NM (2001) MR imaging of 
the pancreas. Surg Clin North Am 81:307–320

Morgan DE, Logan K, Baron TH, Koehler RE, Smith JK 
(1999) Pancreas divisum: implications for diagnostic 
and therapeutic pancreatography. AJR Am J Roentgenol 
173:193–198

Mossner J, Teich N (2002) Genetic disorders in pancreatitis: 
Implications in the pathogenesis of acute and chronic 
pancreatitis. Surgery 132:421–423

Nino-Murcia M, Jeffrey RB Jr, Beaulieu CF, Li KCP, Rubin 
GD (2001) Multidetector CT of the Pancreas and Bile Duct 
System: Value of the Curved Planar Reformations. AJR 
Am J Roentgenol 176:689–693

Ozawa Y, Numata K, Tanaka K, Ueno N, Kiba T, Hara K, 
Morimoto M, Sakaguchi T, Sekihara H, Kubota T, Shi-
mada H, Nakatani Y (2002) Contrast-enhanced sonogra-
phy of small pancreatic mass lesions. J Ultrasound Med 
21:983–991

Pandolfo I, Scribano E, Blandino A, Salvi L, De Francesco 
F, Picciotto M, Bottari M (1990) Tumors of the ampulla 
diagnosed by CT hypotonic duodenography. J Comput 
Assist Tomogr 14:199–200



182 R. Graziani et al.

Pavone P, Panebianco V, Laghi A, Catalano C, Messina A, 
Lobina L, Pirillo S, Passariello R (1997) La colangiopan-
creatografi a con risonanza magnetica nella valutazione 
del dotto pancreatico. Radiol Med 94:61–67

Pavone P, Laghi A, Catalano C, Panebianco V, Luccichenti G, 
Fraioli F, Passariello R (1999) La valutazione delle pancre-
atiti croniche con Risonanza Magnetica e colangiopan-
creatografi a con RM. Radiol Med 98:373–378

Procacci C, Portuese A, Fugazzola C et al. (1988) Duodenal 
duplication in the adult: its relationship with pancreati-
tis. Gastrointest Radiol 13:315–322

Procacci C, Graziani R, Zamboni G, Cavallini G, Peder-
zoli P, Guarise A, Bogina G, Biasiutti C, Carbognin G, 
Bergamo-Andreis IA, Pistolesi GF (1997) Cystic dystro-
phy of the duodenal wall: radiologic fi ndings. Radiology 
205:741–747

Procacci C, Graziani R, Bicego E (1998) Trattato italiano di 
tomografi a computerizzata. Pozzi Mucelli 845–856

Procacci C, Carbognin G, Biasiutti C, Frulloni L, Bicego E, 
Spoto E, el-Khaldi M, Bassi C, Pagnotta N, Talamini G, 
Cavallini G (2001a) Autoimmune pancreatitis: possibili-
ties of CT characterization. Pancreatology 1:246–253

Procacci C, Graziani R, Vasori S, Venturini S (2001b) Diag-
nostica per immagini della pancreatite cronica. Gastro-
enterol Clin 5:195–205

Procacci C, Schenal G, Della Chiara E, Fuini A, Guarise A (2003) 
Imaging of the pancreas. Cystic Rare Tumors 97–137

Pugliese V, Pujic N, Saccomanno S, Gatteschi B, Pera C, Aste 
H, Ferrara GB, Nicolo G (2001) Pancreatic intraductal 
sampling during ERCP in patients with chronic pancrea-
titis and pancreatic cancer: cytologic studies and k-ras-2 
codon 12 molecular analysis in 47 cases. Gastrointest En-
dosc 54:595–599

Ramesh H (2002) Proposal for a new grading system for 
chronic pancreatitis: the ABC system. J Clin Gastroen-
terol 35:67–70

Remer EM, Baker ME (2002) Imaging of chronic pancreatitis. 
Radiol Clin North Am 40:1229–1242

Ring EJ, Eaton SB Jr, Ferrucci JT Jr, Short WF (1973) Differ-
ential diagnosis of pancreatic calcifi cation. Am J Roent-
genol Radium Ther Nucl Med 117:446–452

Rizzo JR, Szucs RA, Turner MA (1995) Congenital abnor-
malities of the pancreas and biliary tree in adults. Ra-
diographics 15:49–68

Rohrmann CA, Surawicz CM, Hutchinson D, Silverstein FE, 
White TT, Marchioro TL (1981) The diagnosis of the he-
reditary pancreatitis by pancreatography. Gastrointest 
Endosc 27:168–173

Sakorafas GH, Sarr MG, Rowland CM, Farnell MB (2001) 
Postobstructive chronic pancreatitis: results with distal 
resection. Arch Surg 136:643–648

Schima W, Függer R (2002) Evaluation of focal pancreatic 
masses: comparison of mangafodipir-enhanced MR 
imaging and contrast-enhanced helical CT. Eur Radiol 
12:2998–3008

Shams J, Stein A, Cooperman AM (2001) Computed tom-
ography for pancreatic diseases. Surg Clin North Am 
81:283–306

Shan YS, Sy ED, Lin PW (2002) Annular pancreas with ob-
structive jaundice: beware of underlying neoplasm. Pan-
creas 25:314–316

Sheth S, Fishman EK (2002) Imaging of uncommon tumors 
of the pancreas. Radiol Clin North Am 40:1273–1287

Silverman PM, McVay L, Zeman RK, Garra BS, Grant EG, Jaffe 
MH (1989) Pancreatic pseudotumor in pancreas divisum: 
CT characteristics. J Comput Assist Tomogr 13:140–141

Somogyi L, Martin SP, Ulrich CD (2001) Recurrent acute pan-
creatitis. Curr Treat Options Gastroenterol 4:361–368

Soulen MC, Zerhouni EA, Fishman EK, Gayler BW, Milli-
gan F, Siegelman SS (1989) Enlargement of the pancre-
atic head in patients with pancreas divisum. Clin Imaging 
13:51–57

Takeshita K, Furui S, Takada K (2002) Multidetector row 
helical CT of the pancreas: value of three-dimensional 
images, two-dimensional reformations, and contrast-
enhanced multiphasic imaging. J Hepatobiliary Pancreat 
Surg 9:576–582

Taniguchi T, Seko S, Okamoto M, Hamasaki A, Ueno H, In-
oue F, Nishida O, Miyake N, Mizumoto T (2000) Asso-
ciation of autoimmune pancreatitis and type 1 diabetes: 
autoimmune exocrinopathy and endocrinopathy of the 
pancreas. Diabetes Care 23:1592–1594

Teich N, Bauer N, Mossner J, Keim V (2002) Mutational 
screening of patients with nonalcoholic chronic pancrea-
titis: identifi cation of further trypsinogen variants. Am J 
Gastroenterol 97:341–346

Tio TL, Luiken GJ, Tytgat GN (1991) Endosonography of 
groove pancreatitis. Endoscopy 23:291–293

Valette O, Cuilleron M, Debelle L, Antunes L, Mosnier JF, 
Regent D, Veyret C (2001) Imaging of intraductal papil-
lary mucinous tumor of the pancreas: literature review. 
J Radiol 82:633–645

Van Beers B, Lalonde L, Soyer P, Grandin C, Trigaux JP, De 
Ronde T, Dive C, Pringot J (1993) Dynamic CT in pancre-
atic lymphoma. J Comput Assist Tomogr 17:94–97

Van Gulik TM, Moojen TM, Van Geenen R, Rauws EA, Ober-
top H, Gouma DJ (1999) Differential diagnosis of focal 
pancreatitis and pancreatic cancer. Ann Oncol 10:85–88

Van Hoe L, Gryspeerdt S, Ectors N, Van Steenbergen W, 
Aerts R, Baert AL, Marchal G (1998) Nonalcoholic duct-
destructive chronic pancreatitis: imaging fi ndings. AJR 
Am J Roentgenol 170:643–647

Vullierme MP, Vilgrain V, Flejou JF, Zins M, O’Toole D, 
Ruszniewski P, Belghiti J, Menu Y (2000) Cystic dystro-
phy of the duodenal wall in the heterotopic pancreas: 
radiopathological correlations. J Comput Assist Tomogr 
24:635–643

Wakabayashi T, Kawaura Y, Satomura Y, Fujii T, Motoo Y, 
Okai T, Sawabu N (2002) Clinical study of chronic pancre-
atitis with focal irregular narrowing of the main pancre-
atic duct and mass formation: comparison with chronic 
pancreatitis showing diffuse irregular narrowing of the 
main pancreatic duct. Pancreas 25:283–289

Webb TH, Lillemoe KD, Pitt HA, Jones RJ, Cameron JL (1989) 
Pancreatic lymphoma. Is surgery mandatory for diagno-
sis or treatment? Ann Surg 209:25–30

Wise RH Jr, Stanley RJ (1984) Carcinoma of the ampulla of 
vater presenting as acute pancreatitis. J Comput Assist 
Tomogr 8:158–161

Witt H, Becker M (2002) Genetics of chronic pancreatitis. 
J Pediatr Gastroenterol Nutr 34:125–136

Yamaguchi K, Tanaka M (1992) Groove pancreatitis masquer-
ading as pancreatic carcinoma. Am J Surg 163:312–318

Zeman RK, McVay LV, Silverman PM, Cattau EL, Benjamin 
SB, Fleischer DF, Garra BS, Jaffe MH (1988) Pancreas di-
visum: thin-section CT. Radiology 169:395–398



  The Role of MR Imaging in Chronic Pancreatitis 183

The Role of MR Imaging in Chronic Pancreatitis 11

Lorenzo Cereser, Maria Antonietta Bali, Myriam Delhaye, 

and Celso Matos

L. Cereser, MD 
M. A. Bali, MD 
C. Matos, MD
Department of Radiology, MR Imaging Division, Cliniques 
Universitaires de Bruxelles, Hôpital Erasme, Université Libre 
de Bruxelles, Route de Lennik 808, 1070 Brussels, Belgium
M. Delhaye, MD, PhD
Department of Gastroenterology, Cliniques Universitaires 
de Bruxelles, Hôpital Erasme, Université Libre de Bruxelles, 
Route de Lennik 808, 1070 Brussels, Belgium

C O N T E N T S

11.1 Introduction 183

11.2 Magnetic Resonance: Examination 
 Technique (See also Sect. 11.5) 184
11.2.1 Imaging of the Pancreatic Parenchyma 184
11.2.2 Imaging of the Ducts 186
11.2.3 Secretin-Enhanced Magnetic Resonance
 Cholangiopancreatography 187

11.3 Magnetic Resonance: 
 Imaging Findings  190
11.3.1 Diagnosis 190
11.3.1.1 Early Chronic Pancreatitis 190
11.3.1.2 Advanced Chronic Pancreatitis 192
11.3.1.3 Autoimmune Pancreatitis 195
11.3.1.4 Paraduodenal Pancreatitis 195
11.3.2 Complication Assessment 197
11.3.3 Differentiation Between Carcinoma and 
 Focal Infl ammatory Masses 198
11.3.4 Road Map for Treatment Planning and 
 Follow-Up 201

11.4 Work in Progress: 
 Diffusion-Weighted Imaging 202
11.4.1 Differential Diagnosis Between 
 Mass-Forming Pancreatitis and 
 Pancreatic Carcinoma 203
11.4.2 Exocrine Function Assessment 203
11.4.3 Monitoring of Autoimmune Pancreatitis 
 Treatment 203

11.5 Appendix 204

 References 205

11.1 

Introduction

Chronic pancreatitis is an infl ammatory process 
leading to irreversible damage of the parenchyma 
and ducts, as well as to progressive exocrine and 
endocrine functional impairment.

Histologically, chronic pancreatitis is characterized 
by ductal strictures and dilatations with or without 
calcifi cations, fi brosis of the parenchyma and atrophy 
of acinar and islet tissue (Siddiqi and Miller 2007).

Results of recent surveys on chronic pancreatitis 
carried out in several countries showed that alcohol 
consumption is the most frequently associated risk 
factor (Ryu et al. 2005; Garg and Tandon 2004). Al-
though its role in the pathogenesis of chronic pancrea-
titis is still unclear, alcohol seems to induce pancreatic 
fi brosis by stimulating pancreatic stellate cells with 
a subsequent activation of the downstream pathway 
of fi brogenesis (Talukdar et al. 2006). Other etiolo-
gies include obstruction (secondary to slow-growing 
tumors, severe acute pancreatitis, congenital lesions, 
duodenal dystrophy, chronic infl ammatory stenosis 
of the papilla), hereditary/genetic conditions (such 
as cystic fi brosis) and malnutrition with a low fat 
and low protein diet (tropical pancreatitis). Autoim-
mune pancreatitis, an unusual type of chronic pan-
creatitis, accounts for 2%–4% of all forms of chronic 
pancreatitis (Pezzilli et al. 2008). According to the 
evidence from different surveys, between 17% and 
60% of patients with chronic pancreatitis have no ap-
parent underlying cause and are considered to have 
“idiopathic” chronic pancreatitis (Ryu et al. 2005; 
Balakrishnan et al. 2008). It is believed that many 
cases of idiopathic chronic pancreatitis actually have 
genetic bases, so this group is likely to decrease as the 
specifi c abnormalities are better understood.

There is evidence that alcoholic, paraduodenal 
and hereditary forms of chronic pancreatitis evolve 
from recurrent episodes of severe acute pancreatitis 
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(Klöppel and Maillet 1992; Ammann et al. 1996; 
Klöppel et al. 2004). This pathway has been named 
the “necrosis-fi brosis” sequence (Klöppel and 
Maillet 1993), in which the mesenchymal reaction 
to fat and hemorrhagic necrosis leads to fi brosis. 
On the other hand, obstructive and autoimmune 
chronic pancreatitis are not based pathogenetically 
on the necrosis-fi brosis sequence, and can develop 
without clinical pancreatitis (Klöppel 2008).

After a variable subclinical phase, chronic pancrea-
titis may present with chronic recurrent and intense 
abdominal pain. Important associated medical prob-
lems include pancreatic exocrine insuffi ciency, diabe-
tes mellitus and the higher risk of pancreatic cancer.

Once pancreatic biopsies are (rarely) obtained 
when chronic pancreatitis is suspected, the diagnosis 
of chronic pancreatitis in based on clinical presenta-
tion, functional testing and cross-sectional imaging. 

The main goals of imaging in the scenario of sus-
pected chronic pancreatitis are to help the clinician 
in establishing the diagnosis, to assess and monitor 
complications, to differentiate focal infl ammatory 
masses from pancreatic malignancy and to set up a 
road map for treatment planning.

From an imaging standpoint, endoscopic retro-
grade cholangiopancreatography (ERCP) has long 
been considered the diagnostic gold standard for the 
morphological diagnosis of chronic pancreatitis. ERCP 
fi ndings of ductal abnormalities have been described 
in various classifi cations and used as criteria of sever-
ity (Cremer et al. 1976; Axon et al. 1984). Invasive-
ness, operator dependence and associated morbidity 
are the major drawbacks of this technique. Moreover, 
ERCP is only able to depict ductal changes. 

In recent years, magnetic resonance imaging 
(MRI) has increasingly been utilized to diagnose 
pancreatic disease. Due to its capability to evaluate 
both duct anatomy and parenchyma of the pancreas, 
bile ducts and adjacent vessels, MRI allows a global 
assessment of morphology and function in chronic 
pancreatitis and can be defi ned as a “one-stop shop 
examination” (Matos et al. 2002). 

11.2 

Magnetic Resonance: Examination Technique 

(See also Sect. 11.5)

A complete MRI examination performed in the set-
ting of chronic pancreatitis includes:

Imaging of the pancreatic parenchyma before and  �
after intravenous gadolinium administration.
Imaging of the duct system with magnetic reso- �
nance cholangiopancreatography (MRCP) with-
out or with secretin stimulation.
Evaluation of pancreatic exocrine function by  �
quantifying pancreatic fl uid output after secre-
tin injection.
MRI is a sensitive means for diagnosing chronic 

pancreatitis even in the early phase of the disease. 
Due to their excellent soft-tissue contrast, cross-sec-
tional images have high sensitivity in depicting sub-
tle parenchymal signal intensity and enhancement 
abnormalities. Furthermore, secretin-enhanced 
MRCP can provide morphological and functional in-
formation during a single non-invasive procedure.

The major disadvantage of MRI is its lack of sen-
sitivity in detecting calcifi cations, depicted as nega-
tive signal voids on both T1- and T2-weighted images 
and not as clearly evident as they are on computed 
tomography (CT). For this reason the information 
provided by MRI and MRCP images should be com-
pleted with a non-enhanced helical CT acquisition 
in the pancreatic region (Fig. 11.1a,b). Another draw-
back of MRI is the diffi culty in detecting and deter-
mining the cause of non-calcifi ed fi lling defects.

The use of MRI to investigate the pancreas has 
lead to signifi cant advances in recent years, owing to 
the improved performance of magnets, phased ar-
ray coils and gradients, as well as technical develop-
ments in terms of spatial and temporal resolution. 
A comprehensive MRI protocol for the pancreas 
combines imaging sequences of the pancreatic pa-
renchyma and pancreatic and bile ducts along with 
MR angiography and secretin-enhanced MRCP.

11.2.1 

Imaging of the Pancreatic Parenchyma

The protocol for imaging the pancreatic parenchyma 
includes a combination of turbo spin-echo (TSE) 
T2-weighted and gradient-echo (GRE) T1-weighted 
sequences.

TSE T2-weighted images are acquired during free 
breathing with respiratory triggering, in order to 
minimize the need for patient cooperation. These 
include the whole liver and pancreas in the axial 
and coronal planes. These sequences depict bile and 
pancreatic ducts in cross section, and may be used to 
guide the acquisition of MRCP scans (Fig. 11.2a–c). 
Fluid-fi lled lesions in or around the pancreas are also 
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Fig. 11.1a,b. Chronic calcifi ed pancreatitis. Coronal-reformatted non-enhanced MDCT (a) depicts tiny calcifi cations in the 
head of the pancreas with upstream dilation of the main pancreatic duct (arrow). Comparative coronal T2-weighted TSE 
image of the same patient (b) fails to depict the intraductal calcifi cations and shows better the ductal dilatation 

Fig. 11.2a–d. Chronic obstructive pancreatitis. Non-enhanced T2-weighted and T1-weighted sequences to evaluate the pan-
creatic parenchyma. Respiratory-triggered axial (a,b) and coronal T2-weighted TSE images (c) exhibit very good contrast 
between the abnormal ducts and the pancreas parenchyma (arrows). Coronal-reformatted three-dimensional fat-sat T1-
weighted GRE image (d) depicts normal homogeneously bright pancreas in the head (arrow) and reduced signal in pancreas 
body and tail due to the chronic infl ammatory involvement (arrowhead)

a
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demonstrated. When a peripancreatic exudate is sus-
pected, a more heavily T2-weighted scan is preferred 
to fat suppression, the latter decreasing the conspicu-
ity of the pancreatic contours (Matos et al. 2006).

Three-dimensional GRE fat-suppressed T1-
weighted images are obtained in the axial plane 
during suspended respiration. Three-dimensional 
sequences allow improved spatial resolution and 
multiplanar reformatting; however, patient coop-
eration is required (Fig. 11.2d). Fat suppression is 
important in order to improve visualization of the 
pancreas, which appears well delineated and homo-
geneously bright compared with the surrounding 
low-intensity fat. Fat suppression is also excellent in 
demonstrating pancreatic masses or focal pancrea-
titis (less intense than normal high-intensity pan-
creas) and is suitable for contrast-enhanced studies 
(Mitchell et al. 1995). In the presence of diffuse 
chronic pancreatitis, the accuracy of these sequences 
in demonstrating focal pancreatic disease is lower, 

because of the homogeneous low signal intensity of 
the fi brotic pancreas; gadolinium-enhanced studies 
should therefore be performed.

After intravenous injection of gadolinium, 
breath-hold, three-dimensional, fat-suppressed 
GRE T1-weighted multiphase scans (arterial, portal 
venous and delayed) are acquired. The normal pan-
creas enhances maximally during the arterial phase 
and becomes isointense to the liver during the later 
phases (Fig. 11.3 a–d). Three-dimensional acquisi-
tion technique allows multiplanar reconstructions 
and multiphase angiography renderings.

11.2.2 

Imaging of the Ducts

Imaging the pancreatic ducts is dependent on heav-
ily T2-weighted MRCP images, which selectively 
depict static or slow-moving fl uid-fi lled structures 

Fig. 11.3a–d. Focal chronic pancreatitis involving the body and tail. Axial T2-weighted TSE image (a) shows increased signal 
intensity involving the body and tail of the pancreas (arrowhead). The head of the pancreas is of normal signal intensity 
(arrow). Axial non-enhanced three-dimensional fat-sat T1-weighted GE image (b) shows decreased signal intensity involving 
the body and tail of the pancreas. Gadolinium-enhanced three-dimensional fat-sat T1-weighted GRE image in the arterial 
phase (c) shows reduced enhancement in the same area. Gadolinium-enhanced three-dimensional fat-sat T1-weighted GRE 
image in the interstitial phase (d) shows delayed enhancement of the affected area
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(pancreatic juice, bile, residual fl uid in the stomach 
and duodenum) with high signal intensity. Two dif-
ferent and complementary approaches are generally 
used for MRCP: the routinely adopted one consists of 
a thick-slab, single-shot TSE T2-weighted sequence 
(projective MRCP). In selected cases, a multisection 
thin-slab, single-shot TSE T2-weighted sequence 
can be added to the protocol.

Projective MRCP uses a single, 20- to 50-mm thick 
section that can be obtained in any desired plane 
with a single short breath-hold (<3 s). At least two 
different planes (coronal and transversal) are usu-
ally acquired, providing selective display of pancre-
atic and bile ducts with no respiratory artifact and 
a relatively good in-plane resolution (Fig. 11.4a,b). 
The major drawback of this technique is the possi-
ble overlap of the pancreatic ducts and other fl uid-
containing organs (i.e., the stomach and duodenum) 
(Matos et al. 2006). Adapting the section thickness, 
orientation and positioning of the thick slab to the 
anatomy of the patient can overcome these pitfalls. 
Moreover, patients are asked to fast at least 4 h before 
the examination and, if needed, a T2-negative oral 
contrast agent that eliminates the residual signal 
from overlapping fl uid-containing bowel may be ad-
ministrated (Hirohashi et al. 1997) (Fig. 11.5a,b). 

As an alternative to the projective MRCP, three-
dimensional TSE T2-weighted MRCP techniques 
can be applied. Thanks to recent technological re-
fi nements (i.e., parallel imaging, short interecho 
spacing) images with nearly isotropic voxels (�1 mm 

in all three dimensions) can now be obtained in a 
short time (during 1.5–3 min of respiratory-trigger-
ing or in a single breath-hold) (Zhang et al. 2006). 
Major benefi ts of obtaining three-dimensional im-
ages with nearly isotropic voxels are the ability to 
get multiplanar and three-dimensional reconstruc-
tions (i.e., maximum intensity projection and vol-
ume rendering) and to provide better delineation 
of complex pancreatobiliary anatomic features and 
relationships. Zhang et al. (2006) compared the 
quality of images obtained with three-dimensional 
MRCP sequences and 1-mm isotropic voxels with the 
quality of conventional two-dimensional MRCP im-
ages. Three-dimensional images had higher relative 
signal intensity and contrast and delineated better 
the bile duct anatomy. However, no statistically sig-
nifi cant differences between the different sequences 
were achieved when depiction of pancreatic ducts 
and confi dence level in determining the presence of 
pancreatic ductal anomaly and pathologic changes 
were evaluated. 

11.2.3 

Secretin-Enhanced Magnetic Resonance 

Cholangiopancreatography

Secretin stimulation helps in fi lling the gap between 
the diagnostic capabilities of MRCP and ERCP 
(Hellerhoff et al. 2002). Secretin is a polypeptide 
hormone inducing a stimulation of the pancreatic 

Fig. 11.4a,b. Chronic obstructive pancreatitis. Axial (a) and coronal (b) oblique thick-slab projective MRCP images show 
an excellent contrast between the non-fl owing fl uid in the ducts and bowel and the background tissues

a b
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secretion of bicarbonate-rich fl uid and a transient 
increasing tone in the sphincter of Oddi. Conse-
quently, determining an increase of the volume of 
fl uid in the pancreatic ducts, secretin acts as a target 
contrast agent in MR pancreatography studies. It 
has been shown that its intravenous administration 
improves the delineation of pancreatic ducts, allows 
monitoring of the pancreatic duct fl ow dynamics 
and evaluation of the pancreatic exocrine function 
( Matos et al. 1997; Manfredi et al. 2000;  Cappeliez 
et al. 2000; Heverhagen et al. 2001). 

Once the appropriate projection MRCP image has 
been chosen (usually coronal oblique, displaying 
the full length of the MPD, the biliary tract and the 
duodenum), the same scan is repeated every 30 s for 
10–15 min after intravenous secretin administration 
(0.5–1 ml/10 kg of body weight), in order to prop-
erly evaluate pancreatic fl ow dynamics. In normal 
subjects, a progressive dilatation of the MPD is ob-
served mostly within 2–6 min, with a peak 2–3 min 
after secretin injection. Then the caliber of the 
MPD returns to the baseline value within 10 min, as 
pancreatic juice fl ows out through the papilla and 
progressively fi lls the duodenum. We consider the 
diameter of MPD to be abnormal when it is greater 
than 3 mm in the body of the gland at the end of the 
secretin stimulation period in patients younger than 
60 years old.

Finally, secretin-enhanced MRCP (S-MRCP) 
can visualize the amount of pancreatic fl uid ex-
creted into the duodenum and indirectly estimate 
the pancreatic exocrine reserve (Matos et al. 1997) 
(Fig. 11.6a–c). 

A semi-quantitative S-MRCP grading system for 
duodenal fi lling has been proposed:

Grade 0: no fl uid is observed. �
Grade 1: the fi lling remains limited to the duo- �
denal bulb.
Grade 2: the fl uid fi lls the duodenal bulb and par- �
tially the duodenum up to the genu inferius.
Grade 3: the duodenum is largely fi lled beyond  �
the genu inferius. 
A reduced duodenal fi lling volume (< grade 3) 

was qualitatively correlated with a reduced pancre-
atic exocrine reserve, calculated according to maxi-
mum bicarbonate concentration and output in a col-
lection of pure pancreatic juice (Matos et al. 1997). 
This technique has been validated in a comparative 
study with intraductal secretin test (Cappeliez et 
al. 2000).

S-MRCP techniques are also feasible to obtain 
quantitative assessment of the pancreatic exocrine 
function. These techniques have been called quan-
titative-MRCP (Heverhagen et al. 2001; Punwani 
et al. 2003). It has recently been demonstrated that 
pancreatic fl uid output measured with quantitative-

Fig. 11.5a,b. Contribution of oral negative contrast agent in a patient with focal chronic pancreatitis. After oral intake of 
diluted gadolinium (1 ml in 50 ml of water) complete suppression of residual fl uid in the stomach and in the small bowel 
is achieved (b). This enables better depiction of the focal changes involving the pancreatic ducts in the tail of the pancreas 
(arrowheads) 

a b
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MRCP shows a good correlation with both clinical 
symptoms of pancreatic exocrine insuffi ciency (st-
eatorrhea) and with conventional indirect function 
tests (urinary pancreo-lauryl and fecal elastase 1) 
(Gillams et al. 2008). A method to assess pancreatic 
function by measuring pancreatic fl ow output (PFO) 
and total excreted volume (TEV) has recently been 
proposed (Bali et al. 2005) (Fig. 11.7a–d). The proto-
col consists in a breath-hold, fat-suppressed, heavily 
T2-weighted coronal multislice TSE sequence (TE 
850 ms; slice thickness 15–17 mm, six slices without 
gap) with a large fi eld of view (350 mm). After the 
fi rst dynamic acquisition, an anti-peristaltic drug 
and a bolus of secretin are intravenously injected. 

MRCP acquisitions are then repeated at intervals of 
30–45 s for 15 min. By drawing an appropriate re-
gion of interest (ROI), signal intensity is then meas-
ured on each slice for all acquisitions. The ROI has 
to be large, covering the fl uid content of stomach, 
duodenum, bowel and pancreas, in order to avoid 
any signal loss from out-fl owing fl uid. To calculate 
PFO and TEV, an individual calibration procedure 
is needed, based on the demonstration that there is a 
linear relationship between MR signal intensity and 
fl uid volume. For this purpose, six additional acqui-
sitions must be obtained after ingestion of 120 ml of 
water in six consecutive increments of 20 ml (admin-
istered at intervals of 45–60 s). The mean signal in-

Fig. 11.6a–c. Patient with benign cystic lesions. Dynamic 
thick-slab projective MRCP images along with secretin 
stimulation, normal fi ndings. After secretin administration 
(b,c) we can observe a better delineation of the Santorini 
duct (arrow in b), a transient distension of the main pan-
creatic duct (arrowheads in b) and a normal duodenal fi lling 
(arrow in c)

a b

c



190 L. Cereser, M. A. Bali, M. Delhaye, and C. Matos

tensities measured in each of the six slices have to be 
plotted against the known water volume given, com-
puting a linear regression. Combining the measure-
ments obtained, the pancreatic exocrine volumes se-
creted after secretin administration are then plotted 
against time, defi ning a regression line and allowing 
calculating PFO (in milliliters per minute) and TEV. 
Gillams and Lees (2007) found that pancreatic fl ow 
rates measured at quantitative-MRCP were signifi -
cantly reduced in severe chronic pancreatitis and, 
interestingly, also in patients with pancreatic atro-
phy and no other evidence for chronic pancreatitis. 
Quantitative-MRCP may therefore be considered as 
a valid technique for demonstrating chronic pancre-
atitis in an atrophic gland at a stage in which only 
impairment of excretory function is present. 

11.3 

Magnetic Resonance: Imaging Findings 

11.3.1 

Diagnosis

11.3.1.1 

Early Chronic Pancreatitis

The hallmark in diagnosing chronic pancreatitis at 
early stage is mild beading of a few pancreatic side 
branches. Some authors reported that subtle mural 
irregularities, along with loss of the normal gen-
tle tapering of the MPD toward the tail, may also 
be detected (Graziani et al. 2005; Czakó 2007). 

Fig. 11.7a–d. Chronic pancreatitis with pseudo cyst. Baseline examination (a) and quantitative secretin-enhanced MRCP 
(b) show main pancreatic duct dilatation (arrowheads) and multiseptated pseudo cyst (thick arrow). Exocrine function is 
reduced (thin arrow) with an output of 3.2 ml/min. After endoscopic therapy (c,d) we observe a partial resolution of the 
pseudo cyst (thick arrow) and of the main pancreatic duct obstruction (arrowhead) along with recovery of exocrine func-
tion (output of 8.3 ml/min)
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ERCP is the most sensitive technique in depicting 
these subtle abnormalities of the ducts. MRCP has a 
lower spatial resolution and refl ects the physiologi-
cal condition of pancreatic ducts, thus leading to 
false-negative results. Therefore, when chronic pan-
creatitis at early stage is suspected, secretin stimula-
tion is mandatory, since it may help in fi lling the gap 
between MRCP and ERCP.

The evaluation of MPD caliber, duodenal fi lling 
and the visualization of dilated side branches in the 
body and in the tail of pancreas at dynamic S-MRCP 
may allow a specifi c diagnosis of chronic pancrea-
titis at early stage (Fig. 11.8a–d). Manfredi et al. 
(2000) performed MRCP before and after secretin 
administration in a group of 84 patients with clinical 
and/or laboratory fi ndings suggestive of pancreatic 
disease and without ductal alterations detectable at 
ultrasonography (US) and/or CT. Secretin adminis-
tration signifi cantly improved the number of visible 
MPD segments (from 65% to 97%) and the visualiza-
tion of side branches (from 4% to 63%), helping in 

the diagnosis of chronic pancreatitis at early stage 
and reducing the false-negative rate of MRCP. It has 
been recently reported that, in patients with sus-
pected chronic pancreatitis, secretin administration 
not only improves the visibility of pancreatic ducts, 
but also the diagnostic performance of MRCP alone. 
Specifi city of the two readers, respectively, increased 
from 89% to 94% and from 96% to 98%, as did posi-
tive predictive values (from 54% to 70% and from 
71% to 86%, respectively) and inter-observer agree-
ment (Schlaudraff et al. 2008). In another group 
of patients with suspected chronic pancreatitis (re-
current attacks of abdominal pain and increased 
serum levels of amylase and lipase in the absence of 
US or CT fi ndings of chronic pancreatitis), Sai et al. 
(2008) found high specifi city (92%) of S-MRCP for 
the diagnosis of mild chronic pancreatitis – defi ned 
according to the Cambridge classifi cation as “more 
than three abnormal side branches with a normal 
MPD” – but lower sensitivity (56 and 63% for the two 
observers respectively). 

Fig. 11.8a–d. Chronic pancreatitis at early stage. Dynamic thick-slab projective MRCP images along with secretin stimula-
tion. After secretin administration (b,c) better demonstration of the abnormal side branches (arrowheads in c) and main 
duct involvement (arrow in b) are depicted. In d normal duodenal fi lling is observed
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Another probably specifi c although insensitive 
sign of chronic pancreatitis at early stage is the so-
called “acinar fi lling” (Matos et al. 1998). It consists 
in a progressive hydrographic enhancement of pan-
creatic parenchyma in response to secretin stimu-
lation, with morphology and distribution possibly 
refl ecting an increased amount of free water in di-
lated acini (Fig. 11.9a–d). This acinar fi lling might 
be due to both outfl ow impairment and lack of com-
pliance of the chronically infl amed gland, leading 
to ductal hypertension and subsequent fl uid leakage 
(Laugier 1994).

No or only minor changes of the parenchyma oc-
cur in the early phase of chronic pancreatitis. In a 
few studies, loss of normal high signal intensity of 
the pancreas on T1-weighted fat-suppressed images 
(Kim and Pickhardt 2007) and low signal inten-

sity ratio (signal intensity in postcontrast images 
divided by that in precontrast ones) in the arterial 
phase and/or delayed enhancement of the paren-
chyma (Zhang et al. 2003) have been demonstrated 
at this stage. 

11.3.1.2 

Advanced Chronic Pancreatitis

The diagnosis is easily established at MRCP by iden-
tifying structural changes involving both the MPD 
and the side branches, such as dilatation, narrow-
ing or stricture formation, irregular contour and 
fi lling defects (representing deposition of calcifi ca-
tions, protein plugs or debris) (Fig. 11.10a,b). In al-
coholic chronic pancreatitis, the severity of the duct 
changes depends on the extent of the surrounding 

Fig. 11.9a–d. “Acinar fi lling” demonstration in thick-slab projective MRCP images along with secretin stimulation. Pro-
gressive enhancement of pancreatic parenchyma is observed after secretin stimulation (b,c) (arrowheads in c). Of interest, 
signal intensity of the pancreatic parenchyma is normal on fat-sat T1-weighted GRE image (d)
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fi brosis. As a consequence, the MPD may be dif-
fusely involved or only focally dilated or obstructed. 
Pancreatic fi brosis may also lead to a tapering steno-
sis of the common bile duct (CBD) (Klöppel 2008) 
(Fig. 11.11a,b).

Uniform dilatation of the MPD and relative spar-
ing or only mild dilatation of branch ducts are 
typical features of the obstructive type of chronic 
pancreatitis in the advanced phase (Van Hoe et 
al. 2006). Later, side branches may dilate to pluri-
lobulated cystic collections and even to true cystic 
formations (retention cysts) (Graziani et al. 2005) 
(Fig. 11.12a,b).

At this stage of chronic pancreatitis, cross-sec-
tional MRI images depict characteristic and more 
prominent signal abnormalities in the parenchyma. 
GRE T1-weighted fat-suppressed images show a re-
duced signal intensity of the pancreatic parenchyma, 
due to decreased protein rich fl uid content of the 
acinar cells from chronic infl ammation and fi bro-
sis (Semelka et al. 1993) (Fig. 11.2d). Complemen-
tary TSE T2-weighted images are useful to evaluate 
glandular atrophy and to detect calcifi ed foci in the 
ducts and pseudo cysts (Fig. 11.2a–c). In obstructive 
chronic pancreatitis, atrophy of the parenchyma is 
progressive, uniform and diffuse upstream of the 
obstruction, most of times located at pancreatic head 

(Elmas 2001). An increase in glandular size and het-
erogeneous areas of increased signal intensity can 
also be detected, as a result of a superimposed focal 
or diffuse acute pancreatitis. On contrast-enhanced 
T1-weighted fat-suppressed GRE images obtained in 
the pancreatic phase, glandular parenchyma typi-
cally appears hypointense and heterogeneous com-
pared to normal tissue. Then fi brotic areas tend to 
become more hyperintense in the venous phase and 
further enhanced in the late phase (Semelka et al. 
1991) (Fig. 11.3b–d). 

Pancreatic perfusion differences between healthy 
subjects and patients with moderate to severe chronic 
pancreatitis have been semi-quantitatively demon-
strated (Coenegrachts et al. 2004). In both groups, 
a series of gadolinium-enhanced T1-weighted GRE 
sequences was acquired, and the “wash-in rate” (the 
maximum signal intensity slope between succes-
sive time points of the enhancement curve) and the 
“time-to-infl ow deceleration” (duration from the 
onset of the signal enhancement to the point where 
the wash-in rate decreases to <10% of its maximal 
value) were calculated. In patients with chronic pan-
creatitis the “wash-in rate” was signifi cantly slower 
compared to controls, while the “time-to-infl ow de-
celeration” was signifi cantly longer. It has been sug-
gested that these perfusion differences may be re-

Fig. 11.10a,b. Chronic calcifi ed pancreatitis at advanced stage. Coronal T2-weighted TSE image (a) and thick-slab projec-
tive MRCP (b) show the dilatation of the main pancreatic duct and many round hypointense fi lling defects corresponding 
to intraductal stones (arrows)
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lated to a combination of factors typically occurring 
in chronic pancreatitis, including microcirculatory 
disturbances and alterations in the compliance of 
the pancreatic parenchyma.

The evaluation of dynamic changes in MPD diam-
eter at S-MRCP demonstrated that baseline diame-
ter (3,6±1.7 mm vs 1.8±0.8 mm), maximum diameter 
(4.5±1.6 mm vs 3.0±1.7 mm) and diameter at 10 min 
(3.9±1.9 mm vs 1.9±0.8 mm) after secretin injection 
were signifi cantly higher in patients with chronic 
pancreatitis than in controls with no pancreatic dis-

ease. Furthermore, in patients with chronic pancre-
atitis the time to reach maximum ductal diameter 
was longer (289±165 s vs 175±62 s), and the percent-
age increase in diameter was lower than in control 
patients (32.2±6.1% vs 66.5±47.3%, p=0.001). The 
signifi cant dilatation of MPD in MRCP images be-
fore secretin administration and the poor response 
of MPD to secretin stimulation refl ect the reduction 
of parenchyma’s compliance in chronic pancreatitis, 
caused by the decrease of pancreatic juice outfl ow 
and by fi brosis (Cappeliez et al. 2000).

Fig. 11.11a,b. Chronic calcifi ed pancreatitis at advanced stage with bile duct stricture. Thick-slab projective MRCP (a) shows 
moderate dilatation of the bile ducts. An incomplete stenosis of the intrapancreatic segment of the bile duct is observed 
(arrow), in addition to advanced chronic pancreatitis changes involving the main pancreatic duct. Axial T2-weighted TSE 
image (b) depicts severe atrophy of the pancreatic parenchyma (arrowhead)

Fig. 11.12a,b. Chronic obstructive pancreatitis due to a small pancreatic carcinoma located in the head of the pancreas. 
Thick-slab projective MRCPs before (a) and after (b) secretin administration demonstrate a malignant stricture of the main 
pancreatic duct (arrows). Upstream dilatation of the main pancreatic duct and its side branches can also be seen (arrowheads 
in b). Duodenal fi lling is normal

a

a

b

b



  The Role of MR Imaging in Chronic Pancreatitis 195

Several studies investigating the correlation be-
tween pancreatic function and morphological changes 
have led to discordant results in 12%–29% of cases 
(Otte 1979; Braganza et al. 1982;  Malfertheiner 
et al. 1986; Cappeliez et al. 2000). Therefore, in 
chronic pancreatitis at advanced stage, this nonin-
vasive functional test may be a valid complement 
to enhance characterization of the clinical stage of 
the disease. It has been demonstrated that grading 
the duodenal fi lling at S-MRCP can lead to a specifi c 
(87%–90%), although less sensitive (69%–72%) esti-
mate of pancreatic exocrine function ( Cappeliez et 
al. 2000; Schneider et al. 2006). According to these 
results, S-MRCP can virtually exclude a clinically rel-
evant exocrine glandular insuffi ciency when dynamic 
fi lling beyond the lower duodenal fl exure is seen.

Quantitative-MRCP evaluation of pancreatic exo-
crine function demonstrated a signifi cantly reduced 
pancreatic fl uid fl ow rate in patients with severe 
chronic pancreatitis (5.3±2.4 ml/min) compared 
to normals (7.4±2.9 ml/min). Patients with mild or 
moderate chronic pancreatitis showed normal fl ow 
rates, supporting the evidence that exocrine dys-
function presents late in the course of the disease 
(Gillams and Lees 2007).

11.3.1.3 

Autoimmune Pancreatitis

Autoimmune pancreatitis is a rare form of chronic 
pancreatitis associated with an autoimmune infl am-
matory process. It is histologically characterized by 
a diffuse lymphoplasmacytic infi ltration with acinar 
atrophy, marked fi brosis, obliterated phlebitis in and 
around the pancreas involving the portal vein and 
infl ammatory wall thickening of bile ducts and gall-
bladder (Okazaki 2008).

The main age at diagnosis is over 55 years. The 
presenting symptoms are variable and most com-
monly include mild abdominal pain or discomfort, 
usually without acute attacks of pancreatitis. In 
more than half of all cases, obstructive jaundice due 
to intrapancreatic CBD stenosis or coexistence of 
sclerosing cholangitis (similar to primary scleros-
ing cholangitis) occurs. Other presenting symptoms 
can be related to other associated diseases, such as 
sialoadenitis, retroperitoneal fi brosis or chronic 
thyroiditis (Okazaki 2008).

Laboratory data showing abnormally elevated 
levels of serum γ-globulin, IgG/IgG4 or presence 
of autoantibodies support the diagnosis of autoim-
mune chronic pancreatitis.

According to the “Clinical Diagnostic Criteria 
for Autoimmune Pancreatitis” recently proposed by 
the Japan Pancreas Society, imaging plays a crucial 
role in the diagnosis of this entity (Okazaki et al. 
2006). 

Some typical MRI features have been described, 
such as focal or diffuse pancreatic enlargement with 
sharp borders and homogeneous though abnormal 
signal intensity of the parenchyma (hypointense 
in GRE T1-weighted and hyperintense in TSE T2-
weighted images), decreased arterial enhancement 
and homogeneous, delayed gadolinium uptake 
( Sahani et al. 2004; Yang et al. 2006) (Fig. 11.13a,b). 
In some cases, on T2-weighted images a characteris-
tic hypointense capsule-like smooth peripheral rim 
can be detected (IrieIrie et al. 1998a). et al. 1998a). It is supposed 
to correspond to an infl ammatory process involv-
ing peripancreatic tissues and can be associated 
to minimal peripancreatic stranding (Koga et al. 
2002). Pancreatic calcifi cations are usually absent in 
autoimmune pancreatitis, although it has the poten-
tial to evolve to a progressive disease with pancreatic 
stones (Klöppel et al. 2003; Takayama et al. 2004). 
MRCP shows diffuse and irregular narrowing of the 
MPD (Fig. 11.13c), sometimes associated to narrow-
ing of the distal CBD, the latter resembling primary 
sclerosis cholangitis.

Short-term follow-up MRI can be useful in as-
sessing the response to steroid therapy. Progressive 
reduction in the size of the pancreatic parenchyma 
(both in focal and diffuse forms) and normaliza-
tion of MPD abnormalities are usually demon-
strated, simplifying the differential diagnosis be-
tween autoimmune pancreatitis and pancreatic 
adenocarcinoma. 

Main differential diagnosis of diffuse autoim-
mune pancreatitis is pancreatic lymphoma, since 
both pathologies determine a diffuse enlargement of 
the parenchyma with similar signal intensity abnor-
malities. The differential diagnosis is mainly based 
on extra-glandular fi ndings, such as retroperito-
neal enlarged lymph nodes and/or splenic lesions 
( Manfredi et al. 2008).

11.3.1.4 

Paraduodenal Pancreatitis

Paraduodenal pancreatitis (described under various 
names, such as groove pancreatitis and cystic dys-
trophy of heterotopic pancreas) is an uncommon 
type of chronic pancreatitis affecting the “groove” 
between the head of the pancreas, the duodenum 
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and the common bile duct. The pancreatic paren-
chyma is spared (pure form), or slightly compro-
mised (segmental form) (Stolte et al. 1982; Irie 
et al. 1998b). From a clinical standpoint, it is found 
mainly in male patients (aged 40–50 years) with a 
history of heavy alcohol consumption. Predominant 
symptoms are upper abdominal pain, weight loss 
and postprandial nausea and vomiting (due to ste-
nosis of the duodenum). Paraduodenal pancreatitis 
is histopathologically characterized by a chronic 
infl ammatory process with fi brosis in the pancrea-
tico-duodenal groove, in the duodenal wall and, in 
the segmental form, in the superior portion of the 
pancreatic head, an area corresponding to the minor 
papilla. Cystic changes are frequently visible in the 
groove or in the duodenal wall and are supposed to 
represent cystic dystrophy of a heterotopic pancre-
atic tissue (Chatelain et al. 2005). 

The most typical MRI fi nding is a sheet-like mass 
between the head of the pancreas and the thickened 
duodenal wall (Fig. 11.14a,b). This mass appears hy-
pointense to pancreatic parenchyma on T1-weighted 

images and shows variable signal intensity on T2-
weighted images according to the time of disease’s 
onset, being higher in subacute phase (due to edema) 
and lower in chronic (due to more prominent fi bro-
sis). After gadolinium injection a delayed contrast 
enhancement refl ects the fi brotic content of the le-
sion. MRCP and cross-sectional T2-weighted images 
well depict the cystic changes in the groove and in 
the duodenal wall. Generally the cystic lesions are 
multiple, appear elongated or pluri-lobular rather 
than round (Procacci et al. 1997), and usually 
measure 3–5 mm in diameter (Irie et al. 1998b). Oc-
casionally, some of the cysts may have a maximum 
diameter of several centimeters (Klöppel 2008), 
and may imprint the duodenal lumen. Shifting of 
the gastroduodenal artery forward and to the left is 
a characteristic feature that can help in differentiat-
ing pure paraduodenal pancreatitis from a pathol-
ogy rising from the pancreatic head (Procacci et al. 
1997). A gentle, regular tapering of the distal com-
mon bile duct with no or mild dilatation upstream 
may also be visible (Blasbalg et al. 2007).

Fig. 11.13a–c. Autoimmune pancreatitis. Axial T2-weighted 
TSE slice (a) shows homogeneous hyperintense pancreas 
with sausage-like appearance. In the contrast-enhanced 
three-dimensional fat-sat T1-weighted GRE image in the ar-
terial phase (b) we observe lack of enhancement of the gland. 
Secretin-enhanced thick-slab projective MRCP (c) shows a 
thin main pancreatic duct with strictures ( arrowheads) due 
to the diffuse infl ammatory process
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11.3.2 

Complication Assessment

Complications seen in chronic pancreatitis mirror 
the sequelae that may occur in acute pancreatitis, 
including pseudo cyst formation and vascular and 
biliary complications.

Pseudo cysts are encapsulated collections of pan-
creatic secretions that occur in or around the pan-
creas. They can be present in 30%–50% of chronic 
pancreatitis at early stage, commonly extrapan-
creatic and located in the region around the body 
and tail of the pancreas, and in 25%–50% of cases 
of chronic pancreatitis at advanced stage (Klöppel 
and Maillet 1991). Pseudo cysts may develop by 
rupture of the MPD or of a side branch, which occurs 
if obstruction by stones, protein plugs, or stricture 
is present (Fig. 11.15a–d). MRI and MRCP demon-
strate their size and exact location well, particularly 
of non-communicating pseudo cysts that ERCP may 
fail to demonstrate. The MRI appearance varies 
according to the different components that can be 
found inside. Pancreatic fl uid secretions typically 

show low signal intensity on T1-weighted images and 
high signal intensity on T2-weighted images. When 
present, pancreatic debris and sludge determine a 
lower signal on T2. A hemorrhagic component can 
be detected as hyperintense on T1-weighted images. 
The wall of pseudo cyst shows low signal intensity 
on both T1 and T2-weighted images, and may reach 
several millimeters thick. Due to the well-perfused 
granulation tissue, it may enhance after gadolin-
ium administration (Fig. 11.16a–d). Pseudo cysts 
can be responsible for persistent MPD (or common 
bile duct) strictures due to mechanical obstruction, 
at the beginning, and scarring, after pseudo cyst’s 
regression or drainage. S-MRCP may better show 
these strictures. 

Vascular complications that may be seen on MRI 
include formation of arterial pseudo aneurysms, ar-
terial bleeding and splenic or portal vein thrombo-
sis (Miller et al. 2004). When splenic vein throm-
bosis occurs, the vein itself may not be visualized, 
and short gastric and gastro epiploic collaterals be-
come easily detectable on gadolinium-enhanced T1-
weighted images (Fig. 11.17a,b).

Fig. 11.14a,b. Chronic calcifi ed pancreatitis with paraduodenal pancreatitis. Thick-slab projective MRCP (a) shows a widen-
ing of the pancreatico-duodenal groove between the pancreatic duct in the head and the duodenal wall, with a small cyst in 
the inferior part (thick arrow). Associated bile duct dilatation is depicted (thin arrow), as well as chronic pancreatitis changes 
involving the main pancreatic duct and the side branches (arrowheads). Coronal T2-weighted TSE image (b) better depicts 
the soft tissue occupying the groove (thick arrow), as well as small calcifi cations within the side branches in the head of the 
pancreas (arrowhead) and the tapering of the distal bile duct (thin arrow)

a b
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Choledocholithiasis, fi stulas and common bile 
duct infl ammatory strictures with upstream dilata-
tion are the main biliary complications detectable 
on MRI and MRCP images (Fig. 11.17c). Gradual ta-
pering with a funnel-like narrowed segment is the 
typical appearance of a common bile duct infl am-
matory stricture (Miller et al. 2004). 

11.3.3 

Diff erentiation Between Carcinoma and 

Focal Infl ammatory Masses

Patients affected by chronic pancreatitis are at 
higher risk for the development of ductal adeno-

carcinoma. It has been demonstrated that the cu-
mulative risk of pancreatic cancer in those patients 
in whom the duration of pancreatitis was equal or 
greater than 2 years was 2% at 10 years and 4% at 
20 years ( Lowenfels et al. 1993). In patients with 
hereditary pancreatitis, a chronic longstanding in-
fl ammatory process, the cumulative risk of pancre-
atic cancer reaches 40% by age 70 years (Lowenfels 
et al. 1997; Howes et al. 2004). 

Clinical and imaging appearances of chronic 
pancreatitis in the form of a focal infl ammatory 
mass and ductal adenocarcinoma can demonstrate 
signifi cant overlap, especially at early stage, making 
the diagnosis diffi cult. Often a percutaneous CT-
guided or endoscopic US-guided biopsy is needed to 

Fig. 11.15a–d. Advanced chronic pancreatitis with main pancreatic duct rupture. Coronal T2-weighted TSE image (a) dis-
plays a huge pseudo cyst with necrotic debris (thick arrow) in continuity with pancreatic duct (arrowhead). Axial MRCP 
projections along with secretin (b–d) demonstrate the site of the rupture as an area of progressive fi lling (arrowheads)
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Fig. 11.16a–d. Chronic pancreatitis with pseudo cyst in the tail. Axial T2-weighted TSE image (a) shows a bright thin-walled 
collection located in the tail and containing pancreatic debris (arrow). Coronal-reformatted fat-sat contrast-enhanced three-
dimensional T1-weighted GRE image (b) demonstrates the hypovascular pattern of the collection (arrow). Baseline (c) and 
secretin-enhanced (d) thick-slab projective MRCP display a benign stricture located in the main pancreatic duct in the body 
(arrowheads in d) with upstream chronic pancreatic changes and pseudo cyst (arrow in c)

make this differential diagnosis, but demonstration 
of infl ammatory tissue alone cannot clarify if a ma-
lignant lesion has been missed. 

From an imaging standpoint, in both conditions 
MRI images may depict a focal enlargement of the 
pancreas (often located at the head region) or a fo-
cal hypointense (due to hypovascularization and 
abundant fi brosis) mass with obstruction of either 
the pancreatic duct, the common bile duct, or both 
(Matos et al. 2002; Kim et al. 2002 and Pickhardt 
2007). Chronic pancreatitis and pancreatic carci-
noma have been considered undistinguishable on 
the basis of degree and time of enhancement (John-

son and Outwater 1999). Moreover, some of im-
aging signs that classically suggest pancreatic can-
cer, such as infi ltration of the adjacent fat, arterial 

encasement and peripancreatic venous obstruction 
have been similarly noticed in focal infl ammatory 
masses (Balthazar 2005; Baker 1991). It has been 
recently demonstrated that in patients with pancre-
atic mass or focal enlargement, a fi nding to distin-
guish pancreatic carcinoma from chronic pancrea-
titis may be the relative demarcation of the mass 
compared to background pancreas in the former on 
gadolinium-enhanced three-dimensional GRE T1-
weighted sequences (Kim et al. 2007). 

Pancreatic time-signal intensity curve (TIC) ob-
tained with dynamic contrast-enhanced MRI may 
be another useful tool for detecting pancreatic carci-
noma in patients with longstanding chronic pancre-
atitis. Tajima et al. (2007) demonstrated that pan-
creatic carcinoma tends to have a very slowly rising 
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TIC, with a peak of contrast enhancement 2–3 min 
after gadolinium administration, followed by a slow 
decline. Focal infl ammatory masses tend to show less 
slow TIC (with peak 1 min after contrast injection), 
but between these two entities overlap cases exist. A 
differential diagnosis might be made measuring TIC 
in three different parts of the individual pancreas: 
while the TIC profi le of carcinoma always shows the 
slowest rise to a peak among the measured TIC, the 
TIC profi le of focal infl ammatory mass is equal to at 
least one of the other two measured TIC (proximal 
or distal to the lesion) (Tajima et al. 2007). 

A useful MRCP feature that suggests infl amma-
tory pancreatic mass is the so-called “duct-pene-
trating sign”. Defi ned as a normal MPD or a MPD 
with stenotic change and without ductal wall ir-
regularities coursing through the mass, this sign 
was demonstrated in 85% of patients with infl am-
matory pancreatic mass and in 4% of patients with 
pancreatic cancer. Although a little overlap between 

the two entities was found, the “duct-penetrating 
sign” had a sensitivity of 85% and a specifi city of 
96% for the purpose of distinguishing focal infl am-
matory mass from pancreatic cancer (Ichikawa et 
al. 2001). In patients with chronic pancreatitis and 
preserved pancreatic exocrine function, S-MRCP 
may help demonstrate the fi lling dynamics of the 
MPD stricture and the location of the side branches 
at the level of the stricture (Matos et al. 2002) 
(Fig. 11.18a,b).

When a simultaneous dilatation of the common 
bile and pancreatic ducts occurs, the “double-duct 
sign” may be seen on MRCP (Ahualli 2007). This 
sign has been considered highly suggestive of but 
not diagnostic for pancreatic head tumor, occurring 
in 62%–77% of cases (Fulcher and Turner 1999). 
In chronic pancreatitis the narrowing of the dilated 
pancreatic duct or bile duct tends to be gradual in 
the form of a gentle tapering, while in pancreatic 
cancer it tends to show an abrupt interruption. 

Fig. 11.17a–c. Advanced chronic pancreatitis complicated 
by portal and splenic vein occlusion and by bile duct stric-
ture. Gadolinium-enhanced arterial (a) and venous (b) axial 
MIP images show arterial and venous gastroepiploic shunts 
(arrowheads) in association with portal venous cavernoma 
(arrow). Thick-slab projective MRCP (c) shows a smooth ta-
pering of the intrapancreatic portion of the distal common 
bile duct (thin arrow) with upstream dilatation
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Another imaging feature that favors chronic pan-
creatitis is the limited parenchymal atrophy, while 
a neoplastic mass at the site of obstruction usually 
results in distal atrophy of the parenchyma.

Comparison with prior MRI or CT studies, if 
available, can be useful to detect follow-up changes 
in the appearance of the pancreas, which would raise 
a concern for interval development of malignancy 
(Kim and Pickhardt 2007). 

11.3.4 

Road Map for Treatment Planning and Follow-Up

In chronic pancreatitis, pain is the symptom that 
most often requires treatment (Steer et al. 1995). It 
is thought that pain may be triggered by increased 
pancreatic and ductal pressure secondary to an out-
fl ow obstruction, due to stones, MPD strictures or 
compressing pseudo cysts (Ebbehoj et al. 1990). En-
doscopic treatment should therefore be applied as a 
fi rst-line approach (Delhaye et al. 2003).

In addition to standard laboratory tests and plain 
fi lm or CT without contrast for the detection of pan-
creatic calcifi cations, MRI is currently the noninva-
sive technique of choice for the selection of patients 
who might benefi t from endotherapy (Delhaye et 
al. 2003).

In order to improve the access to the pancreatic duct 
before stone extraction or stenting, pancreatic sphinc-
terotomy is generally performed. The preliminary ex-
ecution of an MRCP (with secretin injection, if needed) 
can identify a dominant dorsal duct (i.e., complete or 
incomplete pancreas divisum), giving the clinician im-
portant anatomic information that can infl uence the 
technical approach (Matos et al. 2001) (Fig. 11.19a,b). 

Endotherapy and/or extracorporeal shock-wave 
lithotripsy (ESWL) are the therapeutic techniques 
for stone extraction. MRI and S-MRCP can depict 
MPD strictures and assess the exocrine pancreatic 
function, helping the clinician in choosing the most 
convenient therapeutic option (Dumonceau et al. 
2007). MRCP performed after stone fragmentation 
can also show a decrease in MPD diameter, indicat-
ing the relief of ductal obstruction. 

Pancreatic stenting is indicated for dominant 
ductal stricture, to achieve appropriate ductal de-
compression (Delhaye et al. 2003). A preoperative 
S-MRCP can defi ne the stricture’s entity; it can also 
be useful during the follow-up to verify the correct 
positioning and the patency of the stent. It has also 
been shown that S-MRCP allows quantifying the 
secretory response before and after drainage proce-
dures (Bali et al. 2005). 

S-MRCP is suggested for the planning of pseudo 
cyst drainage, in order to assess the feasibility of the 

Fig. 11.18a,b. Chronic pancreatitis with a main duct stricture in the head of the pancreas. Thick-slab projective MRCP (a) 
depicts the stricture (arrow). Thick-slab projective MRCP along with secretin stimulation (b) shows fi lling of the stricture, 
compatible with an infl ammatory process (arrowhead)
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procedure and to choose between the transmural 
and the transpapillary route. Size, number, loca-
tion, proportions of fl uids and necrotic debris, as-
sociated ductal lesions, connection with ductal sys-
tem, associated vascular lesions (pseudo aneurysm 
or venous thrombosis) and compression of stomach, 
duodenum and CBD can be determined (Delhaye 
et al. 2003). Pseudo aneurysms occur in 10% of pa-
tients with pseudo cysts (Howell et al. 1998). Ac-
curate diagnosis can be obtained with gadolinium-
enhanced MRI. MRI can also be useful as follow-up 
imaging technique until the pseudo cysts resolves 
completely.

11.4 

Work in Progress: 

Diff usion-Weighted Imaging

Diffusion-weighted imaging (DWI) explores the 
constant random brownian motion of water in the 
body (Koh and Collins 2007). DWI has recently 
been increasingly used to evaluate abdominal or-
gans (Colagrande et al. 2006), although pancre-
atic diseases have not been widely investigated yet 
(Matsuki et al. 2007; Lee et al. 2008). In DWI, sig-

nal intensity refl ects the water motion in the extra-
cellular, intracellular and intravascular space (Le 
 Bihan et al. 1988). The degree of restriction to water 
diffusion in tissues is correlated to their cellularity 
and integrity of cell membranes. In a highly cellular 
environment (e.g., tumor tissue), water diffusion is 
restricted by cell membranes, which act as barrier to 
water movement, and because of reduced extracellu-
lar space (Koh and Collins 2007). Water diffusion 
is also dependent on the amount of tissue fi brosis 
(Koinuma et al. 2005). From an imaging standpoint, 
the more water motion is restricted, the more the 
signal is high (compared to surrounding structures 
with higher diffusion). A quantitative analysis of 
water diffusion can be performed by calculating the 
so-called “apparent diffusion coeffi cient” (ADC). 
Diffusion in the extracellular-extravascular space, 
cellular diffusion and intravascular perfusion all 
contribute to ADC. Signifi cantly lower ADC value 
of pancreatic cancer compared with that of normal 
pancreas has been reported (Matsuki et al. 2007).

In the evaluation of chronic pancreatitis, DWI 
may help to detect mass-forming pancreatitis, to 
assess exocrine function and to monitor effects of 
steroid treatment in autoimmune pancreatitis.

The employment of image fusion technique to 
help evaluate diffusion-weighted images has been 
recently suggested (Tsushima et al. 2007). This 

Fig. 11.19a,b. Chronic pancreatitis and dorsal dominant duct – road map before endoscopic therapy. Thick-slab projective 
MRCP (a) and coronal T2-weighted TSE image (b) display dorsal changes with dilatation of the main duct and side branches 
(arrowheads) and the anatomic variation (arrows)
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post-processing procedure consists in the combina-
tion of T2-weighted images and diffusion-weighted 
images, in order to create fusion images in which the 
former are used as morphological reference and the 
latter give the functional information. Conspicu-
ity of diffusion-positive lesions is greatly improved 
when this technique is applied (Fig. 11.20a,b).

11.4.1 

Diff erential Diagnosis Between Mass-Forming 

Pancreatitis and Pancreatic Carcinoma

In a recent report, it was demonstrated that analysis 
of ADC, pure diffusion coeffi cient (D) and perfusion 
fraction (f) leads to an overall diagnostic perform-
ance in differentiating mass-forming pancreatitis 
from pancreatic carcinoma similar or slightly infe-
rior to those of various diagnostic examinations (CT, 
MRI, serum CA 19-9). Signifi cantly lower ADCs were 
noted for mass-forming pancreatitis compared with 
those for pancreatic carcinoma (Lee et al. 2008).

11.4.2 

Exocrine Function Assessment

DWI obtained before and after intravenous ad-
ministration of secretin could provide clinically 
useful information about physiopathologic altera-
tions in chronic pancreatitis. In normal pancreas, 
in response to secretin an increase in water osmo-
sis towards the pancreatic ducts and an increase in 

pancreatic perfusion occur, leading to signal loss on 
DWI and increased ADC values. 

Erturk et al. (2006) measured ADC values of 
pancreatic parenchyma on a series of DW images ob-
tained at different times after secretin injection. In 
subjects without demonstrable pancreatic disease, an 
early ADC peak occurred within the fi rst 4 min after 
secretin injection. In a group of subjects at risk for 
alcoholic chronic pancreatitis and in patients with 
chronic pancreatitis that peak was delayed, mainly 
between 4 and 8 min in the former group and after 
more than 10 min in the latter. Decrease in secretin 
binding to its receptors on pancreatic duct cells and 
reduction of blood vessel density may explain these 
slower ADC peak values in chronic pancreatitis.

11.4.3 

Monitoring of 

Autoimmune Pancreatitis Treatment

In autoimmune pancreatitis, steroid treatment usu-
ally leads to a rapid improvement in clinical symp-
toms, laboratory and morphological fi ndings. It has 
been suggested that, during the fi rst 2–4 weeks of 
therapy, CT or MRI/MRCP could be used to monitor 
the response (Song et al. 2008). A poor response to 
steroid treatment should raise the suspicion of pan-
creatic cancer or other forms of chronic pancreati-
tis. Dense lymphoplasmacytic infi ltration and large 
amount of fi brosis are typical histological features of 
autoimmune pancreatitis. These features may cause 
a restriction in water diffusion and be responsible 

Fig. 11.20a,b. Chronic pancreatitis with an acute infl ammatory mass in the tail. Combined T2-weighted TSE and diffusion-
weighted images display an area of abnormal signal intensity within the pancreatic body (arrow in a), that resolved spon-
taneously after 2 months (b)
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for high-signal intensity in DWI before treatment. 
Decrease of signal intensity in diffusion-weighted 
images might therefore mirror a reduction of cell 
infi ltration and infl ammation, supporting evidence 
of response to treatment (Fig. 11.21a,b).

11.5 

Appendix

Pratical Setup for an MR Study of 

Chronic Pancreatitis

Basic Protocol

1. Locator
Technique • : Fast GRE T1-weighted axial, coro-
nal and sagittal sections obtained during the 
same respiratory-gated acquisition
Information Provided • : identifi cation of cor-
rect positioning of the phased-array coil

2. Cross-sectional T2-weighted sequences 
Technique • : respiratory gating; coronal and 
axial planes; scans through liver and pancreas 
Information Provided • : depiction of bile and 
pancreatic ducts in cross-section; useful guide 
for MRCP acquisition

3. Cross-sectional T1-weighted sequence
Technique • : breath-hold three-dimensional 
sequence with fat-saturation; axial plane; scan 
through liver and pancreas 
Information Provided • : visualization of pancreatic 
parenchyma and borders and of focal masses

4. Magnetic resonance cholangiopancreatography 
(MRCP)

Technique • : breath-hold; projective technique 
with acquisition in coronal and axial planes 
according to the pancreatic angulation
Information Provided • : visualization of the 
main pancreatic duct, pancreatic branch ducts, 
bile ducts and gallbladder

Optional Steps

1. Oral T2-negative contrast agent administration 
before performing MRCP 

Indication • : to avoid overlap of the pancreatic 
ducts and other fl uid-containing organs due to 
residual fl uid in the bowel
Technique • : oral administration of 1–2 ml of 
water-diluted gadolinium 

2. Intravenous gadolinium injection
Indications • : 

To detect pancreatic focal masses when   ••

chronic pancreatitis determines diffuse 
abnormal signal of the gland 
To rule out vascular complications before   ••

endoscopic treatment
Technique • : axial, breath-hold, three-dimen-
sional gadolinium-enhanced sequences with 
fat-saturation; scans through liver and pan-
creas; dynamic acquisition in arterial, portal 
venous and late phase

3. Intravenous secretin administration
Indications • : 

To detect subtle duct changes when chronic   ••

pancreatitis at early stage is suspected and to 
improve the detection of pancreas divisum

Fig. 11.21a,b. Autoimmune pancreatitis and diffusion-weighted imaging. Baseline axial diffusion-weighted image (a) dis-
plays a diffuse hyperintense pancreas related to an extensive restriction of water diffusion (arrow). Control after 7 months 
(b) displays normal signal intensity of the pancreas related to a complete recovery

a b
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To detect mechanical obstruction in a   ••

normal pancreas
To rule out duct disruption when the main   ••

pancreatic duct is not completely visible
To help in differentiating focal infl amma-  ••

tory mass and pancreatic carcinoma (“duct 
penetrating” sign)
To estimate pancreatic fl uid output  ••

Technique • : repeat the appropriate projection 
(usually coronal) every 30 s for 10–15 min, 
starting immediately after intravenous admin-
istration of 0.5–1 ml of secretin/10kg of body 
weight

4. More heavily T2-weighted sequences
Indication • : to gain a better evaluation of peri-
pancreatic exudate
Technique • : acquire a more heavily T2-weighted 
sequence in axial plane

5. Three-dimensional MRCP
Indication • : to provide better delineation of 
pancreatobiliary anatomy
Technique • : acquire a three-dimensional, 
respiratory-gated, MRCP sequence covering 
the pancreatobiliary region

6. Diffusion-weighted images (Work In Progress)
Indications • : 

Differentiate between mass-forming pan-  ••

creatitis and pancreatic carcinoma
Monitor the treatment of autoimmune pan-  ••

creatitis
Diagnose acute pancreatitis superimposed   ••

to chronic pancreatitis
Technique • : acquire respiratory triggered axial 
diffusion-weighted images with b values of 0 
and 1000 s/mm2; scan through pancreas and 
liver with the same geometry as T2-weighted 
scans (FOV, slice thickness); ADC measure-
ments available 
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Abstract/Summary

Since its introduction, 40 years ago, the diagnostic 
workload of ERCP has been dramatically reduced in 
benefi t of non- or less invasive imaging procedures 
such as magnetic resonance imaging or endoscopic 
ultrasonography.

A few additional pieces of diagnostic information 
can be obtained through ERCP such as cytology 
and biopsy tissue sampling, visual inspection of the 
ducts through pancreatoscopy and thanks to new 
development of intraductal imaging.

However, ERCP is an operator-dependent proce-
dure requiring training, experience and associated 
with low failure and complications rates.

The major fi eld of ERCP consists in the thera-
peutic options provided by this procedure, includ-
ing relief of pancreatic ductal obstruction related to 
stone(s) and/or stricture(s) in the setting of painful 
chronic pancreatitis.

ERCP should therefore be applied to patients with 
chronic pancreatitis who may benefi t from endo-
scopic treatment or for whom tissue sampling would 
be required.

12.1 

Introduction

Chronic pancreatitis (CP) is a progressive, destruc-
tive infl ammatory process, characterized by recur-
rent attacks of abdominal pain, leading to irrevers-
ible pancreatic ductal and parenchymal changes, 
and results in a decrease in exocrine and endocrine 
functions late in the disease (Steer et al. 1995; 
 Etemad and Whitcomb 2001).

The reported incidence (5–7/100,000 inhabitants 
per year) and prevalence (10–15/100,000 inhabit-
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ants) of CP in Western countries underestimate the 
true spectrum of this disorder because its diagnosis 
is often problematic, particularly in the early stage 
of the disease (Steer et al. 1995; Levy et al. 2006).

The origin of CP is mixed, with about 70% of the 
cases being attributed to alcohol abuse. The remain-
ing cases are classifi ed as idiopathic CP (20%), tropi-
cal pancreatitis or unusual causes including heredi-
tary pancreatitis and CP-associated metabolic and 
congenital factors. Recent studies reveal that subjects 
with CP usually have multiple risk factors including 
a number of underlying genetic susceptibility gene 
mutations (Etemad and Whitcomb 2001).

Once CP is initiated, it appears to progress un-
relentingly toward infl ammatory destruction of the 
total organ.

The diagnosis of CP can be based on the presence 
of the three following criteria: ductal abnormalities, 
presence of pancreatic calcifi cations, or fi brosis in 
histological specimen (Alazmi et al. 2006). The fi rst 
two signs are late indicators and generally appear sev-
eral years after the onset of symptoms. Moreover, an 
histological specimen obtained after surgical resec-
tion or pancreatic biopsy is rarely available, especially 
in the early stages of the disease (Varadarajulu et 
al. 2007). The formal diagnosis of CP is therefore of-
ten delayed, the average length of time to diagnosis of 
CP being approximately 5 years (Levy et al. 2006).

Traditionally, ERCP has been considered as the 
gold standard study for diagnosing the subtle and 
overt ductal abnormalities in cases of CP  (Catalano 
et al. 1998). However, since its introduction in 1968 
(McCune et al. 1968), 40 years ago, ERCP has evolved 
from a purely diagnostic procedure to a therapeutic 
modality when the fi rst sphincterotomy was carried 
out in 1974 (Kawai et al. 1974).

As a diagnostic test of CP, the role of ERCP has 
been dramatically decreased as access to competing 
non- or less-invasive imaging techniques such as 
magnetic resonance imaging (MRI) and endoscopic 
ultrasonography (EUS) is becoming widely available 
(Adler et al. 2005). Actually, the vast majority of pa-
tients undergoing ERCP have evidence of structural 
disease on pre-ERCP imaging and 9 out of 10 pa-
tients are scheduled with therapeutic intent.

In patients who have CP, the aims of the endoscopic 
therapy are to alleviate outfl ow obstruction of the 
pancreatic duct to decrease ductal hypertension and 
relieve pain. Available endoscopic modalities include 
ERCP which is used to treat pancreatic ductal stric-
tures, pancreatic ductal stones, bile duct strictures 
and some pseudocysts (Delhaye et al. 2003).

12.2 

Technical Principles of ERCP

ERCP is a technically challenging procedure in CP 
patients and requires intravenous sedation and an-
algesia or most often general anesthesia of the pa-
tient (Ong et al. 2007).

Cannulation of the pancreatic duct with injection 
of contrast medium at the major and/or the minor 
papilla allows for complete evaluation of the pancre-
atic ducts in a single radiograph.

Indeed, ERCP is a dynamic, operator-depen-
dent procedure that requires immediate inter-
pretation of cholangiograms and pancreatograms 
to make diagnostic and therapeutic decisions. 
Radiologists are not provided formal training in 
post-ERCP film interpretation. So, currently, the 
endoscopist would selectively consult with other 
advanced ERCP endoscopists about the findings 
noted on a cholangiogram or a pancreatogram 
instead of relying on radiologists for interpreta-
tion of post-procedure ERCP films (Kucera et al. 
2007).

However, a suffi cient experience and competency 
can be acknowledged to expert radiologists in the 
fi eld of magnetic resonance cholangiopancreatogra-
phy (MRCP) (Matos et al. 1997).

Appropriate selection of patients for ERCP is of 
utmost importance. ERCP should be almost ex-
clusively therapeutic with avoidance of diagnostic 
ERCP by using a combination of clinical assessment 
and prior imaging so that limiting ERCP to patients 
with a near-certain probability of requiring therapy 
(Williams et al. 2007). ERCP is therefore not in-
dicated for patients with abdominal pain without 
objective evidence of pancreatico-biliary disease by 
laboratory or noninvasive imaging studies (Baron 
et al. 2006).

Standard ERCP cannulas typically are 5F-
catheters (Fig. 12.1a,b) that can accept a 0.035-
inch guidewire (Fig. 12.1b). Guidewires often are 
used in conjunction with cannulas or sphinc-
terotomes (Fig. 12.1c) to obtain and to secure 
deep cannulation, and to perform wire-guided 
sphincterotomy, stent placement, stone extrac-
tion, and other therapeutic techniques (Delhaye 
et al. 2003).

The overall outcome of a procedure like ERCP is 
a balance between technical success, complications, 
and clinical effi cacy (Freeman and Guda 2005) 
(Table 12.1).
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12.2.1 

Technical Success

ERCP is one of the most technically demanding and 
highest-risk procedure perfomed by gastrointestinal 
endoscopists. A fi ve-point diffi culty scale has been 
described for ERCP (Schutz and Abbott 2000) and 
it was shown that technical success was dependent 
on ERCP degree of diffi culty, but complications were 
not. Interestingly, all pancreatic therapeutic proce-
dures were included in grade 5 procedures.

Successful deep cannulation of the desired duct 
is achieved at or above 95%, consistently, by expe-
rienced endoscopists (Calvo et al. 2002; Freeman 
and Guda 2005; Baron et al. 2006).

However, some confounding anatomical vari-
ables such as location of the papilla adjacent to or 
within a diverticulum, or altered surgical anatomy 
such as Billroth II gastrectomy or bariatric surgery, 
are some of the limitations of successful access and 
cannulation of the papilla.

a b

c d

Fig. 12.1a–d. A 51-year-old man presented with epigastric pain radiating through the back over 2 years, with acute exacer-
bation of pain one week before ERCP. There was a history of slight alcohol consumption (1–2 units/week) and heavy smok-
ing (20–40 cigarettes/day). CT had shown a huge dilatation of the main pancreatic duct (9–10 mm) but no calcifi cations. 
Cannulation of the major papilla using a 5F-catheter allowed the deep opacifi cation of the main pancreatic duct which was 
dilated (a). At higher magnifi cation (b), a radiolucent fi lling defect was suspected in the distal part of the main pancreatic 
duct (arrow in b), suggesting an intraductal mucus-secreting lesion. Endoscopic pancreatic sphincterotomy was performed 
with a standard pull-type sphincterotome (c) and subsequently a pancreatoscope was inserted to delineate the extension of 
the intraductal papillary mucinous tumor. (d) Three weeks later, the patient underwent a pylorus-preserving duodenopan-
createctomy. Pathology revealed a malignant T2N0 intraductal papillary mucinous tumor
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Technical success of ERCP in CP patients is not 
only dependent on successful cannulation. In fact, 
once cannulation is achieved, other maneuvers are 
required to achieve complete technical success, 
including traversing of a stricture, extraction of 
stones, and successful stent placement.

12.2.2 

Complications

ERCP complications are heavily dependent on pa-
tient-related factors and, on technique and operator 
characteristics (Freeman et al. 2001; Vandervoort 
et al. 2002). For example, the risk of overall compli-
cation is more than doubled in patients with sus-
pected sphincter of Oddi dysfunction.

Overall complication rate is around 10%, the most 
common complication being a procedure-related 
acute pancreatitis (2%–7%) which is mild in the ma-
jority of patients (Freeman 2002). The frequency of 
post-ERCP pancreatitis is similar for both diagnos-
tic and therapeutic procedures.

Many studies have identifi ed the risk factors 
for the development of post-ERCP pancreatitis 
( Freeman et al. 2001; Vandervoort et al. 2002).

Temporary stent placement across the pan-
creatic duct orifice is a cost-effective method of 
prevention of post-ERCP pancreatitis in high-risk 
groups.

Indeed, in a meta-analysis of controlled trials 
involving 481 patients, the non-stented group had a 
threefold higher risk of developing pancreatitis than 
the group with prophylactic stent insertion (Singh 
et al. 2004).

Endoscopic pancreatic sphincterotomy (Figs. 12.1c, 
12.2b and 12.3f) is often the fi rst step in accessing the 
pancreatic duct for therapeutic maneuvers, such as 
pancreatic duct stricture dilatation (Figs. 12.2c and 
12.3g), pancreatic duct stone removal (Fig. 12.3h), 
and pancreatic duct stent placement (Fig. 12.2d) in 
CP patients.

The complications of pancreatic sphinctero-
tomy in CP patients have been specifi cally studied 
by our group (Hookey et al. 2006). In a large series 
of 572 endoscopic pancreatic sphincterotomies per-
formed for the management of CP patients in 70% 
of the cases, post-ERCP pancreatitis occurred in 9% 
among the patients with CP, and was severe in 1%. 
Multivariate analysis identifi ed female sex as the 
single factor being associated with a higher risk of 
pancreatitis, while pancreatic ductal stones, sphinc-
terotomy at only the major papilla, and pancreatic 
duct drainage with a nasopancreatic catheter or a 
stent were associated with a lower risk.

Nasopancreatic catheters were placed more fre-
quently than stents in this series (50.7% vs 18.7% 
of cases). Advantages of nasopancreatic catheter 
in comparison with stent included the ability to re-
move them after 24–48 h without an additional en-

Table 12.1. Advantages and limitations of ERCP in CP patients

Advantages Limitations

��Ductal anatomic mapping most precise and reliable � Expensive

� High level of spatial resolution � Invasive (complication rate  5%–10%)

� Precise assessment of:
   - Ductal stricture(s)
   - Filling defect(s)
   - Ductal communication of cyst(s)
   - Anatomical variations

� Operator-dependent (failure rate  3%–10%)

� Additional diagnostic information 
   (tissue and secretion sampling, OCT, pancreatoscopy,…)

� Incomplete examination:
   - Of extraductal structures
   - Above the site of complete ductal obstruction or disruption
   - In failed access to the papilla

� Interventional procedures concurrent with imaging 
   (relief of pancreatic ductal obstruction)

� False increase in MPD diameter

� Radiation exposure

ERCP: endoscopic retrograde cholangiopancreatography; CP: chronic pancreatitis; OCT: optical coherence tomography; 
MPD: main pancreatic duct
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doscopy, and to assess of the need for therapeutic 
stent placement in patients with CP (Fig. 12.3j). In-
deed, pain during perfusion of the nasopancreatic 
catheter with saline and little or no drainage under 
fl uoroscopic control after contrast injection repre-
sented criteria for more permanent stenting.

CP was also found to provide some protection 
against ERCP-induced pancreatitis in other studies 
(Freeman et al. 2001). This could be explained by at-
rophy and decreased enzymatic activity in severe CP.

Other complications, excluding pancreatitis, oc-
curred in 3%–5% of the cases and included signifi cant 
post-sphincterotomy bleeding (0%–3%), sepsis or 
cholangitis (1%–2%) and retroperitoneal perforation 
(<1%) (Papachristou and Baron 2007). Therefore 
coagulopathy should be corrected if sphincterotomy 
is anticipated and antibiotic prophylaxis is indicated 
in the setting of suspected biliary obstruction, known 

pancreatic pseudocyst, or ductal leaks (Adler et al. 
2005). Mortality was reported in 1 patient out of 398 
with CP (0.25%) (Hookey et al. 2006).

The complications of pancreatic duct stenting in 
CP patients are similar to those of pancreatic sphinc-
terotomy for the early complications, and included, 
as late complications, proximal migration into the 
main pancreatic duct (MPD) (1%–5%) or distal mi-
gration into the duodenum (7%–9%), and occlusion 
which can be associated with recurrent pain, pancre-
atitis or infection in 10%–20% of the cases (Adler et 
al. 2006; Somogyi et al. 2006). Digestive tract perfo-
ration and pancreatic duct disruption secondary to 
stent impaction were rarely reported.

Finally, stent-induced ductal changes were observed 
mainly in patients with normal pancreatic ducts prior 
to stent placement and were not clinically signifi cant 
in patients with severe CP (Kozarek 1990).

Fig. 12.2a–d. A 51-year-old man with chronic alcoholic pancreatitis presented with epigastric pain relapse radiating through the back. 
ERCP demonstrated a main pancreatic duct distal stricture (a). Endoscopic pancreatic sphincterotomy was performed using a wire-guid-
ed sphincterotome (b). Dilatation of the distal stricture was performed by means of a 6 mm/4 cm hydrostatic balloon catheter threaded 
over a guide-wire (c). Subsequently two straight 3 cm-10-F stents were implanted in the main pancreatic duct to allow adequate drainage 
of pancreatic secretions (d). A signifi cant decrease in the main pancreatic duct diameter was obtained (compare pictures b and d)

a b

c d
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12.3 

ERCP for the Diagnosis of CP

In clinical practice, the diagnosis of CP is based on 
a combination of clinical, laboratory and imaging 
fi ndings (Fry et al. 2007). The challenge is to diag-
nose patients correctly with CP in earlier stages of 
the disease.

12.3.1 

Indications for Diagnostic ERCP

The indications for diagnostic ERCP will diminish 
as alternative imaging modalities achieve better vi-
sualization of the biliary and pancreatic ducts with-
out the procedural risks of ERCP.

ERCP will retain a portion of its traditional diag-
nostic role in clarifying areas that are poorly visual-
ized by the other imaging procedures, such as the 
side-branches of the pancreatic duct, in differentiat-

Fig. 12.3a–j. A 66-year-old woman presented with intermittent pain in the left upper quadrant increasing after meals. Previ-
ous alcohol abuse. Plain fi lm centered on the head of the pancreas showing a big calcifi cation before extracorporeal shock 
wave lithotripsy (a). Plain fi lm immediately after one session (b) and after two sessions of lithotripsy (c), just before ERCP 
with the duodenoscope in front of the major papilla. ERCP demonstrated intraductal fragment stones and dilatation of the 
main pancreatic duct (d,e). Endoscopic pancreatic sphincterotomy was performed (f) followed by dilatation of the distal 
part of the main pancreatic duct using bougienage (g), just before extraction of fragment stones with a Dormia basket (h). 
After complete ductal clearance was obtained, contrast medium fl owed freely alongside the catheter into the duodenum (i). 
Subsequently, a 6-F nasopancreatic catheter was inserted for lavage with saline for 24 h (j)

g h

i j
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ing CP from pancreatic neoplasm (by means of in-
traductal tissue sampling) in cases when adenocar-
cinoma (Fig. 12.4) or intraductal papillary mucinous 
neoplasm (Fig. 12.1) are in the differential diagnosis, 
in evaluating precisely location, size and aspect of 
strictures, ductal communication of cysts, pancre-
atic duct stones and ductal leaks ( Devereaux and 
Binmoeller 2000; Lehman 2002; Attasaranya et 
al. 2007).

However, CT better depicts the parenchyma 
changes, including atrophy and the presence of 
calcifi cations. MRI has the advantage of evaluat-
ing both the ductal anatomy and the parenchyma, 
allowing a more global assessment, but calcifi ca-
tions are poorly seen at MRI and side branches may 
remain diffi cult to visualize at MRCP (Kim and 
 Pickhardt 2007).

12.3.1.1 

Diagnosis of Early CP

There is controversy regarding the gold standard 
for the early diagnosis of CP. Indeed, most diag-
nostic tests are not sensitive enough, costly, risky 
or not widely available and there is no single test 
able to make the diagnosis of CP in all patients 
( Forsmark 2000). So, in patients referred for evalu-
ation of abdominal pain in whom there are few clini-
cal grounds for suspecting CP, or in presence of risk 
factors, particularly alcohol use, the fi rst step is to 
search for pancreatic calcifi cations and/or dilatation 
of the MPD using the test which is the least costly 
and risky.

In the absence of calcifi cations/dilatation of the 
MPD, the test with the maximum sensitivity has to 
be chosen.

In earlier reports, sensitivity and specifi city of 
ERCP for the diagnosis of CP ranged from 71% to 94% 
and from 89% to 100% respectively (Etemad and 

Whitcomb 2001; Adler et al. 2006;  Attasaranya 
et al. 2007).

So, in most studies evaluating the role of a new 
diagnostic test for CP, ERCP is chosen as the gold 
standard. However, CP can exist in the presence of a 
normal pancreatogram, the interpretation of ERCP 
is subjective with substantial interobserver and in-
traobserver variability, and fi nally acute pancrea-
titis, pancreatic cancer and aging can all produce 
changes in the pancreatic ducts similar to any or all 
of the features of CP (Forsmark and Toskes 1995).

In subgroups of patients with early disease (no 
calcifi cations, majority of patients with normal ducts 
or mild to moderate ductal changes), the sensitivity 
of EUS seems to be better than ERCP (on an average 
87% vs 71%) (Wiersema et al. 1993; Catalano et al. 
1998; Sahai et al. 1998).

However, what remains unknown is the clini-
cal implication of mild abnormalities on ERCP (or 
EUS), because actually there is no criteria to pre-
dict the disease outcome, to formulate therapeutic 
guidelines or to plan the management strategy in 
such patients.

Another way to establish the diagnosis of CP 
could be through the detection of an abnormal 
function of the diseased pancreas. The intraductal 
secretin test performed at the time of ERCP consists 
in the collection of pure pancreatic juice after deep 
cannulation of the MPD and secretin intravenous 
administration. The highest bicarbonate concentra-
tion (105 mEq/L as the cut-off criteria for CP diag-
nosis) measured on pure pancreatic juice collected 
over 15 min showed, however, poor overall accuracy 
against the results of the standard secretin test or 
against the results of ERCP (Draganov et al. 2005). 
Therefore, the intraductal secretin test does not 
measure pancreatic function accurately, is an inad-
equate method to diagnose CP and should therefore 
no longer be performed in this setting.

Fig. 12.4a–f. A 69-year-old woman presented acute abdominal pain radiating through the back associated with increase 
of serum amylase and lipase, one week before ERCP. Magnetic resonance imaging showed a huge dilatation of the main 
pancreatic duct above a stricture. No mass was identifi ed around the stricture, even after gadolinium administration. Can-
nulation of the major papilla allowed opacifi cation of an irregular main pancreatic duct (a) without associated stricture of 
the common bile duct (b). However, an irregular long stricture was noted on the distal part of the duct of Santorini (arrow in 
c) with upstream dilatation of the main pancreatic duct (asterisk in c). Selective cannulation of the dorsal duct was obtained 
by the “rendez-vous” technique using a hydrophilic guide-wire passing from the major papilla (black arrow) to the minor 
papilla (white arrow) (d). Brush cytology of the stricture displayed rare malignant glandular cells. The ductal stricture was 
dilated using a 6 mm/4 cm hydrostatic balloon catheter (e) and subsequently one straight 5 cm–10-F stent was inserted in 
the Santorini duct (f). One month later the patient underwent a pylorus-preserving duodenopancreatectomy. Pathology 
revealed a 3-cm ductal adenocarcinoma at the stage T3N0
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12.3.1.2 

ERCP for CP Severity Assessment

The Cambridge classifi cation is the most commonly 
used method for defi ning and grading the severity 
of CP and was initially based on the ductal changes 
evaluated by ERCP (Axon et al. 1984).

Severity was divided into normal, mild, moderate 
or severe changes of CP.

Abnormalities (dilatation and irregularity) in 
three or more side branches with a normal MPD 
were considered to indicate mild or early CP. When 
the MPD was also abnormal, moderate changes were 
considered to be present. Severe CP was considered 
to be present when one or more of the following fea-
tures were seen: severe dilatation or irregularity of 
the MPD, a large cavity, fi lling defects or obstruction 
of the MPD. Dilatation of the MPD was defi ned ac-
cording to the reported normal parameters for MPD 
diameter (3–4 mm in the head, decreasing to 2–3 mm 
in the body, and 1–2 mm in the tail) ( Gabbrielli et 
al. 2005). Changes were also classifi ed as focal (head, 
body or tail) or diffuse.

In a recent study (Tamura et al. 2006), the pan-
creas was examined both by MRCP and ERCP ac-
cording to the criteria in the Cambridge classifi ca-
tion of CP, with ERCP considered as the accepted 
reference standard.

The accuracy of MRCP for irregularity in the MPD 
was 88%, for dilatation of branch ducts was 92%, for 
irregularity in branch ducts was 79%, for cystic le-
sions was 100%, for stenosis or obstruction of the 
MPD was 92% and for pancreatic stones was 94%.

MRCP was found to have the lowest sensitivity 
(76%) for irregularity of branch ducts and the low-
est specifi city (94%) for pancreatic stone.

Moreover, the measured MPD diameter at ERCP 
was 1.5 times larger, on average, than that of MRCP, 
probably because of injection of contrast medium 
during ERCP may have distended the duct.

In the particular form of autoimmune CP, pan-
creatography is showing diffuse or segmental ir-
regularities of the MPD, or some narrowing of the 
MPD together with bile duct strictures. Both fea-
tures improved after therapy with corticosteroids 
( Horiuchi et al. 2002).

12.3.1.3 

ERCP for Complications Assessment

Complications seen in CP included pseudocyst 
that can be a source of pain (see Chap. 15), gastro-

intestinal or biliary obstruction (see Chap. 16), 
pseudoaneurysms of the visceral arteries or 
splenic vein thrombosis, pancreatic ductal leaks 
(see Chap. 15), and ductal adenocarcinoma with 
an overall lifetime risk of 4% (Lowenfels et al. 
1993).

The imaging appearances of focal CP and duc-
tal adenocarcinoma demonstrate signifi cant over-
lap, making differential diagnosis diffi cult. Indeed, 
both may present as focal masses with obstruction 
of the pancreatic or biliary ducts. This aspect will be 
treated in Chapter 15.

12.3.2 

New Diagnostic Applications of ERCP

12.3.2.1 

ERCP Tissue Sampling

A tissue diagnosis can be obtained via ERCP biopsy 
and brush cytology (Papachristou et al. 2007).

This technique is straightforward, requires little 
time and has a good safety profi le. The brush and 
catheter sheaths are inserted into the duct of inter-
est under fl uoroscopy over a guidewire. The brush 
is then advanced from the sheath to a point proxi-
mal to the stricture, withdrawn slightly, and moved 
across the stricture approximately 10 times. The 
brush is then withdrawn into the catheter and both 
are subsequently withdrawn from the endoscope as 
a single unit.

The sensitivity rate for ERCP-directed brush cy-
tology or biopsy is 30%–50%, with a combination 
achieving sensitivity rates of 65%–70% (Pugliese 
et al. 2001). These procedures are however highly 
specifi c for the diagnosis of malignancy. Techniques 
to enhance the accuracy of brush cytology are in 
progress, namely using additional biological molec-
ular markers including p53, telomerase activity and 
detection of K-ras mutations especially for patients 
without pancreatic calcifi cations (Arvanitakis et 
al. 2004).

The use of pancreatography as a means of obtain-
ing tissue has been marginalized by the development 
of EUS in conjunction with fi ne-needle aspiration, a 
procedure that has a signifi cantly higher cytologic 
yield than ERCP and brush cytology (Kozarek 
2006).

Visually guided tissue sampling during pancrea-
toscopy (Fig. 12.1d) has also been described with the 
aim to increase the ability to differentiate pancre-
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atic neoplasm from CP in cases with local stenosis 
or elevated lesions of the MPD (Devereaux and 
 Binmoeller 2000). However, these techniques are 
not widely available.

12.3.2.2 

Intraductal Optical Coherence Tomography

Optical coherence tomography (OCT) is an optical 
imaging technique that uses infrared light refl ec-
tance and produces high-resolution cross-sectional 
images of tissues in vivo. The depth of penetration of 
the light wave into the tissues is limited to 1–2 mm, 
so only mucosal and submucosal structures can be 
investigated. Testoni et al. (2007) reported prelimi-
nary results with insertion of the OCT catheter into 
the MPD during an ECRP procedure in 12 patients 
(7 cases of neoplastic lesion, 3 cases of CP with a 
segmental MPD stricture, 1 case of neuroendocrine 
tumor and 1 case of normal tissue). OCT imaging 
showed a recognizable three-layer structure in the 
cases with normal MPD or CP, but the layer struc-
ture was totally unrecognizable in all cases with 
ductal adenocarcinoma. However, OCT seems un-
able to discriminate between a normal MPD struc-
ture and other benign lesions of the MPD.

12.4 

ERCP for the Treatment of CP

Ideally, ERCP should be reserved for treatment of 
abnormalities found by less invasive imaging tech-
niques (Adler et al. 2005). Indeed, CT and MRI/
MRCP allow pancreatic and biliary anatomy to be 
defi ned non-invasively, without risk of complica-
tions.

Obstruction of the MPD results in impaired pan-
creatic drainage and may be the principal cause of 
symptoms in some patients with CP. When ductal 
obstruction is present, drainage of the pancreatic 
duct may improve symptoms or prevent recurrent 
episodes of pancreatitis.

ERCP provides direct access to the pancreatic 
duct for evaluation and treatment of symptomatic 
ductal stones and strictures.

The aim of endoscopic treatment is to decompress 
the MPD and to obtain good ductal drainage with 
reduction of the MPD diameter. All these strategies 

are palliative. So, they should only be considered for 
symptomatic patients.

The application of a variety of techniques de-
pends on the causes of ductal obstruction, such as 
stones (Fig. 12.3a), strictures (Fig. 12.2a), or their 
combinations and on the presence of complications 
amenable to endoscopic treatment like pseudocysts 
or biliary stricture.

In spite of its limited evidence, endotherapy has 
been frequently performed over the past 25 years, 
as a fi rst-line procedure in selected patients with CP 
(Delhaye et al. 2005).

12.4.1 

Pancreatic Ductal Stones

Irrespective of the etiology of CP, pancreatic ductal 
stones are a relatively common fi nding in advanced 
CP. Stones can cause ductal obstruction that leads 
to ductal hypertension, increased interstitial pres-
sure, and abdominal pain or recurrent attacks of 
pancreatitis (Devière et al. 1998).

Endoscopic removal of pancreatic stones is dif-
fi cult, mainly because pancreatic stones tend to be 
multiple, hard, and spiculed, and because they are 
usually stuck to the ductal epithelium or impacted 
behind fi brotic or angulated strictures. Some form 
of lithotripsy is therefore usually required before 
stone removal (Adler et al. 2005). Extracorporeal 
shock wave lithotripsy (ESWL) seems to be the 
best technique for disintegrating pancreatic stones 
( Devereaux and Binmoeller 2000).

12.4.1.1 

Selection of Patients

The best candidates for endoscopic treatment of 
pancreatic stones are those patients having single 
or multiple stones located in a dilated MPD and who 
do not have any associated tight ductal stricture 
(Maydeo et al. 2007) (Fig. 12.3).

The worse candidates are those patients hav-
ing stones located throughout the MPD or side 
branches, stones impacted behind tight strictures, 
stones located predominantly in the pancreatic tail, 
stones associated with proximal strictures, complex 
parenchymal/ductal disease, or multiple strictures. 
In these patients, the number of ESWL and ERCP 
sessions required is much higher, with higher rate 
of associated complications together with a limited 
technical and clinical success rates.
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12.4.1.2 

Pre-Procedural Evaluation

Adequate assessment of the bilio-pancreatic ductal 
morphology and of the pancreatic and surrounding 
anatomy is essential prior to ESWL to ascertain the 
patient’s suitability for endotherapy. This is accom-
plished by obtaining good quality plain fi lms of the 
pancreatic area in left and right oblique positions 
and MRCP. CT is not required routinely unless an 
infl ammatory mass or a complex parenchymal pa-
thology are suspected.

If the MPD is well visualized on the MRCP, ESWL 
is begun without doing an ERCP or a pancreatic 
sphincterotomy, except in patients who have ra-
diolucent stones. In these patients, ERCP with a 
pancreatic sphincterotomy and the placement of a 
nasopancreatic catheter are required for allowing 
radiological focusing on the stones during ESWL 
(Delhaye et al. 1992).

12.4.1.3 

Techniques and Timing of ERCP

The end point of ESWL should be complete stone 
disintegration (Fig. 12.3b,c) as evidenced by a de-
crease in the radiographic density of the stone, an 
increase in the stone surface area and heterogeneity 
of the stone which appears as powder-like material 
fi lling the pancreatic and the surrounding second-
ary ducts (Delhaye et al. 1992).

ERCP is then performed with the aim of achiev-
ing complete ductal clearance.

First, the pancreatic duct is opacifi ed (Fig. 12.3d), 
then a hydrophilic guidewire is negotiated across 
the disintegrated stones as far as the pancreatic tail 
(Fig. 12.3e). A wire-guided sphincterotome is used 
for the pancreatic sphincterotomy (Fig. 12.3f) with 
a pure cutting current up to the limit of the amp-
ullary bulge. Stone fragments are usually removed 
with stone extraction balloon or small basket along-
side the previously placed guidewire (Fig. 12.3h), 
starting from the pancreatic head (Dumonceau et 
al. 1996; Delhaye et al. 2003).

In case of multiple pancreatic stones, 2–3 ses-
sions of ESWL and 3–4 sessions of ERCP may be 
required in order to achieve the end-point of endo-
therapy which should be complete ductal clearance 
(Fig. 12.3i).

12.4.1.4 

Results

Several observational, retrospective studies have 
reported benefi t from removal of pancreatic stones 
in terms of improvement or relieving of abdominal 
pain and pancreatitis exacerbation in 54%–91% of 
the patients, in the largest series, during a mean 
follow-up ranging from 7 to 44 months (Delhaye 
et al. 1992; Dumonceau et al. 1996; Smits et al. 
1996; Costamagna et al. 1997; Brand et al. 2000; 
Kozarek et al. 2002; Inui et al. 2005).

Moreover, about two-thirds of these patients have 
a sustained relief of pain at long-term follow-up (Ro-

sch et al. 2002; Delhaye et al. 2004; Tadenuma et 
al. 2005).

Accordingly, a meta-analysis including a total of 
588 patients found that ESWL was effective in reliev-
ing MPD obstruction and alleviating pain in chronic 
calcifying pancreatitis, most often in combination 
with endoscopic therapy (Guda et al. 2005).

Factors associated with immediate relief or im-
provement of pain were successful decompression 
of the MPD as evidenced by a decrease in its di-
ameter and stone clearance (Delhaye et al. 1992; 
 Dumonceau et al. 1996; Brand et al. 2000).

In a long-term study (Tadenuma et al. 2005), 
pain relapse occurred signifi cantly more frequently 
in patients with incomplete removal of stones after 
the initial therapy (hazard ratio, 3.7) and in those 
with a MPD stricture (hazard ratio, 3.4). Both fac-
tors were signifi cant risk factors for pain relapse by 
multivariate analysis.

As expected, complete removal of stones was 
attained more frequently in patients with a single 
stone and without a MPD stricture.

At long-term follow-up, 10%–20% of the patients 
were still receiving endotherapy (Rosch et al. 2002; 
Delhaye et al. 2004), while surgery became nec-
essary for about 20% of these CP patients initially 
treated with endotherapy, either for pancreatic duc-
tal drainage when repetitive endoscopic treatment 
is considered too frequent in these young patients, 
or in case of technical or clinical failure after en-
dotherapy (Rosch et al. 2002; Delhaye et al. 2005; 
Farnbacher et al. 2006a) (Table 12.2).

From the functional point of view, the exocrine 
function of the pancreas deteriorated more signifi -
cantly in the incomplete removal group (Tadenuma 
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et al. 2005), in patients with a long duration of symp-
tomatic ductal obstruction (Delhaye et al. 2004) 
and in the alcohol abuse group (Delhaye et al. 2004; 
Tadenuma et al. 2005).

However, the pancreatic endocrine function of the 
patients treated for pancreatic stones deteriorated 
after long-term follow-up evaluation independently 
of the successful removal of ductal stones (Delhaye 
et al. 2004; Tadenuma et al. 2005).

Besides these previous retrospective studies, a bi-
center prospective randomized controlled trial re-
cently reported the results of ESWL alone vs ESWL 
in conjunction with endotherapy in highly selected 
patients with painful uncomplicated calcifi ed CP 
 (Dumonceau et al. 2007). These investigators ran-
domized 55 patients, 26 to ESWL alone and 29 to 
ESWL combined with endotherapy (Table 12.3). A to-
tal of 38% of the patients treated with lithotripsy alone 
and 45% of those treated with combination therapy 
had relapse of pain 2 years after treatment. No sig-
nifi cant differences in the outcome of pancreatic pain 
were reported in both groups; however, costs of treat-
ment were about three times higher in the combina-
tion group compared with the ESWL alone group.

On the basis of this trial, ESWL might be the best 
initial option in selected patients with calcifi cations 
confi ned to the head of the pancreas, because it is 
non-invasive, is less expensive, and does not pre-
clude further endoscopic or surgical therapy.

However, patients who would not be eligible for 
ESWL alone are those with a concomitant fl uid col-
lection, a symptomatic biliary obstruction or with a 
huge stone burden or multiple side branch calcifi ca-
tions.

Specifi c complications related to ESWL are rarely 
severe and include petechiae on the skin at the area 
of shock waves penetration and erosions in the gas-
tric antrum or the duodenum, sometimes hemor-
rhagic that have been observed when ERCP has been 
performed immediately following ESWL, but with-
out clinical consequences.

12.4.2 

Pancreatic Ductal Strictures

Approximately half of the patients with severe CP 
presented with obstruction of the MPD caused by a 
dominant stricture usually located in the pancreatic 
head (Eleftheriadis et al. 2005).

A stricture was defi ned as a main-duct narrow-
ing (Fig. 12.2a and Fig. 12.4c) with partial or com-
plete obstruction to contrast fl ow with or without 
associated stone or pseudocyst (Costamagna et al. 
2006).

Benign strictures of the MPD are generally due to 
infl ammation or fi brosis around the MPD (Adler 
et al. 2006). Ductal obstruction may lead to pain or 
acute pancreatitis superimposed on CP.

Table 12.2. Results of endoscopic pancreatic ductal drainage in CP patients (selected retrospective 
series including more than 50 patients followed for a mean period of more than 3 years)

Authors (y) Number of 
patients (n)

Clinical 
improvement (%)

Conversion to 
surgery (%)

Ongoing endoscopic 
therapy (%)

Cremer et al. 
(1991)

76 84 15 NA

Binmoeller et al. 
(1995)

93 65 26 13

Adamek et al. 
(1999)

80 76 10 NA

Rosch et al. 
(2002)

996 65 24 16

Delhaye et al. 
(2004)

56 66 21 18

Tadenuma et al. 
(2005)

70 70 1 20

Farnbacher et al. 
(2006a)

96 67 23 18

CP: chronic pancreatitis; y: year; NA: not available
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Numerous studies have described symptomatic 
benefi t of pancreatic duct stenting for painful CP 
(Cremer et al. 1991; Ponchon et al. 1995; Vitale et 
al. 2004; Eleftheriadis et al. 2005).

12.4.2.1 

Selection of Patients

The best candidates for pancreatic stenting are those 
patients with one dominant stricture in the pancre-
atic head with upstream ductal dilatation combined 
with typical pain (Type IV according to Cremer’s 
classifi cation; Cremer et al. 1976).

The worse candidates are those with multiple 
strictures on the MPD, resulting in a picture some-
times described as a “chain of lakes” or Type III ac-
cording to Cremer’s classifi cation (Cremer et al. 
1976).

12.4.2.2 

Techniques of Pancreatic Ductal Stenting

Pancreatic duct strictures are best demonstrated at 
ERCP at which time attempts at excluding malig-
nancy must always be pursued, namely by appropri-
ate tissue sampling of the stricture (Fig. 12.4c).

In most patients, pancreatic sphincterotomy 
(with or without biliary sphincterotomy) by way of 
the major or minor papilla is performed to facilitate 
access to the MPD. A hydrophilic guidewire is ma-
neuvered upstream to the narrowing (Fig. 12.2b). 

High-grade strictures require dilatation before 
stent insertion. This may be performed with gradu-
ated bougienage (Fig. 12.3g) or hydrostatic balloon 
dilatation (Figs. 12.2c and 12.4e) (Delhaye et al. 
2005).

Occasionally the pancreatic duct strictures are 
extremely tight or angulated and may not be tra-
versable with conventional dilators. Therefore, new 
devices have been applied to improve the technical 
success rate of passing diffi cult ductal strictures. 
The Soehendra stent retriever has been used to core 
a path through high grade strictures (Binmoeller 
et al. 1998). “Dissection” or “stricturoplasty” of re-
fractory strictures on the MPD using a sphinctero-
tome or a pre-cutting needle-knife (Kawamoto et 
al. 2006) was recently described.

Thereafter, one or more polyethylene pancre-
atic duct stents are placed through the strictures 
(Fig. 12.2d), as described previously (Delhaye et al. 
2003), to expand the narrowing adequately such that 
it allows good fl ow long after the stent is removed 
(Attasaranya et al. 2007).

In case of multiple stenting, it is recommended 
to begin with the stent of the largest diameter and 
maximal length in order to reduce the risk of migra-
tion of the fi rst stent into the pancreatic duct dur-
ing insertion of the next stent (Costamagna et al. 
2006).

The technical success rate of pancreatic duct 
stenting is reported at or above 95% by experienced 
endoscopists (Farnbacher et al. 2006a).

Table 12.3. Randomized controlled trials related to the treatment of CP

Authors (y) Dite et al. (2003) Cahen et al. (2007) Dumonceau et al. (2007)

Design of the RCT Endotherapy vs Surgery Endotherapy vs Surgery ESWL vs ESWL + endotherapy

Number of randomized 
patients

36              36 19              20    26              29

Mean follow-up 5 years 2 years 4 years

Complete pain relief (%) 15              34� 16              40�    58              55a

Partial pain relief (%) 46              52a 16              35� ND              ND

Total group (n) 64              76 19              20    26              29

Technical success (%) 97            100a 53            100� 100            100a

Morbidity (%)   8                8 58              35a     0                3a

Mortality (%)   0                0   5                0a     0                0a

Need for surgery (%)   0                3 21                5     4              10a

CP: chronic pancreatitis; y: year; RCT: randomized controlled trial; ESWL: extracorporeal shockwave lithotripsy; a not 
signifi cant; � p<0.05
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Pancreatic stricture resolved if a free fl ow of con-
trast medium was seen alongside a 6-F nasopancre-
atic catheter and no pain was recorded during forced 
injection (Delhaye et al. 2003; Costamagna et al. 
2006).

12.4.2.3 

Results of Pancreatic Ductal Stenting

Observational retrospective studies have shown 
that pancreatic ductal stenting resulted in initial 
pain relief in 75%–95% of patients while long-term 
results were less promising (Cremer et al. 1991; 
Binmoeller et al. 1995, 1998; Ponchon et al. 1995; 
Smits et al. 1995; Adler et al. 2005; Farnbacher 
et al. 2006a).

Indeed, 25%–50% of patients presented pain re-
lapse after stent removal requiring re-intervention 
in the follow-up period.

There are at least two drawbacks of pancreatic 
stenting: the fi rst is the high relapse rate for sympto-
matic MPD stricture after stent removal (for exam-
ple, 38% of patients required re-stenting after a sup-
posedly defi nitive stent removal ( Eleftheriadis et 
al. 2005) and the second is the occurrence of early 
stent clogging leading to frequent ERCPs for stent 
exchanges. In a recent study, a mean of 4.6 ER-
CPs/patient were required for stent exchanges 
( Farnbacher et al. 2006a).

Accordingly, we had shown that a signifi cant pre-
dictive factor for completion of endotherapy in pa-
tients with severe CP, followed during a mean period 
of 14 years, was the absence of pancreatic duct stent-
ing (Delhaye et al. 2004).

As defi nitive stent removal seems to be imprac-
ticable in a subset of patients due to recurrent pain 
caused by persisting stricture of the MPD, self-
expandable metal stents have also been tested, but 
with unsatisfactory results because of frequent stent 
dysfunction secondary to tissue ingrowth through 
the mesh of these stents (Eisendrath and Devière 
1999).

More recently, the insertion of multiple stents into 
the MPD has been proposed as a new strategy in or-
der to obtain a greater stricture dilatation, a lower 
frequency of simultaneous stent occlusion, a possible 
drainage of pancreatic secretions alongside the stents 
even if all stents occlude, and maybe a longer interval 
between sent replacements and a higher rate of stric-
ture calibration. Costamagna et al. (2006) recently 
performed a prospective non-randomized trial in 
19 patients with symptomatic dominant MPD stric-

ture located in the head of the pancreas, that persisted 
at ERCP after at least two placements of a single stent. 
Resolution of the dominant stricture at the time of 
removal was noted in 18/19 (95%) patients after a 
mean duration of stenting of 7 months (5–11) and a 
median number of simultaneous stents of 3 (2–4). 
During a mean follow-up period of 38 months after 
stent removal, pain recurred in 3/19 (16%) patients 
and repeat MPD stenting was resumed in 2 of them. 
The symptom-free period after removal of multiple 
stents was signifi cantly longer when compared with 
the previous symptom-free period achieved with 
placement of a single stent in the same patients.

12.4.2.4 

Timing of ERCP for Stent Exchange

At some centers, stents are exchanged on a regular 
basis (every 2–3 months) to avoid complications re-
lated to stent clogging (Ponchon et al. 1995; Smits et 
al. 1995; Vitale et al. 2004), whereas other endosco-
pists carry out stent exchange “on demand”, i.e., in 
patients with recurrence of pain and recurrent dila-
tation of the MPD (Cremer et al. 1991; Binmoeller 
et al. 1995; Eleftheriadis et al. 2005).

This strategy means that stent replacement is 
required after a mean period of 8–12 months. Com-
parable clinical results were reported with both 
 strategies.

In fact, there are no reliable clinical or labora-
tory parameters that indicate clogging of pancre-
atic stents. Stent clogging occurs very early and fre-
quently (Ikenberry et al. 1994) but does not seem to 
be clinically relevant. So, in most of the cases with 
CP, the need for a scheduled stent exchange is not ob-
vious. A symptom-oriented approach seems to be an 
attractive and potentially cost-effective  alternative.

In an attempt to predict the optimal time inter-
val for exchanging pancreatic stents, Farnbacher 
et al. (2006b) have reported that a stent diameter 
>8.5 F, a stent length >8 cm, the female gender and 
the need for regular enzyme supplementation were 
independent risk factors for stent occlusion. From 
these fi ndings, the authors established a score sig-
nifi cantly associated with a higher risk of occlusion 
within 90 days, suggesting that stent exchange or 
removal should be performed after 3 months at the 
latest when the score is high. They suggested also 
that multiple, 8.5 F, as short as possible stents should 
be inserted to reduce the advent of early stent oc-
clusion. However, these recommendations should be 
prospectively validated in independent studies.
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12.4.2.5 

Timing of ERCP for Stent Removal

Clinical success includes symptom relief while the 
stent is in place and more importantly after stent 
removal.

Stents were removed and not replaced if the stric-
ture could be easily passed with a 6-F catheter and 
if there was a prompt drainage of the contrast after 
ductal fi lling on ECRP (Binmoeller et al. 1995).

Resolution of the stricture is not a pre-requisite 
for long-term symptomatic improvement. Indeed, 
symptomatic improvement may persist after pan-
creatic stent removal despite persistence of the stric-
ture (Ponchon et al. 1995; Smits et al. 1995).

Three large studies evaluated the long-term out-
come of patients after defi nitive removal of the pan-
creatic stent (Binmoeller et al. 1995;  Eleftheriadis 
et al. 2005; Farnbacher et al. 2006a) (Table 12.4).

In one study, stents could be removed from 49 pa-
tients out of a total of 93 (53%) after a mean stent-
ing period of 15.7 months, and 73% of these patients 
remained pain-free without a stent during a mean 
follow-up of 46 months (Binmoeller et al. 1995). 
In the second study, after a median total duration 
of stenting of 23 months before stent removal, 62% 
of the patients maintained satisfactory pain con-
trol without pancreatic stent replacement during a 
median time of 27 months (Eleftheriadis et al. 
2005).

In the last retrospective study, after a total stent-
ing duration of 10 months for 96 patients with symp-
tomatic CP, 57 did not need secondary intervention, 
22 underwent surgical treatment (9 patients for per-
sistent pain despite endotherapy) and 17 resumed 
endotherapy following a pain-free interval after 
stent removal. Therefore, temporary pancreatic 
stenting may be considered as a defi nitive treatment 
for 55% (48/87) of these patients (Farnbacher et al. 
2006a).

12.4.2.6 

Endoscopy or Surgery as the 

Best First-line Treatment for Symptomatic CP?

Pain relief following surgical pancreatico-jejunos-
tomy was observed in 80% of the cases in the short-
term follow-up period and in 40%–50% of the cases 
in the long-term follow-up period (Warshaw et al. 
1998).

There are few randomized controlled trials re-
lated to the treatment of CP (Table 12.3).

The fi rst prospective randomized trial compar-
ing endoscopic and surgical therapy for CP included 
72 patients (36 in the endotherapy group and 36 in 
the surgery group) (Dite et al. 2003). Surgery con-
sisted of resection (80%) and drainage (20%) proce-
dures, while endotherapy included sphincterotomy 
and stenting (52%) and/or stone removal (23%). The 
initial success rates were similar for surgery and 
endoscopic treatment (92.1% vs 92.2% of complete 
or partial pain relief at 1-year follow-up). At 5-year 
follow-up, the complete absence of pain was more 
frequent among the surgically treated patients (34% 
vs 15% among the endoscopically treated patients) 
while the rates of partial relief were similar (52% and 
46%). However, in this study, treatment was tailored 
to the patient, so that surgery involved resection in 
the majority of patients, which is diffi cult to com-
pare with endoscopic ductal drainage. Moreover, 
endoscopic-drainage techniques were not optimally 
applied, in that they did not include ESWL, cumula-
tive stenting, or repeated treatment after recurrence 
of symptoms, all factors which may have contributed 
to the reduced success rate for patients randomized 
in the endoscopic treatment group.

A second recent randomized trial compared the 
endoscopic drainage of the MPD with surgical pan-
creatico-jejunostomy (Cahen et al. 2007). A total 
of 39 symptomatic patients having CP with distal 
obstruction of the MPD and without an infl amma-

Table 12.4. Clinical results after removal of pancreatic ductal stent

Authors (y) Design of the study Number of 
patients (n)

Mean duration of 
stenting (m)

Long-term pain relief 
after stent removal (%)

FU (m)

Binmoeller 
et al. (1995)

Single stent
exchange on demand

49 16 73 46

Eleftheriadis 
et al. (2005)

Single stent
exchange on demand

100 23 62 27

Farnbacher 
et al. (2006a)

Single stent
exchange every 3 m

96 10 55 46

y: year; m: month; FU: follow-up after stent removal
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tory mass were randomized: 19 in the endotherapy 
group with 16 of them undergoing pancreatic ductal 
stent placement after ESWL, and 20 in the surgical 
pancreatic duct decompression group. Complete or 
partial pain relief was achieved in only 32% of pa-
tients assigned to endoscopic drainage as compared 
with 75% of patients assigned to surgical drainage 
(p=0.007), at the end of a 2-year follow-up period.

Rates of complications, length of hospital stay 
and changes in pancreatic function were similar in 
the two treatment groups, but patients receiving en-
doscopic treatment required more procedures than 
did the patients in the surgical group.

The conclusion of this trial was that surgical 
drainage of the pancreatic duct is more effective 
than endoscopic treatment in patients with pain 
from obstruction of the MPD attributable to CP.

However, the very high incidence of pancreatic 
ductal strictures (84%) in the endoscopically treated 
patients, who were treated by a short-term not op-
timal stenting duration (median, 27 weeks) could 
explained, at least partly, the disappointing rate of 
pain relief in the endoscopy group.

Moreover, the rate of common bile duct strictures 
and pseudocysts are not reported, which could also 
have allowed the inclusion of more refractory pa-
tients into the endoscopy group.

Despite these randomized trials showing a supe-
riority of the surgical approach to CP patients, the 
conclusion of the accompanying editorial (Elta, 
2007) was that endotherapy could be preferable as 
the fi rst therapeutic option in patients with amena-
ble ductal lesions, given its low degree of invasive-
ness, while surgery might be considered as the sec-
ond-line therapy for patients in whom endoscopic 
therapy fails or is ineffective.

12.5 

Conclusions

A multidisciplinary diagnostic and therapeutic 
approach of CP patients is actually required be-
tween radiologists, endoscopists, pathologists and 
 surgeons.

As imaging modalities such as MRCP/MRI, CT 
and EUS progress, diagnostic ERCP should be re-
served for the few patients in whom the diagnosis is 
still unclear after these non-invasive or less invasive 
imaging studies have been performed.

A refi ned selection of patients with CP for endo-
scopic treatment should take into account the het-
erogeneity of patient characteristics, the multiple 
anatomical changes to be treated, the goals of ther-
apy and the prophylactic measures to prevent un-
planned outcomes, so that an individual treatment 
strategy could be optimally applied to each patient.

Because of its low invasiveness and safety, endo-
therapy may be preferred as a fi rst-line approach to 
the relief of MPD obstruction by stones and/or stric-
tures, reserving surgery in cases of failure and/or 
recurrence of symptoms.

Therefore, ERCP has yet major roles to play in 
the management of CP and its complications. These 
roles will yet increase in parallel with technologic 
development and refi nement of endoscopes and 
their accessories.
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13.1 

Introduction

Chronic pancreatitis (CP) is a benign, progressive fi -
broinfl ammatory process which leads to irreversible 
damage to both exocrine and endocrine components 
of the pancreas, resulting in gland atrophy. The re-
ported incidence in industrialized countries ranges 
from 3.5–10 persons/100,000 per year (Witt et al. 
2007). The reported increased incidence likely rep-
resents increased recognition in its earlier stage due 
to improved radiological imaging.

The aetiological factors associated with CP are 
summarized using the TIGAR-O classifi cation: 
Toxic-metabolic (alcohol, tobacco), Idiopathic, Ge-
netic, Autoimmune, Recurrent and Obstructive 
(Etemad and Whitcomb 2001). In Western coun-
tries alcohol abuse is the leading cause of CP, ac-
counting for approximately 80% of cases. Alcoholic 
pancreatitis and most of the other aetiological forms 
clinically present in adulthood. Exceptions are he-
reditary pancreatitis, which may already occur in 
childhood, and tropical pancreatitis, which often 
affects adolescents.

The crucial lesions of CP are chronic infl amma-
tion, pancreatic fi brosis, acinar atrophy and duct 
dilatation and obstruction. Some morphological 
features, such as the composition of the infl amma-
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tory infi ltrate and the fi brosis pattern, may be a clue 
to a specifi c aetiology (Adsay et al. 2004; Klöppel et 
al. 2004). For instance, the pattern of fi brosis, i.e. 
inter(peri)lobular or intralobular, depends very 
much on the site of the initial injury in the pancreas 
and this is related to the aetiological factor. These 
observations have been included in a new classifi ca-
tion that also considers clinical and immunological 
features (Klöppel 2007b) So far, it is possible to dis-
tinguish alcoholic chronic pancreatitis, hereditary 
pancreatitis, autoimmune pancreatitis, obstructive 
chronic pancreatitis and paraduodenal pancreatitis 
(“groove pancreatitis”) (Adsay and Zamboni 2004; 
Etemad and Whitcomb 2001; Klöppel 2007a; 
Stolte et al. 1982; Witt et al. 2007). Table 13.1 
shows the classifi cation that we use.

13.2 

Alcoholic Chronic Pancreatitis

Although alcoholic chronic pancreatitis (ACP) ac-
counts for up to 80%–90% of cases of CP many as-
pects of the disease remain unexplained; it is far 
from clear where to set the limit of alcohol consump-
tion and why clinical CP develops only in about 
10% of heavy drinkers. Moreover, the differential 

Table 13.1. Aetiological classifi cation of chronic pancreatitis 
and pancreatic fi brosis 

Chronic pancreatitis

� Alcoholic

� Hereditary

� Autoimmune

� Metabolic (hypercalcaemia, hyperlipidaemia)

� Tropical

� Idiopathic

Obstructive chronic pancreatitis

� Paraduodenal pancreatitis

� Chronic pancreatitis associated with anatomic abnor-
malities

� Other types (Oddi disorders, tumor obstruction)

Pancreatic fi brosis not associated with symptoms of chronic 
pancreatitis

� Pancreatic fi brosis in the elderly

� Cystic fi brosis

� Pancreatic fi brosis in long-term insulin-dependent dia-
betes mellitus

� Haemochromatosis

diagnosis between acute and chronic alcoholic pan-
creatitis is diffi cult (there is a continuum of disease 
manifestations). In the early stage of ACP patients 
experience relapsing episodes of acute pancreatitis, 
particularly with severe recurrent pain, whereas in 
advanced stages pain, steatorrhea and diabetes pre-
dominate. The patients are usually young to middle-
aged men (25–50 years), who develop the disease 
after approximately 10 years of alcohol abuse. ACP 
has been proven to be a risk factor for the develop-
ment of pancreatic cancer (Lowenfels et al. 1993; 
Talamini et al. 2000).

13.2.1 

Macroscopy

Alcoholic chronic pancreatitis may present as a pre-
dominantly focal disease involving only a portion 
of the gland as a mass-like lesion, or it may show 
extensive involvement, resulting in global atrophy 
of the gland.

In the early stages the gland shows irregularly 
distributed fi brosis. The involved parts of the gland, 
either small foci or large areas, appear indurated and 
may be enlarged, showing coarse lobulation and/
or nodular scarring on the cut surface. Only those 
ducts that are embedded in fi brotic tissue show ir-
regularities and occasionally may contain calculi 
(calcifi ed protein plugs). In 30%–50% of cases there 
may be pseudocysts associated with necrotic foci 
(Klöppel and Maillet 1991).

In the advanced stages the pancreas is exten-
sively involved, atrophic and shrunken with an ir-
regular contour and loss of the normal lobulation. 
The fi brotic process occasionally leaves the lobular 
pattern of the organ preserved in some areas. The 
pancreatic ducts are generally dilated and distorted. 
The severity and multifocality of the duct involve-
ment and the calculi formation depend on the extent 
of the periductal fi brosis. The calculi, which consist 
of calcium carbonate, vary in size from less than 
1 mm to many centimetres in diameter (Ammann et 
al. 1996; Klöppel and Maillet 1992) (Fig. 13.1).

13.2.2 

Microscopy

In most of the cases microscopic examination re-
veals a variable degree of parenchymal involve-
ment, with spared glandular lobules alternating 
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with mild to severe atrophic areas, embedded in 
fi brotic tissue (Fig. 13.2). Except for extremely ad-
vanced cases, the pancreatic lobular architecture is 
retained (Fig. 13.3). This is an extremely important 
key diagnostic feature in the differential diagnosis 
versus pancreatic carcinoma.

In the early stages the pancreas reveals interlobu-
lar (perilobular) cell-rich fi brosis (Ammann et al. 
1996; Detlefsen et al. 2006). The distorted intral-
obular ducts, frequently lined by mucinous meta-
plastic and hyperplastic epithelium, may contain 
eosinophilic secretions, so-called protein plugs 
(Fig. 13.4). Chronic infl ammatory infi ltration, char-
acterized by lymphocytes, plasma cells, and mac-
rophages are present, either focally around nerve 
trunks (Fig. 13.5) or scattered diffusely throughout 
the fi brous tissue. In the perilobular tissue there may 
be foci of resolving fat necrosis with large numbers 
of vacuolated macrophages in the immediate vicin-
ity and cell-rich fi brosis in the surrounding area.

In advanced stages, fi brosis affects most of the 
parenchyma, though still sparing some areas. Peri-
lobular fi brosis causes duct distortions and dilata-
tions with frequent deposition of protein plugs and 

calculi (Fig. 13.6), which are responsible for the 
atrophic changes in the epithelium and eventually 
for its denudation with complete replacement by 
infl ammatory granulation tissue. With the progres-
sive loss of the acinar cell component, the pancre-
atic lobule, which still retains its lobular architec-

Fig. 13.1. Alcoholic chronic pancreatitis: head of the pan-
creas with extensive fi brosis and loss of the normal lobu-
lation. Calculi are present within the main pancreatic duct 
which shows upstream dilatation. The terminal bile duct 
shows intrapancreatic and intraduodenal stenosis and mod-
erate dilatation of the proximal part

Fig. 13.2. Severe atrophic pancreatitis with main 
duct dilatation, diffuse fi brosis; despite the exten-
sive fi brosis focally spared glandular lobules can be 
recognized

Fig. 13.3. Preserved lobular architecture of the gland with 
the presence of perilobular and intralobular fi brosis, duct 
distortion with periductal infl ammatory infi ltration and 
mucinous metaplastic change of the duct epithelium
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ture, is characterized by central ducts surrounded 
by remnants of acinar cells (Fig. 13.7) undergoing 
apoptosis and forming so-called tubular complexes 
( Bockman et al. 1982). With more pronounced atro-
phy, the lobules are constituted exclusively of clusters 
of ductules separated by fi brous tissue (Fig. 13.8a,b). 
In areas with intralobular fi brosis the elements that 
remain are islets. They usually aggregate together in 
pseudonodular formations, resulting in an apparent 
increase in mass or adenomatoid changes (Fig. 13.9). 
Frequently, the endocrine cell component forms 
ductulo-insular complexes (Fig. 13.10). In a few in-
stances benign perineural invasion of endocrine cell 
clusters can be observed, as well as their presence 

within the adipose tissue. The latter phenomenon 
does not refl ect true proliferation and adipose tis-
sue infi ltration, but rather the result of a marked 
fi bro-adipose transformation of the pancreatic pa-
renchyma simulating adipose tissue infi ltration.

In pancreatic atrophy the only recognizable 
structures embedded in the fi brous tissue are thick-
walled blood vessels (Fig. 13.11) and prominent, 
hypertrophic nerves damaged by the infl ammatory 
process (Bockman et al. 1988).

Immunohistochemistry can be useful for demon-
strating the preservation of the lobular architecture 
of the pancreas and for demonstrating the endo-
crine nature of the round cell clusters in perineu-

Fig. 13.4. Intralobular fi brosis with dilated duct with pro-
tein plug, intense infl ammatory infi ltration with epithelial 
destruction and focal epithelial denudation

Fig. 13.5. Intense perineural lymphocytic infi ltration. 
The duct, containing a protein plug, presents with focal 
squamous metaplasia

Fig. 13.6. Calcifi ed protein plug with disruption of the duc-
tal lining epithelium, replaced by granulation tissue, and 
severe periductal fi brosis

Fig. 13.7. Pancreatic lobule with partially conserved lobu-
lar architecture and markedly distorted central duct sur-
rounded by fi brous tissue
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ral spaces or in apparently inappropriate locations 
within the adipose tissue. Immunohistochemically, 
the duct epithelium commonly expresses HLA-DR 
and cytokines such as transforming growth fac-
tors alpha and beta (TGF�, TGF�1) and fi broblast 
growth factor (FGF) (Bedossa et al. 1990; Bovo et 
al. 1987; van Laethem et al. 1995). TGF�1 and plate-
let derived growth factor (PDGF) are also found in 
fi broblasts, macrophages and/or platelets (Ebert et 
al. 1998). Fibroblasts are vimentin-positive, whereas 
positivity for �-smooth muscle actin (SMA) and 
desmin are the markers for the identifi cation of the 
activated stellate pancreatic cells (SPCs) (Bachem et 
al. 2006) (Fig. 13.12a,b). The majority of the infl am-

Fig. 13.9. Diffuse atrophy with the only presence of islets, 
with apparent increase of mass

Fig. 13.10. Immunohistochemical staining with Chromogr-
anin showing a ductulo-insular complex, with insulae bud-
ding from ductular structures

Fig. 13.11. Thick walled blood vessel with intimal prolifera-
tion and occlusion of the lumen

Fig. 13.8a,b. Tubular complexes constituted by ductules, separated by fi brous tissue but still retaining their lobular architec-
ture, intermingled with endocrine cell component (a). Immunohistochemical staining for Keratin highlights the progressive 
lobular atrophy (right) and tubular complexes formation (left) (b)

a b
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matory cells in ACP tissue are macrophages and T 
lymphocytes, with a minority of B lymphocytes and 
plasma cells (Farkas et al. 2007). Although IgG4 – 
positive plasma cells – can be found in 63% of the 
cases of alcoholic pancreatitis, they are not clustered 
around periductal areas, nor do they exceed the cut-
off of 20 cells per high power fi eld (HPF). In terms of 
specifi city, this implies that IgG4 expression in more 
than 20 cells/HPF is 100% specifi c for the diagnosis 
of autoimmune pancreatitis and rules out alcoholic 
chronic pancreatitis (Kojima et al. 2007). The hy-
pertrophic nerves express calcitonin-gene related 
peptide and substance P (Buchler et al. 1992). Both 
the endothelial cells and endocrine beta and alpha 
cells show strong endothelin-1 expression in chronic 
pancreatitis (Kakugawa et al. 1996).

13.2.3 

Pathogenesis

Signifi cant advances have been made in the com-
prehension of the pathogenetic mechanisms of ACP. 
This refers particularly to the direct toxic effects of 
alcohol and its metabolites on the pancreatic acinar 
cells, which may predispose to relapsing necrotiz-
ing pancreatitis episodes, but also to the molecular 
mechanisms responsible for pancreatic recruitment 
and activation of infl ammatory cells, the activation 
of PSCs, fi brin deposition and scarring.

The traditional view of ACP was that it is chronic 
from the start and only punctuated during its course 
by acute exacerbation. However, this concept has 

been challenged and the prevalent current opinion is 
that the necrosis-fi brosis hypothesis (Klöppel and 
Maillet 1993) can better explain the progression of 
tissue damage from an early acute process that pro-
gresses to chronic irreversible damage as a result of 
repeated relapsing severe attacks of acute pancreati-
tis (Ammann and Muellhaupt 1994).

Ethanol derived toxic metabolites induce reactive 
oxygen species (ROS) and oxidative stress induces 
necrosis of acinar cells through alterations in cell 
calcium metabolism. The pancreatic acinar cells 
respond to the noxious stimuli by upregulating sig-
nalling systems that mediate the proinfl ammatory 
cytokines and chemokines and other infl ammatory 
molecules. These signalling pathways include the 
activation of the transcription factors nuclear fac-
tor-kB (NF-kB) and activator protein-1 (AP-1) and 
the p38-MAP kinase, which mediate the produc-
tion of proinfl ammatory cytokines TNF�, IL-6 and 
chemokines (Pandon and Raraty 2007).

Signifi cant progress in the understanding of the 
fi brosis process has been made as the result of the 
identifi cation and characterization of PSCs. PSCs 
are similar morphologically to the hepatic stel-
late cells, the principal effector of hepatic fi brosis. 
Activated PSCs play a key role in the fi brinogenic 
process, both in pancreatitis and pancreatic car-
cinoma, regulating the synthesis, deposition and 
degradation of the extracellular matrix protein of 
the fi brous tissue (Apte et al. 1998, 2004; Apte and 
Wilson 2003; Vonlaufen et al. 2008). In the acti-
vation process, the PSCs lose their ability to store 
vitamin A, express the cytoskeletal protein SMA 

Fig. 13.12a,b. Perilobular and intralobular fi brosis characterized by the presence of smooth muscle actin (SMA)-positive 
myofi broblast, both with spindle shape (a) and oval shape (activated stellate cells) (b)

a b
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and produce and secrete large amounts of extra-
cellular matrix protein. PSC activation is medi-
ated by the proinfl ammatory cytokines TNF�, IL-
1, IL-6 and the chemokines transforming growth 
factors-� (TGF-�) and platelet-derived growth fac-
tors (PDGF) produced and secreted by acinar cells, 
infl ammatory cells and by PSCs themselves. TGF-� 
stimulates the production and secretion of type-1 
collagen, fi bronectin, laminin and MMPs, whereas 
PDGF induces proliferation and migration of PSCs. 
In vitro studies have established that PSCs show al-
cohol dehydrogenase activity, indicating that etha-
nol can also be metabolized by non-parenchymal 
cells in the pancreas. During alcohol abuse PSCs 
are potentially exposed not only to cytokines and 
growth factors, but also to alcohol. Ethanol and its 
metabolites may stimulate PSC activation through 
the production of ROS. PSCs can be activated early 
during chronic alcohol intake, even in the absence 
of necro-infl ammation, by ethanol and its metabo-
lite, acetaldehyde, with the subsequent generation of 
oxidative stress. Persistent activation of PSCs leads 
to an imbalance between fi brin protein synthesis 
and degradation, resulting in irreversible pancre-
atic fi brosis (Jaster et al. 2008).

The fi brosis develops primarily in the perilobular 
space, where fat necrosis and most of the hemorrhagic 
necrosis occur (Adsay et al. 2004; Detlefsen et al. 
2006). Perilobular fi brosis, in turn, affects the struc-
ture of the interlobular ducts, creating duct dilata-
tions and strictures. In these altered ducts the fl ow 
of secretions is presumably impaired, a situation 
that may trigger the spontaneous precipitation of 
proteins with subsequent calcifi cation. In addition, 
the impaired and eventually interrupted fl ow of pan-
creatic secretions leads to fi brotic replacement of the 
acinar cells upstream from the occluded duct and 
fi nally results in intralobular fi brosis. Although the 
necrosis-fi brosis sequence explains the perilobular 
fi brosis pattern, the patchy distribution of fi brosis 
and the late occurrence of calcifi cations in the pan-
creas of patients with alcoholic chronic pancreatitis, 
it does not explain why only a small proportion of 
heavy drinkers develop acute or chronic pancrea-
titis. A possible explanation is that ethanol alone 
is not enough to develop the disease. Alcohol may 
sensitize an individual to pancreatitis, but a second 
hit is necessary to precipitate a clinical attack of 
pancreatitis. Hypothetical triggers or additional co-
factors include smoking, a high-fat diet, gallstones, 
obstruction and a genetic predisposition (Haber et 
al. 1995; Witt et al. 2007).

13.3 

Hereditary Pancreatitis

Hereditary pancreatitis (HP) is an autosomal domi-
nant condition with 70%–80% penetrance charac-
terized by recurrent attacks of acute pancreatitis and 
progressing to CP over a variable period of time. 
Symptoms usually start already in childhood or ado-
lescence and are characterized by recurring, sud-
denly appearing epigastric pain (Whitcomb 1999). 
Clinically, it resembles alcoholic pancreatitis, al-
though the progression toward pancreatic insuf-
fi ciency, with steatorrhoea and diabetes normally 
occurs later. Only 4% of patients develop severe CP, 
whereas 50% of the mutation carriers have few or 
no complications (Teich and Mossner 2008). The 
condition was considered very rare, accounting for 
no more than 1%–2% of all patients. However, recent 
research indicates that a signifi cant percentage of 
25% of patients with so-called idiopathic chronic 
pancreatitis may also have a genetic basis for their 
condition (Treiber et al. 2008).

Genetic alterations in chronic pancreatitis in-
volve the cationic trypsinogen gene (PRSS1) 
(Whitcombe et al. 1996), the serine protease inhibi-
tor Kazal type 1 (SPINK1) gene (Witt et al. 2000), 
the cystic fi brosis transmembrane conductance reg-
ulator gene (CFTR) (Cohn et al. 1998; Durie 1998; 
Sharer et al. 1998), Chymotrypsin C (CTRC) 
(Rosendahl et al. 2008), the anionic trypsinogen 
(PRSS2) (Witt et al. 2006), and mutation of keratin 
8 gene (Cavestro et al. 2003).

The majority of patients with HP express one 
of two gain-of-function mutations (R 122H and 
N291) in the cationic trypsinogen gene (PRSS1 
gene) ( Antonarakis 1998). These mutations in-
crease autocatalytic conversion of trypsinogen to 
active trypsin, causing premature intrapancreatic 
trypsinogen activation, which in turn disturbs the 
intrapancreatic balance of proteases and their in-
hibitors with subsequent autodigestive necrosis and 
infl ammation. A transgenic animal model, R122H, 
which reveales histological lesions similar to those 
typically seen in human CP underlines the signifi -
cance of PRSS1 mutations (Archer et al. 2006). In 
contrast, A16V-PRSS1 mutation is associated with 
idiopathic pancreatitis.

If one considers intrapancreatic trypsin activation 
to be the beginning of pancreatitis (see Chapter 1), 
SPINK1 was an obvious candidate gene. SPINK1 is 
a strong antiprotease capable of temporarily ham-
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pering intrapancreatic trypsin activity. SPINK1 
mutations could lead to a loss-of-function thereby 
resulting in elevated trypsin levels within the pan-
creas (Witt et al. 2007). However, since in the nor-
mal pancreas the trypsin inhibition by SPINK1 is 
only temporary and results in rapid degradation of 
SPINK1 by trypsin itself with restoration of normal 
trypsin activity, the pathogenetic role of SPINK1 
mutations remains enigmatic (Kiraly et al. 2007).

The aetiological link between CP and cystic fi bro-
sis was supported by several observations: 1.24% of 
patients developed CP with exocrine and endocrine 
insuffi ciency, and both diseases may be accompa-
nied by abnormal sweat chloride concentration 
and pancreatic duct obstruction. At least one CFTR 
mutation has been found in 20%–25% of patients 
with idiopathic CP. CFTR is an integral membrane 
protein found in the apical membrane of chloride 
secretory epithelial cells that, within the pancreas, 
are localized to centroacinar and proximal duct and 
regulate ductal bicarbonate secretion (Denning et 
al. 1992). To date, the role of the CFTR mutations in 
the pathogenesis of chronic pancreatitis is unclear. 
Although initial reports suggested that idiopathic 
CP was associated with a single allelic mutation of 
CFTR, recent evidence suggests that patients with 
CP are mixed heterozygous for CFTR mutations or 
transheterozygous (CFTR and SPINK1 mutation), 
emphasizing the importance of mutation combina-
tions or the association with other cofactors, like 
alcohol or autoimmunity ( Audrezet et al. 2002; 
Teich and Mossner 2008). More than 1500 muta-
tions of the CFTR gene have been described, yet of 
these only 1%–2% of patients with cystic fi brosis 
develop CP.

Recently, two chymotrypsin C (CTRC) variants 
have been associated not only with hereditary and 
idiopathic but also with alcoholic and tropical pan-
creatitis. The detected mutations are loss-of-func-
tion mutations leading to reduced trypsin-degrading 
activity (Rosendahl et al. 2008). Although PRSS2 
mutations were thought to enhance the risk of CP, 
a recent study indicated that G191R PRSS2 variants 
may be a protective factor against CP, mitigating 
intrapancreatic trypsin activity (Witt et al. 2006). 
Mutations of keratin 8 interfering with normal fi la-
ment reorganization and the related regulation of 
pancreatic exocrine homeostasis have been reported 
in patients with CP from Italy (Cavestro et al. 2003). 
However, the same mutations were not confi rmed in 
a population from the United States (Schneider et 
al. 2006).

13.3.1 

Pathology

The pathological features of HP are considered to 
be similar to those of alcoholic CP, with frequent 
presence of complications such as pseudocysts 
(Konzen et al. 1993). However, the distinct patho-
logical fi ndings have not been reported in adequate 
detail. Most of the resected cases displayed ad-
vanced chronic pancreatitis with massively dilated 
ducts containing protein plugs and calculi (personal 
observation) (Figs. 13.13 and 13.14). The fi brosis 
showed a periductal and interlobular pattern. In 
one case there was ductal necrosis in some of the 
medium-sized interlobular ducts that destroyed 
the duct epithelium and led to an intense chronic 
infl ammatory reaction in the periductal area. This 
fi nding suggests that the autodigestive process in 
hereditary chronic pancreatitis may occur in the 
duct lumen, resulting initially in necrosis of the 
duct-lining cells and subsequently affecting the sur-
rounding interstitial tissue. A possible hypothesis 
is that the relapsing autodigestive necrosis occurs 
particularly in the large ducts and gradually induces 
scarring of the surrounding interstitial tissue with 
subsequent dilatation of the involved duct segments. 
In addition, there may also be necrotic events in the 
interlobular areas resulting in interlobular fi brosis. 
The calculi found in the dilated ducts are probably 
a result of the obstructed fl ow of pancreatic secre-
tions, which promotes the precipitation of calcium 
from the pancreatic juice.

Cystic fi brosis was initially considered a primary 
disease of the pancreas characterized by cysts fi lled 
with viscid mucous and fi brous atrophy of the exo-
crine pancreas (Fig. 13.15a,b). The term mucovis-
cidosis indicated that the disease is systemic and 
characterized by abnormal mucous secretion. Sub-
sequently, the sweat electrolyte abnormalities were 
discovered. The disease is now recognized as result-
ing from mutations of CFTR, and the pathogenesis 
has been clarifi ed. The early histological lesion is 
recognized in the acinar tissue and is essentially 
characterized by increased luminal volume of the 
acinar and intralobular ducts (Fig. 13.16). The in-
traluminal eosinophilic secretion was considered 
for a long time to be a mucous substance because of 
its PAS positivity (intraluminal mucous plugging). 
This led to the conclusion that hypersecretion of 
viscid mucus leads to duct obstruction with subse-
quent cystic dilatation and eventually surrounding 
parenchymal atrophy. Ultrastructural and immu-
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nohistochemical studies demonstrated that early 
intraluminal plugs are composed of zymogen ma-
terial rather than mucus, and that the intracystic 
concretions have the same staining pattern as the 
zymogen secretions. Ultrastructurally, they have a 
concentric fi brillar structure similar to acinar plugs 

and correspond to the eosinophilic, laminated, 
PAS-negative or only weakly positive deposits seen 
on light microscopy (Fig. 13.17a). These fi ndings fi t 
the molecular pathology of cystic fi brosis: CFTR 
appears to be expressed in the apical plasma mem-
brane of chloride-secreting centroacinar cells and 

Fig. 13.13. Hereditary chronic pancreatitis (SPINK1-muta-
tion): severe fi brosis of the head of the pancreas with multiple 
calculi and marked dilatation of the main pancreatic duct

Fig. 13.14. Hereditary chronic pancreatitis (SPINK1-mu-
tation): histological macrosection showing a dilated main 
pancreatic duct containing a calcifi ed calculus with epithe-
lial denudation and severe parenchymal fi brosis and widely 
separated acinar lobuli

Fig. 13.15a,b. Hereditary chronic pancreatitis (CFTR-muta-
tion): marked dilated main pancreatic  duct containing multi-
ple white calculi (a). Histological macrosection showing mul-
tiple dilated ducts with eosinophilic bodies, moderate fi brosis 
with partial conservation of the lobular architecture (b)

a

b
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intralobular duct cells. The alteration of CFTR re-
sults in a chloride-secretion defect with inadequate 
hydration and inspissation of zymogen secretions. 
Mucinous metaplasia of centroacinar and ductu-
lar cells follows (Fig. 13.17b) leading to progressive 
duct obstruction and destruction (Iwasa et al. 2001; 
Tucker et al. 2003), atrophic changes in the acinar 
component and fi brosis (Fig. 13.18).

13.4 

Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) represents a distinct 
and increasingly frequently detected form of chronic 
pancreatitis with characteristic clinical, radiological 
and histological features (Zamboni et al. 2004). AIP 
is now considered the pancreatic manifestation of a 
systemic fi broinfl ammatory disease in which affected 
extrapancreatic organs also demonstrate a lympho-
plasmacytic infi ltration with abundant IgG4-positive 
plasma cells (Kamisawa et al. 2003b). The fi rst cases 
of AIP were probably observed by Ball and Sarles, who 
described them using the terms chronic interstitial 
pancreatitis and primary infl ammatory sclerosis, as-
sociated respectively with ulcerative colitis (Ball et 
al. 1950) and hypergammaglobulinemia (Sarles et 
al. 1961). The disease was later referred to by vari-
ous names, depending on whether it was studied by 
pathologists, clinicians, or radiologists. The most 

Fig. 13.16. Hereditary chronic pancreatitis (CFTR-muta-
tion): intralobular duct ectasia with “ductulinization” and 
intraluminal precipitation of eosinophilic material

Fig. 13.18. Hereditary chronic pancreatitis (CFTR-mutation): 
intraductal eosinophilic plug with concentric laminated struc-
ture, periductal and intralobular fi brosis, acinar atrophy, and 
ductular ectasia with multiple eosinophilic precipitates

Fig. 13.17a,b. Hereditary chronic pancreatitis (CFTR-mu-
tation): moderate intralobular fi brosis with increasingly 
dilated ductules with multiple globular intraluminal eo-
sinophilic material (a). The intralobular ductules show PAS-
positive cells (focal mucinous metaplasia), whereas, the PAS-
negative intraluminal precipitate in the central duct shows a 
peripheral rim of PAS-positive mucoid material (b)

a

b
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widely used names are chronic sclerosing pancreati-
tis (Sood et al. 1995), lymphoplasmacytic sclerosing 
pancreatitis (Kawaguchi et al. 1991), duct-destruc-
tive chronic pancreatitis (Ectors et al. 1997), tumor-
forming pancreatitis (Takase and Suda 2001) and 
mass-forming pancreatitis ( Yamaguchi et al. 1996). 
The name autoimmune pancreatitis has the advan-
tage of being simple and suggestive of the aetiology 
(Yoshida et al. 1995), although it is apparent that 
autoimmune pancreatitis is a heterogeneous disease 
(Deshpande et al. 2006; Zamboni et al. 2004).

Clinically, it can present with either the clas-
sical symptoms of acute or severe pancreatitis or 
can produce a mass-like lesion that frequently 
simulates a carcinoma clinically and radiologically 
(Cavallini and Frulloni 2001; Pearson et al. 
2003). Pathologically, it is characterized by a mixed 
infl ammatory cell infi ltrate centered on the pancre-
atic ducts and small periductal veins. 

In around 40% of patients a peculiar granulocytic 
infi ltration of the epithelial duct has been reported 
that was termed “granulocytic epithelial lesion” 
(GEL) (Zamboni et al. 2004). Two main subtypes with 
differing clinicopathological features can be distin-
guished: one called lymphoplasmacytic sclerosing 
pancreatitis (Notohara et al. 2003), lobulocentric 
(Deshpande et al. 2005a), or GEL-negative pancrea-
titis (Zamboni et al. 2004), the other ductocentric 
(Notohara et al. 2003; Deshpande et al. 2005a) 
or GEL-positive pancreatitis (Zamboni et al. 2004). 
GEL-positive patients had a mean age of 40.5 years, 
an almost equal male-female ratio and a high co-
incidence of ulcerative colitis or Crohn’s disease, 
whereas patients without GELs were older (mean age 
64 years), showed a male preponderance, commonly 
had Sjögren’s syndrome and often developed recur-
rent bile-duct stenosis (Zamboni et al. 2004).

Although many reported immunological and ge-
netic anomalies suggest that autoimmune mecha-
nisms may be involved, the pathogenesis remain 
largely unknown. Typical immunological abnor-
malities are increased levels of serum �-globulin, 
IgG, IgG4 and the presence of autoantibodies (anti-
nuclear, antilactoferrin, anticarbonic anhydrase-II). 
In patients with a high level of IgG4 serum concen-
tration and/or dense IgG4-positive lymphoplasma-
cytic infi ltration, IgG4 has been suggested to play a 
major role in the pathogenesis. The presence of gran-
ular deposits containing IgG4 in renal tubular basal 
membranes in patients with AIP might suggest an 
immune complex-mediated disease (Deshpande et 
al. 2006).

So far, several risk factors have been implicated, 
including the HLA DRB1*0405-DQB1*0401 haplo-
type (Kawa et al. 2002) and polymorphisms of the 
Fc receptor-like gene 3 (FCRL3), which lies out-
side the major histocompatibility complex region 
(Kawa et al. 2002). The lymphocytic infi ltration in-
cludes predominantly CD4 or CD8 T lymphocytes. 
Th1-type CD4+ T cells have been reported to be in-
creased in the peripheral blood of AIP patients in 
Japan ( Okazaki et al. 2000). Recently, great interest 
has focused on factors regulating T-cell function as 
well as the switching of B cells to IgG4-producing 
plasma cells in the development of AIP. A possible 
candidate associated with an increased risk for 
various autoimmune diseases is the inhibitory mol-
ecule cytotoxic T-lymphocyte antigen 4 (CTLA4; 
CD152) expressed on the cell surface of activated 
memory T cells and on CD4+CD25+ regulatory T 
cells, which acts largely as a negative regulator of 
the T-cell response (Gough et al. 2005). Although 
CTLA4+6230SNP polymorphism may be function-
ally linked to AIP, it has been reported to play a role 
in both susceptibility to and protection from AIP 
(Chang et al. 2007; Umemura et al. 2008). Circulat-
ing CD4+CD25+ T lymphocytes have been reported 
to be increased in the peripheral blood of patients 
with AIP in comparison with both healthy people 
and other types of CP (Miyoshi et al. 2008). There is 
no direct evidence of increased pancreatic infi ltra-
tion of these CD4+CD25+ T lymphocytes, but there is 
agreement that in many autoimmune diseases there 
is an increased recruitment at infl ammatory sites. 
Therefore, the increased circulating CD4+CD25+ 
T lymphocytes may correlate with IL-10 at the lo-
cal sites of the pancreas and extrapancreatic lesions 
(Zen et al. 2007), which might infl uence the switch-
ing of B cells to IgG4-producing plasma cells and the 
production of serum IgG4 (Miyoshi et al. 2008). In-
terestingly, in Mikulicz’s disease, another IgG4-re-
lated disease characterized by bilateral lacrimal and 
salivary gland swelling, some clonally related IgG4 
positive cells exist between lacrimal glands and the 
peripheral blood. This may be important for the un-
derstanding of the multiple organ involvement of an 
IgG4-related disease (Yamada et al. 2008). The dis-
ease-specifi c antigen resulting in activation of both 
Th-1-type lymphocytes and CD4+CD25+ suppress-
ing Th-2 type immune cells remains to be clarifi ed. 
Pancreatic secretory trypsin inhibitor (PSTI), lacto-
ferrin (LF) and carbonic anhydrase-II (CA) could be 
candidates for target antigens in AIP, because they 
are demonstrated in the commonly involved organs, 
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such as the pancreas, biliary tree, salivary glands, 
gastrointestinal tract and distal renal tubules. Anti-
CA-II and anti- PSTI autoantibodies are frequently 
detected in patients with AIP (Asada et al. 2006; 
Frulloni et al. 2000).

13.4.1 

Macroscopy

Macroscopically, AIP may appear either focal or dif-
fuse; in a few cases the lesions can be multifocal. In 
most cases the focal type involves the head of the pan-
creas and resemble pancreatic or terminal bile duct 
carcinoma. In both cases, the lesions are typically 
ill-defi ned and narrow the pancreatic duct, which, 
contrary to the usual situation in ACP, is neither di-
lated nor contains calculi. If duct dilatation or calculi 
occur, they do so late in the course of the disease 
(Hamano et al. 2001). Stenosis and narrowing of the 
terminal bile duct are frequently seen. In a minority 
of cases the infl ammatory process is concentrated 
in the body or tail of the pancreas or can diffusely 
involve the entire pancreas, mimicking a pancreatic 
lymphoma. In contrast to other types of chronic pan-
creatitis, such as ACP, hereditary pancreatitis and 
tropical pancreatitis, there are no pseudocysts. Both 
the reduced vascularization of the involved pancre-
atic area and its increase in size give it a neoplastic 
appearance (Procacci et al. 2001).

13.4.2 

Microscopy

The microscopic features of AIP are dominated by 
an intense infl ammatory cell infi ltration consist-
ing mainly of lymphocytes, plasma cells and mac-
rophages, which characteristically show a periduc-
tal distribution, causing periductal fi brosis, ductal 
distortion and obstruction (Fig. 13.19). In many 
case, intermingled with the lymphocytes there is 
an acute infl ammatory component, which consti-
tutes the “granulocytic-epithelial” lesions (GELs) 
(Zamboni et al. 2004) (Fig. 13.20). Characteristic 
of the GELs is invasion of the ductal structures by 
neutrophilic granulocytes, with detachment, dis-
ruption and destruction of the duct epithelium. 
Sometimes the eosinophilic component is conspicu-
ous (Abraham et al. 2003b). The process affects the 
main and secondary pancreatic ducts and frequently 
the distal bile duct.

The extension and severity of the chronic and 
acute changes in AIP vary from case to case and 
even from one area to another within a single case. 
Four grade of severity have been proposed that 
take into account the distribution and intensity of 
infl ammatory infi ltration, fi brosis, duct distortion 
and destruction, the presence of lymphoid follicles 
and vasculitis (Table 13.2) (Zamboni et al. 2004).

In the early stages, grade 1 and grade 2, when the 
pancreatic parenchyma is only slightly affected, the 
infl ammatory infi ltration focuses almost entirely on 
the ducts, which show mild periductal fi brosis and 
duct obliteration, whereas the acinar cells are only 
focally affected (Fig. 13.21). Grade 1–2 AIP may only 
rarely cause clinical symptoms (e.g. pain and jaun-
dice) of such intensity that they become an indication 
for resection. In advanced stages (grade 3 and grade 
4), the diffuse periductal lymphoplasmacytic infi l-
trates are associated with severe periductal fi brosis, 
duct obstruction and eventually duct destruction. 
The fi broinfl ammatory process extends to the inter-
lobular and intralobular ducts as well as to the aci-
nar component which progressively atrophy and are 
replaced by fi brosis (Fig. 13.22). At this stage, venu-
litis is always found (Fig. 13.23), and the lymphoid 
follicles may be diffusely scattered throughout the 
lesion (Fig. 13.24). Grade 3–4 is present in 90% of re-
sected cases of AIP. Another characteristic fi nding 
is the patchy distribution of the fi broinfl ammatory 
process, with variable involvement of lobules.

Fig. 13.19. Autoimmune pancreatitis (AIP): Periductal fi -
brosis and infl ammatory cell infi ltration, characterized by 
lymphocytes, plasma cells and macrophages, causing ductal 
distortion



  Pathology of Chronic Pancreatitis 243

Fig. 13.20. Autoimmune pancreatitis (AIP): granulocytic-
epithelial lesion (GEL), characterized by the invasion of the 
ductal structures by neutrophilic granulocytes, with detach-
ment, disruption and destruction of the duct epithelium

Fig. 13.21. Autoimmune pancreatitis (AIP): grade 1–2, with 
mild periductal infl ammatory infi ltration and fi brosis, 
whereas the acinar component is well preserved

Fig. 13.22. Autoimmune pancreatitis (AIP): grade 3, with 
marked periductal lymphoplasmacytic infi ltrates, associ-
ated to severe periductal fi brosis, duct obstruction and ex-
tension to the interlobular and intralobular ducts as well as 
to the acinar component. Presence of venulitis

Table 13.2. Grades of severity of AIP

Grade 1 Scattered periductal lymphoplasmacytic infi l-
trates; mild duct obliteration; almost no inter-
lobular and acinar involvement

Grade 2 Multiple periductal lymphoplasmacytic infi l-
trates; mild periductal fi brosis and duct oblit-
eration; mild interlobular and acinar involve-
ment; focal infl ammatory storiform fi brosis; 
occasional, mild venulitis

Grade 3 Diffuse periductal lymphoplasmacytic infi l-
trates; marked periductal fi brosis and duct 
obstruction; moderate interlobular and acinar 
involvement; moderate focal infl ammatory 
storiform fi brosis; frequent venulitis; scattered 
lymphoid follicles

Grade 4 Diffuse periductal lymphoplasmacytic infi l-
trates; severe periductal fi brosis and duct ob-
struction/disappearance; severe interlobular 
and acinar involvement; severe infl ammatory 
storiform fi brosis and diffuse sclerosis; frequent 
venulitis and occasional arteritis; scattered and 
occasionally prominent lymphoid follicles

A special type of fi brosis with storiform pattern, 
present in about half of the patients, is characterized 
by the presence of infl ammatory cells and plump 
myofi broblasts (PSCs) intermingled with collagen 
bundles (Fig. 13.25). Less frequently, the storiform 
fi brosis occupies a large area, mimicking a fi broin-
fl ammatory pseudotumor. The stellate cells express 
smooth muscle actin (activated SPCs) (Fig. 13.26), 

whereas most of the intermingled mononuclear 
cells are CD68+ macrophages, T lymphocytes and 
plasma cells do not. Scattered HLA-DR expression 
is seen in duct cells, endothelial cells, infl ammatory 
cells and myofi broblastic cells. The infl ammatory 
process is usually well demarcated from the sur-
rounding peripancreatic fatty tissue and only occa-
sionally shows some small tongue-like extensions. 
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The peripancreatic lymph nodes are enlarged and 
show follicular hyperplasia. If the infl ammatory 
process affects the head of the gland (as in approxi-
mately 80% of the cases), it usually also involves the 
distal common bile duct, where it leads to a marked 
thickening of the bile duct wall due to a diffuse lym-
phoplasmacytic infi ltration combined with fi brosis 
(Zen et al. 2004). In about 25% of cases the infl am-
mation also extends to the gallbladder and biliary 
tree ( Abraham et al. 2003a).

Immunohistochemical typing of the lymphocytes 
reveals a predominance of CD3+, CD4+ and CD8+ 
T lymphocytes in the infl ammatory infi ltrates sur-
rounding the medium-sized and large interlobular 
ducts, with occasional invasion of the duct epithe-
lium. The CD2O+ B lymphocytes are sparse or ag-
gregate to form lymphoid follicles, which are found 
either scattered in sclerotic tissue or around ducts.

The most relevant and important feature is the 
increased number of IgG4-positive plasma cells 

Fig. 13.23. Autoimmune pancreatitis (AIP): grade 3, exten-
sive intralobular infl ammatory infi ltration sub sub-total aci-
nar atrophy and presence of venulitis

Fig. 13.24. Autoimmune pancreatitis (AIP): grade 4, severe 
lobular atrophy with fi brosis and diffuse presence of lym-
phoid follicles, within and outside the pancreatic paren-
chyma

Fig. 13.25. Autoimmune pancreatitis (AIP): grade 4, severe 
atrophy with storiform fi brosis, characterized by myofi bro-
blast mixed with infl ammatory cells

Fig. 13.26. Autoimmune pancreatitis (AIP): periductal myo-
fi broblastic proliferation (activated stellate cells), smooth 
muscle actin-positive
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reported in the majority of cases (Fig. 13.27). IgG4 
levels have been proposed as a useful tool in the 
differential diagnosis of pancreatic masses; IgG4 
levels are low in pancreatic carcinoma and chronic 
obstructive or biliary pancreatitis and high in AIP 
(Hirano et al. 2004, 2006). The diagnostic signifi -
cance of IgG4 positivity depends mainly on the cut-
off level used. Kojima et al. reported a sensitivity of 
43% and specifi city of 100% for more than 20 IgG4-
positive cells at a magnifi cation of ×40 (Kojima et al. 
2007). With a cut-off of more than 10 IgG4-positive 
cells per HPF the sensitivity was 72% and the speci-
fi city 88% (Zhang et al. 2007), whereas Deshpande 
reported 76% sensitivity and 70% specifi city for 
more than 10 IgG4-positive cells at a magnifi cation 
of ×20 (Deshpande et al. 2006).

13.4.3 

Extrapancreatic Involvement

Autoimmune pancreatitis is part of a systemic dis-
ease that may involve many organs. All of these 
manifestations show similar lymphoplasmacytic in-
fi ltration, fi brosclerosis and frequently dense IgG4-
positive cell infi ltration. For this reason  Kamisawa 
suggested the term IgG4-related systemic disease 
(Kamisawa et al. 2003b). The recognition of this 
extrapancreatic involvement is of great importance 
in the diagnosis of so called “mass-forming pan-
creatitis” ( Yamaguchi et al. 1996). The biliary tree 
is involved in about 70% of cases, with intra- or 
extrahepatic sclerosing cholangitis mimicking a 

cholangiocarcinoma or primary sclerosing cho-
langitis (Fig. 13.28). The number of associated 
conditions recognized has increased immensely 
and includes ulcerative colitis, Crohn’s disease, 
primary sclerosing cholangitis ( Kamisawa et al. 
2006;  Kawamura et al. 2007; Mendes et al. 2006; 
Okazaki 2007; Prasad et al. 2004), lymphoplas-
macytic cholecystitis ( Abraham et al. 2003a), 
primary biliary cirrhosis (Hastier et al. 1998), 
Sjogren’s syndrome (Etemad and Whitcomb 2001; 
 Kamisawa et al. 2003a), chronic sclerosing siaload-
enitis resembling Mikulicz’s disease (Dooreck et al. 
2004; Yamada et al. 2008), thyroiditis (Merino et 
al. 2004), the family of tumor-like lesions known 
as multifocal idiopathic fi brosclerosis, including 
mediastinal and retroperitoneal fi brosis, Riedel’s 
thyroiditis, and infl ammatory pseudotumor of the 
orbit ( Bartholomew et al. 1963; Chutaputti et al. 
1995; Comings et al. 1967; Levey and Mathai 1998; 
Renner et al. 1980; Uchida et al. 2003), tubuloint-
erstitial nephritis ( Nishi et al. 2007;Takeda et al. 
2004;  Uchiyma-Tanaka et al. 2004), interstitial 
pneumonia ( Taniguchi et al. 2004), lymphadenopa-
thy (Cheuk et al. 2008), prostatitis (Yoshimura et 
al. 2006) and infl ammatory abdominal aortic aneu-
rysm (Sakata et al. 2008).

Fig. 13.27. Autoimmune pancreatitis (AIP): dense, peri-
ductal and intralobular infi ltration of IgG4-positive plasma 
cells

Fig. 13.28. Autoimmune pancreatitis (AIP): extrapancreatic 
bile duct involvement. The fi broinfl ammatory infi ltrate is 
similar to that present in the pancreatic tissue (lower part)
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Steroid therapy not only improves the pancreatic 
lesions but also signifi cantly decreases the IgG4 lev-
els (Aoki et al. 2005; Hamano et al. 2001).

13.4.4 

Relationship to Infl ammatory Pseudotumor

Infl ammatory pseudotumor (IP) usually presents 
as a mass-forming lesion characterized by spindle 
cell proliferation with a characteristic fi broinfl am-
matory appearance. It has not yet been resolved 
whether IP is an excessive reactive process (infec-
tion-associated infl ammatory pseudotumor) or a 
true neoplasm (neoplastic infl ammatory myofi bro-
blastic tumor) (Dehner 2000). The pseudotumoral 
nature of the lesions can be supported by their clini-
cal, radiological and pathological fi ndings. Clini-
cally, the lesions mimic a neoplastic process, the sign 
and symptoms depending on the particular site or 
organ involved, and on the production of cytokines 
by infl ammatory cells. Radiologically, the various 
procedures, US, CT and MRI, reveal the presence 
of a suspicious mass indistinguishable from car-
cinoma or sarcoma. Infl ammatory pseudotumor, 
originally described in the lung, has been subse-
quently described in many extrapulmonary loca-
tions, including the head and neck region, orbit, 
gastrointestinal tract, retroperitoneum, genitouri-
nary tract, soft tissue, spleen, liver, lymph nodes, 
major salivary glands and in the submandibular 
glands (Dehner et al. 1998;  Rasanen et al. 1972; 
Williams et al. 1992). There have been a number 
of reports of IP of the pancreas using different des-
ignations: infl ammatory pseudotumors ( Casadei et 
al. 2004;  DeRubertis et al. 2004; Esposito et al. 
2004; Kroft et al. 1995; Palazzo and Chang 1993; 
Wreesmann et al. 2001; Zen et al. 2005), fi brous 
pseudotumor (Zhao et al. 2004), plasma cell granu-
loma (Abrebanel et al. 1984), infl ammatory myo-
fi broblastic tumor (Walsh et al. 1998), localized 
lymphoplasmacellular pancreatitis (Petter et al. 
1998), or lymphoplasmacytic sclerosing pancreatitis 
(Kawaguchi et al. 1991). All of these cases are char-
acterized, like AIP, by a triad of characteristic histo-
logical features: diffuse infi ltration by lymphocytes 
and plasma cells and myofi broblastic proliferation.

Macroscopically, most of the reported cases were 
solid lesions with diffuse or indistinct mass. They 
were frequently localized in the head of the pan-
creas, fi brous in appearance and involved the distal 
bile duct.

Microscopically, the pancreatic parenchyma is 
replaced by a proliferation of myofi broblasts with 
spindle-shaped nuclei and eosinophilic cytoplasm 
and infl ammatory cells consisting mainly of lym-
phocytes and plasma cells. In some areas fi brosis 
and atrophy of the parenchyma predominate, in 
others the infl ammatory reaction. Vasculitis and 
particularly venulitis are frequently present. The 
fi broinfl ammatory areas found in AIP share histo-
logical features with those described in infl amma-
tory pseudotumors of the pancreas (Palazzo and 
Chang 1993; Uchida et al. 2003; Walsh et al. 
1998; Wreesmann et al. 2001), including the myo-
fi broblastic proliferation. Autoimmune pancrea-
titis might be regarded as the initiating event in 
the evolution of IP, in which the fi broinfl amma-
tory storiform fi brosis has acquired a tumorlike 
appearance (Zamboni et al. 2004;  Kawaguchi et 
al. 1991; Petter et al. 1998). Evidence support-
ing an autoimmune aetiology includes the asso-
ciation of IP with other autoimmune diseases such 
as Sjogren’s syndrome ( Eckstein et al. 1995) and 
sclerosing cholangitis (Jafri et al. 1983), retroperi-
toneal fi brosis ( Chutaputti et al. 1995; Renner et 
al. 1980; Uchida et al. 2003) and the regression 
seen in some cases after treatment with corticos-
teroids ( Chutaputti et al. 1995). The fi nding of an 
oligoclonal pattern of T cell receptor �-gene rear-
rangements suggests that the pathogenesis of both 
IP and AIP could be related to the development of 
an intense and self-maintaining immune response, 
with the emergence of clonal populations of T-
lymphocytes (Esposito et al. 2004). The frequent 
association of AIP with infl ammatory pseudotu-
mors involving the common bile duct and liver 
(Chutaputti et al. 1995;  Fukushima et al. 1997; 
Nonomura et al. 1997) induced some authors to 
consider all of these lesions to belong to the spec-
trum of AIP. More recently, a massive infi ltration 
of IgG4-positive plasma cells in IP of many sites, 
such as the breast, lung and kidney, has been re-
ported ( Diakowska et al. 2005; Takeda et al. 2004; 
 Taniguchi et al. 2004; Zen et al. 2004).

13.4.5 

Diff erential Diagnosis

Clinically, radiographically and grossly the disease 
most commonly mimics pancreatic carcinoma, be-
cause it produces a mass predominantly affecting 
the pancreatic head and the bile duct (Abraham et 
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al. 2003a;  Hardacre et al. 2003; Notohara et al. 
2003; Weber et al. 2003). Histologically, however, 
it is not diffi cult to distinguish from ductal adeno-
carcinoma of the pancreas or other pancreatic ma-
lignancies. Fine needle aspiration cytology and core 
biopsy may confi rm the clinically and radiologically 
suspected diagnosis (Zamboni et al. 2004; Bang et 
al. 2008;  Deshpande et al. 2005b; Pearson et al. 
2003). It is therefore essential to increase our ability 
to recognize AIP features in cytological smears and 
in small tissue fragments. Unfortunately, mainly 
due to the patchy distribution of the lesions, biopsy 
specimens were diagnostic or suggestive of AIP in 
only about half of the patients. The biopsy diagnosis 
of AIP relies on its specifi c features, i.e. lymphop-
lasmacellular infi ltration, especially around ducts, 
granulocytic infi ltration with GELs and venulitis. 
However, the presence of highly cellular stroma 
characterized by myofi broblastic proliferation and 
lymphoplasmacellular infi ltration, in the appropri-
ate clinical context, can help establish a preopera-
tive diagnosis of AIP. In addition, the presence of 
abundant IgG4-positive cells has to be considered 
together with the other morphological features of 
AIP present in the core biopsy specimen and coupled 
with a high IgG4 serum level (Bang et al. 2008; 
Kamisawa et al. 2003b).

The association between AIP and pancreatic 
cancer is still largely unknown. To date only a few 
cases have been reported. Long-term studies on 
large cohorts of AIP patients are needed to deter-
mine whether AIP predisposes to the subsequent 
development of pancreatic carcinoma. This may 
be diffi cult to prove, because cancer typically oc-
curs decades after the onset of chronic pancreatitis 
and AIP occurs in older men who are likely to die 
of comorbid conditions before such a complication 
develops ( Yamada et al. 2008; Fukui et al. 2008; 
Ghazale and Chari 2007).

AIP has to be distinguished from alcoholic chronic 
pancreatitis. Autoimmune pancreatitis almost con-
sistently lacks the features that are common in alco-
holic chronic pancreatitis: calculi, dilated and tor-
tuous ducts, pseudocyst formation and areas of fat 
necrosis. Histologically, alcoholic chronic pancreati-
tis lacks the dense periductal lymphoplasmacytic in-
fi ltration, the obliterative venulitis, the often diffuse 
fi brosis and the common infl ammatory involvement 
of the bile duct. The immunohistochemical evidence 
of dense, periductal IgG4–positive plasma cells can 
rule out alcoholic chronic pancreatitis ( Kojima et al. 
2007).

13.5 

Paraduodenal Pancreatitis and Cysts of the 

Duodenal Wall

Duodenal involvement is frequently observed in 
the typical long clinical course of chronic pan-
creatitis, and duodenal stenosis is a well known 
complication in a proportion of cases ranging from 
19.6% (Stolte et al. 1982) to 31% (Becker and 
Mischke 1991). Much less well known is the oc-
currence of pancreatitis related cysts within the 
duodenal wall. 

Duodenal wall cysts may arise in various situa-
tions: enterogenous duplication, retention cysts in 
Brunner’s glands or as the result of pancreatitis in 
duodenal heterotopic pancreas. The latter possibil-
ity, described either as a pure lesion or associated 
with chronic pancreatitis, has been reported under 
many different names. In the World Health Orga-
nization classifi cation of tumours and tumour-like 
lesions of the pancreas it was referred as to “para-
ampullary duodenal wall cyst” (Klöppel et al. 
1996), while Potet and Duclert (1970) suggested 
the term cystic dystrophy of the duodenal wall 
(CDDW). They described the presence of cysts lined 
by pancreatic duct-like epithelium or surrounded 
by infl ammatory granulation tissue in ectopic pan-
creas in the duodenal wall though the histology of 
the pancreas proper was normal. Subsequently, a 
frequent association of chronic alcoholic pancrea-
titis with CDDW was reported (Eloit et al. 1987; 
Léger et al. 1974; Palazzoet al. 1992). Thus, two 
clinicopathological forms of CDDW may be envis-
aged: a “pure” type, in which only the intraduo-
denal pancreatic tissue shows pancreatitic changes 
and the pancreas proper is normal (Fekete et al. 
1996), and a more common type associated with 
chronic calcifi c pancreatitis (Colardelle et al. 
1994). Cystic dystrophy in duodenal heterotopic 
pancreas was found in 26 of 96 cases reported by 
Martin (1977) and in 17 of 50 cases studied by 
Vankemmel et al. (1975). Becker (1973) described 
segmental pancreatitis involving the dorsocranial 
portion of the pancreas with extension to the re-
gion between the C-loop of the duodenum and the 
head of the pancreas. He used the term “groove” to 
describe that plane interfacing the two organs that 
serves as a “bed” for the large vessels, lymph nodes 
and the common bile duct. All those cases in which 
the infl ammatory and fi brous process involved the 
“groove” he then called “groove pancreatitis”. In 
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“pure” groove pancreatitis the scarring is restricted 
to the groove without any pancreatic head involve-
ment. In “segmental” groove pancreatitis the scar-
ring involves the dorsocranial portion of the head 
of the pancreas without any involvement of the 
main pancreatic duct. In advanced cases more dif-
fuse pancreatic involvement with duct dilatation 
is present (Becker and Mischke 1991). Although 
groove pancreatitis represents a heterogeneous 
group of lesions, i.e. the extension of biliary, gas-
tric or duodenal lesions to the groove, it has many 
clinical and pathological aspects in common with 
CDDW, including the extremely high prevalence 
of duodenal wall cysts (49%) in cases with groove 
scarring (Becker and Mischke 1991). In the large 
majority of reported cases, the clinical presenta-
tion (pain, vomiting and jaundice), imaging and 
pathological features overlap in so many important 
aspects that they may be considered variants of the 
same disease (Fekete et al. 1996). For these reasons 
the unifying name “paraduodenal pancreatitis” 
has been proposed (Adsay and Zamboni 2004).

The knowledge of the clinical and pathological 
features of this disease allows a preoperative diag-
nosis that in most cases correctly differentiates it 
from pancreatic and periampullary neoplasms and 
may prevent unnecessary surgical resections.

Although sporadic cases have been reported in 
women (Abraham et al. 2002; Shudo et al. 1998) 
and in non-alcohol abusers (Colardelle et al. 
1994; Fekete et al. 1996), it is important to stress 
that almost all cases are young or middle-aged men 
with a history of alcohol abuse.

In comparison to the long clinical course of the 
typical diffuse form of chronic pancreatitis, in 
which the symptoms are mainly related to the dila-
tation of the main duct and the loss of the acinar 
component, the symptoms of patients with paradu-
odenal pancreatitis are specifi cally related to the 
duodenal wall and groove involvement. Typically, 
the pain and vomiting have a waxing and waning 
character. In a proportion of patients the stenosis 
of the distal common bile duct may be associated 
with jaundice.

13.5.1 

Macroscopy

The large majority of cases present with a stenosis 
of the second portion of the duodenum. The most 
characteristic and constant feature is the pres-

ence of multiple cysts within a thickened duode-
nal wall containing clear liquid or in some cases 
white concretions and stones (Fekete et al. 1996). 
These cysts, which occur in the submucosa and in 
the muscularis, may in some cases extend to the 
“groove” compressing the common bile duct. In 
the involved areas the duodenal mucosa usually 
shows nodular appearance, ulcerations and scar 
retractions.

Macroscopically, two types can be considered. 
The fi rst is a “cystic” variant characterized by 
the presence of multiple cysts (Fig. 13.29) with a 
diameter varying between 1 and 10 cm protrud-
ing on the mucosal surface of the periampullary 
duodenum, which shows a dome-like appearance. 
The larger cysts might be confused with intestinal 
duplication. The second is a “solid” variant char-
acterized by a marked thickening of the muscular 
layer of the duodenal wall, within which cysts less 
than 1 cm in diameter are found (Fig. 13.30). Both 
types share a more or less marked thickening of the 
duodenal wall, more evident at the pancreatic side 
of the periampullary duodenum, at the level of the 
papilla minor. The “groove” region (between the 
dorso-cranial portion of the pancreatic head, the 
duodenum and the common bile duct) is markedly 
expanded, either due to the presence of fi brotic tis-
sue or to the extension of the cysts from the duo-
denal wall, with frequent stenosis of the common 
bile duct. The severity of the duodenal stenosis and 
bile duct stenosis depends on the degree of duo-
denal thickening, the presence and dimension of 
duodenal wall cysts and the degree of groove in-
volvement. The presence of numerous enlarged 
peripancreatic lymph nodes is a constant feature of 
the disease.

The pancreatic parenchyma of the head is normal 
in the early stages of the disease, whereas at the time 
of surgery most cases usually show mild to moderate 
fi brosis. The involvement of the pancreatic paren-
chyma, in the early stage, affects the dorsocranial 
portion with obstruction and dilatation of Santo-
rini’s duct and spares the remaining pancreatic pa-
renchyma of the head. As the disease progresses all 
the pancreatic parenchyma is involved.

13.5.2 

Microscopy

Histologically, the cysts are localized in the sub-
mucosal and muscular layers of the duodenal wall 
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(Fig. 13.31), with frequent extension to the “groove” 
region. The internal surface is mainly lined by co-
lumnar pancreatic duct-like epithelium which may 
be lost and replaced by infl ammatory granulation 
tissue. The duodenum shows Brunner’s gland hy-
perplasia (Fig. 13.32) and variable thickening and 
disarray of the muscular layer, due to smooth 
muscle hyperplasia and fi brosis (Fig. 13.33). Het-
erotopic pancreatic tissue is intimately associated 

Fig. 13.29. Paraduodenal pancreatitis, cystic-type: multiple 
cysts in the submucosal layer of the duodenal wall, associ-
ated with fi brotic tissue focally extended to the pancreatic 
parenchyma

Fig. 13.30. Paraduodenal pancreatitis, solid-type: marked 
thickening of the muscular layer of the duodenal wall as-
sociated with small cysts of less than 1 cm of diameter; the 
white fi brotic tissue involves the groove region with fi brotic 
stricture of the terminal common bile duct

Fig. 13.31. Paraduodenal pancreatitis, cystic-type: multiple 
submucosal and intramuscular cysts in duodenal wall, as-
sociated with fi brotic enlargement of the groove region

Fig. 13.32. Paraduodenal pancreatitis: histological section 
showing Brunner’s gland hyperplasia with thickening of 
duodenal wall

with the cysts either within the muscular layer or 
in the submucosa. In most cases the “groove” area 
shows marked fi brosis and chronic infl ammation 
(Fig. 13.34a,b). The pancreatic parenchyma fre-
quently shows fi brosis, an infl ammatory reaction 
and ductal ectasia with calcifi cations.
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13.5.3 

Diff erential Diagnosis

The knowledge of the existence of these two vari-
ants, solid and cystic, is of practical importance, 
since only the cystic component is recognized by 
standard imaging procedures, and most of the solid 
cases might be misdiagnosed by imaging as ampul-
lary or pancreatic head carcinoma (Procacci et al. 
1997).

13.6 

Obstructive Chronic Pancreatitis

Obstructive chronic pancreatitis develops upstream 
from an area in which there is obstruction of the 
main pancreatic duct or one of the secondary ducts, 
leading to ductal dilatation, atrophy of the acinar cells 
and replacement by fi brous tissue. Although it may 
occasionally present as clinically acute pancreatitis, 
it is often painless and usually does not present with 
intraductal and intraparenchymal calculi. There are 
various possible causes for a duct obstruction, but 
the most important and common cause is ductal car-
cinoma in the head of the pancreas occluding the 
main pancreatic duct (Fig. 13.35). This process leads 
to a generalized involvement of the gland with in-
terlobular fi brosis, which in long-standing cases is 

increasingly accompanied by intralobular fi brosis 
(Fig. 13.36). Other causes include bile duct calculi, 
sphincter of Oddi dysfunction, tumours and tumour-
like lesions of the papilla of Vater, intraductal papil-
lary-mucinous neoplasms, some cystic and endocrine 
neoplasms, acquired fi brous strictures of the pancre-
atic ducts, ductal papillary hyperplasia narrowing the 
duct lumen and fi nally viscous mucin blocking the 
duct lumen. The effects of all of these duct obstructing 
mechanisms can be compared with those of duct liga-
tion in the pancreas (Isaksson et al. 1983). In the early 
phase after duct ligation the acini are transformed 
into small ductal (tubular) complexes. In the next step 
the acinar cells disappear, probably due to apoptosis. 

Fig. 13.33. Paraduodenal pancreatitis, solid-type: small 
cysts lacking epithelial lining, associated with thickening 
and disarray of the muscular layer

Fig. 13.34a,b. Paraduodenal pancreatitis: intraduodenal 
pancreas with fi brosis, duct ectasia and intraluminal in-
spissated eosinophilic secretions (a). The eosinophilic se-
cretions, which fi ll the lumen, partially erode the epithelial 
lining (b)

a

b
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These changes are associated with an infl ammatory 
and fi brotic reaction involving macrophages. The 
macrophages are the potential source of cytokines, 
which stimulate fi brogenesis by fi broblasts that ac-
quire the properties of myofi broblasts ( Klöppel et 
al. 2004). Because the infl ammatory reaction takes 
place in all of the interlobular and intralobular areas 
of the pancreatic tissue that were once drained by the 
occluded duct, fi brosis develops in these regions at the 
same pace, producing interlobular and intralobular 
fi brosis in equal distribution.

13.7 

Idiopathic Chronic Pancreatitis

The term idiopathic pancreatitis is applied to all 
those cases of CP in which it was possible to exclude 
the presence of recognized aetologies of CP occur-
ing in up to 10%–25% of patients despite a careful 
diagnostic work-up. With the considerable progress 
made in the understanding the pathogenesis of al-
coholic CP and in the hereditary and autoimmune 
mechanisms underlying the development of chronic 
pancreatitis, a specifi c aetiology can be determined 
in an increasing proportion of cases. The possibil-
ity of sharply distinguishing idiopathic CP from 

hereditary or autoimmune pancreatitis has been 
challenged by the discovery of several combinations 
of mutations in various genes. Patients may be tran-
sheterozygous for a CFTR alteration and PRSS1 or 
SPINK1 variants. Two loss-of-function mutations 
of chymotrypsin C (CTRC) variants leading to re-
duced trypsin-degrading activity have been associ-
ated not only with hereditary pancreatitis but also 
with idiopathic, alcoholic and tropical pancreatitis 
(Masson et al. 2008; Rosendahl et al. 2008). An 
enhanced susceptibility to exogenous noxious agents 
such as alcohol and smoking, an increased frequency 
of gene mutations affecting activation or inactivation 
of SPINK1, CFTR, PRSS1, CTRC function, and an 
increased disposition to autoimmune reactions may 
all have a role in the development of idiopathic CP 
(Keller and Layer 2008).

Two types of idiopathic pancreatitis have been re-
ported, one occurring in young patients and the other 
in elderly patients (Layer and Keller 2006). Patients 
with early-onset idiopathic chronic pancreatitis usu-
ally have severe pain, but slowly develop morphologi-
cal and functional pancreatic damage. By contrast, 
patients with late-onset idiopathic chronic pancreati-
tis have a milder and often painless course.

Morphologically, there are no systematic studies 
on this type of pancreatitis; however, calcifi cations 
seem to be less frequent than in alcoholic chronic 
pancreatitis (Ammann and Mullhaupt 2007).

Fig. 13.35. Obstructive pancreatitis: pancreatic head car-
cinoma with obstruction of the main duct, which show a 
marked dilatation

Fig. 13.36. Obstructive pancreatitis: whole mount histologi-
cal macrosection, showing an intraductal tumor, with main 
duct and focally branch ducts dilatation, and extensive pan-
creatic atrophy
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13.8 

Metabolic Chronic Pancreatitis

Chronic pancreatitis may be associated with con-
ditions producing hypercalcemia such as primary 
hyperparathyroidism (Cope et al. 1957). The mor-
phological changes are similar to those seen in 
alcoholic chronic pancreatitis. Fibrotic changes in 
the pancreas have also been observed in patients 
who underwent chronic dialysis because of renal 
insuffi ciency.

13.9 

Tropical Chronic Pancreatitis

Tropical pancreatitis may be referred to as a type of 
idiopathic chronic pancreatitis occurring in tropi-
cal regions in central Africa, Brazil and southern 
Asia, especially India. This disease has also been 
referred to as tropical calculous pancreatitis and, if 
diabetes is the prevailing symptom, as fi brocalcu-
lous pancreatic diabetes. The disease is associated 
with malnutrition in childhood and usually occurs 
in adolescents. Recently, it was found that PRSS1, 
R122H and SPINK1 mutations are associated with 
tropical pancreatitis and therefore seem to be in-
volved in its aetiopathogenesis (Rossi et al. 2004). 
Morphologically, tropical pancreatitis has been 
compared to alcoholic chronic pancreatitis. In its 
late stages it shows intense inter- and partly also 
intralobular fi brosis and contains numerous small 
and larger calculi. Nothing is known so far about 
the early stages of the disease.

13.10 

Pancreatic Fibrosis Not Associated with 

Symptoms of Chronic Pancreatitis

A special type of duct fi brosis is encountered in cys-
tic fi brosis of the pancreas and in pancreatic lobu-
lar fi brosis, which is frequently observed in elderly 
persons. Whereas the fi rst condition causes duct 
obstruction due to clogging with viscous mucin, 
the second condition leads to narrowing of the duct 

lumen by papillary hyperplasia of the duct epithe-
lium. In cystic fi brosis complete or almost complete 
(inter- and intralobular) fi brosis develops slowly af-
ter birth, which, after many years, is replaced by 
fatty tissue, a process that is not understood so far, 
but is of great interest for the resolution of fi brosis 
(Lack 2003).

In elderly persons the pancreas may contain ducts 
narrowed by ductal papillary hyperplasia, a lesion 
that has now been termed pancreatic intraepithelial 
neoplasia type 1B (PanIN-1B) (Hruban et al. 2004). 
In association with this lesion there may be patchy 
lobular fi brosis in the periphery of the pancreas. The 
fi brosis affects the lobes that are drained by ducts 
showing PanIN-1B lesions. The extent of this lobular 
fi brosis varies from person to person; the most se-
vere form and the highest incidence (up to 50%) are 
found in persons older than 60 years (Detlefsen et 
al. 2005).

13.11 

Complications of Chronic Pancreatitis

In addition to pain, malabsorption and diabetes, as 
a consequence of parenchymal atrophy (Ammann et 
al. 1996), in the course of the disease chronic pan-
creatitis can be associated with a number of local 
complications, including biliary stricture, duodenal 
obstruction, formation of pseudocysts and retention 
cysts, splenic vein thrombosis with spleen infarc-
tion, internal pancreatic fi stulas, and pancreatic as-
cites. Chronic pancreatitis has also been reported to 
be an independent risk factor for the development 
of pancreatic cancer.

13.11.1 

Biliary Stricture

Persistent stenosis of the bile duct develops in ap-
proximately 10% of the cases (Cunha et al. 2004; 
Warshaw 1985). This complication is either due 
to direct extension of the fi broinfl ammatory pro-
cess into the wall of the bile duct, causing perma-
nent obstruction, which can lead to cholangitis 
and in exceptional cases to biliary cirrhosis, or to 
the development of a pseudocyst in the head of the 
 pancreas.
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13.11.2 

Duodenal Stenosis

Although some degree of duodenal stenosis is com-
monly found in chronic pancreatitis during ra-
diological examination, consistent obstruction is 
only seen in a minority of cases (Chaudhary et 
al. 2004). The patients have a “head-predominant” 
type of pancreatitis or in the majority of cases they 
reveal the characteristics of paraduodenal pan-
creatitis (Adsay and Zamboni 2004), groove pan-
creatitis (Stolte et al. 1982), or cystic dystrophy 
of duodenal wall ( Potet and Duclert 1970). Less 
frequently, stomach and colon obstruction might be 
observed, as the result of diffusion of necrotic mate-
rial through the mesocolon.

13.11.3 

Pseudocysts

Pseudocysts are found in 30%–50% of patients 
with chronic pancreatitis (Ammann et al. 1996; 
Klöppel and Maillet 1991). The wall is composed 
of granulation and fi brous tissue and lacks an epi-
thelial lining, and the lumen contains fi brin, necrotic 
debris and hemorrhagic material (Klöppel and 
Maillet 1991). Identical features are observed in 
pseudocysts associated with acute pancreatitis. 
Pseudocysts are usually connected with the duct sys-
tem and therefore rich in pancreatic enzymes. They 
may expand and exert pressure on the surround-
ing organs. Infl ammatory pseudocysts present as 
extrapancreatic (usually large) (Fig. 13.37) or intra-
pancreatic cavities, which may have a thick fi brous 
capsule lined by infl ammatory tissue (Fig. 13.38) 
and fi lled with necrotic and haemorrhagic material 
(Klöppel and  Maillet 1993). The cysts have no in-
ternal septations. Calcifi cation in the fi brous capsule 
is rare but can be preesent. 

13.11.4 

Retention Cysts

Retention cysts may occur as single or multiple in-
trapancreatic lesions completely or partially lined 
by ductal epithelium. They represent a cystically 
dilated pancreatic duct (Fig. 13.39) resulting from 
mechanical obstruction. Occasionally they become 
so large that they are radiologically detectable. In 
such cases they have to be differentiated from cystic 

neoplasms. The most important differential diagno-
sis of pseudocysts is that vs mucinous neoplasms of 
both types: (1) mucinous cystic neoplasms (MCNs) 
characterized by strict female prevalence and com-
posed of uni- or multilocular cysts with no connec-
tion to the main pancreatic duct that are lined by 
mucin secreting epithelium supported by an ovarian 
type stroma ( Zamboni et al. 1999); (2) intraductal 
papillary-mucinous neoplasms (IPMNs) character-
ized by dilatation of the main and/or branch ducts, 
mucinous epithelium with mucus hyperproduction 
and intraductal growth (Klöppel et al. 1996). The 
preoperative diagnosis of cystic lesions is of para-

Fig. 13.37. Extra pancreatic pseudocyst

Fig. 13.38. Pseudocyst: a fi brous capsule with dilated blood 
vessels, lined by infl ammatory tissue
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mount importance in planning the appropriate sur-
gical treatment. Differentiating a pseudocyst from 
a mucinous neoplasm may be not only a clinical 
problem but also a morphological one. Especially 
in MCN, due to degenerative processes the tumour 
epithelium may be denuded and the content exclu-
sively characterized by cellular debris and haemor-
rhagic material. The necessity of appropriate sam-
pling for the correct diagnosis must be emphasized 
(Warshaw and Rutledge 1987; Zamboni et al. 
1994, 1999). Clinical and radiological criteria may 
be of some value in the differential diagnosis, but 
they may be not reliable in an individual case. Fine 
needle aspiration biopsy (Warshaw et al. 1990) and 
cyst fl uid analysis (Lewandrowski et al. 1993) have 
been reported to improve the preoperative diagno-
sis. Intraoperative frozen sections is useful, but may 
fail due to the lack of the epithelial layer in the 
biopsy specimen (Warshaw and Rutledge 1987). 
In some cases, the defi nite diagnosis is reached only 
after histopathological examination of the resected 
specimen.

13.11.5 

Internal Pancreatic Fistulas

Internal pancreatic fi stulas are characterized by 
pancreatic ascites and/or pleural effusion caused by 
leakage of pancreatic juice into the peritoneal cav-
ity from pseudocysts or by disruption of the main 
pancreatic duct. In rare cases, disseminated fat ne-
crosis with subcutaneous nodular panniculitis, pol-

yarthritis and necrotic bone marrow lesions may be 
observed (Klöppel 2000).

13.11.6 

Splenic Vein Thrombosis

Pancreatic fi stulas occasionally may erode the 
splenic artery, causing splenic infarct and secondary 
left-sided portal hypertension (Bradley 1987).

13.11.7 

Concomitant Pancreatic Cancer

Patients with chronic pancreatitis have an in-
creased risk of developing pancreatic carcinoma in 
relation to the general population. The cumulative 
risk varies from 2.3% to 26.7% (Lowenfels et al. 
1993), especially in smokers (Falconi et al. 2000; 
 Talamini et al. 2000). In hereditary pancreatitis 
the cumulative risk is about 40% and reaches almost 
75% for patients with a paternal hereditary pattern 
( Lowenfels et al. 1997).

The differential diagnosis between CP and pan-
creatic carcinoma is of the utmost importance, but 
may sometimes be problematic. However, FNA-
 Cytology, FNA-Biopsy and intraoperative frozen 
sections combined with the knowledge of the perti-
nent clinical and radiological features may establish 
a correct diagnosis in most cases.

It is interesting that the pancreatic intraepithelial 
lesions, PanIN-1 and PanIN-2, which are associated 
with pancreatic carcinoma, as well as K-ras muta-
tions, which are very common in ductal adenocarci-
noma, may also occur in patients with chronic pan-
creatitis (Hruban et al. 2004; Lohr et al. 2005).

Another important differential diagnosis is vs 
the intraductal papillary mucinous neoplasms, 
which frequently present with symptoms similar to 
chronic pancreatitis (Talamini et al. 2006).
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14.1 

Introduction

The development of complications in infl ammatory 
pancreopathies is often the main factor responsible 
for the presence and severity of the clinical syn-
drome. A comprehensive short evaluation of clinical 
features and their signifi cance is diffi cult since vari-
ous manifestations, clinical developments, treat-
ments and prognoses differ wildly.

14.2 

Acute Pancreatitis

As previously described in Chaps. 1 and 2, acute 
pancreatitis can be divided clinically into a mild, 
self-limiting form (interstitial or edematous pan-
creatitis) which accounts for 75% – 80% of cases and 
into a severe form (necrotizing pancreatitis) which is 
seen in about 20% – 25% of patients with acute pan-
creatitis (Banks 1994; Bradley 1993a; Bassi 1994; 
D’Egidio and Schein 1991).

14.3 

Complications

14.3.1 

Systemic Complications: Multi-organ Failure

The extravasation of pancreatic enzymes causes a 
systemic response in all forms of acute pancreatitis, 
which in most cases is mild and transitory with-
out serious clinical consequences (Bradley 1993a; 
 Pederzoli et al. 1994).
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The triggering mechanism of acute pancreati-
tis is not fully understood but it starts at the in-
tracellular level. Apparently there is a loss in the 
normal control of the intracytoplasmic traffi c 
with accumulation of zymogen granules full of en-
zymes. Secretion of zymogen is deviated towards 
the interstices rather than excreted into the duc-
tal system causing mild edematous changes seen 
in interstitial pancreatitis. If the activation of the 
extravasated pancreatic  enzymes is not blocked, a 
chemical chain reaction ensues that induces tis-
sue necrosis, leading to the development of severe 
necrotizing pancreatitis (Bassi 1994; Beger et al. 
1998; Howard et al. 1998). The initial chemical and 
infl ammatory events draw immuno-competent 
cells such as polymorphonuclear cells and mas-
tocytes into the pancreas and releases vaso-active 
substances and activated cytokines responsible 
for the systemic infl ammatory response. Severe 
manifestation of this clinical syndrome, called 
systemic infl ammatory response syndrome (SIRS) 
can lead to organ or multi-organ impairment or 
failure (MOF) responsible for the early mortality 
in severe pancreatitis, even when the necrotic pan-
creas is sterile.

The target organs of SIRS are: 
The lungs where the abnormalities may range  �
from pleural effusions usually on the left side, to 
respiratory distress syndrome due to the enzy-
matic destruction of the pulmonary surfactant; 
The cardio-vascular system with hypotension  �
and even hypovolemic-toxic shock; 
The kidneys with hypoperfusion and subsequent  �
oliguria and even anuria with acute renal failure 
necessitating dialysis; 
The liver and gastro-intestinal system causing  �
acute hepatic steatosis and alterations in in intes-
tinal permeability; 
Lastly, less frequent, involvement of the nervous  �
system with demyelination and the expected 
central type neurological symptoms (Bradley 
1993a).

Hypercatabolic activity may cause hypoproteine-
mia, hypoalbuminemia and hypocalcemia. Addi-
tionally, hyperglycemia, hyperlipidemia, ketoacido-
sis and coagulation disorders that may progress into 
disseminated intravascular coagulopathy (DIC) with 
high mortality rates, are sometimes seen (Banks 

1994; Beger et al. 1998; Bradley 1993a; Pederzoli 
et al. 1994).

14.3.2 

Local Complications

14.3.2.1 

Pancreatic Necrosis

Whether or not pancreatic necrosis should be consid-
ered a complication of acute pancreatitis is contro-
versial and debatable. It has been well documented 
that glandular necrosis is present at the beginning 
of an acute attack of severe pancreatitis and it is as-
sociated with a high incidence of local complications 
such as infected necrosis, abscesses, fi stulous tracts 
and acute pseudocysts. Furthermore, patchy foci of 
necrosis can be present in the gland or commonly in 
the peripancreatic retroperitoneal fatty tissue even 
in patients with interstitial mild pancreatitis. In fact 
severe complications, sometimes life-threatening, 
do occur in a minority of patients with interstitial 
(non-necrotizing) pancreatitis which have peripan-
creatic fl uid collections. Since early discernable 
glandular necrosis occurs only in the minority of 
patients (20% – 25%) with acute pancreatitis, due to 
the enzymatic activity of pancreatic secretions and 
microvascular thrombosis, necrosis has been con-
sidered by some clinicians an infrequent complica-
tions forecasting a prolong and dire clinical course 
(Pederzoli et al. 1994).

14.3.2.2 

Fluid Collections

The appearance of peripancreatic fl uid collections 
is a common event in acute pancreatitis, which oc-
curs even in milder forms of disease. In the past 
fl uid collections were considered manifestations of 
severe necrotizing pancreatitis and the distinction 
between fl uid collections and pseudocysts diffi cult 
to establish. With the advent of ultrasonography and 
CT imaging, fl uid collections are easily detected and 
their frequency and eventual resolution readily es-
tablished. The appearance and natural history of fl u-
id collections explains the development of pseudo-
cysts that require 4–5 weeks to form (Bradley 
1993b). Peripancreatic fl uid is composed of exudate 
and transudate with a variable amount of activated 
pancreatic enzymes. It is thought that the amount 
of fl uid and extent of activated pancreatic enzymes 
explains the severity of pancreatic and peripancre-
atic tissue auto-digestion and determines the speed 
of reabsorption or in some cases the formation of 
pseudocysts (Banks 1994).
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14.3.2.3 

Pseudocyst

The enzymatic contents of fl uid collections trigger 
an infl ammatory reaction that leads to the forma-
tion of a pseudo-wall or a capsule that surrounds 
the collection thus forming a pseudocyst. Its wall 
is made up of fi brous tissue devoid of a lining epi-
thelium, while the fl uid content of the cyst is rich 
in amylase. The color of the liquid varies from clear 
to transparent in chronic pseudocysts to degrees of 
light to dark brown in acute cysts. Imaging stud-
ies and particularly CT examinations document the 
progressive formation of the capsule and evaluate 
its thickness and maturation, which takes at least 4 
weeks to mature (Bradley 1993b). Pseudocysts vary 
greatly in size, are generally round, sharply defi ned 
with a low fl uid density that exhibits no contrast 
enhancement.

Considerations for treatment are controver-
sial but are related to size of the cyst usually over 
4–5 cm, and particularly to symptomatic cysts 
or unusual complications. Since the natural his-
tory of an acute pseudocyst is unpredictable, with 
some cysts resolving spontaneously, aggressive 
interventional procedures or surgery is delayed 
until and unless patients become ill. Compres-
sion of the stomach or duodenum produces gastric 
outlet obstruction while compression of the com-
mon bile duct leads to cholestasis and jaundice. 
Other clinical complications include rupture of the 
pseudocyst, hemorrhage and secondary infection 
( Bradley 1993a; Beger et al. 1998; Howard et al. 
1998; Pederzoli et al. 1994).

Cyst rupture occurs infrequently and it is more 
common with longstanding chronic cysts. Smaller 
amounts of leakage are usually reabsorbed while 
continuous leakage secondary to a pancreatic duct 
peritoneal cavity fi stula results in pancreatic ascites. 
Peritoneal irritation due to enzymatic peritonitis is a 
less common complication. Pseudocysts can get ad-
herent to and can rupture into adjacent hollow or-
gans such as stomach, duodenum or colon leading to 
their collapse and spontaneous resolution of the cyst 
without serious clinical implications. 

Hemorrhage due to the enzymatic erosion of a 
vessel or rupture of a pseudo-aneurysm can mani-
fest as a life-threatening dramatic event. Obviously, 
arterial bleeding is more severe while venous bleed-
ing or capillary oozing can manifest as encapsulated 
hemorrhagic cysts. Lesions that involve the splenic 
artery in the splenic hilum adjacent to the tail of 

the pancreas are particularly worrisome. In most of 
these cases the radiologist’s angiographic contribu-
tion in diagnosis and selective arterial emboliza-
tions is required to control the bleeding and obviate 
risky surgical interventions.

Lastly, infection is defi ned as symptomatic pro-
liferation of germs in the pseudocyst contents which 
essentially leads to the formation of a pancreatic ab-
scess. The presence of a few bacteria in the cyst in 
asymptomatic individuals has limited clinical value. 
Hence the term “infected pseudocyst” has lost clini-
cal signifi cance and should be avoided (Bradley 
1993b).

14.3.2.4 

Infected Necrosis

Infected necrosis is the most feared local complica-
tion of severe pancreatitis. This is why prevention, 
early recognition and adequate therapy for infected 
necrosis are among the main considerations in sep-
tic patients.

In most cases infected necrosis appears 3–4 weeks 
after the acute onset of pancreatitis. The devitalised 
pancreatic tissue is the ideal habitat for the colonisa-
tion and increased virulence of gram-negative germs 
originating in the intestine. Alteration of permeabil-
ity of intestinal and colonic mucosa during the acute 
phase of acute pancreatitis, known as “intestinal 
failure”, allows gram-negative bacteria to migrate 
through the intestinal wall and reach the retroperi-
toneum, colonizing necrotic pancreatic and peripan-
creatic tissue. Germs originating in the biliary tract, 
gram-positive, fungi and antibiotic resistant hospital 
breeds can also occur and be responsible for the de-
velopment of infected pancreatic necrosis.

To avoid and/or limit the onset of this compli-
cation, early administration of antibiotic therapy 
in patients with pancreatic necrosis and adequate 
parenteral nutrition has been advocated.

The diagnosis is suspected clinically in septic in-
dividuals (fever, increased WBC) and imaging guid-
ed aspiration biopsy, gram stain diagnosis and cul-
ture of the necrotic material provide confi rmation. 
Once demonstrated, infected necrosis is drained 
surgically by retroperitoneal debridement (Beger 
et al. 1998; Bradley 1987). If not treated, sepsis will 
gradually worsen with subsequent unfolding of MOF 
and death. The mortality rate remains high even in 
cases that are treated early, highlighting this com-
plication as one of the most common causes of death 
in patients with acute pancreatitis (Bassi 1994).
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14.3.2.5 

Abscess

The consensus of the international meeting on acute 
pancreatitis in Atlanta defi ned a pancreatic abscess 
as an encapsulated collection of pus that develops 
following an episode of acute pancreatitis. This en-
tity should be differentiated from infected necrosis 
since it is mainly composed of liquefi ed purulent 
material with absent or very minimal necrotic de-
bris. The factors that determine the formation of a 
pancreatic abscess are similar to those that lead to 
the development of an infected pancreatic pseudo-
cyst. Compared to infected necrosis, abscesses have 
a less severe clinical course and since they are lique-
fi ed and do not contain solid necrotic material, are 
generally amenable to percutaneous or endoscopic 
drainage procedures (Bassi et al. 1990).

14.3.2.6 

Fistulas

Fistulas that occur following an attack of severe 
pancreatitis can be internal pancreato-intestinal or 
external pancreato-cutaneous. Internal fi stulas and 
sinus tracts involving loops of hollow organs (colon, 
small bowel) are the consequence of the enzymatic 
activity of the extravasated pancreatic juice. Percu-
taneous radiologically guided drainage procedures 
and often surgical drainage can lead to the forma-
tion of an external fi stula. The establishment of an 
external pancreato-cutaneous fi stula is a worrisome 
complication which if not corrected can lead to se-
rious dysmetabolic and malnutrition consequences 
(Pederzoli et al. 1992). The introduction of alterna-
tive nutrition supplying enough calories and protein 
(total enteral-parenteral nutrition) has helped allevi-
ate this complication. The treatment requires the re-
moval by drainage of infected necrotic material that 
collects in the retroperitoneum. Additionally the use 
of drugs based on somatostatin and derivatives that 
are powerful inhibitors of pancreatic secretion are 
used with optimal results (Bassi et al. 1998a). This 
conservative approach is able to resolve the majority 
of acute pancreatic fi stulas. Anatomic considerations 
play a signifi cant role in the evaluation and prognosis 
of pancreatic fi stulas in order to avoid failure. For 
instance, the complete disruption of the main pan-
creatic duct prevents excretion of pancreatic juice 
into the duodenum compelling pancreatic secretion 
to enter the fi stulous tract and maintaining a chronic 
pancreatic-cutaneous communication (Bassi et al. 

1998b). Internal enteric fi stulas and sinus tracts are 
less common and generally of less clinical signifi -
cance (Pederzoli et al. 1992).

14.3.2.7 

Fibrosis

The pancreatic infl ammatory process that involves 
the retroperitoneum and the peritoneal cavity may 
cause fi brotic reactions that can involve adjacent 
solid or hollow organs. 

Fibrosis can involve the pancreatic gland with 
the development of chronic pancreatitis. This evolu-
tion is rare and probably correlated to the etiology 
of acute pancreatitis (Angelini et al. 1993). Biliary 
pancreatitis, the most common etiologic factor in 
most European countries, once resolved usually 
does not develop into chronic pancreatitis. Alter-
natively, repeated episodes of alcoholic pancreatitis 
often evolve into chronic calcifi c pancreatitis. Other 
less common incriminating etiologic factors are 
sclero-odditis, cystic dystrophy of the duodenum or 
even slow-growing neoplasms obstructing the main 
pancreatic duct. 

Peripancreatic enzymatic collections can also in-
volve adjacent solid and hollow organs. Duodenal 
and colonic strictures are the most common and may 
require surgical interventions to relief obstructions. 
Ureteral and common bile duct strictures are less 
common but reported in the literature. These com-
plications are usually seen late in the chronic phases 
of illness (Beger et al. 1998; Howard et al. 1998).

14.4 

Chronic Pancreatitis

Failure of the endocrine and exocrine function of the 
pancreas dominates the clinical picture in chronic 
pancreatitis. Diagnosis is suggested by history and 
presence of abdominal pain, dyspepsia, malabsorp-
tion with steatorrhea and diabetes in more severe 
cases (Scuro et al. 1990; Sales 1991; Prinz 1993). All 
these clinical manifestations as well as other local 
complications such as intestinal strictures, fi stulas 
and pseudocysts tend to develop slowly. Abdominal 
pain may be absent (painless pancreatitis) or when 
initially present tends to diminish or burns out with 
time (Amman et al. 1984; Ihse 1990;  Cavallini et 
al. 1998; Falconi et al. 2000). The above mentioned 
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clinical alterations that are linked to the progressive 
breakdown of the gland’s endocrine and exocrine 
functions are considered systemic complications 
( Cavallini et al. 1998). An increased incidence of 
pancreatic carcinoma in patients with chronic pan-
creatitis has been reported but its relationship to 
chronic pancreatitis is still debatable. Apparently 
other factors such as genetic disposition and way of 
life (chronic alcoholic intake) may contribute to its 
development (Talamini et al. 1999b).

14.4.1 

Malabsorption

Malabsorption in chronic pancreatitis is the result 
of progressive fi brous replacement of glandular pan-
creatic tissue associated with multiple strictures of 
the pancreatic ductal system and the duct occlusion 
by protein plugs and /or calcifi ed calculi. These mor-
phologic alterations lead to a decrease production of 
pancreatic secretions on one hand and to a decrease 
excretion of pancreatic juice in the duodenum on the 
other hand. This phenomena explains the progres-
sive clinical syndrome of malabsorption character-
ised by steatorrhea, weight loss and malnutrition 
which when severe requires substitutive pancreatic 
enzyme maintenance therapy. These symptoms usu-
ally manifests when fi brosis affects 80% – 90% of the 
pancreatic parenchyma (Scuro et al 1990a; Scuro 
and Cavallini 1990).

14.4.2 

Diabetes

The progressive fi brotic replacement of the pancre-
atic gland eventually involves the islands of Langer-
hans and hence it affects the endocrine function. In 
about 40% of cases of chronic pancreatitis pre-clini-
cal insulin dependent diabetes sets in. This systemic 
complication generally occurs late and often coin-
cides with resolution of recurrent painful episodes 
(Amman et al. 1984; Scuro and Cavallini 1990).

14.4.3 

Ductal Carcinoma

As previously mentioned the assumed increased risk 
of pancreatic carcinoma in all patients with chronic 
pancreatitis is still challenged. There is evidence 

however of a signifi cant increased risk of carcino-
ma in the hereditary form of chronic pancreatitis. 
The contribution of smoking and/or drinking habits 
to pancreatic carcinogenesis is less clearly defi ned 
( Talamini et al. 1996a,b, 1999).

14.5 

Local Complications

Complications occur secondary to the extensive 
chronic infl ammatory fi brotic reaction and to the 
acute recurrent infl ammatory episodes (acute exac-
erbation) that are common in patients with chronic 
pancreatitis. The most common and most relevant 
complications are:

Stenotic strictures of the biliary tract and  �
duodenum
Fibrotic tissue replacement in the head of the pan-
creas or an enlarging pseudocyst can obstruct 
the main common biliary duct and/or the duo-
denum with an incidence of about 10% or 3%, 
respectively. Biliary obstruction is suspected with 
signs and symptoms of cholestasis or frank jaun-
dice whereas symptoms of gastric outlet obstruc-
tion should be suspected with the appearance of 
nausea and postprandial vomiting (Stahl et al. 
1988).

Left-sided postal hypertension and  �
pseudoaneurysm
Vascular complications and bleeding due to 
chronic pancreatitis are not frequent but they 
may be life-threatening and need early diagnosis 
and adequate treatment. Chronic pancreatic in-
fl ammation and fi brosis or a pseudocyst adjacent 
to the splenic vein, which is located on the poste-
rior surface of the gland, can lead to splenic vein 
thrombosis and left sided portal hypertension. 
Thrombosis of the splenic vein, portal vein or 
mesenteric veins is reported with an incidence of 
30% – 40% in chronic pancreatitis. In clinical prac-
tice, however, bleeding from gastric or esophageal 
vein, in patients with left-sided portal hyperten-
sion is a rare occurrence. The development and 
leaking with acute bleeding of pseudoaneurysms 
of the splenic, hepatic or gastroduodenal arteries 
is more commonly seen. Pseudoaneurysms may 
develop in the wall of a pseudocyst or outside 
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it in the peripancreatic arteries, caused by the 
enzymatic action of the extravasated pancreatic 
secretions (Scuro et al. 1990a).

Pseudocysts �
Pseudocysts are found in 30% – 50% of patients 
suffering from chronic pancreatitis. Like pseu-
docysts detected during an acute episode of pan-
creatitis called “acute pseudocysts”, chronic cysts 
are fully encapsulated pancreatic secretions with 
a fi brous wall without an epithelial lining. They 
sometime are unresolved residual acute cysts 
or they may develop later as a consequence of 
strictures and/or calculi in the pancreatic duc-
tal system leading to ductal ectasia and rupture. 
These chronic pseudo- cysts sometimes referred 
to as “retention cysts” more often tend to com-
municate with the main or secondary pancreatic 
ducts. This anatomic feature has signifi cant clini-
cal implications in the management of chronic 
pseudocysts. If communication with pancreatic 
duct is patent and pancreatic secretions can not 
drain into duodenum because of ductal strictures, 
percutaneous, endoscopic or surgical drainage of 
such cysts may result in the formation of pancre-
atic fi stulas (Scuro and Cavallini 1990;  Falconi 
et al. 2000). In these cases endoscopic attempts 
to reestablish patency of the pancreatic duct are 
made before cysts drainage is performed.

Similar to the acute pseudocysts, other compli-
cations may occur in patient with chronic cysts. 
Secondary infection with the formation of an ab-
scess, cyst bleeding, migration of cyst into the 
pelvis or into mediastinum through the esopha-
geal hiatus or cyst rupture with fl uid leakage into 
the peritoneal cavity have been reported.

Pancreatic ascites �
Chronic pancreatic ascites occurs when there is 
a fi stulous connection established between the 
pancreatic duct and peritoneal cavity, usually as-
sociated with rupture and leakage of a pancreatic 
pseudocyst. Blockage of the pancreatic duct di-
verts pancreatic secretion into the peritoneal cav-
ity maintaining the pancreatic ascites. In chronic 
forms seen in patients with stigmata of chronic pan-
creatitis the pancreatic enzymes in the ascitic fl uid 
are not activated, and acute peritonitis does not 
develop. The diagnosis is confi rmed by peritoneal 
top with the detection of an exudate-transudate 
rich in protein and enzymes. Chronic pancreatic 
ascites is diffi cult to treat requiring decompression 

of the obstructed pancreatic duct by endoscopy or 
surgical means (Scuro and  Cavallini 1990).

Fistulas �
Both internal or external fi stulas can develop 
in the course of chronic pancreatitis. External, 
pancreatic-cutaneous fi stulas, as mentioned be-
fore, are usually the result of surgical or percuta-
neous drainage attempts of pseudocysts or fl uid 
collections that communicate with the pancreatic 
ductal system. Internal fi stulas may follow endo-
scopic drainage procedures or they may be spon-
taneous following pseudocysts rupture into adja-
cent hollow viscera. The stomach, small bowel or 
transverse colon may be involved in these cases. 
Less common fi stulas tracts may extend into the 
left pleural space with the development of pleural 
effusion rich in amylase or may invade the medi-
astinum causing mediastinitis with high mortal-
ity rates (Pederzoli et al. 1992).
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15.1 

Defi nition

Pseudocysts are fl uid fi lled masses with a wall made 
of infl ammatory and fi brotic tissue rather than a 
true epithelial lining. They develop from a fl uid col-
lection following a pancreatic injury and are circum-
scribed by a pseudo-capsule (Fig. 15.1) (Hammond 

et al. 2002; Kim et al. 2005).

15.1.1 

Epidemiology

Pseudocysts are the most common cystic lesions of 
the pancreas, representing about 85% of all pancre-
atic cysts (Hammond et al. 2002; Kim et al. 2005; Yeo 

and Sarr 1994; Singhal et al. 2006b). They do not 
present any risk of neoplastic degeneration. They will 
reabsorb spontaneously in about 40% of cases. They 
are clinically signifi cant since they are a frequent 

Fig. 15.1. Contrast enhanced CT (CECT), portal phase, axial 
plane: typical pseudocyst following acute pancreatitis. The 
lesion is characterized by homogenous fl uid content and thin 
pseudocapsule
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complication (30%–50% of cases) of acute pancrea-
titis (Soliani et al. 2004), abdominal trauma (10% 
in adults, 60% in children) and chronic pancreatitis 
(20%–40%) (Hammond et al 2002). Pseudocysts are 
usually located within the pancreatic parenchyma 
(85% in the region of the pancreatic body and tail, 
15% in the head), or in the virtual spaces between the 
pancreas and the adjacent abdominal viscera.

15.1.2 

Pathogenesis

Pancreatic pseudocysts are unabsorbed fl uid collec-
tions that develop a fi brous pseudo-capsule over a 
period of 4–6 weeks.

The pathogenesis is based on the rupture of the 
pancreatic duct, with the subsequent release of pan-
creatic juice and activated enzymes, damaging the 
adjacent structures and forming the fl uid collection 
(Yeo and Sarr 1994).

The following conditions can lead to the develop-
ment of a pseudocyst:
1. Severe acute pancreatitis with parenchymal necro-

sis and hemorrhage: pancreatic duct rupture is an 
intrinsic characteristic of the autolysis process due 
to the release of pancreatic juice with a high con-
centration of pancreatic enzymes (Yeo and Sarr 

1994; Soliani et al. 2004). Around 30%–50% of 
pseudocysts are due to severe acute pancreatitis; 
however, the majority resolve by spontaneous 
reabsorption (Yeo and Sarr 1994; Soliani et al. 
2004).

2. Blunt abdominal trauma with pancreatic duct 
disruption is a relatively rare cause of pseudo-
cyst in adults representing 10% of cases (Yeo and 
Sarr 1994; Procacci et al. 1997a). In contrast, 
post-traumatic lesions represent 60% of pseudo-
cysts in children (Yeo and Sarr 1994; Soliani 

et al. 2004; Procacci et al. 1997b; Hall 1992). 
The most frequently involved regions are the 
pancreatic neck and body, closely located to the 
spine and indirectly damaged by the vertebrae 
(Fig. 15.2). 

3. Chronic pancreatitis associated with stones ob-
structing the pancreatic duct, duct stenosis due 
to fi brous tissue and scarring or tumors invad-
ing the pancreatic duct causing an increase in 
intra-ductal pressure, duct dilation and their sub-
sequent rupture and the release of pancreatic en-
zymes (Fig. 15.3) (Yeo and Sarr 1994;  Bradley 

1989; Klöppel 2000).

Pseudocysts following chronic pancreatitis will 
less frequently resorb spontaneously and often need 
to be drained (Yeo and Sarr 1994).

In all cases, fl uid collections due to pancreatic in-
jury develop a thin fi brous rim within 4 or 6 weeks 
after onset (Fig. 15.1) (Kim et al. 2005; Singhal et al. 
2006b; Klöppel 2000). The lesion is either located 
within the pancreatic gland (Fig. 15.4) or adjacent 
to it (Fig. 15.5) (Yeo and Sarr 1994). The shape of 
the pseudocyst is frequently the same as the original 
fl uid collection. At the beginning, the content is in-
homogeneous because of the presence of blood clots 
and cellular debris (Fig. 15.5); a “mature” pseudo-
cyst is characterized by a homogeneous, water-like 
content, resulting from the reabsorption of clots and 
debris (Fig. 15.6). A calcifi ed wall can be found over 
a period of 5–6 months after onset (Yeo and Sarr 

1994).
As regards extra-pancreatic pseudocysts, the 

typical locations are the lesser sac and the anterior 
para-renal spaces, most frequently on the left side 
(Klöppel 2000; Balthazar 2002).

Retrogastric pseudocysts can become large in 
size. They develop between the ventral border of the 
pancreas and the posterior parietal peritoneum, dis-
tending this potential space and protruding into the 
omental bursa (Fig. 15.7a). If the pseudocyst erodes 
into the posterior parietal peritoneum, a fl uid col-
lection can develop within the lesser sac or freely 
distribute within the peritoneal cavity as pancreatic 
ascites.

The anterior para-renal spaces are also the site 
of the origin and spread of a necrotic fl uid collec-
tion coming from the pancreas (Fig. 15.7b). In the 
early phase, fl uid collections are characterized by 
an inhomogeneous content due to the presence of 
blood clots, cellular debris, oxy-hemoglobin, deoxy-
hemoglobin and methehemoglobin and adipose tis-
sue (extracellular fat). The fl uid collection tends to 
spread more frequently in the left anterior para-renal 
space because involvement of the body-tail region is 
more common in severe acute pancreatitis. The sub-
sequent spread of the infl ammatory process follows 
preferential paths: through the anterior para-renal 
space caudally, occupying the trough defi ned by the 
fusion of the renal fascia with the lateroconal fascia. 
More inferiorly, the collection dissects between the 
two layers of the posterior renal fascia and reaching 
the region of the quadratus lom-borum and psoas 
muscles.
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Fig. 15.2a–d. Post-traumatic pseudocyst. a Non-contrast-enhanced CT: non-homogenous hyperdense lesion located in the 
pancreatic neck (arrows). b CECT – Portal phase: hypodense non-enhancing lesion compared to pancreatic parenchyma (c) 
CT scan performed 3 months later: pseudocyst (*) in the region of pancreatic neck. d At 6 months later reduction in size of 
the pseudocyst (*) can be noted

a

c

b

d

Fig. 15.3a,b. CECT – portal phase: axial (a) and coronal (b) CT show a large pseudocyst in a patient with chronic pancrea-
titis: multiple calcifi cations can be seen in pancreatic head ( arrows)

a b
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Fig. 15.4a,b. CECT – portal phase: axial (a) and coronal (b) planes show a intra-pancreatic pseudocyst involving the body 
and the tail of the pancreas (arrows)

a b

Fig. 15.5a,b. CT scan before (a) and after (b) the administration of iodinated contrast material: a large pseudocyst in the 
retroperitoneal left pararenal space. The pseudocyst is inhomogeneous due to the presence of clots and cellular debris (short 
arrows). Only the pseudocapsule enhances after contrast injection (long arrows)

a b

Fig. 15.6a–c. “Mature” pseudocyst. CECT during the portal phase in axial (a), coronal (b) and sagittal (c) planes shows a 
water-like homogenous mass encapsulated by a thin wall in the tail of pancreas

a cb
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Fig. 15.7a,b. Large pseudocysts (two cases). a First case: large pseudocyst with predominant extension into the lesser sac. 
b Second case: large, round pseudocyst with extension to the left kidney, in the anterior pararenal space

a b

Fig. 15.8a–c. Pseudocyst in the left pararenal space. CECT 
scan during the portal phase in axial (a), coronal (b) and 
sagittal (c) planes shows a pseudocyst in the tail of pancreas 
and a second pseudocyst in the left perirenal space, sur-
rounding the upper pole of left kidney (arrows)

a

cb
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Larger fl uid collections may involve the peri-
renal space (Fig. 15.8) and the posterior para-renal 
space either directly, due to erosion of the fascia or 
indirectly, in the case of large pelvic or iliac fl uid 
collections spreading in a retrograde direction 
towards the upper regions of the retroperitoneal 
cavity (Fig. 15.9). From the pancreatic region, fl uid 
collections can extend into the mesenteric layers, 
commonly the transverse mesocolon. Rarely pseu-
docysts can develop within the hepatoduodenal 
ligament occupying the hepatic hilum (Fig. 15.10). 
Lastly, pseudocysts can spread towards the dia-
phragm and the mediastinum or the pelvic ex-
tra-peritoneal space, following the psoas muscle 
(Fig. 15.11) and reaching, in extreme cases, the in-
guinal canal and scrotal bursa (Cooperman 2001; 
Sadat et al. 2007). 

15.2 

Pathological Findings

15.2.1 

Macroscopic Findings

Small pseudocysts tend to be oval-shaped, whereas 
large ones are characterized by quite variable and ir-
regular shapes. They often conform to the shape of 
the loculated fl uid collection from which they arise. 
Intra-pancreatic pseudocysts are usually single and 
located in the body-tail region. Between 10%–20% of 
pseudocysts are multiple. The size range is wide, with 
lesions measuring about 10–15 cm or more, particu-
larly those lesions located outside the pancreas (Kim et 
al. 2005; Klöppel 2000; Karantanus et al. 2003).

Fig. 15.9a–c. Pseudocyst with unusual location. Fluid col-
lection (arrows) with thick wall involving the right crus of 
the diaphragm (a), and medial extension, anterior to the 
aorta is seen. b MR HASTE T2WI shows the same lesion 
in sagittal plane

a

c

b
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Fig. 15.10a–c. Large pseudocyst developing in the hepatic 
hilum (*). Pancreatic parenchyma is thin, main pancreatic 
duct is dilated (arrows) with a beaded tree pattern with mul-
tiple calcifi cations (arrowheads) (a). The portal vein is not 
visible but multiple venous collaterals are present (b,c)

a

cb

Fig. 15.11a,b. Large pseudocyst following acute necrotic 
pancreatitis. CECT in axial (a) and coronal (b) planes. Mul-
tiple (*) bilateral, large fl uid collections limited by a thin 
wall. One of the pseudocysts develops between the left psoas 
muscle and the left quadratus muscle (arrow)

a

b
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15.2.2 

Microscopic Findings

The wall of the pseudocyst consists of necrotic, 
granulation and fi brous tissue, adipocytes, and col-
lagen fi bers, but no epithelial lining ( Cooperman 

2001). The pseudocapsule, developing over a period 
of 4–6 weeks after the onset of the fl uid collection, 
has a variable thickness depending on the stage 
of evolution. The wall is characterized by infl am-
matory cells, hemoglobin pigments, hemorrhage 
and cholesterol. Wall calcifi cations can be found 
in “mature” pseudocysts. The content, inhomoge-
neous in the early stages due to the presence of 
necrotic debris, hemoglobin degradation products, 
pancreatic enzymes and adipose tissue, becomes 
more homogeneous as the cyst matures ( Klöppel 

2000;  Karantanas et al. 2003). The presence of ep-
ithelial lining from the damaged pancreatic ducts 
incorporated into the pseudocyst wall causes some 
problems at histologic examination. However, the 
absence of atypical malignant cells together with 
typical clinical and radiological fi ndings helps to 
lead to proper characterization.

15.3 

Role of Imaging

The aims of imaging techniques are to detect the 
lesions, establishing the numbers, size and aspects 
of the pseudo-capsules, their internal architecture 
and content, as well as their precise location and 
the relationship with adjacent structures. Char-
acterization and differential diagnosis from other 
pancreatic and peri-pancreatic cystic lesions should 
be carefully considered in order to choose the most 
appropriate therapy.

15.4 

US Imaging

Typically, pseudocysts are solitary, unilocular 
cystic lesions characterized by a homogeneous 
anechoic content, encapsulated by a thin wall dis-
playing acoustic enhancement of the posterior wall 
(Fig. 15.12). The presence of blood clots and cellular 

debris causes the inhomogeneity of the fl uid content, 
producing internal echoes.The echoes are frequently 
stratifi ed in the dependent regions and may dem-
onstrate a fl uid-debris level. Conversely, “mature” 
lesions are characterized by decreasing internal ech-
oes due to autolysis, leaving a water-like anechoic 
content. The presence of internal septations is a rare 
fi nding and may suggest a complication such as in-
fection or hemorrhage. In addition, US allows for the 
evaluation of the thickness of the pseudo-capsule 
and the presence of calcifi cations (Fig. 15.12). How-
ever, US imaging is limited in the evaluation of a 
pseudocyst with a markedly calcifi ed wall, because 
of the mirror-effect that calcifi cations produce on 
the acoustic beam (Rickes and Wermke 2004).

Recently, thanks to the improvement of harmonic 
US imaging, with and without the administration of 
an ultrasonographic contrast agent, additional fi nd-
ings can be evaluated that could make differential 
diagnosis easier: young “immature” pseudocysts 
frequently show a moderate parietal enhancement, 
whereas “mature” ones are not usually associated 
with this fi nding (Rickes et al. 2006). US is the most 
appropriate technique in the follow-up of patients 
with known pseudocyst in order to evaluate any 
alteration in size that could lead to a change in the 
therapeutic approach (Yeo and Sarr 1994).

15.5 

CT Imaging

CT is the imaging technique most frequently used 
in the assessment of cystic pancreatic lesions 
( Procacci et al. 1997a). The optimization of the 
contrast enhancement patterns of the pancreas and 
visualization of the peri-pancreatic vessels has made 
it possible to improve the sensitivity of CT in the de-
tection of pseudocysts and their complications. The 
unenhanced CT examination aims at detecting any 
pancreatic calcifi cations (chronic pancreatitis) or 
hemorrhage. During this phase, pseudocysts appear 
as a near water-density mass, usually below 15 UH, 
encapsulated by a thin and homogeneous rim, iso-
dense to the pancreatic parenchyma (Fig. 15.6) (Kim 

et al. 2005). Any inhomogeneity of the content is 
due to the presence of a large quantity of proteins, 
generally relatively high attenuating (> 40–50 UH), 
and frequently associated with the presence of fl uid-
fl uid levels (Fig. 15.13) ( Balthazar 2002; Morgan 
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Fig. 15.12a–f. Abdominal ultrasound (a) shows the presence of a pseudocyst located in the region of pancreatic head charac-
terized by thick wall and cellular debris in the dependent region. The MR HASTE sequences in axial (b,c) and coronal planes 
(d) and RARE sequences (e) show the communication of the cystic lesion with the main pancreatic duct. The communication 
is confi rmed by the opacifi cation of the tract through the percutaneous injection into the cyst (arrows) (f)
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et al. 1997). In this phase it is possible to detect any 
calcifi cations involving the pseudocyst wall and the 
adjacent pancreatic parenchyma as well. The pan-
creatic arterial phase is optimal for the detection 
of pseudocysts since it provides the greatest dif-
ference of attenuation between the lesion, typically 
hypodense, and the normal pancreatic parenchyma 
(Klöppel 2000). Moreover, this phase helps in de-
tecting and characterizing any possible neoplastic 
lesions (pseudocyst associated with pancreatic tu-
mor) (Fig. 15.14). Thanks to the use of MDCT with 
the ability to rapidly acquire thin sections composed 
of isotropic voxels, it is possible to assess the rela-
tionship with the major peripancreatic arteries and 
veins. 

The venous phase is used to assess the remainder 
of the abdominal cavity; with MDCT isotropic vox-
els can allow 3-D representations that can show the 
complex relationships that pseudocysts can develop 
with abdominal viscera. This information aids in 
assuring adequate drainage and surgical planning.

15.6 

MR Imaging

Although CT is considered the primary imaging 
technique in the assessment of pseudocysts, MR 
imaging, thanks to its continuous technological ad-
vancement, can be considered as accurate as CT in 

the study of pancreatic pathologies and in particular 
of cystic lesions (Nishihara et al. 1996; Schima 

2006).
On non-enhanced fat suppressed-gradient re-

called echo T1 ( FS-GRE T1)-weighted images, the 
pseudocyst appears as a homogeneous, encapsu-
lated cystic lesion, usually oval-shaped and hy-
pointense compared to the normally hyperintense 
pancreatic parenchyma (Fig. 15.15). The presence 
of hemorrhage or cellular debris within the cystic 
cavity is associated with an increase in the signal 
intensity of its content (Fig. 15.16). Extra-pancreatic 
lesions are well depicted with the breath-hold GRE 
sequence because of the optimal contrast created 
between the hypointense content of the pseudocyst 
and the typically hyperintense extra-cellular fat. 
Contrarily, these sequences are not able to show 
septations, which are usually hypointense like the 
pseudocyst content (Manfredi et al. 2001). The 
content is usually hyperintense on the TSE T2-
weighted sequence. “Mature” and non-complicated 
pseudocysts are commonly homogeneously hyper-
intense, whereas “young” lesions and complicated 
ones are inhomogeneously hyperintense thanks to 
the presence of cellular debris, hemorrhage or infec-
tion (Fig. 15.17). A large quantity of proteins within 
the cyst is frequently associated with the presence 
of a hypointense meniscus or “geometric” hypoin-
tense material within the dependent portion of the 
cyst cavity. The use of a breath-hold FS-GRE 3-D T1-
weighted sequence, during the i.v. administration 
of Gd-chelates, leads to the evaluation of imaging 

Fig. 15.13a,b. Clots and debris in a pseudocyst. Axial CECT scan during portal phase (a) and axial MR STIR sequence (b) 
show the presence of a pseudocyst following acute pancreatitis characterized by inhomogeneous content due to the presence 
of high density (a) (arrow), and low signal intensity areas (b) (arrows). Splenomegaly and multiple venous collaterals due to 
splenic vein thrombosis are also seen (a)

a b
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Fig. 15.14a–d. MR TRUE FISP (a) and VIBE (b) sequences in the arterial phase after the administration of intravenous gado-
linium (b) show the presence of a small lesion (arrow) in the pancreatic head, slightly hyperintense on T2-weighted images 
and hypovascular following contrast injection when compared to pancreatic parenchyma (arrow). The lesion causes obstruc-
tion of main pancreatic duct, with upstream dilation. Three months later, a pseudocyst developed following an episode of 
acute pancreatitis. The CT scan in axial (c) and coronal (d) planes shows the cystic lesion and a hypodense lesion (arrow) 
in the region of the pancreatic neck. The biopsy of this lesion confi rmed the diagnosis of pancreatic adenocarcinoma
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d

Fig. 15.15a,b. Typical pseudocyst. MR GRE T1-weighted in phase (a) and out of phase (b) images show the typical hypoin-
tense signal intensity of non-complicated pseudocyst

a b
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Fig. 15.17. a,b Imaging characterization of pseudocyst fl uid. First case. T2-weighted MR images in the coronal plane ad-
equately show the fl uid homogeneous content of the pseudocyst (a). CT in the coronal plane (b) at the same level confi rms the 
homogeneous water-like content of this mature pseudocyst. c,d Second case. MR HASTE sequences in axial (c) and coronal 
(d) planes show a cystic lesion characterized by inhomogeneous content due to clots and debris (arrow)
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Fig. 15.16a,b. Hemorrhagic pseudocyst. MR GRE T1-weighted in phase (a) and out of phase (b) images show a hyperintense 
pseudocyst due to the presence of hemorrhagic content

a b



  Imaging of Pancreatic Pseudocyst 281

Fig. 15.18a,b. MR VIBE T1-weighted images before (a) and after the administration of contrast agent during portal phase 
(b) show the enhancement of pseudocyst wall. This post-contrast phase is the best to obtain the optimal contrast between 
the cystic lesion and the surrounding structures

a b

fi ndings similar to that of contrast enhanced com-
puted tomography (CECT) (Kim et al. 2005; Rickes 

et al. 2006; Morgan et al. 1997). Pancreatic and por-
tal phases are obtained: the contrast enhancement 
makes it easier to depict septations and the pseudo-
capsule, which usually enhance during the portal 
phase (Fig. 15.18).

Because these sequences are obtained in 3-D, a 
precise assessment of the location and of the re-
lationship of the lesion with adjacent organs and 
structures, particularly in respect to blood vessels 
is possible (Piironen et al. 2000).

MRCP, based on RARE single-shot and HASTE 
sequences, helps in the evaluation of the pancreatic 
ducts (Fig. 15.19). In particular, HASTE sequences, 
characterized by high spatial resolution (4 mm slice 
thickness), are able to show the presence of commu-
nication between the pseudocyst and the main pan-
creatic duct. To this purpose, 3-D sequences seem 
to be the most adequate, allowing for data to be re-
constructed in order to obtain multiplanar images 
with different slice thickness, with the possibility of 
having 1.3 mm thick images reconstructed on any 
plane (Manfredi et al. 2001; Piironen et al. 2000; 
Calvo et al. 2002).

MR is preferred to CT in cases of patients with 
suspected allergy to iodinated contrast medium 
and in cases of pediatric patients that need several 
follow-up examinations. MR is indicated for char-
acterizing highly inhomogeneous lesions in case of 
uncertain diagnosis after CT (Nisihara et al. 1996; 
Piironen et al. 2000).

15.7 

Endoscopic Ultrasound Imaging (EUS)

EUS imaging can aid in the diagnosis of uncertain 
lesions, in particular if small and located close to 
the pancreatic area ( Hammond et al. 2002; Yeo and 
Sarr 1994). EUS is more reliable and more precise 
than US in performing needle-aspiration biopsy in 
cases of undetermined lesions (Sahani et al. 2005; 
 Giovannini et al. 2001).

EUS is able to facilitate the differential diagnosis 
between pseudocyst, mucinous cystic tumor (char-
acterized by parietal nodules) and serous cystoad-
enoma. However, MR is still better than EUS in de-
picting any tiny communication between the cyst 
and the pancreatic duct.

15.8 

Diff erential Diagnosis

The detection of a cystic pancreatic lesion generates 
the problem of distinguishing benign lesions from 
malignant ones, such as mucinous cystoadenoma, 
cystadenocarcinoma and intraductal papillary mu-
cinous tumor (IPMT). Pre-operative diagnosis is 
based on US, CT, MR, EUS and needle-aspiration 
biopsy, completed by biochemical and cytologi-
cal analysis of the lesion content (Kim et al. 2005; 
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 Sahani et al. 2005; Giovannini et al. 2001; Brugge 

2000; Breslin and Wallace 2002; Kalra et al. 
2003; Fugazzola et al. 1991).

Clinical presentation often helps in the differen-
tial diagnosis. Usually pseudocysts develop in pa-
tients affected by severe acute pancreatitis, chronic 
pancreatitis, blunt abdominal trauma or surgical 
operations.

The differential diagnosis is much more diffi cult 
in cases of asymptomatic patients or atypical clini-
cal presentation (Yeo and Sarr 1994).

Large size, liquid water-like content, scarce thin 
non-enhancing septations, a thin wall of homogene-
ous thickness and a demonstrable communication 
with the main pancreatic duct are features of a pseu-
docyst. The cytological examination of the liquid 
content after a CT- or US-guided needle-aspiration 
biopsy can confi rm the diagnosis in the majority of 

cases (Yeo and Sarr 1994; Procacci et al. 2001). Al-
though a wide variety of pancreatic cysts may have 
elevated amylase in the cyst fl uid, extremely high 
levels favour pseudocyst.

An uncomplicated pseudocyst is usually followed 
by imaging to resolution. Interventional drainage 
is used if the pseudocyst increases in size or if it is 
not spontaneously reabsorbed. On the other hand, 
if infection or hemorrhage are present, surgical 
treatment becomes necessary (Singhal et al. 2006b; 
Spinelli et al. 2004).

15.8.1 

Cystic Dystrophy of Duodenum

Duodenum cystic dystrophy (groove pancreatitis, 
DCD) is due to an infl ammatory process, often as-

Fig. 15.19a–d. MR HASTE thin slice sequences (a,b) and RARE before (c) and after (d) the administration i.v. of secretin 
enables the evaluation of the relationship between the cystic lesion and the main pancreatic duct. In this patient, the absence 
of communication between the cysts (arrow) and the MPD in a clinical setting of chronic pancreatitis suggests the diagnosis 
of pancreatic pseudocysts (differential diagnosis with intraductal papillary mucinous tumour of the pancreas – IPMT)
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sociated with alcholism, arising within ectopic pan-
creatic tissue located in the duodenum wall. The 
infl ammatory process causes the development of 
cystic lesions, with or without epithelial lining, cir-
cumscribed by infl ammatory and fi brous tissue.

DCD is classifi ed into two types: a solid and a 
cystic variant. The latter is the most frequent and 
must be distinguished from pancreatic pseudo-
cysts. In addition, DCD may be associated with 
chronic pancreatitis and pseudocyst formation, de-
termining obstruction of the main pancreatic duct 
( Chatelain et al. 2005).

CT and MR are able to show the presence of cystic 
lesions, resulting in an inhomogeneously thickened 
duodenum wall. Additional fi ndings, useful in the 
differential diagnosis, are the dislocation of the 
common bile duct on the left and the dilation of the 
biliary and pancreatic ducts (Rebours et al. 2007). 
Stenosis of the terminal tract of the main pancre-
atic duct when it crosses the pancreatic head can be 
associated to chronic obstructing pancreatitis with 
parenchymal calcifi cations and pseudocysts.

15.8.2 

Mucinous Cystic Pancreatic Tumor

Several clinical and epidemiological features help in 
the distinction between pseudocysts and mucinous 
cystic tumors of the pancreas. These tumors are 
typical in middle-aged women (mean age 50 years). 
They are generally located in the body and tail of 
the pancreas and usually detected incidentally in 
asymptomatic patients (Mulkeen et al. 2006). In 
contrast, patients affected by pseudocyst often suf-
fer from acute or chronic pancreatitis, alcohol abuse, 
cholelithiasis or abdominal trauma. Furthermore, 
serum amylase levels are higher in 50%–75% of pa-
tients suffering from pseudocyst.

Some imaging fi ndings are useful in the differ-
ential diagnosis: a mucinous cystic tumor is a thick-
walled tumor frequently located in the body or tail 
of the pancreas. Very rarely it is connected to the 
main pancreatic duct (Sperti et al. 1996; Procacci 

et al. 2001; Spinelli et al. 2004). Usually round or 
oval shaped, it is characterized by a thick wall with 
smooth margins, with multiple internal septations, 
with or without septal and parietal nodules and cal-
cifi cations (16%) (Kim et al. 2005).

At CT imaging it appears as a hypodense multi-
locular cystic lesion, consisting of a few large cysts 
(3 cm or more), with a thick wall and thin internal 

septations enhancing during the administration of 
contrast medium (Fig. 15.20) (Soliani et al. 2004; 
Kalra et al. 2003).

MR can further aid differentiation: “mature” 
pseudocysts are characterized by a homogeneous, 
hypointense signal intensity on T1-weighted im-
ages, whereas mucinous cystic tumors are often of 
variable signal intensity depending on the cyst con-
tent. Mucin, proteins and hemorrhage are typically 
hyperintense on T1-weighted images (short TR and 
TE) (Nishihara et al. 1996) as opposed to the low 
signal of uncomplicated pseudocyst content. MRCP 
and HASTE sequences are the most accurate in de-
tecting the presence of a tiny communication with 
the main pancreatic duct in the presence of pseudo-
cyst, whereas it usually results compressed, stenotic 
and dilated in the presence of mucinous tumor. This 
tumor is characterized by two different macroscopic 
patterns (Procacci et al. 2001): a micro-cystic one, 
similar to serous cystoadenoma, easily distinguished 
on the basis of the presence of a dilated main pan-
creatic duct and a macro-cystic pattern, much more 
common, characterized by a few thin internal septa-
tions separating wide cystic spaces and similar to a 
pseudocyst. Differential diagnosis is based on its in-
homogeneous content (mucin and proteins) and on 
the presence of rare parietal nodules. Benign tumors 
are often characterized by thin and regular septa-
tions and capsule, whereas the malignant tumors 
usually have irregular septa and thick wall with mu-
ral nodules or vegetations.

15.8.3 

Serous Cystadenoma

This is a benign tumor originating from acinar cells, 
frequently located in the pancreatic head. Females 
are most frequently affected in particular during 
their fi fth decade. It is classifi ed into two variants: 
the most common, defi ned as micro-cystic, con-
sists of multiple tiny cysts with a mean diameter 
of 1–20 mm, confi guring the typical “honeycomb” 
appearance and the macro-cystic form, less com-
mon, is characterized by one or a few large cysts 
encapsulated by a thin and homogeneous wall and 
divided by a few tiny septations. This form must be 
distinguished from pseudocyst and mucinous cystic 
tumor. Once more, clinical presentation is of fun-
damental importance in the differential diagnosis: 
patients affected by serous cystadenoma are usually 
asymptomatic, and rarely suffer from pancreatitis 
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due to the compression of the main pancreatic duct 
by a large tumor located in the region of the head of 
the pancreas. On the other hand, imaging fi ndings 
showing parietal nodules and communication with 
the main pancreatic duct are typically associated 
with mucinous tumor and pseudocyst respectively.

15.8.4 

Intraductal Papillary Mucinous Tumors of the 

Collateral Ducts (IPMT II Type)

IPMT are intraductal mucin-producing pancreatic 
tumors developing from epithelial cells lining the 
main pancreatic duct (IPMT type I), branch pancre-
atic ducts (type II), or from both (combined IPMT 
or type III) (Lim et al. 2001; Prasad et al. 2003; 
Procacci et al. 1999; Sahani et al. 2006).

The branch pancreatic duct IPMT (type II) may 
appear similar to a pseudocyst. It usually consists 
of a multilocular cystic lesion of the pancreatic head 
or uncinate process associated with dilatation of the 
branch ducts. The mean age of onset is around the 
5th decade with a slight prevalence in men. They are 
usually discovered incidentally, particularly if small 
in size; only rarely are they associated with acute or 
chronic obstructive pancreatitis (Fugazzola et al. 
1991; Procacci et al. 2001).

These lesions are typically oval-shaped, with 
lobulated clustered cysts. Both external capsule 
and internal septations tend to enhance after the 
administration of contrast medium. Sometimes the 
cystic spaces may show a connection with a dilated 
duct. The characterization is easily achievable with 
MDCT and, above all, with MR, which shows the 
presence of a connection with the pancreatic duct. 

Fig. 15.20a–d. Pseudocyst: differential diagnosis. CECT in axial planes shows a pancreatic pseudocyst 
(a,c) and a mucinous cystoadenoma (b,d). Only the history of acute pancreatitis enables the differential 
diagnosis between these two cystic lesions

a

c

b

d
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In the late phase, additional fi ndings are dilation of 
the main and collateral pancreatic ducts, atrophy of 
the gland and protrusion of the papilla of Vater into 
duodenum lumen (Procacci et al. 2001). However, 
these lesions grow slowly and, less frequently, they 
cause the obstruction of the duct and consequent 
acute pancreatitis. (Procacci et al. 2001). 

MDCT has made it possible to create new recon-
struction protocols (2-D curved reformations and 
volume rendered 3-D images) useful in the depiction 
of the relationship between the tumors, the pancre-
atic and the common bile ducts (Sahani et al. 2006). 
MRCP is considered as a gold standard in the study 
and follow-up of IPMT (Fig. 15.21). In addition, the 
use of secretin during MRCP improves the visuali-
zation of the internal structure of cystic lesions and 
of the communication of IPMT with the pancreatic 
duct (Carbognin et al. 2007).

15.8.5 

Solid and Papillary Tumor

This tumor is distinguished from other cystic le-
sions of the pancreas by the presence of intra-le-
sional necrosis and cystic degeneration producing 
a lesion that simulates a unilocular cystic mass 
(Procacci et al. 2001). The lesional necrosisis is 
due to insuffi cient vascular supply, with thin, nar-
rowed blood vessels (Procacci et al. 2001). Young 
women are usually affected by this tumor that is 
frequently characterized by a benign behaviour. 
However, it can be aggressive, with local invasion 
and distant hepatic and lymph node metastases 
(Procacci et al. 2001; Coleman et al. 2003). This 

tumor is usually discovered incidentally in asymp-
tomatic patients. Large tumors may be associated 
with epigastric pain, palpable mass or peritoneal 
hemorrhage (Procacci et al. 2001). The cystic vari-
ant can show two different patterns: the fi rst one, 
called mixed solid-liquid pattern, is typical of solid 
papillary tumors and enables the diagnosis. The 
second one, called macro-cystic, can simulate a 
pseudocyst (Procacci et al. 2001).

The MR fi ndings of pseudo-papillary tumor are 
similar to that found on CT images. However, MR 
can facilitate the characterization of the lesion con-
tent, leading to the differential diagnosis: cystic ar-
eas are hypointense on T1 and hyperintense on T2, 
whereas solid tissue is iso-hypointense compared 
to the normal pancreatic parenchyma and show a 
moderate enhancement. Hemorrhage within the le-
sion is hyperintense on T1 (Yu et al. 2007).

T2-weighted images facilitate a differential diag-
nosis because they show the inhomogeneity due to 
the coexistence of strongly hyperintense cystic ar-
eas and mildly hyperintense or isointense solid tis-
sue compared to the normal pancreas. Calcifi cations 
are rare (Procacci et al. 2001).

15.8.6 

Other Cystic Tumors

Almost any of the multiple types of pancreatic neo-
plasms can appear as a cystic mass. Ductal adenocar-
cinoma may rarely undergo cystic degeneration due 
to insuffi cient blood supply in large and rapid grow-
ing tumors (Lumsden and Bradley 1989). Anaplas-
tic carcinomas may also show a cystic pattern.

Fig. 15.21a,b. Intraductal papillary mucinous tumour of the pancreas (IPMT). MR RARE (a) and HASTE (b) sequences 
show a lobular cystic lesion (arrow) of pancreatic head communicating with pancreatic duct: the fi ndings suggest the di-
agnosis of IPMT

a b
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Acinar carcinoma, in its multilocular cystic 
form, may be similar to other cystic lesions of the 
pancreas. On the contrary, its histologic diagnosis 
is easy (Lumsden and Bradley 1989; Horton and 
Fishman 2002; Warshaw and Rutledge 1986).

Neuroendocrine pancreatic tumors have a clearly 
cystic pattern in less than 10% of cases, usually due 
to central necrosis. Differential diagnosis is based 
on the hypervascularity of the solid component if 
present (Procacci et al. 2001).

The osteoclast-like giant cell tumor is a rare ab-
dominal tumor involving the pancreas in the major-
ity of cases, usually located in the head or body. This 
tumor consists of pleomorphic malignant cells and 
giant osteoclast-like cells. Generally it is diagnosed 
in a late phase, when large in size (mean diameter at 
diagnosis 6 cm) and inhomogeneous because of the 
coexistence of large cystic areas, necrosis and he-
morrhage. It must be distinguished from cystic ad-
enocarcinoma, neuroendocrine cystic tumors and 
particularly from pseudocysts (Oehler et al. 1997; 
Bauditz et al. 2006). The prognosis is usually poor 
because of frequent lymph node metastases and lo-
cal recurrence after surgical resection. 

15.9 

Role of Needle-Aspiration Biopsy

Needle biopsy is of fundamental importance in di-
agnosing cystic pancreatic lesions. The biopsy can 
be performed under US or CT guidance and allows 
for the evaluation of cytologic, enzymatic and tu-
moral markers of the cyst content (Lewandrowski 

et al. 1995). Pancreatic pseudocysts are frequently 
characterized by their typical clinical presentation, 
absence of septations or solid enhancing tissue and 
by a high level of amylase. According to some au-
thors (Ros et al. 2000; Frossard et al. 2003), this 
procedure is useful in the differential diagnosis 
between pseudocyst, lympho-epithelial cyst and 
cystic tumors (Yeo and Sarr 1994; Klöppel 2000; 
Ros et al. 2000; Frossard et al. 2003). In fact, a 
high level of CA 19-9, CEA and LDH, a low value of 
amylase, a low viscosity of the liquid content and 
the presence of malignant cells make it easier to 
diagnose a cystic tumor. Therefore, a well executed 
needle biopsy can avoid an unnecessary surgical 
resection of benign lesions (Yeo and Sarr 1994; 
Klöppel 2000).

Needle-biopsy does not have a high negative pre-
dictive value to exclude tumor. Moreover, there may 
be a high variability in the concentration of enzymes 
and tumoral markers within the same cystic lesions 
in different patients.

15.10 

Pre-operative Assessment

CT and MR are the most widely used imaging 
techniques in the pre-operative assessment of 
pseudocysts for deciding on the proper treatment. 
With the use of i.v. contrast medium the wall and 
the septations can be studied. Furthermore, it is 
possible to perform the assessment of a normal, 
spared pancreatic parenchyma and evaluate the 
presence of other pathologies. The spared pan-
creas is characterized by regular thickness, nor-
mal density (at CT), and normal signal intensity 
(hyperintense on FS T1-weighted images at MR) 
with homogeneous enhancement in the arterial 
phase. MR imaging leads to a better study of pan-
creatic ducts: HASTE and MRCP sequences are 
the reference standard as regards non-invasive 
imaging techniques in the evaluation of stenosis, 
dilation, filling defects and communications with 
the cystic lesion.

Both CT and MR are able to create a precise vas-
cular map, which is of fundamental importance for 
surgeons during treatment planning. The portal ve-
nous phase is able highlight venous thrombosis with 
or without imaging fi ndings of portal hypertension. 
In contrast, rare lesions of the arteries (aneurysm, 
pseudoaneurysm) are well characterized during the 
arterial phase.

15.11 

Pseudocyst Evolution

The presence of a pseudocyst requires planned im-
aging follow-up, and, if spontaneous reabsorption 
has not occurred, its drainage under US or CT guid-
ance (Singhal et al. 2006b.

Pseudocyst evolution is strictly correlated to its 
size (Yeo and Sarr 1994; Demos et al. 2002). Ac-
cording to O’Malley et al. (1985), lesions of 4 cm 
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spontaneously reabsorb in 55% of patients, and 
complications occur in 10% of cases. Furthermore, 
67% of lesions measuring 6 cm need to be treated 
surgically, whereas smaller ones must be treated 
only in 40% of cases (Yeo and Sarr 1994; O’Malley 

et al. 1985).
In contrast, a pseudocyst can maintain a stable 

size and shape for a long time. These lesions are 
usually encapsulated by a thick pseudo-capsule. In 
such cases, watchful waiting is necessary in order 
to diagnose any complication in the early phase. 
Nowadays US- or CT-guided (Fig. 15.22) drainage 
of pseudocysts is the treatment of choice for le-
sions without complications that tend to increase 
in size.

15.12 

Complications

Infections, hemorrhage, intestinal stenosis or ob-
struction, and rupture into adjacent organs or into 
the peritoneal/retroperitoneal cavity are consid-
ered the most frequent complications of pancreatic 
pseudocysts. Complications arise in 30%–50% of 
patients. In particular, 5%–20% of pancreatic pseu-
docysts are complicated by infections, and the ma-
jority are due to infected necrosis.

15.12.1 

Infection and Pancreatic Abscess

Infection is one of the most feared complications 
of pancreatic pseudocysts and of any infl amma-
tory pancreatic disease. The prompt diagnosis is 
of fundamental importance in order to rapidly de-
ploy proper treatment. Gram-negative bacteria (E. 
coli), followed by anaerobes and fungi are the most 
likely offending organisms. The source of contami-
nation is the colon. Imaging techniques can show 
the presence of inhomogeneous content and much 
more rarely the presence of gas within the cystic 
lesion (Fig. 15.23) (Yeo and Sarr 1994; O’Malley 

et al. 1985).
A pancreatic abscess consists of a well-circum-

scribed fl uid-collection containing pus, localized 
within or in adjacent to the pancreas. It typically 
develops in cases of severe acute pancreatitis as re-
sult of infection of the original necrosis. The most 
important bacteria involved are E. coli, Klebsiella 
species, S. aureus. The prognosis is very poor, par-
ticularly when diagnosis and treatment are delayed: 
the rapid involvement of adjacent structures may 
cause acute bleeding or peritonitis, with consequent 
sepsis, shock and a high risk of death. CT imaging 
is the reference standard for the diagnosis of ab-
scess: it usually appears as a round hypodense mass 
(0–45 UH), encapsulated, with or without the clus-
ter sign (small abscesses tending to coalesce into a 

Fig. 15.22a,b. Pseudocyst drainage. Examples of percutaneous drainage approach under CT guidance

a b
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single septated cavity). The presence of gas (bubbles 
of air) or of an air-fl uid level is a specifi c sign but 
occurs only in 20% of cases. In most cases, the imag-
ing appearance will not be specifi c for the diagnosis 
of an abscess. Aspiration of cyst content in a febrile 
patient is necessary to establish an infected cyst.

15.12.2 

Vascular Complications

Arterial complications include acute bleeding (ar-
terial disruption) or the development of a pseu-
doaneurysm. The pseudocyst, increasing in size, 
may push on a vessel wall causing its necrosis with 
consequent arterial disruption and acute bleeding 
into the peritoneal cavity or within the pseudocyst. 
Depending on the size of the lesion and on the quan-
tity of the bleeding, the cystic cavity can turn into 
a bleeding pseudocyst or into a pseudoaneurysm. A 
pseudoaneurysm develops in cases of small lesions 
(Fig. 15.24). In contrast, larger lesions turn into a 
bleeding pseudocyst, characterized by the empty-
ing of an arterial vessel into the cyst and carrying 
a high risk of rupture into the peritoneum or retro-
peritoneum as a result of its rapid increase in size 
( Coleman et al. 2003; Yu et al. 2007). Small asympto-
matic pseudoaneurysms can be an incidental fi nding 
during follow-up imaging examinations. The most 
frequently involved vessels are the splenic artery, 
gastro-duodenal artery, pancreatic-duodenal arter-
ies and left gastric artery. The wall, consisting only 
of fi brous tissue, can rupture under constant arterial 
pressure. For this reason, a pseudoaneurysm must 
be promptly treated. Catheter based endovascular 
embolization techniques will be effective.

US-Doppler allows evaluation of the blood fl ow 
within the pseudoaneurysm. Sometimes the involved 
artery can be identifi ed. These lesions usually show 
a good fl ow during the systole, with the exception of 
cases where the vessel is thrombosed. At CT imag-
ing, pseudoaneurysms appear as round homogene-
ously and arterially enhancing foci located within 
or adjacent to a pancreatic pseudocyst. At MR imag-
ing, pseudoaneurysms are characterized by signal 
void phenomenon due to the pure arterial fl ow and 
appear hypointense (Fig. 15.24). On T2-weighted 
sequences, alternate isointense and hypointense 
bands in the dependent region of the pseudoaneu-
rysm, due to the presence of hemoglobin breakdown 
products, can be detected confi rming the presence 
of thrombus. The i.v. administration of contrast 

medium helps to confi rm the diagnosis. Recent ad-
vances in MDCT and MR 3-D reconstructions have 
made it possible to create maps of the arteries in the 
pancreatic area aiding in the identifi cation of the in-
volved artery. In cases of a bleeding pseudocyst, CT 
or US follow-up will highlight the rapid increase in 
size of the lesion (Fig. 15.25). The US-Doppler can 
confi rm the presence of arterial fl ow.

A pseudocyst can be associated with thrombosis 
of the pancreatic veins, fi stulas between the portal 
vein and the pancreatic duct, pylephlebitis and por-
tal hypertension (Singhal et al. 2006a).

Thrombosis of the pancreatic veins is frequently 
associated with acute pancreatitis complicated by 
pseudocysts (McCormick et al. 1990). The patho-
genesis is based on compression of veins and on the 
infl ammatory process due to the release of pancreatic 
juice and enzymes, causing vasculitis. The splenic 
vein seems to be the most frequently involved ves-
sel as a result of its contiguity to the pancreatic tail, 
above all in cases of chronic pancreatitis with for-
mation of a calcifi ed pseudocyst. 

A fi stula between the pancreatic duct and the por-
tal system is due to the rupture of a pseudocyst in 
the portal vein. It is a rare complication and only a 
few cases are described in the literature (Ridell et 
al. 2005).

15.12.3 

Jaundice

Compression of the common bile duct by a pseu-
docyst may cause the onset of obstructive jaundice, 
cholangitis and biliary dilatation (Warshaw and 
Rattner 1980). The pathogenesis is based on com-
pression, fi brous tissue and scarring resulting from 
the original infl ammatory and necrotic process.

15.12.4 

Compression on 

Gastro-intestinal and Urinary Tracts

Any portion of the GI tract can become extrinsically 
narrowed secondary to the pressure of or, less com-
monly, due to fi brotic tissue developing during the 
primary infl ammatory process. In such cases the 
colon is the most frequently involved segment as a 
result of a fl uid collection commonly being located 
in the transverse mesocolon and in the para-renal 
spaces, followed by the duodenum. It is a rare but 
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hazardous complication that requires quick therapy. 
Percutaneous decompression of the cyst under US or 
CT guidance or a transgastric drainage under ERCP 
or EUS guidance can be performed (Fig. 15.26).

Large pseudocysts can produce urinary tract ob-
struction, with resulting hydronephrosis. Leg edema 
due to compression of the inferior vena cava (Demos 

et al. 2002; Bernades et al. 1992) can also be seen.

15.12.5 

Rupture and Fistulas

Rupture occurs in less than 3% of pseudocysts. The 
clinical presentation can be either dramatic with 
severe abdominal pain or insidious with ascites or 
pleural effusion in the case of a slow emptying of the 

pseudocyst through a fi stulous tract (O’Malley et al. 
1985; Warshaw and Ratner 1980). If the pancreatic 
duct is involved, the subsequent release of pancreatic 
juice and enzyme will be followed by severe abdomi-
nal pain and pancreatic ascites. If the rupture occurs 
in the retroperitoneum, the fl uid collection can spread 
to the pelvis and towards the thorax with subsequent 
pleural effusion (Yanagië et al. 1997).

The enteric fi stula is the most common. The fi s-
tulas between the pancreas and colon have a high 
mortality rate (50%) as a result of the frequent asso-
ciation with infections and bleeding. CT may easily 
detect the presence of air bubbles in the absence of 
any sign of infection (Ros et al. 2000). MRCP with 
secretin administration confi rms the diagnosis of 
fi stula, demonstrating the duct rupture and involve-
ment of the pseudocyst.

Fig. 15.23. Pseudocyst infection. CECT in axial planes at different levels show the presence of multiple air bubbles within 
the large pancreatic pseudocyst: the fi ndings suggest the infection 
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Fig. 15.24a–f. Pseudoaneurysm: CT scan in axial (a) and coronal curved reformation (b) show a focal hyperdense arterially 
enhancing focus inside a small pseudocyst, isodense with abdominal aorta. MR examination shows similar fi ndings in a 
pseudocyst of splenic hilum. The lesion is nearly isointense (arrow) in the T1-weighted (c) image in which a faint hypoin-
tensity due to the “fl ow void” phenomenon is seen. The lesion is hyperintense in the T2-weighted image (d). The pseudoan-
eurysm is hyperintense similar to the abdominal aorta following the administration of gadolinium (e,f)
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Fig. 15.25a–c. Bleeding pseudocyst. Contrast enhanced CT 
scan during the arterial phase (a) shows multiple hyper-
dense areas (arrows) within the pancreatic pseudocyst due 
to hemorrhagic content; after endovascular treatment of 
acute bleeding with two coils (arrowhead), the CT scan be-
fore (b) and after the administration of iodinated contrast 
agent shows the increase in size of the cystic lesion, but the 
absence of active bleeding (c)

a b

c

Fig. 15.26. Trans-gastric drainage of pseudocyst. Contrast-enhanced CT scan shows a large pseudocyst with air bubbles 
inside due to the presence of trans-gastric drainage positioned under ERCP-guidance

a b
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15.12.6 

Pleural Eff usion

Pleural effusion can be the consequence of various 
pathophysiologic mechanisms associated with pseu-
docyst. These include the spread of a retroperitoneal 
fl uid collection through the diaphragmatic hiatus 
into the pleural cavity, a fi stula between the pseu-
docyst and the pleural space and the rupture of a 
mediastinal pseudocyst. 
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16.1 

Introduction

Multidetector CT (MDCT), magnetic resonance 
 imaging (MRI) and color Doppler ultrasound (US), 
have signifi cantly modifi ed the role of diagnostic 
imaging in the study of splanchnic vessels and bil-
iary tree in pancreatitis (Ito et al. 2001;  Balthazar 
2002a,b). Today, noninvasive imaging modalities 

can provide an immediate diagnosis, and catheter 
angiography has become the modality of choice in 
the treatment of vascular complications. Percuta-
neous transhepatic cholangiography (PTC) and its 
applications are useful in the treatment of biliary 
tract injuries (Gadacz et al. 1983).

This chapter describes the physiopathological 
mechanisms underlying vascular and biliary in-
volvement in pancreatitis and the role of imaging in 
the diagnosis of these complications.

16.2 

Vascular Complications

The erosive action of active pancreatic proteolytic 
enzymes in acute pancreatitis, mechanical pressure 
from the pseudocyst and drainage from an operated 
pancreas can involve pancreatic or peripancreatic 
vessels (Stanley et al. 1976; Manfredi et al. 2001). 
These conditions result in arterial complications, 
such as pseudoaneurysm, arterial disruption or ve-
nous complications, most frequently in the form of 
venous thrombosis (Bradley 1993b).

16.2.1 

Arterial Complications

Major arterial hemorrhagic complications in pancreati-
tis are infrequent but can be life-threatening (Bresler 
et al. 1991; Frey et al. 1992;  Procacci et al. 2002).

In severe acute pancreatitis, as defi ned by the 
1992 Atlanta International Symposium on Acute 
Pancreatitis (Bradley 1993a), massive bleeding is a 
consequence of the erosion of peripancreatic arter-
ies by active proteolytic enzymes (arterial disrup-
tion) (Bresler et al. 1991; Mansueto et al. 2006). 
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When acute or chronic pancreatitis is associated with 
a pseudocyst, the progressive enlargement of the 
pseudocyst induces necrotizing arteritis due to the 
added pressure on the vessel walls and the action of 
the proteolytic enzymes (Burke et al. 1986). Sponta-
neous bleeding frequently at the pancreatic tail, next 
to the spleen hilum or at the head of the pancreas. The 
splenic artery, the gastro-duodenal artery, the pan-
creatico-duodenal arcades and lastly, the left gastric 
artery are most frequently involved (Aranha et al. 
1984; Brodsky and  Turnbull 1991; Balladur et al. 
1996; Rumstadt et al. 1998; Sato et al. 1998).

The precise site of bleeding can be further speci-
fi ed from knowledge of the splanchnic arterial anat-
omy (Mansueto et al. 2006, 2007). On the left side, 
arterial lesions usually involve the last portion of 
the splenic artery, immediately upstream from the 
origin of the left gastroepiploic artery and the col-
lateral omental branches. Here, the retroperitoneal 
splenic branches become intraperitoneal, and are 
therefore more mobile in comparision with the ret-
roperitoneal vessels; the site is susceptible to aneu-
rysm formation (Fig. 16.1). On the right side, bleed-
ing is most frequent from an analogous anatomic 
level where the gastroduodenal artery divides into 
the right gastroepiploic artery and the pancreatico-
duodenal branches. Here, the gastroduodenal artery 
passes from the retroperitoneum into the omental 
root and becomes intraperitoneal (Fig. 16.2).

16.2.1.1 

Arterial Disruption 

Arterial bleeding in acute pancreatitis, not asso-
ciated with a pseudocyst, is defined as “arterial 
disruption” and is caused by the auto digestion 
of the arterial wall by f luid collections. It usu-
ally occurs in the advanced phase of disease and 
in post-operative patients (Beattie et al. 2003; 
Mortele et al. 2004a,b). This critical condition 
corresponds to the so-called “necrotic hemor-
rhagic pancreatitis” and is considered the most 
severe vascular complication. The mortality rate 
is over 50% (Lendrum 1994). Survival depends 
greatly on prompt and accurate diagnostic and 
therapeutic intervention.

The most commonly involved is the splenic ar-
tery, but any of the peripancreatic vessels can be 
involved, depending on the location of the fl uid col-
lection. Bleeding from the right and middle colic ar-
teries is common when the collection occupies the 
mesenteric root (Fig. 16.3). The superior mesenteric 
artery and the celiac trunk can also be involved, 
but to a lesser degree. Patients present in shock at 
the time of diagnosis. Bleeding can occur in the 
gastro-intestinal lumen, peritoneal cavity, retro-
peritoneum, or simultaneously in several anatomic 
cavities (Stroud et al. 1981; Balthazar and Fisher 
2001; Testart et al. 2001).

Fig. 16.1a–c. Pancreatic left-side arterial involvement in pancreatitis. The scheme highlights pancreatic left side arterial 
involvement (a). Arterial lesions usually occur in the last branch of the splenic artery, immediately upstream from the origin 
of the left gastroepiploic artery and the collateral branches (circle) (b). Selective angiography of the splenic artery in the 
anterior right oblique projection (c) displays a bleeding pseudocyst which develops just when these retroperitoneal branches 
become intraperitoneal (circle). (a,b: from Mansueto et al. 2006)

ca b
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When pancreatitis related hemorrhage is sus-
pected, MDCT is able to detect arterial vessels that 
might become completely involved by collections 
(Balthazar 2002a; Mansueto et al. 2006). In he-
modynamically unstable patients, MDCT is often 
able to identify the hemorrhagic component inside 
the collection and possibly the source of bleeding 
(Fig. 16.4a). Nonetheless, diagnosis is still a con-
siderable challenge. When immediate treatment 
is required, the gold standard imaging technique 
is catheter angiography, which has the advantage 
of being both a diagnostic and therapeutic tool 
(Fig. 16.4b–d).

Arterial bleeding in acute pancreatitis is a dra-
matic occurrence with a high mortality rate. Treat-
ment of this condition may be very diffi cult for the 
surgeon or radiologist (Bergert et al. 2004, 2005; 
Mansueto et al. 2007). Emergency surgery is asso-
ciated with a high degree of failure and  mortality. A 
bleeding recurrence rate of more than 80% has been 
reported in the literature (Stanley et al. 1976; Sta-

bile et al. 1983; El Hamel et al. 1991; de Perrot 
et al. 1999; Testart et al. 2001). The radiological 
treatment of arterial disruption in “necrotic hem-
orrhagic” pancreatitis can fail due to the excessive 
extent of maceration of the vessel or involvement of 
multiple arterial branches and vessel embolization 
has a 40% mortality rate.

Surgical resection has a mortality rate of more 
than 50% (Lendrum 1994).

16.2.1.2 

Pseudoaneurysm and Bleeding Pseudocyst

When pancreatitis results in a pseudocyst, both the 
progressive enlargement and mass effect can cause 
necrotizing arteritis, leading to hemorrhage. He-
morrhage is initially contained by a fi brous tissue 
capsule that progressively enlarges due to the con-
tinous arterial pressure. This condition is known as 
a pseudoaneurysm or a bleeding pseudocyst in the 
literature (Burke et al. 1986; El Hamel et al. 1991). 
If the arterial bleeding fi lls the entire lumen of the 
pseudocyst, then the pseudocyst itself becomes the 
equivalent of a pseudoaneurysm, the wall of which is 
that of the cyst, not the vascular adventitia. If there 
is evidence of bleeding inside the pseudocyst, but 
a large amount of proteolytic enzymes still fi lls its 
lumen, this condition is better defi ned as a bleeding 
pseudocyst (Stabile et al. 1983; Carr et al. 2000).

The type of lesion that develops depends on the 
size of the pseudocyst: bleeding in a small pseu-
docyst remains contained resulting in the familiar 
pseudoaneurysm. In the case of a bleeding pseu-
docyst there is a signifi cant risk of rupturing in the 
gastro-intestinal tract or into the peritoneal and/or 
retroperitoneal spaces. Angiography can identify 
an isolated non-bleeding pseudoaneurysm in 10%–
21% of patients affected with chronic pancreatitis 
(Burke et al. 1986). The frequency of pseudoaneu-
rysm is higher (10%–31%) in patients with pseudo-

Fig. 16.2a–c. Pancreatic right side arterial involvement in pancreatitis. The scheme highlights pancreatic right side arterial 
involvement (a). At this site the gastroduodenal artery divides into the right gastroepiploic artery and the pancreatico-
duodenal branches (circle) (b). Selective angiography of the common hepatic artery in the antero-posterior projection (c) 
demonstrates a small pseudoaneurysm which develops just at the origin of the right gastroepiploic artery (circle). (a,b: from 
Mansueto et al. 2006)

ca b
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Fig. 16.3a–f. Arterial disruption in severe acute post-ERCP pancreatitis. Axial CT scans (a,c) and coro-
nal MPR reconstructions (b,d) show a necrotic pancreatic collection which occupies mesenteric root. The 
pancreatic collection shows mild inhomogeneity with subtle hyperdensity at the non-enhanced CT scan in 
the most dependent portion (a,b). CT in the arterial phase displays a tiny hyperdensity (circle), suggestive 
of arterial disruption, even though the precise site of bleeding is not identifi ed (c,d). MIP arterial recon-
struction (e) demonstrates bleeding from the middle colic branch of the superior mesenteric artery which 
is displaced on the left by the pancreatic collection. Selective mesenteric artery angiography (f) confi rms 
arterial disruption of middle colic artery (circle)

a

f

b

c d

e
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cysts (Kiviluoto et al. 1989; Frey et al. 1992). He-
morrhagic complications are expected in 6%–31% 
of patients with pancreatic pseudocyst (Sankaran 
and Walt 1975) and in 7%–14% of those suffering 
from chronic pancreatitis (Bresler et al. 1991). Cur-
rently, non-invasive vascular imaging [Doppler US, 
MDCT, magnetic resonance angiography (MRA)] is 
almost as sensitive as angiography and should be 
the fi rst choice in asymptomatic patients (Fig. 16.5) 
( Ammori et al. 1998; Dorffel et al. 2000). Because 
of the high frequency of these complications, all 
imaging protocols must include arterial phase 
aquisitions.

Doppler US immediately recognizes blood fl ow 
inside the pseudoaneurysm and, in some cases, may 
identify the vessel of origin. A bleeding pseudocyst 
may be suspected during a US examination if a 
cystic pancreatic mass rapidly enlarges or suddenly 
changes its echogenicity (Dorffel et al. 2000).

Its identifi cation more often occurs during CT ex-
amination (Fig. 16.5a–d), where there is acute, usu-
ally gastro-intestinal pain and possible bleeding 
( Sankaran and Walt 1975). Multiple recurrences of 
gastro-intestinal hemorrhage, especially in association 
with transient pancreatic pain, must arouse the suspi-
cion of a pseudoaneurysm or a bleeding pseudocyst.

Fig. 16.4a–d. Emergency radiological treatment of arterial disruption in bleeding pancreatitis. a Contrast-
 enhanced CT scan highlights a fl uid collection in the necrotic pancreatic head. A tiny hyperdensity inside the 
collection is suggestive of arterial disruption. b Selective angiography demonstrates active bleeding fronm the 
gastroduodenal artery, immediately proximal to the origin of the right gastroepiploic artery. The angiographic 
image is characteristic of arterial disruption in acute pancreatitis with leakage of contrast medium directly 
into the peripancreatic fl uid collection. c,d Complete embolization achieved by placing coils along the inferior 
pancreatico-duodenal arcades. (From Mansueto et al. 2006)

a b

c d
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16.2.1.3 

Haemosuccus Pancreaticus

“Haemosuccus pancreaticus” was fi rst described by 
Lower and Farrell (1931). Patients present with in-
termittent bleeding, which on endoscopy is localized to 
the major papilla (Nabi Yattoo et al. 1999; Feng and 
Mauro 2003). In the case of chronic gastro-intestinal 
bleeding in pancreatic infl ammatory disease associ-
ated with the diagnosis of pseudoaneurysm at CT scan 
(Fig. 16.6a), endoscopic retrograde cholangiopancrea-
tography (ERCP) may be helpful in detecting an ab-
normal communication between the main pancreatic 
duct and the pseudoaneurysm. Diagnosis may be per-
formed through a direct endoscopic visualization of 
wirsungorrhage or indirect confi rmation due to the 
opacifi cation of the pseudoaneurysm (Fig. 16.6b).

16.2.1.4 

Acute Bleeding in Acute Pancreatitis

Acute bleeding in a patient with known pseudoan-
eurysm may occur as a consequence of a rupturing 
pseudoaneurysm or a bleeding pseudocyst. Clinical 
presentation is characterized by sudden hemorrhagic 
shock, with a mortality rate of 50% ( Lendrum 1994). 
CT can easily identify the pseudoaneurysm and its 
contiguity with the gastro-intestinal tract or the 
presence of hemoperitoneum. To date, MDCT with 
image reconstruction (MPR, MIP, SSD, VR), or MR, 
with 3D acquisitions utilizimg contrast phases, are 
extremely effective in defi ning the bleeding point 
and outlining arterial anatomy (Fig. 16.7a–c).

Catheter angiography plays a fundamental role 
in the treatment of arterial complications identifi ed 

Fig. 16.5a–d. Bleeding pseudocyst in acute pancreatitis. a Unenhanced CT axial scan displays a pseudocyst at the 
pancreatic body; a small fl uid collection occupies the retroperitoneal spaces. b At CT in the arterial phase, a small 
pseudoaneurysm of the splenic artery (arrow) inside the pseudocyst is shown. c MIP arterial reconstruction shows the 
site of the pseudoaneurysm (arrow), between the fi rst and the second third of splenic artery. d Selective angiography 
of the celiac trunk confi rms the CT fi ndings

a b

c d
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Fig. 16.6a,b. Pseudoaneurysm in chronic pancreatitis. Axial CT scan in the arterial phase (a) demonstrates a pseudoaneu-
rysm (asterisk) embedded in the pancreatic head; ERCP (b) reveals the leakage of contrast medium from the main pancreatic 
duct (arrow) to the lumen of the pseudoaneurysm (arrowheads). (From Procacci et al. 2002)

b

Fig. 16.7a–c. Pseudoaneurysm in acute pancreatitis. 
a The pancreas is enlarged and almost completely re-
placed by multiple pseudocysts. The largest is located in 
the pancreatic tail. A small hyperdense lesion at the pan-
creatic head is seen at CT in the arterial phase ( arrow). 
b At delayed CT scans the lesion at the pancreatic head 
becomes enlarged and is still hyperdense: this is sugges-
tive of a pancreatic pseudoaneurysm. c MIP arterial re-
construction demonstrates the source of bleeding from 
the gastroduodenal artery, just before the origin of the 
right gastroepiploic artery (arrowhead)

a b

c

a
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highlight the fi stula if the latter directly involves the 
pancreatic duct (Willis and Brewer 1989). When-
ever the fi stula is induced by a pseudocyst, ERCP 
may prove non-diagnostic. On contrast-enhanced 
CT, the portal lumen is replaced with fl uid attenu-
ation material (Fig. 16.10a–c). Communication be-
tween the venous lumen and the pseudocyst can 
sometimes be demonstrated. Confi rmation of the 
fi stula is obtainable by trans-hepatic portography 
carried out under US or CT guidance. MR imag-
ing can also diagnose the development of pancreatic 
duct/portal vein fi stula (Riddel et al. 2005).

16.2.2.3 

Thrombophlebitis of the Peripancreatic Tributaries 

of the Portal Vein

This condition is defi ned as an acute infection of 
the portal system with associated hepatic involve-
ment. It can arise from the extension of pancre-
atic necrosis infection along the portal venous tree. 
Abscess(es) may develop in the liver when infected 
necrosis seeds the portal system. At CT, intra-he-
patic abscesses appear as poorly defi ned hypodense 
collections that may or may not contain small gas 
bubbles (Fig. 16.11). Early detection of septic as-
cending thrombophlebitis (Fig. 16.12) may decrease 
the mortality rate and improve the prognosis re-
ported in the surgical literature (Balthazar and 
 Gollapudi 2000).

16.3 

Biliary Complications

Biliary complications are quite common in patients 
with acute or chronic pancreatitis. Because the com-
mon bile duct (CBD) runs within the head of the 
pancreas, common bile duct stenosis or obstruction 
with cholestasis, cholangitis, and even secondary 
biliary cirrhosis may occur (Rohrman and Baron 
1989;  Vijungco and Prinz 2003).

In acute pancreatitis, the necrotic action of lytic 
enzymes in the pancreatic and peri-pancreatic col-
lections may cause fi stulas resulting in bile leak-
age and extravasation (Vijungco and Prinz 2003) 
(Fig. 16.13). The incidence of this complication is 
higher in cases of operated necrotic-hemorrhagic 
pancreatitis. Often the bile collection spreads into 
the retroperitoneal space (Sarles and Sahel 1978; 

at non-invasive imaging. In particular, emboliza-
tion reports high success rates in the treatment of 
these lesions (Beattie et al. 2003; Bergert et al. 
2004, 2005; Mansueto et al. 2007). All the affer-
ent and efferent arteries involved must be defi ned 
(Fig. 16.8a,b). Only by occluding all of these can the 
complete and defi nite exclusion of the pseudoaneu-
rysm or bleeding pseudocyst from the arterial fl ow 
be achieved, with its resultant progressive collapse 
(Fig. 16.8c–f).

16.2.2 

Venous Complications

16.2.2.1 

Venous Thrombosis

Venous thrombosis is a frequent complication of 
pancreatitis. Thrombosis of the splenic vein is the 
most frequent because of its location in the groove 
along the upper posterior boundary of the pancreas 
(Sakorafas et al. 2000). Occlusion of the splenic 
vein has been reported in up to 45% of patients 
with pancreatitis. Chronic calcifi c pancreatitis is 
the most common cause of splenic vein thrombo-
sis reported to occur in 5%–37% of patients (Vujic 
1989) (Fig. 16.9). Usually there are also associated 
signs of a pre-hepatic segmental portal hypertension 
(Moossa and Gadd 1985). Splenic vein occlusion 
from pancreatitis can lead to the formation of gas-
tric varices that may possibly lead to acute bleeding. 
US and/or CT imaging can easily demonstrate the 
presence of varices but not active bleeding. Endos-
copy is the gold standard for directly detecting the 
source of gastrointestinal bleeding and may also be 
used to perform sclerotherapy of varices if needed. 
Splenic vein thrombosis and left hypertension may 
be treated by splenectomy (Vujic 1989).

16.2.2.2 

Pancreatic Duct/Portal Vein Fistula

This complication results from a spontaneous 
rupture of a pancreatic pseudocyst into the portal 
vein. This complication is unusual: only a few cases 
have been reported in the literature (Willis and 
Brewer 1989; Procacci et al. 1995; Balthazar 
and  Gollapudi 2000; Cho et al. 2003; Ko et al. 
2003). Diagnosis of the fi stula cannot be obtained by 
angiography, since the portal tree is excluded from 
the systemic circulation transformation. ERCP can 
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Fig. 16.8a–f. Pseudoaneurysm of the pancreatico-duodenal arcades in chronic pancreatitis: diagnosis and 
radiological treatment. a Axial CT scan in the arterial phase displays a pseudoaneurysm. b Angiography of 
the celiac trunk identifi es the pseudoaneurysm, which communicates with the anterior and posterior pancre-
atico-duodenal arcades. c Selective angiography of the inferior pancreatico-duodenal artery defi nes a detailed 
vascular map of all the afferent and efferent vessels to the lesion (anterior and posterior pancreatico-duodenal 
arcades as well as some inferior afferent arteries). d Selective angiography after transcatheter embolization 
of the gastroduodenal artery demonstrates the complete exclusion of the arterial lesion. e,f Axial CT in the 
arterial phase 3 months after endovascular treatment, shows the coils occluding the afferent vessels. Pseu-
doaneurysm is completely excluded

a b
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Fig. 16.9a–c. Splenic thrombosis in chronic pan-
creatitis. a CT axial scan in the portal venous phase 
demonstrates enlarged pancreatic head with multiple 
calcifi cations and dilatation of the main pancreatic 
duct. Multiple collateral venous branches around 
the pancreatic head are seen, while splenic vein is 
not clearly identifi ed. This leads to the diagnosis of 
splenic vein thrombosis. b,c Volume rendering im-
ages in the anterior right (b) and anterior left pro-
jection (c) better demonstrate the extent of venous 
varices, the esophageal, gastric and splenorenal col-
lateral venous branches

a

cb

Fig. 16.10a–c. Thrombophlebitis of the spleno-por-
tal venous axis. CT scans, carried out in the cranio-
caudal direction in the contrastographic phase, 
show hypodense hepatic areas, due to the reduced 
altered portal fl ow caused by the complete throm-
bosis of the portal tree ( arrowheads), which is in-
volved by a large pseudocyst of the pancreatic body 
(asterisk). The lumen of the portal vessels has the 
same density as the pseudocyst. (From  Procacci 
et al. 2002)

a

b c
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Fig. 16.11a–c. Pylephlebitis in calcifi ed chronic 
pancreatitis. a Contrast-enhanced CT scans 
demonstrate portal thrombosis with cavernous 
transformations (arrowheads). b,c Abscesses 
due to the seeding of infected necrosis through 
the portal system are shown in the liver (arrows) 
as hypodense hepatic areas with hyperdense 
walls. Pancreatic body and tail contain multiple 
calcifi cations. (From Mansueto et al. 2006)

Fig. 16.12a–c. Percutaneous transhepatic drainage of liver 
abscesses in pylephlebitis in chronic pancreatitis (same pa-
tient as in Fig. 16.11). Defi nitive diagnosis and treatment of 
pylephlebitis is performed by percutaneous transhepatic 
drainage. The direct liver puncture is carried out with a 
fi ne needle (a) and then exchanged for a percutaneous ca-
theter (b). The communication between fl uid collections 
and thrombosed portal vein is demonstrated by the sprea-
ding of contrast medium directly into the portal tree (b,c). 
(From Mansueto et al. 2006)

a b

c
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Fig. 16.13a,b. Main biliary duct rupture and leakage in severe acute pancreatitis: percutaneous diagnosis and treatment. 
a Direct puncture with a fi ne needle demonstrates dilatation of biliary intrahepatic ducts and biliary main duct, which re-
duces in diameter as it traverses the pancreatic head. Extravasation of contrast medium at the pancreatic head is suggestive 
of bile leakage. b The bile leakage spreads into the retroperitoneal spaces and it is treated by placing a percutaneous biliary 
drainage with the distal tip placed directly into the jejunum

Wilson et al. 1989). Pancreaticobiliary fi stula in as-
sociation with an underlying pseudocyst or abscess 
is much more unusual (Sakorafas et al. 2001).

16.3.1 

Biliary Tract Obstruction

The incidence of CBD obstruction in patients with 
chronic pancreatitis has been described as ranging 
from 3% to 23% (Stabile et al. 1987).

In acute pancreatitis, biliary obstruction is usu-
ally caused by edema of the pancreatic head and 
is clinically characterized as transient jaundice 
(Fig. 16.14). Resolution of collections is associated 
with an improvement of jaundice.

In chronic pancreatitis, main biliary duct 
(MBD) obstruction is caused by irreversible fi bro-
sis (Fig. 16.15). If there is a clinical suspicion of ob-
structed biliary tree, non-invasive imaging of the 
hepatobiliary tree, such as US or CT, may easily be 
able to diagnose biliary obstruction and the pres-
ence of a pseudocyst. At direct cholangiography, 
distal CBD structures from chronic pancreatitis 

may be indistinguishable from those caused by neo-
plasm. Thus, the advantage of CT is a better depic-
tion of the pancreatic and retroperitoneal anatomy, 
as well as identifi cation of calcifi cations as signs of 
chronic pancreatitis (Skellenger et al. 1983). In 
autoimmune pancreatitis, the differential diagno-
sis of biliary obstruction may mimic a lymphoma; a 
sign of the regression of pancreatic involvement and 
biliary stenosis after steroid therapy may be helpful 
in the differential diagnosis (Fig. 16.16). In autoim-
mune pancreatitis, differentiation from a pancreatic 
adenocarcinoma may be very diffi cult: in this case, 
if a non-invasive imaging technique such as CT or 
MRI is unable to differentiate pancreatitis and can-
cer, US- or CT- guided biopsy is mandatory (Stabile 
et al. 1987).

16.3.2 

Pancreaticobiliary Fistula

Fistulization into the biliary tree secondary to pseu-
docyst or pancreatic necrosis is an unusual com-
plication of pancreatic infl ammatory disease. The 

a b
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Fig. 16.14a–f. Main biliary duct obstruction in severe acute pancreatitis. a,b True FISP fat-suppressed coronal MR images 
display a huge non-homogenous collection surrounding the entire pancreas. The pancreas is enlarged with multiple necrotic 
collections. An heterogeneous fl uid collection containing hemorrhagic debris is also seen next to the gallbladder (asterisks). 
Ascites is seen around the right hepatic lobe. Mild bile main duct dilatation is shown just immediately above the pancreatic 
collection (b) (arrows). c,d T2-weighted TSE MR axial images better defi nes the extent of the necrosis. e,f MRI images in 
coronal (e) and sagittal (f) projections demonstrate all the features previously demonstrated: the huge non-homogeneous 
collection around the pancreas, the abdominal perihepatic effusion and the main bile duct dilatation just above the intra-
hepatic tract. Initial involvement of the intrahepatic ducts is also demonstrated

a b

c d

e f
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Fig. 16.15. Main biliary duct obstruction in chronic pancreatitis. MPR image from 
MDCT shows an enlarged and tortuous CBD with initial dilatation of the intrahe-
patic biliary ducts at the hepatic hylum. Fibrosis and multiple calcifi cations are 
visible at the pancreatic head causing bile duct obstruction and dilatation

a b

c d

e f

Fig. 16.16a–f. Main 
biliary duct obstruc-
tion in chronic au-
toimmune pancrea-
titis. a Percutaneous 
biliary drainage 
(PTBD) shows com-
mon bile duct steno-
sis with mild dilata-
tion of the biliary 
tree. b,c CT axial 
scans in the arterial 
phase, performed 
after PTBD, display 
diffuse enlargement 
and slight hypoden-
sity of the pancreas, 
suggestive of au-
toimmune pancreati-
tis. d–f T2-weighted 
TSE MR axial image 
(d) and T1 fat satu-
ration post-gadolin-
ium arterial images 
(e,f),performed 
following corticos-
teroid therapy show 
decrease in size of 
the pancreas which 
has a normal mor-
phology, confi rming 
the diagnosis of 
autoimmune pan-
creatitis
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fi stula may be caused by a necrotic process involving 
the pancreatic head or, in case of pancreatitis com-
plicated by a pseudocyst, the narrowing of the CBD 
may be either secondary to stenosis from underlying 
pancreatitis, or due to pressure of the pseudocyst 
(Warshaw and Rattner 1980;  Skellenger et al. 
1983; Stabile et al. 1987). As a consequence of rup-
ture of the pseudocyst in the biliary tree, suppura-
tive cholangitis may occur (Rohrman and Baron 

1989).
CT is useful in depicting the infl ammatory in-

volvement of the pancreatic gland and the extent 
of the peri-pancreatic collection. In the literature, 
biliary fi stulization is reported to be discovered 
mostly at surgery (Warshaw and Rattner 1980; 
 Skellenger et al. 1983; Nealon et al. 1989).

Both diagnostic and intra-operative ERCP are 
the gold standard in detecting a fi stula: if there is 
a pancreatico-biliary fi stula, contrast medium in-
jected through the common bile duct is reported to 
leak into the main pancreatic duct. The presence of 
bile in a percutaneously or surgically drained pseu-
docyst or abscess is an indications of an underlying 
pancreatico-biliary fi stula (Sakorafas et al. 2001). 
ERCP has been proposed in the follow up of patients 
with known pseudocysts to determine the status of 
the CBD and to demonstrate any possible pseudo-
cyst communication with the main pancreatic duct 
or surrounding organs (Wong et al. 1980; Nealon 
et al. 1989).
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17.1 

Introduction

Pancreatitis is a life-threatening disease with an 
overall mortality of 2%–10%, even considering the 
recent developments in diagnosis and treatment 
(Balthazar 2002).

Mortality is directly related to the development 
and extension of pancreatic necrosis. Mortality in 
patients affected by pancreatitis is due both to toxic-
systemic manifestations associated with Multi Or-
gan Failure (MOF) and to local complications, lim-

ited to the pancreas and/or peripancreatic tissues 
(Balthazar 2002).

Mild cases of acute pancreatitis usually improve 
in 48–72 h (Amano et al. 2001). There are no com-
plications and patients can be observed and man-
aged with diet and fl uid support. Conversely, in se-
vere acute pancreatitis local complications, such as 
fl uid collections, pancreatic necrosis, pseudocysts, 
abscesses, and fi stulas (Steinberg and Tenner 
1994) can occur. These complications usually arise 
within 2–5 weeks from the resolution of the initial 
symptoms, and are important, accounting for 50% 
of the deaths caused by pancreatitis (Banks 2002; 

Balthazar 2002). Among local complications are 
also vascular complications and pancreatic ascites, 
which arise later, months or even years after the fi rst 
episode of acute pancreatitis or in course of chronic 
pancreatitis (Balthazar 2002).

17.2 

Pancreatic Complications

17.2.1 

Pancreatic Necrosis

Pancreatic necrosis is an area of devascularized pa-
renchyma that occurs in severe necrotizing pancre-
atitis (Balthazar et al. 1994). The necrotic areas 
are often multifocal, infrequently involve the entire 
gland. They may be confi ned to the periphery with 
sparing of the central portion of the pancreas. Necro-
sis develops early in the course of severe acute pan-
creatitis and is usually complete within 96 hours from 
the onset of symptoms (Balthazar et al. 1994).

The usefulness of transabdominal ultrasound 
(US) for identifi cation of pancreatic necrosis is lim-
ited (Lecesne and  Drouillard 1999).



312 G. Carbognin, C. Calciolari, and G. Foti

However, with contrast enhanced ultrasound (CEUS) 
the role of US is being reassessed. Rickes has demon-
strated that CEUS is comparable to contrast enhanced 
CT (CET) for the assessment of patients with acute 
pancreatitis, and can be recommended as a fi rst choice 
imaging procedure, especially when iodinated con-
trast medium injection is contraindicated (Rickes et 
al. 2006). CEUS can accurately determine severity and 
predict clinical outcome during the course of acute 
pancreatitis. However, the impact of these fi ndings 
on acute pancreatitis evaluation and management 
should be further investigated (Ozawa et al. 2002).

Contrast-enhanced CT can better defi ne the ex-
tent of the necrosis and stage the disease. Contrast 
medium allows a differential diagnosis between in-
terstitial and necrotizing pancreatitis. Edematous 
pancreatitis, with a normal microcirculation, dis-
plays homogeneous contrast-enhancement, while 
necrotizing pancreatitis, with destruction of nor-
mal microcirculation, shows diffuse areas of non-
enhancement in the pancreatic parenchyma. While 
small non-enhancing areas may be a sign of the 
presence of intraparenchymal fl uid, larger areas are 
a sign of marked microcirculation alterations and 
pancreatic necrosis (Banks 1997, 2002). Attenuation 
values of the pancreatic parenchyma during a con-
trast-enhanced study may be used as an indicator 
of necrosis and to predict the severity of the disease 
(Balthazar 2002).

Pancreatic necrosis can be better evaluated at MR 
than at CT due to the greater contrast sensitivity 
of gadolinium compared to iodinated CT contrast 
medium. The presence and extent of necrosis can 
be better evaluated in the images acquired 1–2 min 
after i.v. administration of Gadolinium-DTPA 
(Ward et al. 1997;  Robinson and Sheridan 2000). 
T2-weighted (Fig. 17.1) and contrast-enhanced T1-
weighted sequences allow a good evaluation of the 
extent of infl ammation and necrosis (Lecesne and 
Drouillard 1999).

17.2.2 

Collections

Pancreatic collections occur in 30%–50% of the pa-
tients affected by acute pancreatitis (Merkle and 
Gorich 2002). At 2–3 weeks after the onset of clini-
cal symptoms, the infl ammatory tissue around the 
necrotic area begins to organize, beginning the evo-
lution to a pseudocyst (Merkle and Gorich 2002; 

Banks 2002).

Collections, which develop in the fi rst 24 h from 
clinical onset, usually have irregular morphology 
and are located in the right anterior pararenal space, 
the transverse mesocolon or the mesentery root 
( Procacci et al. 2002), although they may involve the 
peritoneal cavity or the mediastinum (Balthazar et 
al. 1994).

Pancreatic necrosis is classifi ed as either sterile 
or infected; this distinction is critical because of the 
signifi cantly increased mortality associated with in-
fected necrosis (Merkle and Gorich 2002).

17.2.2.1 

Sterile Collections

Sterile collections form for liquefaction by pancre-
atic enzymes within 2–3 days from the onset of acute 
pancreatitis; the necrotic collection may persist 
and develop a pseudocyst or resolve spontaneously 
(Balthazar 2002).

17.2.2.2 

Infected Necrosis

Necrotic tissue is an excellent medium for bacte-
rial growth; infected necrosis occurs in 30%–70% of 
patients with necrotizing pancreatitis (Beger et al. 
1997). The pathogens most commonly responsible of 
superinfection are Escherichia coli (35%), Enterococ-
cus and Klebsiella (Beger et al. 1997). Anaerobes 
account for 10%–15% of the cases; fungal infections 
are constantly increasing (Beger et al. 1997). The 
most common source of contamination is usually the 
intestinal tract, especially the colon, with bacterial 
translocation through the bowel wall, microperfora-
tions, or with the direct passage of bacteria in the 
blood. Refl ux of infected bile or of duodenal content 
in the pancreatic duct can be an unusual vehicle of 
infection (Balthazar 2002). Fine-needle aspiration 
of the collection content is necessary for a defi nite di-
agnosis and the identifi cation of the infectious agent 
(Lecesne and Drouillard 1999). When the collec-
tion becomes infected –and the risk is proportional 
to necrosis extent and disease length – it gives onset 
to systemic symptoms, with a severe worsening of the 
prognosis (Balthazar 2002; Baril et al. 2000).

17.2.2.3 

Imaging Findings

US in acute pancreatitis shows an enlarged, often 
hypoechoic, gland; less commonly the pancreatic 
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parenchyma can be iso-echoic or hyper-echoic 
(Turner 2002). Collections appear as fl uid areas, 
mostly hypoechoic, with irregular margins. Pancre-
atic necrosis and the eventual presence of gas in the 
collection are diffi cult to visualize at US (Turner 

2002). Demonstration of gas bubbles, moreover, is 
not specifi c for a diagnosis of superinfection. US 
can be useful to guide the drainage of infectious col-
lections when these do not include necrotic debris 
diffi cult to be removed (Procacci et al. 2002).

CT is the fi rst choice examination in patients be-
ing evaluated with the clinical suspicion of acute 
pancreatitis (De Backer et al. 2002; Procacci et al. 
2002) (Fig. 17.2).

Multidetector-row CT (MDCT) reduces acquisi-
tion times allowing breath-hold acquisitions with 
thinner slices of the pancreas and liver, optimiz-
ing intravenous contrast bolus utilization. For the 
evaluation of patients affected by pancreatitis, mul-
tiphasic (pancreatic and portal phase) acquisitions 

Fig. 17.1a–d. Patient 1: Axial T2 STIR image (a) shows an area of coagulative necrosis (asterisk) at the pancreatic tail. MRCP 
(b) reveals upstream dilation of the main pancreatic duct (arrow in b). The signal characteristics suggest that this collection 
is not amenable to percutaneous drainage. Patient 2: Axial (c) and coronal (d) T2 HASTE sequences show a homogeneous 
fl uid collection (asterisks) . The “simple” collection should respond to drainage 

d

a b

c

are recommended, following intravenous adminis-
tration of 100–120 ml of non-ionic contrast medium 
at 4 ml/s. When MDCT is employed, acquisitions us-
ing narrow detector confi gurations are preferable to 
optimize 3-D evaluations.

With MDCT the pancreatic phase can be acquired 
with a 40-s delay from the initiation of the injec-
tion; a portal phase can be acquired approximately 
 20 –30 s later.

Post-processing techniques such as multiplanar 
reformations (MPR), maximum intensity projec-
tion (MIP) and volume rendering (VR), provide 
useful information on the possible vascular involve-
ment and the degree of dilatation of pancreatic and 
bile ducts (Kalra et al. 2002). MPR coronal refor-
mats are useful in demonstrating local extension 
to stomach and duodenum (Kalra et al. 2002). 
Contrast-enhancement is fundamental, especially 
in severe acute pancreatitis, to differentiate viable 
parenchyma from heterogeneous fl uid collections 
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Table 17.1. MDCT parameters utilized according to the scanner available

MDCT Acquisition phase Delay Detector
confi guration

Reconstruction
thickness

4-row Pancreatic phase 150 HU threshold + 20 s delay 4 × 1 mm 3 mm

4-row Portal-venous phase 150 HU threshold + 60 s delay 4 × 2.5 mm 5 mm

16-row Pancreatic phase 150 HU threshold + 20 s delay 16 × 0.75 mm 3 mm

16-row Portal-venous phase 150 HU threshold + 60 s delay 16 × 1.5 mm 5 mm

64-row Pancreatic phase 150 HU threshold + 20 s delay 64 × 0.625 mm 3 mm

64-row Portal-venous phase 150 HU threshold + 60 s delay 64 × 0.625 mm 5 mm

Fig. 17.2a–d. Peripancreatic collection in acute pancreatitis. Axial portal phase CT shows a large peripancreatic collection, 
with low and homogeneous attenuation (asterisk in a–c). Cranially the collection reaches the lateral recess of the lesser sac, 
while caudally reaches the left psoas muscle (d). The peripheral wall is thin, in the initial phase of organization (arrows)

a

c

b

d
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or peripancreatic infl ammatory tissue. Arterial 
phase CT shows a non-enhancing area (Merkle 

and Gorich 2002) (Fig. 17.2). Visualization at CT 
of gas bubbles inside the lesion, product of anaer-
obes, is suggestive of superinfection  (Procacci et 
al. 2002) (Fig. 17.3).

MR is especially useful in the evaluation of pan-
creatitis related fl uid collections thanks to improved 
characterization of fl uid content revealed by multi-
ple sequences (Morgan et al. 1997). MR is especially 
useful in patients to whom iodated contrast medium 
administration is impossible due to allergy or renal 
failure.

At MR, visualization of a low signal region on 
unenhanced fat-suppressed T1 sequences (T1WFS) 
suggests collection. This sequence is also useful to 

identify hemorrhage, visible as a hyperintense re-
gion due to the presence of haemoglobin degrada-
tion products (Kalra et al. 2002).

Pancreatic edema and fl uid collections are best 
demonstrated on T2 fat-suppressed Half-Fourier 
Single Shot Turbo Spin Echo (HASTE) and Single 
Shot Fast Spin Echo (SS-FSE) sequences (Ly and 
Miller 2002).

T2 sequences allow characterization of the collec-
tion content: necrotic tissue is hypointense (coagu-
lative necrosis), while homogeneous fl uid content is 
hyperintense compared to the normal pancreatic 
parenchyma (Morgan et al. 1997). Breath-hold and 
fat-suppression sequences are an excellent alter-
native imaging technique for patients in the acute 
phase.

Fig. 17.3a–d. Infected collection in acute pancreatitis. Axial arterial phase CT shows an 8-cm fl uid collection (asterisk in 
a) that separates and displaces branches of the pancreatico-duodenal arcades (arrows in b). The duodenum has a narrowed 
lumen and thickened wall (arrowhead in c). The collection has inhomogeneous fl uid and gas bubbles (arrows in d)

a

c

b

d
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17.2.3 

Pancreatic Abscess

Pancreatic abscess is one of the most severe com-
plications of acute pancreatitis with an estimated 
frequency of approximately 3% (Beger et al. 1997). 

The fi nding of a pancreatic abscess in chronic pan-
creatitis is extremely infrequent (Suzuki et al. 2002). 
A pancreatic abscess is distinguished from infected 
necrosis as a circumscribed intra-abdominal col-
lection of pus in close proximity to the pancreas, 
with little or no pancreatic necrosis (Merkle and 
Gorich 2002). Abscesses require at least 4 weeks 
after the acute episode of severe acute pancreatitis to 
form. The prognosis in case of abscess is two times 
better than in case of infected necrosis (Baril et al. 
2000; Park et al. 2002). Diagnosis is suggested when 
abdominal pain, fever, and leukocytosis or organ 
failure develop in a patient with a recent episode 
(3–4 weeks) of acute pancreatitis. The diagnosis of 
abscess is based both on clinical and imaging fi nd-
ings (Ferrucci and Mueller 2003).

US reveals a liquid hypo-anechoic lesion with 
thick walls, debris and possibly gas bubbles. CT 
shows a fl uid collection with heterogeneous content 
and well defi ned margins, hypodense compared to 
the surrounding parenchyma, lined by a hyperdense 
wall (Procacci et al. 2002). Even though CT is the 
imaging technique most sensitive to the presence of 
gas (Ly and Miller 2002), the fi nding of gas inside 
the abscess is infrequent (Ferrucci and Mueller 

2003) (Fig. 17.4). T2-weighted HASTE and SS-FSE 

sequences allow optimal visualization of abscesses 
on MRI. Gas bubbles and air-fl uid levels appear on 
T2 sequences as areas of signal void, usually in non-
dependent position (Morgan et al. 1997).

17.2.4 

Hemorrhage

The incidence of all hemorrhagic complications in 
the course of acute and chronic pancreatitis is 1.3% 
( Balthazar 2002). Pancreatic and peripancreatic 
vessels involvement is due to the erosive action 
of activated proteolytic pancreatic enzymes, with 
disruption of the vessel wall and consequent hem-
orrhage ( Procacci et al. 2002). An intraparenchy-
mal hemorrhage involving arterial vessels causes 
shock and is associated with a mortality rate of 50% 
( Vujic 1989). Intermittent gastrointestinal bleeding 
is a characteristic fi nding in case of “hemosuccus 
pancreaticus”, which presents as an intermittent 
bleeding from the major papilla. In this case ERCP 
allows direct endoscopic visualization ( Procacci et 
al. 2002). This results from fi stulization of a pancre-
atic vessel into the main pancreatic duct.

Doppler US examination can show a pulsatile 
arterial fl ow inside the cystic mass (Dorffel et 
al. 2000; Bennet and Hann 2001; Procacci et al. 
2002).

CT can show the hemorrhagic collection as a 
high-attenuation fl uid collection (Balthazar 2002) 
(Fig. 17.5). Sometimes CT can visualize the bleeding 

Fig. 17.4a,b. Abscess collection in necrotic-haemorrhagic AP. Delayed contrast-enhanced axial CT scans depict an abscess 
(asterisk in b) with a transverse diameter of 12 cm in the left anterior pararenal space. The abscess is hypoattenuating, with 
peripheral wall thickened due to organization processes. Inside, gas bubbles are clearly seen (asterisks in a)

a b
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inside the collection and the vessel from which the 
hemorrhage arises from  (Procacci et al. 2002).

MR GRE T1 FS sequences on MR demonstrate 
high signal hemorrhagic foci within the pancreatic 
parenchyma (Piironen et al. 1997; Pedrosa and 

 Rofsky 2003) (Fig. 17.6).
The ability of CT to detect hemorrhage in the 

course of acute pancreatitis is somewhat limited as 
a result of the rapid density variations in haema-
toma. MR signal alterations due to the presence of 
hemorrhage are maintained longer; therefore the 
sensitivity of MR in hemorrhage detection is greater 
(Ward et al. 1997). Moreover, contrast-enhanced 
3D MR angiography allows an accurate depiction of 
the vascular map of the peripancreatic district and, 
sometimes, a direct visualization of the bleeding 
(Pedrosa and Rofsky 2003).

Angiography, which nowadays does not have 
a diagnostic role, is fundamental especially in the 
treatment, with selective embolization of bleeding 
vessels previously identifi ed at non-invasive imag-
ing (Procacci et al. 2002).

17.2.5 

Fistulas

A pancreatic fi stula is a non-anatomic communi-
cation between the pancreatic ductal system and 
a nearby structure. This can lead to complications 
such as infection, hemorrhage and erosion of adja-
cent viscera (Ridgeway and Stabile 1996). Pan-
creatic fi stulas are classifi ed according to their out-
put: high output, when pancreatic fl uid secretion 
is greater than 200 ml/day; low output, when the 
secretion is less than 200 ml/day. High output fi s-
tulas will ultimately require surgical intervention 
(Bassi et al. 2000; Ridgeway and Stabile 1996) for 
defi nitive control.

Fistulas are also classifi ed as internal when the 
pancreatic fl uid is released in the abdomen or tho-
rax, or external, when the pancreatic fl uid is released 
directly on the skin (Ridgeway and Stabile 1996). 
External fi stulas are by far more common. Many pa-
tients will harbour both internal and external pan-
creatic fi stulas.

Fistulography performed by injection of iodi-
nated contrast medium into the tract(s) under fl uo-
roscopic control provides direct visualization of the 
fi stula and its ramifi cations (Pistolesi et al. 1992).

CECT allows direct visualization of the fi stula 
and its track. Contrast can be instilled into ex-

Fig. 17.6. Hemorrhage in acute pancreatitis. Axial T1 
weighted MRI image reveals increased signal in the collec-
tion  (asterisks) secondary to the presence of haemoglobin 
breakdown products within the collection

Fig. 17.5a,b. Hemorrhage in necrotic-hemorrhagic acute 
pancreatitis. Axial contrast-enhanced CT images show the 
pancreatitis and the hemorrhagic collection in the right an-
terior pararenal space

b

a
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ternal tracts providing a cross-sectional display 
of the complex anatomic relationships. Of course 
CECT will also provide critical information 
about the status of the integrity of the pancreatic 
parenchyma. 

Secretin enhanced MRCP is useful also to evalu-
ate the main pancreatic duct, showing the site of 
duct disruption and aiding in determining the util-
ity of stenting.

17.2.5.1 

Internal Fistulas

Internal pancreatic fi stulas can be classifi ed into 
four types  (Ridgeway and Stabile 1996). 

17.2.5.1.1 

Pancreatico-enteric Fistulas

Pancreatico-enteric fi stulas are anomalous com-
munications of the main pancreatic duct with 
the intestinal tract. These fi stulas are uncommon 
complications of pancreatitis, external traumas, 
pseudocysts, abscesses, biopsies or pancreatic sur-
gery (Wolfsen et al. 1992). Fistulization usually 
develops late (10–90 days after clinical onset) in 
the course of necrotizing acute pancreatitis (Her-

bert et al. 1992). The distal transverse colon near 
the splenic fl exure is the most frequent site of in-
volvement; less often other portions of the colon, 
stomach, duodenum or small bowel are involved 
(De Backer et al. 2001). The proximity of the trans-
verse colon to the pancreas explains the relatively 
frequent formation of fi stulas between these two 
sites. Fistulas secondary to rupture of a pseudocyst 
in the stomach, duodenum or small bowel may be 
large enough to allow a complete drainage and, 
unless bleeding occurs, may heal spontaneously 
(De Backer et al. 2001). If the rupture occurs in 
the colon, the risk of hemorrhage and sepsis is 
high (De Backer et al. 2001). Pancreatico-colonic 
fi stulas may be associated with exocrine pancreatic 
failure and signifi cant fl uid and electrolyte imbal-
ances (Ridgeway and Stabile 1996). Fistulas are 
also a preferential access route for intestinal bac-
teria that may infect a previously sterile pancreas 
(De Backer et al. 2001).

Fistulography, with the injection of water-soluble 
contrast medium through drainages usually already 
positioned in the pancreatic space, allows a direct vi-
sualization of the communication between the duct 
and the adjacent viscera, thus confi rming the exis-

tence of a pancreatico-intestinal fi stula  (Ridgeway 

and Stabile 1996) (Fig. 17.7).
CT confi rms the presence of inhomogeneous 

peripancreatic collections that may contain gas 
bubbles. Visualization of the tracts may be achieved 
passively using orally administered contrast mate-
rial (Procacci et al. 2002; Ridgeway and Stabile 

1996; Torres et al. 1981 (Fig. 17.8).
Secretin enhanced MRCP has proven useful in 

the evaluation of the duct rupture site, identifying 
the source of fl uid collections and anomalous com-
munications with bowel (Pederzoli et al. 1992) 
(Fig. 17.9).

3-D MRCP sequences allow a precise three-di-
mensional evaluation of the fi stulous tract. Dilute 
gadolinium can be administered through drains, al-
lowing demonstration of contrast medium passage 
from the collection to the bowel loops.

17.2.5.1.2 

Pancreatico-biliary Fistulas

Pancreatico-biliary fi stulas are unusual. They occur 
secondary to pancreatic duct disruption followed by 
an extension of the pancreatic necrosis to the bile 
duct or they may be associated to the rupture of 
a pseudocyst and its drainage in the adjacent bile 
ducts (Carrere et al. 2001).

Clinical symptoms include: pain, fever, jaundice 
and cholestasis from bile duct compression. Hemo-
bilia, caused by vascular erosion, is the most severe 
complication (Carrere et al. 2001).

ERCP has been proposed as the fi rst choice im-
aging technique for the study and evaluation of pa-
tients with pseudocysts and suspected pancreatico-
biliary fi stulas, to evaluate the common bile duct 
and demonstrate any possible communication with 
the main pancreatic duct or the adjacent organs 
( Hauptmann et al. 1992). This technique allows 
both diagnosis and therapeutic stent positioning 
(Carrere et al. 2001).

CT may accurately image pseudocysts and the 
site of pancreatico-biliary fi stulas (Hauptmann 

et al. 1992). MR with MRCP can be useful for the 
diagnosis allowing an optimal visualization of 
the bile ducts. The use of 3D sequences can dem-
onstrate fi stulous tracts between bile ducts and 
pancreatic region (Cova et al. 2003); recent stud-
ies with MRCP at 3.0 T fi eld strength have dem-
onstrated the usefulness of 3D TSE sequences in 
depicting the biliary and pancreatic tree (Merkle 
et al. 2006).
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17.2.5.1.3 

Pancreatico-venous Fistulas

Pancreatico-vascular fi stulas are extremely in-
frequent in pancreatitis. A necrotic collection or 
a pseudocyst may erode a vessel, allowing its di-
rect communication with the main pancreatic duct 
(Willis et al. 1989; Yokoyama et al. 1984). Clini-
cally, these fi stulas are very severe, often lethal.

Pancreatico-vascular fi stulas can be divided into 
venous and arterial, according to the type of ves-

sel they communicate with; the arterial ones, how-
ever, are consequence of the rupture of an arterial 
pseudoaneurysm with bleeding in communication 
with the main pancreatic duct.

Pancreatico-venous fistulas are connections 
with a vein of the portal system. An unusual clini-
cal syndrome of recurrent arthritis, subcutaneous 
fat necrosis, intramedullary aseptic bone necro-
sis and omental fat necrosis has been described 
in these patients (Lee et al. 1985; Hammar et al. 
2002).

Fig. 17.8a,b. Colonic fi stula in AP. Cranial (a) and caudal (b) CECT scans. A collection is seen ventral to the pancreas (a). 
Through a drainage tube in the left fl ank (arrows in b), contrast medium is injected which fl ows into the collection. Passage 
of contrast medium in the colonic lumen is visible (asterisk in b)

a b

Fig. 17.7a–c. Pancreo-intestinal fi stula. a ERCP: the main pancreatic duct (W) is interrupted and the contrast medium leaks 
into a pseudocyst (asterisk) from which, through a short tract (white arrowhead), the jejunal loops are opacifi ed. b,c Small 
bowel follow-through (b) and ERCP (c) show the fi stulous tract (black arrowhead) connecting the cephalic portion of the 
main pancreatic duct with the duodenum (D). The fi stula communicates with the pseudocyst (asterisks)

a cb
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CECT can visualize the pseudocyst and its com-
munication with the portal vein: the vein lumen has 
fl uid density and is usually easy to identify, while 
the communication between the vascular lumen 
and the pseudocyst is not always readily visualized 
(Skarsgard et al. 1995).

ERCP shows the continuity between the venous 
lumen and the pseudocyst and provides a dynamic 
view of the communication, but might not be diag-
nostic if the fi stula does not involve the main pancre-
atic duct. Also trans-hepatic portography under CT 
or US guidance can confi rm the fi stula. MR can be 
an alternative. Angiography is not helpful for the di-
agnosis because the portal tree can be excluded from 
the systemic circulation because of its cystic transfor-
mation (Riddell et al. 2005; Takayama et al. 1986; 

 McCormick et al. 1990; Procacci et al. 2002).

17.2.5.1.4 

Pancreatico-pleural Fistulas

Pleuro-pulmonary involvement in acute pancreati-
tis is fairly common, occurring in 4%–17% of the 
patients. On the other hand, thoracic involvement in 
chronic pancreatitis is infrequent (pleural effusion 
occurs in 0.4% of chronic pancreatitis ( Lanternier 

et al. 2002). Pancreatico-pleural fi stulas are the re-
sult of a posterior disruption of the pancreatic duct 

into the retroperitoneal space and the subsequent 
creation of a fi stulous tract between the pancreas 
and the pleural space through the aortic or the 
esophageal diaphragmatic hiatus (Materne et al. 
2000). Pleural effusion has a high content in pancre-
atic amylase (Materne et al. 2000). Patients present 
with respiratory symptoms (e.g., dyspnea, cough or 
chest pain), while abdominal pain is often absent 
(Yanagie et al. 1997).

Effusion is readily diagnosed with plain fi lm ra-
diography, but accurate imaging study is necessary 
for a precise diagnosis, both with ERCP and CT (Lee 
et al. 1992; Verhaege et al. 1996).

US can demonstrate a clinically suspected pan-
creatico-pleural fi stula non-invasively and without 
ionizing radiation (Kumar et al. 2002). 

CT can show the signs of chronic pancreatitis, but 
can fail to show the track of the pancreatico-pleural 
fi stula (Materne et al. 2000), unless a communica-
tion is demonstrated by injecting contrast medium 
into the drainages  (Pottmeyer et al. 1987).

MR may accurately show the fi stula, its relation-
ship with the pancreatic duct and the precise site 
of entrance into the pleural space (Akahane et al. 
2003). The use of coronal acquisitions is helpful for a 
better defi nition of the fi stulous tract, which appears 
typically hyperintense in the dedicated sequences 
(T2 HASTE and MRCP) (Materne et al. 2000).

Fig. 17.9a,b. Colonic fi stula in AP. Baseline MRCP (a) does not depict any fi stula, while MRCP after secretin-stimulation 
(b) clearly depicts a fi stula (arrow in b) connecting main pancreatic duct and left colon

a b
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ERCP is the fi rst choice examination for the di-
agnosis of fi stulas, even though its sensitivity is not 
100%. ERCP shows a dilation of the main pancre-
atic duct in its whole length, the possible presence 
of a pseudocyst and the fi stulous tract between the 
pancreatic duct and the pleural space (Safadi and 
Marks 2000).

17.2.5.2 

External Fistulas

External pancreatic fi stulas are a complication af-
ter trauma, gastrointestinal surgery or pancreatitis 
(Cabay et al. 1998). Most external fi stulas occur as a 
complication of surgery, with a 2–7 days delay. After 
elective pancreatico-duodenectomy, the estimated 
incidence is 6%–25% (Ridgeway and Stabile 1996; 

Lin et al. 2004) (Fig. 17.10). 
External fi stulas can be either simple, when com-

munication between pancreatic duct and skin is di-
rect, or complex, when there is interposition of other 
viscera, especially the intestinal ones (Fig. 17.11). 
Most external fi stulas are high output, and therefore 
more diffi cult to treat (Cabay et al 1998).

17.2.5.2.1 

Post-Traumatic Fistulas

External fi stulas as a consequence of a trauma are 
quite common, accounting for approximately 9% of 
cases. Pancreatic duct disruption or resection are the 
two post-traumatic conditions most often associated 
with fi stulization (Ridgeway and  Stabile 1996).

In some cases the lesion is a complication of sur-
gical treatment of other organs: in these cases the 
pancreatic fl uid is secreted on the skin through the 
abdominal drains or directly through the surgical 
wound. 

CT is a helpful technique for the evaluation of 
these fi stulas, being used to monitor the patient and 
being also helpful in evaluating pancreatic lesions 
and the site and extent of the fi stula (Procacci et 
al. 2002).

Fistulography is the fi rst choice technique and 
usually suffi cient for the demonstration of a post-
traumatic external fi stula, allowing also identifi ca-
tion of the involved viscera (Procacci et al. 2002). 
Fistulo-CT (opacifi cation of the fi stulous tract and 
subsequent CT imaging) gives a more accurate eval-
uation of the abdominal recesses which the fi stulous 
tract passes through and therefore of its relationship 
with the adjacent organs (Fig. 17.12).

When there is suspicion of main pancreatic duct 
disruption (an event that requires immediate sur-
gery or preferably stenting), ERCP is able to evalu-
ate whether there is total or partial disruption of the 
duct ( Pederzoli et al. 1992). Currently, when a post-
traumatic rupture of the main pancreatic duct is sus-
pected in young patients, MR with MRCP can provide 
necessary information to the surgeon about pancre-
atic duct integrity (Fulcher et al. 2003) (Fig. 17.13).

17.2.5.2.2 

Post-Surgical Fistulas

Pancreatico-cutaneous fi stulas may be a complication 
of pancreatic surgery. The frequency of external fi stu-
las is 4%–6% after pancreatic surgery, rising to 33% 
when the surgery is performed for abdominal trauma 
 (Costamagna et al. 2001). Percutaneous drainage of 
peripancreatic collections after severe acute pancrea-
titis may result in a chronic fi stula if the collection 
communicates with the ductal system.

The radiological approach to postsurgical exter-
nal fi stulas is based on fi stulography, which allows 
defi nition of the lesion extent, visualizing also the 
communication with the pancreatic duct. CT, with 
contrast medium injection through abdominal 
drains, can correctly diagnose fi stulas; in the suspi-
cion of pancreatic duct disruption ERCP is the most 
useful examination. 

17.3 

Extrapancreatic Complications

Extrapancreatic local complications can involve 
hollow viscera, pleural space, spleen and peritoneal 
cavity in the form of pancreatic ascites.

17.3.1 

Intestinal Stenosis

Intestinal stenosis is a late complication in pancrea-
titis. It is a consequence of the reabsorption of fl uid 
collections in the transverse mesocolon or in the 
right anterior pararenal which causes fi brous retrac-
tion of the organ with subsequent partial or total 
luminal occlusion (Procacci et al. 2002). Intestinal 
complications of acute pancreatitis are uncommon 
(1% incidence for colonic complications), however, 
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Fig. 17.10a,b. Cutaneous fi stula in AP. Fistulography (a) shows the fi stulous tract and the communication with the collection 
in the left hypochondrium. Four months later, at MR (b), the fi stoulous tract (arrow) between the pancreatic region and the 
small subcutaneous collection is still seen

a b

Fig. 17.11a–f. Complex cutaneous and intestinal fi stula in AP, studied with MR (a–c; e,f) and fi stulography (d). MR shows 
a fi stulous tract (asterisk) connecting the collection, ventral to the pancreas and connected to the skin, and the main pan-
creatic duct at the tail. Contrast medium leaks into small bowel (asterisks)

a c

e

b d
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they are associated to high morbidity and mortality 
(De Backer et al. 2001). Stenosis may involve the 
duodenum, colon or common bile duct.

Duodenal stenosis is an extremely infrequent 
complication of pancreatitis, both acute and 
chronic, and may be a consequence of severe pan-
creatic infl ammation involving the duodenal wall, 
of extensive fi brosis of the pancreatic head or of a 
pseudocyst that compresses the duodenal lumen. It 
may produce symptoms of upper gastrointestinal 
obstruction including epigastric abdominal pain, 
nausea and vomiting. Diagnosis is obtained with 
barium studies or CT (Lankisch and Banks 1998).

Colonic stenosis occurs frequently near the 
splenic fl exure (Araki et al. 1998). 3-D CT imaging 
will show the relationship of the colon to the pancre-
atitis and is the most effective way of confi rming the 

diagnosis. Colonoscopy sometimes can visualize a 
colonic stenosis with normal mucosa, even though 
the stenosis may not allow passage of the endoscope 
(Araki et al. 1998).

The distal portion of the common bile duct may 
be involved in course of pancreatitis because it is 
positioned within the pancreatic head as it courses 
toward the duodenum. In chronic pancreatitis this 
portion of the common bile duct may be obstructed 
by an acute infl ammatory episode, by pancreatic 
head fi brosis or by a close pancreatic pseudocyst. 
Severe complications are cholangitis in the short 
term and secondary biliary cirrhosis in the long 
term (Lankisch and Banks 1998). ERCP is the fi rst 
choice examination, because it can often demon-
strate main bile duct stenosis and allow placement of 
a stent (Gregg et al. 1981, Eckhauser et al. 1983)

Fig. 17.12a–f. External fi stula after drainage of necrotic-hemorrhagic acute pancreatitis: usefulness of fi stulo-CT. a–c 
Case 1: at fi stulography (a) the main pancreatic duct is not defi nitively opacifi ed in the tail; axial unenhanced CT (b,c): the 
main pancreatic duct is not opacifi ed. The fi stulous tract develops along the anterior aspect of the pancreatic tail. d–f Case 2: 
fi stulography shows an irregular collection in the pancreatic bed. The main pancreatic duct is not defi nitively opacifi ed; at 
CT (e,f) the collection is located in the pancreatic neck; fi stulo-CT shows communication with the main pancreatic duct

a c
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Fig. 17.13a–d. Traumatic rupture of the pancreatic body. Axial T1 FS sequence (a) clearly depicts the hypointense fracture 
rim (arrow). T2 FSE sequence (b) confi rms the fracture (hyperintense), which appears to involve the main pancreatic duct. 
Baseline MRCP (c): main pancreatic duct is not well visualized. MRCP 6 min after secretin stimulation (d) confi rms ductal 
integrity

a

c
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17.3.2 

Peptic Ulcer

Chronic pancreatitis and peptic ulcer coexist in 
6.3%–37.5% of the cases (Vantini et al. 1982). This 
complication should be considered in patients with 
chronic pancreatitis and episodes of epigastric ab-
dominal pain that differ in character and severity 
from the more chronic pain associated with pan-
creatitis. Diagnosis is confi rmed with upper gastro-
intestinal endoscopy.

The pathological basis of this correlation is still 
obscure; it has been proposed that the reduced pan-
creatic ductal bicarbonate secretion may reduce 
the duodenal pH, thus promoting ulcer formation 
(Lankisch and Banks 1998).

17.3.3 

Ascites

A transitory small amount of ascites in course of 
acute pancreatitis is a relatively common fi nding at 
CT (7%–12%). True pancreatic ascites, however, de-

fi ned as a permanent disruption of the main pancre-
atic duct with communication between the pancreas 
and the peritoneal cavity, inducing massive chronic 
ascites, is rare (Balthazar 2002). It can also oc-
cur, with a high frequency (80%), after pseudocyst 
rupture (Fernandez-Cruz et al. 1993).

Clinically pancreatic ascites presents with ab-
dominal swelling, pain, weight loss and occasion-
ally nausea and vomiting (Johst et al. 1997). It is 
a severe and chronically debilitating complication, 
associated to a mortality rate around 20% and a 
recurrence rate of 15% (Balthazar 2002). Ascites 
is often massive, as the pancreatic exocrine secre-
tion exceeds 1l/day. Diagnosis is confi rmed with 
peritoneal aspiration, which must demonstrate a 
protein content greater than 3 g/dl and an amylase 
content greater than 1000 unities (Balthazar 2002; 

Kravetz et al. 1988).
Abdominal US is the fi rst examination in a pa-

tient with ascites, allowing to evaluate easily the 
fl uid amount in the abdomen (Balthazar 2002).

CT is the examination of choice, showing intrap-
eritoneal fl uid and specifi c signs of chronic pancrea-
titis (Balthazar 2002). 
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Fig. 17.14a,b. Small amount of fl uid in acute pancreatitis. Axial contrast-enhanced CT images show a perihepatic and 
perisplenic fl uid (ascites)

a b

MR is not usually used in the study of pancreatic 
ascites, because the fl uid degrades MR images, es-
pecially MRCP quality. ERCP is performed to de-
fi ne accurately ductal anatomy and disruption site 
 (Balthazar 2002).

17.3.4 

Splenic Involvement

Splenic involvement in the course of pancreatitis 
is expected because of the close anatomic prox-
imity of the pancreatic tail to the splenic hilum. 
Patients with acute pancreatitis may present sub-
capsular or parenchymal fl uid collections, in-
trasplenic pseudocysts, infarcts and hemorrhage 
( Balthazar 2002). Splenic hemorrhage and hema-
toma are consequence of the erosion of small in-
trasplenic vessels by activated pancreatic enzymes 
(Procacci et al 2002). Spontaneous spleen rupture 
may occur in course of chronic pancreatitis (Calvo 

et al. 1992). The most common splenic complica-
tion in chronic pancreatitis is thrombosis of the 
splenic vein (Lankisch and Banks 1998; Remer 

and Baker 2002).
Among the possible complication is splenic ab-

scess. The consequence of splenic abscess is particu-
larly severe because of increased risk of spontane-
ous splenic rupture with peritonitis and consequent 
high mortality. CT depicts abscesses as focal hypoat-
tenuating splenic lesions with well-defi ned mar-
gins; the presence of gas is helpful for the diagnosis 
( Robertson et al. 2001).

US is especially useful in identifying parenchymal 
lesions and intraperitoneal collections and is used in 
the follow-up of non-surgical patients. The advan-
tages of US are its repeatability and the absence of 
ionizing radiation (Robertson et al. 2001).

Contrast-enhanced CT is useful in the evaluation 
of abscesses and collections. They are visualized as 
areas of absent enhancement. CT is the fi rst choice 
examination in case of trauma, infarct, cyst, tumor 
or abscess (Robertson et al. 2001; De Backer et al. 
2002).

MR allows to the study of the splenic paren-
chyma and the vascular tree, and can be performed 
in younger patients for radiation safety reasons 
( Elsayes et al. 2005). Diagnostic splenic angiogra-
phy has been replaced by CT, US and MR: its use is 
now exclusive to interventional radiology.

17.4 

Conclusions

The radiological approach to the complications of 
pancreatitis, and especially to fi stulas, is complex, 
and examinations should be chosen with particular 
attention to the clinical setting.

CT is the most common fi rst choice in internal fi s-
tulas, allowing evaluation of the pancreatitis (acute 
or chronic), the presence of collections, pseudocysts, 
gas bubbles or air-fl uid levels with direct visualiza-
tion of the fi stula.
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For external fi stulas, on the other hand, all tech-
niques are considered complementary to fi stulogra-
phy, the fi rst choice examination, to which fi stulo-CT 
can be added for a more complete patient evaluation; 
CT is also useful for collection drainage.

MR can be a valid alternative to CT and fi stulo-
CT in the evaluation of the complications of pancre-
atitis. Moreover, the possibility of administration 
of diluted gadolinium through external orifi ces or 
drainages, similarly to what routinely performed in 
CT, makes this technique optimal in the evaluation 
of these complications, also thanks to the greater 
tissue resolution.
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18.1 

Introduction

The differential diagnosis between chronic pancrea-
titis (CP) and ductal adenocarcinoma adenocarcino-
mahas always been a c challenge for imaging. The 
greatest diffi culties regard the following manifesta-
tions of CP:

Focal forms (“mass forming pancreatitis”, auto- �
immune pancreatitis, cystic dystrophy of the 
duodenal wall in the solid variant)
Uniform dilatation of the main pancreatic duct  �
(MPD)
Cystic masses in CP �

This chapter will consider the possible semeiotic 
radiological signs, that, if present allow a correct 
preoperative diagnosis. For the differential diagno-
sis of cystic lesions in chronic pancreatitis, please 
refer to Chapter 16 (Imaging of Pseudocyst).

18.2 

Focal Chronic Pancreatitis

18.2.1 

Introduction

CP in its classic form, involves the whole gland and 
characterized by the presence of widespread calci-
fi cations and/or “lake chain” dilatation of the MPD. 
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Imaging fi ndings are often accompanied by the typi-
cal clinical picture (alcohol abuse, long history of 
recurrent abdominal pain, alterations in the labora-
tory indexes of pancreatic function). On the other 
hand, whenever the infl ammatory diseases present 
focally within the pancreas, the proper recognition 
of the true abnormality by imaging is diffi cult.

The literature reports many large surgical series 
(Neff et al. 1984; Smith et al. 1994; Van Gulik et 
al. 1997) with percentages varying from 3% to 6% of 
Whipple interventions that were carried out due to 
non-neoplastic pancreatic pathology. In these cases 
imaging does not often bring clarity to this clinical 
inquiry. Resecting the lesion is the only defi nite way 
to establish the diagnosis (Neff et al. 1984; Smith 
et al. 1994; Van Gulik et al. 1997; Wharton et al. 
1997). A correct preoperative and early diagnosis, on 
the one hand prevents patients with a benign pathol-
ogy from being submitted to a pointless resection 
that, even if there is a low post-surgical mortality 
rate (< 5%) (Allema et al. 1995; Cameron et al. 
1993; Baumel et al. 1994), has a signifi cant morbid-
ity rate (40%–50%) (Allema et al. 1995; Cameron 
et al. 1993; Baumel et al. 1994; Pitt 1995). On the 
other hand, there is a prognostic improvement in the 
case of adenocarcinomas that are identifi ed while 
they are still confi ned to the gland (less than 2 cm in 
diameter) (Trede et al. 1990).

Chronic infl ammatory focal glandular enlarge-
ment is found in three different non-neoplastic 
entities:

Mass Forming Pancreatitis �
Autoimmune Chronic Pancreatitis �
Solid Variant Cystic Duodenal Dystrophy �

18.2.2 

Mass Forming Pancreatitis

18.2.2.1 

Introduction

It has been reported that within a range of 27%–50% 
of cases of CP (Bennet and Hann 2001; Kroft et al. 
1995; Luetmer et al. 1989) the disease presentes as 
a localized mass. This is also known as a “pseudo-
tumor” (Lammer et al. 1985) or “mass forming 
pancreatitis” (MFP) (Shinozaki et al. 1987) to un-
derline its similarity to ductal adenocarcinoma at 
imaging.

MFP is more frequently found at the head of the 
pancreas. According to Kim et al. (2001), the per-

centage is 71% of cases. From a clinical point of view 
the majority of patients with MFP have a typical past 
history with previous episodes of pancreatitis, alco-
hol abuse and recurrent abdominal pain for at least 
2 years. Although the clinical history may be of help 
in directing the diagnosis, the MFP and adenocarci-
nomaductal adenocarcinoma imaging fi ndings may 
be indistinguishable.

This is because both lesions are composed of ex-
tensive fi brosis. Moreover, adenocacinoma can also 
present with an indistinguishable array of symp-
toms (Van Gulik et al. 1999; Carter 1992). Finally, 
both entities may co-exist  (Gabata et al. 2003). CP 
is a risk factor adenocarcinomafor the develop-
ment of adenocarcinoma. (Van Gulik et al. 1997; 
 Lowenfels et al. 1993). Conversely, an adenocarci-
noma can cause upstream pancreatic infl ammation. 
Therefore it is often impossible to establish which is 
the cause or the effect.

Although cyto-histological analysis may also 
be employed it has its limitations. Sampling errors 
may result in a false negative rate for tumor in as 
high as 60% of cases (Parsons and Palmer 1989; 
 Rodriguez et al. 1992).. Even if sampling errors 
can be reduced to a certain extent by, for example, 
using EUS especially in cases of small focal lesions 
( Mallery et al. 2002), it can remain to bediffi cult to 
differentiate MAP rom a well differentiated adeno-
carcinoma by cyto-histological alone (Van Gulik et 
al. 1997) (see Chap. 14).

From a laboratory point of view, the serum level 
of CA 19.9, using 40 U/mL as cut off, gives a sensitiv-
ity and specifi city for adenocarcinoma of 70% and 
98%–99% respectively (Nazli et al. 2000). Unfortu-
nately, a adenocarcinoma is not often associated with 
an increase in CA 19.9 until it is advanced. Further-
more, when infl ammation is in process, the normal 
value of this marker can change (Wiersema 2001; 
Carter 1992; DelMaschio et al. 1991;  Gentiloni 
et al. 1995).

18.2.2.2 

Diff erential Diagnosis at Imaging

As stated above, an MFP and a adenocarcinoma, can 
have a similar gross and microscopic appearance 
(Fig. 18.1), it should not be surprising that preopera-
tive imaging diagnosis may be impossible (Fig. 18.2).

However, there are some elements of MFP that, if 
found, perhaps with different diagnostic techniques, 
can sometimes direct the diagnosis towards the in-
fl ammatory form rather than the neoplasm.
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The presence of calcifi cations within the MFP, 
recognizable in about 50% of cases (Luetmer et al. 
1989; Carter 1992; Kim et al. 2001) certainly favors 
CP (Karasawa et al. 1983; Luetmer et al. 1989; 
Carter 1992; Kim et al. 2001) (Figs. 18.3 and 18.4). 
This fi nding helps too when the twoentities co-exist 
in that, displacement of calcifi cation may signal a co-
existent tumor. (Elmas 2001) (Figs. 18.5 and 18.6).

The presence of collateral duct dilatation within 
the focal lesion strongly favors CP due to the traction 
effect that the fi brous tissue has on the ductal walls. 
MR, with MRCP s, is probably the best technique for 
displaying this fi nding (Figs. 18.7c–f and 18.8).

The concomitant presence of pseudocysts, in 25% 
of cases, according to Luetmer et al. (1989), is defi -
nitely a criterion that directs diagnosis towards the 
infl ammatory form. However, it should not be for-

gotten that adenocarcinomas can have a cystic ap-
pearance (Fig. 18.9).

18.2.2.3 

Role of US/EUS

Abdominal ultrasound (US) examination is the fi rst 
diagnostic step to identifying and characterizing an 
MFP. The examination itself is sometimes limited 
by air in the bowel lumen and/or by the patient’s 
body habitus.

At US examination an MFP appears irregularly 
hypoechoic (Figs. 18.2b and 18.3a), and is abso-
lutely indistinguishable from a tumor (Fig. 18.2a) 
if not for the presence of calcifi cations, recogniz-
able as clearly hyperechoic focuses with posterior 
shadowing (Fig. 18.3a,b) (Bennett and Hann 

Fig. 18.1a–d. Cut sections of mass-forming pancreatitis (a) and ductal adenocarcinoma (b). Both forms show a similar ap-
peareance as a focal lesion with scirrhous characteristics. Histologically (c,d) in both cases there is a rich fi brous component 
and poor vascularization

a

c

b

d
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Fig. 18.2a–d. Ductal adenocarcinoma vs MFP (US and CT evaluation). a,c The ductal adenocarcinoma appears 
as a solid, clearly outlined, hypoechoic mass at US and hypodense at CT in the pancreatic phase. b,d The MFP 
is identical at both US and CT

a b

c d

Fig. 18.3a–c. MFP (US and CT evaluation). First case 
(a): hypoechoic mass at US (arrowheads) located in 
the head of the pancreas where a slightly hyperechoic 
focus is recognizable (arrow) compatible with calcifi -
cation. Second case (b,c): hypoechoic mass at US (b) 
located in the head of the pancreas with large calcifi ca-
tions (arrows). At CT (c), the mass located in the head 
of the pancreas appears hypodense in the pancreatic 
phase. The presence of large calcifi cations within is 
confi rmed

a

cb
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Fig. 18.4a–d. MFP (CT evaluation). The lesion, located in the pancreatic head, appears hypodense both before 
(a,b) and after c.m. administration (c,d). Small calcifi cations can be seen within it, especially before c.m. ad-
ministration (arrows in a,b)

a b

c d

Fig. 18.5a–c. Ductal adenocarcinoma in CP (CT eval-
uation). Presence of large pancreatic calcifi cations 
( arrows in a); those located in the head appear dis-
placed medially by the hypodense mass (arrow in b,c)

a

cb
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Fig. 18.6a–c. Ductal adenocarcinoma in CP (CT 
evaluation). Multiple, large, diffuse calcifi cations 
can be seen throughout the parenchyma (arrow 
in a,b). In the uncinate process there is a hy-
podense mass compared to the fi brotic glandular 
parenchyma of CP. The lesion displaces the neigh-
bouring calcifi cations (arrow in c)

a b

c

c d

a b

Fig. 18.7a–f. MFP (MR evaluation). The lesion, located in the head, appears hypovascularized (a,b) and 
produces dilation of both the cbd and the main pancreatic duct (double duct sign in c,d). TRUE-FISP 
sequences (e,f), the branch ducts can be recognized within the lesion (arrow in e)

e f
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Fig. 18.8a–e. CP (a–c) vs ductal adenocarcinoma (d,e). The 
double duct sign is present in both lesions (a,d). Coronal 
HASTE sequences (b,e) the branch ducts are recognizable 
and stretched in CP (arrows in b), while they cannot be dis-
tinguished in the case of the adenocarcinoma (arrows in e). 
The CT scan shows large calcifi cations embedded within the 
MFP (arrow in c)

a

b

c d

e
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2001). According to some authors (Oshikawa et al. 
2002), the MFP margins are quite clear compared 
to the more blurred outlines of an adenocarcinoma 
(Fig. 18.2a,b).

S US is limited and its diagnostic accuracy in dif-
ferentiating between the two forms, according to 
the authors, varies from 72% to 79% (DelMaschio 
et al. 1991; DelHaze et al. 1989). Power Doppler US 
does not seem to have any advantages compared to 
the standard US examination (Rickes et al. 2002). 
This could be due to its low sensitivity in recogniz-
ing low velocity fl ow in small vessels in the pancreas. 
Recently, as already widely discussed in Chapter 10, 
contrast enhanced US (CE-US) and enhanced power 
Doppler have proved themselves to be competitive 
with CT and MR with sensitivity and specifi city 
values in the diagnosis of adenocarcinoma of 87% 
and 94% respectively, and 85% and 99% respectively 
in CP diagnosis (Rickes et al. 2002). According to 
some authors (Ozawa et al. 2002), CE-US is actu-

ally better than CT and MR because the US contrast 
material remains in the intra-vascular compart-
ment longer than CT and MR agents. CP has, no 
matter how hypovascularized, an average “contrast 
index” (CI = elevation of intensity in the lesion/el-
evation of intensity in the pancreatic parenchyma), 
higher than adenocarcinoma (Ozawa et al. 2002; 
Oshikawa et al. 2002; Takeda et al. 2003; Becker 
et al. 2001; Koito et al. 1997). This fi nding should 
lead to differentiation between the two pathologies. 
Recently, endoscopic ultrasound (EUS) is becom-
ing widely used in pancreatic evaluation (Becker 
et al. 2001; Glasbrenner et al. 2000). The correct 
evaluation of the pancreatic head-uncinate process 
is carried out with the US probe positioned in the 
second duodenal portion while the body-tail sectors 
can be analyzed better with the probe alongside the 
greater curvature of the stomach. During the exami-
nation, cytological sampling can be carried out of 
suspicious areas (Fig. 18.10a) with minimal risk of 

Fig. 18.9a–d. Ductal cystic adenocarcinoma (MR evaluation). MRCP (a) shows a slightly dilated main duct in the body-head 
with irregular morphology; associated cystic formations in the body and tail (asterisks). In the GRE T1 FS sequences carried 
out after c.m. administration (b–d), a solid component can be seen within the cystic formation located in the body which 
has an irregular enhancement (arrow in d) and is responsible for obstructing the main duct (arrow in a)

a b

c d
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complications (Becker et al. 2001; Mallery et al. 
2002). At EUS, an MFP appears as a hypoechoic mass 
(Fig. 18.10a). Calcifi cations, pseudocysts and irregu-
lar dilatation of the branch ducts of the pancreas are 
easily recognized, all typical fi ndings in CP. From 
early studies (Brand et al. 2000; Norton et al. 2001; 
Glasbrenner et al. 2000;  Bennet and Hann 2001; 
Wiersema 2001; Yamao et al. 2003) sensitivity ap-
pears high (95%) especially in identifying solid intra-
pancreatic lesions, even when small, but the specifi c-
ity range is still too broad (16%–93%) (Wiersema 
2001; Yamao et al. 2003), and does not allow for a 
defi nite characterization of MFP (Fig. 18.10a).

Another recently introduced EUS procedure is 
the intra-ductal ultrasound (IDUS) which uses US 
micro probes, 2 mm in diameter, which can be intro-
duced into the MPD. At IDUS, the pseudo-tumor ap-
pears as a clear, irregular hypoechoic area in which 
the normal glandular network is no longer recogniz-
able (Yamao et al. 2003; Inui et al. 2002; Furukawa 
et al. 1994). This new technique, besides not being 
widely available because of its diffi cult and invasive 
nature, does not at the moment seem to signifi cantly 
increase the accuracy of the other techniques in the 
differential diagnosis between MFP and adenocarci-
noma, especially if less than 2 cm and still confi ned 
to the glandular parenchyma. It seems that in the 
near future, EUS and IDUS, thanks to their increas-
ing confi dence, will become the techniques of refer-
ence in evaluating CP and MFP in particular.

18.2.2.4 

Role of CT

Although the use of single or multi-slice spiral CT 
(MDCT) has increased spatial and temporal resolu-
tion the accuracy (77%) reported by DelMaschio et 
al. (1991) and Delhaze et al. (1989) in differentiating 
between MFP from adenocarcinoma has remained 
substantially unchanged (Liao et al. 2003).

MDCT is better than US for demonstrating pan-
creatic calcifi cations (Figs. 18.3c and 18.4–18.6) their 
eventual dislocation due to a mass arising in the 
infl ammatory process (Figs. 18.5b,c and 18.6c), the 
degree of atrophy and the morphology of the MPD. 
Karawasa et al. (1983) found a statistically signifi -
cant difference in the ratio of duct diameter to pan-
creatic gland width, which is higher in patients with 
cancer. On unenhanced imagess both fi brous tissue 
and adenocarcinoma confi ned within the gland ap-
pear isodense compared to the surrounding tissue. 
The subsequent use of c.m. does not generally in-
crease diagnostic accuracy, as both pathologies are 
hypodense compared with enhanced surrounding 
normal parenchyma(Figs. 18.2c,d, 18.3c, 18.4c,d, 
18.5b,c and 18.6c) in the arterial and pancreatic 
phases (Kim et al. 2001; Johnson and  Outwater 
1999). Nevertheless, Robinson and Sheridan 
(2000) suggest that a neoplasm is less vascularized 
than fi brous tissue which would thus appear less 
hypodense in the pancreatic phase (Fig. 18.6) and 

Fig. 18.10a,b. MFP and solid duodenal dystrophy (SDD) (EUS evaluation). At EUS, the MFP (a) located at the head appears 
hypoechoic (T in a) mimicking an adenocarcinoma. During the examination a needle aspiration of the lesion is carried 
out ( arrow in a). At EUS it is possible to show the duodenal site of the SDD (b) and recognize its microcystic component 
(arrowhead in b), allowing for correct diagnosis. 

a b
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substantially isodense in the late phase. The lack 
of absolute criteria of density limit the utility of the 
fi nding.

MDCT certainly makes it easier to recognize 
some typical signs of tumor such as extra-glandu-
lar spread (Figs. 18.11c and 18.12d) and vascular 
involvement (Figs. 18.11d and 18.12c,d). The dem-
onstration of gastroduodenal artery encasement 
can be a helpful differentiating fi nding (Fig. 18.13). 
A relative increase in the size of the arterial vessels 
compared to the venous structure (artery-to-vein 
ratio greater than 1.0) (Elmas et al. 1996) favors tu-
mor. Megibow et al. (1981) has described a thicken-
ing of the celiac tripod and/or superior mesenteric 
artery (Fig. 18.12c,d) when a tumor is present. More 
recently, on the other hand, Baker et al. (1990) and 
Schulte et al. (1991) reported infi ltration of the 
peri-vascular fat in acute and chronic infl ammatory 
forms.

Hough et al. (1999) highlights a deformation in 
the size of the superior mesenteric vein (teardrop 
sign: Fig. 18.12c) as an indirect sign of a locally in-
fi ltrating adenocarcinoma. Lastly, some authors 
(Mori et al. 1991; Hommeyer et al. 1995) maintain 
that a greater representation of the peri-pancreatic 
venous structure is an indirect sign of vascular in-
volvement by a neoplastic process.

18.2.2.5 

Role of MR

Because MR has a better tissue contrast resolution 
than CT, it is able to differentiate fi brosis from a 
healthy parenchyma. Both MFP and adenocarci-
noma are partly made up of fi brous tissue and there-
fore appear equally hypointense in FS T1-weighted 
sequences (Fig. 18.14) compared to the adjacent pa-
renchyma (Jenkins et al. 1987). Both entities be-
have in a similar fashion following c.m adminis-
tration (Johnson and Outwater 1999; Sittek et 
al. 1995) (Figs. 18.14d,e and 18.15cMRCP however is 
extremely useful in evaluating the lesion’s relation-
ships with the ductal structures (Pavone et al. 1997) 
(Figs. 18.7c–f, 18.8 and 18.15a,b) and at dynamically 
demonstrating the distensibility of the ducts prior to 
intravenous secretin administration (Ichikawa et 
al. 2001; Matos et al. 2001). It is extremely easy with 
MRCP to demonstrate obliteration (Fig. 18.8d,e) and 
dislocation of the dilated collateral ducts caused by 
a tumor (Fig. 18.15a,b), and also to recognize duct 
distortion within the mass in CP (Figs. 18.7e,f and 
18.8a,b). By administering secretin, as Ichikawa re-

ports (Ichikawa et al. 2001), the main pancreatic 
duct remains irreversibly stenotic and obstructed 
due to the neoplastic process (Fig. 18.16e,f) while it 
appears patent, although narrowed, in an infl am-
matory condition (Fig. 18.17). This has been referred 
to as the “duct penetrating sign This sign has 86% 
sensitivity and 95% specifi citiy in distinguishing be-
tween the two forms (Ichikawa et al. 2001).

Furthermore, the classic double duct sign (favour-
ing adenocarcinoma) is certainly easily recognizable 
with MRCP (Figs. 18.7c, 18.9a and 18.15a). However 
this fi nding cannot be maintained as specifi c of a 
neoplastic pathology (Menges et al. 2000).

As previously said, thanks to the extreme sen-
sitivity of MR in recognizing areas of parenchyma 
replaced by fi brosis, this method, more than the 
others, is able to identify and attribute congenital 
anomalies (pancreas divisum; pancreas divisum in-
versum), areas of irregular glandular parenchyma, 
hyperintense in T1 (Fig. 18.18a,b) compared to a 
parenchyma affected by CP, which is hypointense. 
These areas of the parenchyma are self-suffi cient 
in terms of vascularization and drainage. Like a 
healthy pancreas, they are therefore notably hyper-
intense even after c.m. administration, mimicking, 
for example, neuroendocrine tumors. While in pan-
creas divisum it is quite easy to demonstrate with 
MRCP the typical ductal anomaly causing dorsal 
pancreatitis (Fig. 18.17), in the inverse form, only the 
site of the pseudo-lesion is cause for suspicion of this 
latter anatomical variant (Fig. 18.18).

18.2.3 

Autoimmune Chronic Pancreatitis

18.2.3.1 

Introduction

Autoimmune chronic pancreatitis (aCP), fi rst de-
scribed by Yoshida et al. (1995b). is a rare form 
of CP accounting for 1%–2% of all cases (Ito et al. 
1997). In 30%–50% of cases (Yoshida et al. 1995b; 
Furukawa et al. 1998; Irie et al. 1998; Okazaki 
and Chiba 2002; Procacci et al. 2001b) it is associ-
ated with other autoimmune disorders (Hashimoto’s 
thyroiditis, Sjogren’s syndrome, rheumatoid arthri-
tis, Crohn’s disease, LES, primitive biliary cirrhosis, 
sclerosing cholangitis).

At pathology the gland almost always appears 
increased in size either focally or diffusely, and the 
ductal system is narrowed, compressed “ab estrin-
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Fig. 18.11a–d. Ductal adenocarcinoma (MDCT evaluation). In the axial planes (a,b) a hy-
podense lesion is visible apparently embedded in the pancreatic gland. In the coronal recon-
struction (c,d) the lesion infi ltrates the peri-pancreatic adipose tissue (arrowheads in c) and 
causes “encasement” of the superior mesenteric vein (arrow in d). 

a b

c d

Fig. 18.12a–d. Ductal adenocarcinoma (MDCT evaluation). In the axial scan (a) the main duct 
abruptly stops in the neck of the pancreas. The lesion can be seen in the paracoronal plane 
reconstruction (b) where it appears irregularly hypodense (arrowheads in b). The soft extra-
glandular component is distinguishable around the superior mesenteric artery (short arrow in 
d) and the deformed superior mesenteric vein (teardrop sign: long arrow in c)
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Fig. 18.13a–e. MFP vs ductal adenocarcinoma (CT evalua-
tion). Both the MFP (a,b) and the ductal adenocarcinoma (c–
e) are hypodense lesions located in the head of the pancreas. 
In the MFP the gastroduodenal artery is well-recognizable 
(arrow in a,b), while in the adenocarcinoma, only the proxi-
mal portion can be seen (arrow in c). The cbd, within which 
a stent is visible, is encompassed into the neoplastic lesion 
(arrowhead in c–e)

a b
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Fig. 18.14a–g. MFP (MR and CT evaluation). The MFP, lo-
cated in the head, is slightly hypointense in the T1 weighted 
sequence (b) compared to the unaffected parenchyma (a), 
and shows an increased signal in the T2 weighted sequence 
(c). The lesion, which is clearly hypointense in the early arte-
rial phase (d), shows irregular enhancement in the pancre-
atic phase (e). The abrupt obstruction of the main duct (W) 
is appreciable. At CT examination (f,g), the lesion is poorly 
vascularized in the arterial phase; calcifi cations are present 
within (arrow in f,g), not visible at MR
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Fig. 18.15a–c. Ductal adenocarcinoma (MR/MRCP evalua-
tion). MRCP (a) shows the double duct sign and dilation of 
the branch ducts (arrowhead in a,b) which are displaced by 
the solid mass (arrow in b,c) showing irregular enhance-
ment in the pancreatic phase (c)

a b

c

Fig. 18.17a–c. CP in pancreas divisum (MRCP evaluation). 
MRCP shows the presence of pancreas divisum with asso-
ciated signs of obstructive chronic pancreatitis. Stenosis of 
the main duct can be seen at the body (arrow in a). After 
secretin stimulus (b,c), the stenosis becomes less evident 
(arrowhead in b,c) confi rming its benign nature (duct pen-
etrating sign).
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Fig. 18.16a–i. Ductal adenocarcinoma (CT and MRCP eval-
uation). CT May 2002 (a–d): only a slight dilation of the main 
duct can be recognized without visible focal lesions. CT Nov 
2002 (g–i): the main duct is dilated due to the presence of a 
mass at the pancreatic neck. MRCP May ’02 (e,f): focal ob-
struction of the main duct can be seen (arrow in e,f); the ob-
struction does not change after administration of secretin. 
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seco” by the lymphocytic infi ltrate that plugs the 
glandular interstices. The gland appears to be sur-
rounded by a wall made up of lympho-monocytic 
cells that, when found at imaging, are responsible 
for a imaging sign known as “capsule-like rim” 
practically pathognomical of aCP (Procacci et al. 
2001b). In the more advanced phases of the disease, 
the gland is completely replaced by fi brous tissue 
within which one may fi nd calcifi cations or pseudo-
cysts (Okazaki and Chiba 2002).

Clinically (Table 18.1), aCP is never associated 
with specifi c symptoms (Okazaki and Chiba 2002). 
It is often serendipitously during imaging examina-
tions performed for other reasons.

From the laboratory point of view (Table 18.1), 
there are no pathognomic markers of aCP. However, 
laboratory signs of an ongoing autoimmune disease 
are frequent, such as an increase in the titer of anti-
nucleus antibodies (ANA and ENA), of the rheuma-
toid factor (RF) and, above all, of CA II (human car-
bonic anhydrase II) which is the most specifi c serum 
parameter for aCP (Okazaki and Chiba 2002).

The focal form of aCP is indistinguishable from 
adenocarcinoma (Koga et al. 2002; Tabata et al. 
2003). Whenever imaging suggests aCP one can 
consider steroid treatment for at least 4 weeks with a 
daily dosage of 5–10 mg of prednisone. In the case of 
aCP the volume of the “pseudotumor” will be drasti-
cally reduced or disappear completely (Procacci et 
al. 2001b; Taniguchi et al. 2003).

18.2.3.2 

Diff erential Diagnosis at Imaging

When aCP involves the whole gland, diagnosis at 
imaging is straightforward. Diffi culties arise when-
ever faced with a “pseudotumor” (Fig. 18.19). In this 
case the radiological fi ndings (Table 18.1), that aid 
in diagnosing CP, are not always present. US, In 
focal aCP, intra-lesional calcifi cations (Koga et al. 
2002) (both intra-ductal and intra-parenchymal), 
irregular dilation of the pancreatic branch ducts 
or pseudocysts, are infrequent. The portion of the 
gland affected by the autoimmune infl ammation is 
replaced by infl ammatory tissue and therefore loses 
its normal lobulationand displays irregular and un-
clear borders due to the presence of the peri-glan-
dular wall infl ammation (Furukawa et al. 1998). 
The thickening due to infl ammation of the adjacent 
fatty tissue in this case can be misleading giving 
the mistaken impression of a large process infi ltrat-
ing the adjacent soft tissues (Ichikawa et al. 2001; 
Irie et al. 1998; Servais et al. 2001; Taniguchi et 
al. 2001). Only when there are clear signs of extra-
pancreatic invasion or vessel involvement can aCP 
be defi nitively excluded (Fig. 18.20).

On the other hand, when facing the picture of a 
solid focal lesion of the pancreas without calcifi ca-
tion and perhaps accompanied by homogeneous di-
lation upstream of the MPD, the diagnostic suspicion 
must be of adenocarcinoma until proved otherwise.

Table 18.1. Clinical-Laboratory-Radiological characteristics of aCP

Laboratory Serum increase of pancreatic enzymes in Pts. with no or mild symptoms

Eosinophilia

Serum increase of γ-globulin (IgG4)

Presence of auto-antibodies

Increase in the cholestasis indexes 

Clinical Absence of, or only mild, pancreatic symptoms

Possible association with other autoimmune disorders (Hashimoto’s thyroiditis, Sjogren’s syndrome, 
insulin dependent diabetes mellitus, Crohn‘s disease)

No past history of alcoholism

Steroid therapy effi ciency

Imaging Diffuse enlargement of the pancreatic gland

Diffuse and irregular narrowing of the main duct

Diffuse glandular and peri-glandular lymphocytic infi ltration

Dilation of the bile duct in the pre-pancreatic tract

No pancreatic calcifi cations

Peri-pancreatic pseudo-capsule made up of infl ammatory tissue (capsule-like rim)

No pancreatic pseudocysts
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Fig. 18.18a–g. Pancreas divisum inversum (MR 
evaluation). In the T1 weighted FS sequence, a 
hyperintense nodule is recognizable at the head 
of the pancreas (arrow in b) compared to the ad-
jacent glandular parenchyma which is hypoin-
tense (a,c) due to the fi brosis in CP. The nodule 
shows homogeneous and intense enhancement 
(arrow in d) after c.m. administration. The ad-
jacent glandular parenchyma enhances (e) in the 
equilibrium phase when the nodule releases the 
c.m. (arrow in f). Diagram of pancreas divisum 
inversum vs pancreas divisum (g)
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Therefore, in the case of diagnostic-clinical suspi-
cion of aCP, in order to avoid unnecessary surgical 
resection, FNA is always suggested as it easily leads 
to a defi nite diagnosis (Fig. 18.21e). FNA can justify 
a simple follow-up of the disease, which, if treated 
accurately will no longer be recognizable at the next 
check-up (Fig. 18.21a–d). As stated above, a therapeu-
tic trial of steroids may lead to the correct diagnosis. 

18.2.3.3 

Role of US

At US, the affected pancreas appears swollen and ho-
mogeneously hypoechoic mimicking adenocarcinoma 
(Ito et al. 1997; Koga et al. 2002; Taniguchi et al. 2001; 
Van Hoe et al. 1998). The MPD is not recognizable due 
to stenosis. In the cephalic areas is it not unusual to fi nd 
co-existing dilation of the suprapancreatic CBD. It is 
likely that CE-US and EUS can provide a more refi ned 
characterization of the lesion.

18.2.3.4 

Role of CT

The affected portion of the pancreas has no calcifi ca-
tions and is irregularly hypodense in the enhanced 
pancreatic phase, therefore, once again, it cannot be 
differentiated from a adenocarcinoma (Figs. 18.19d,e, 
18.21a,b, 18.22b–d and 18.23a,d). The aforementioned 
“capsule-like rim”, when present, is the only pathog-
nomonic sign of aCP (Fig. 18.24). Its correct identifi -
cation needs a multi-phase investigation of the pan-
creas. In the fi rst phase, the infl amed wall looks like 
a hypodense frame while, in the late phase, it clearly 
and homogeneously enhances and is hyperdense 
(Fig. 18.24) compared to the glandular parenchyma 
which has lost contrast (wash out) (Irie et al. 1998; 
Koga et al. 2002; Procacci et al. 2001b).

The part of the main duct involved by the 
“pseudotumor” is almost always unrecognizable 
(Fig. 18.23c) due to the stenosis caused by the in-
fl ammatory process (Wakabayashi et al. 2003). 
Homogeneous dilation of the main duct upstream 
is rarely recognizable. Sometimes reactive lymph-
adenopathy is present in the peri-pancreatic, para-
aortic and para-caval region (Fig. 18.22).

18.2.3.5 

Role of MR

Focal aCP appears hypointense in T1-weighted se-
quences (Fig. 18.23b), and slightly hyperintense in 

T2-weighted ones (Robinson and Sheridan 2000). 
After paramagnetic c.m. administration, the le-
sion remains hypointense in the early phase with a 
slow progressive uptake of c.m. in the later phases 
(Ichikawa et al. 2001; Irie et al. 1998; Kim et al. 
2001; Koga et al. 2002). The previously described 
“capsule-like rim” is also well visible in MR being 
hypointense in T2-weighted sequences with a weak 
enhancement in the late post-contrast phase (Irie et 
al. 1998). The use of MRCP sequences shows the ir-
regularly stenotic segment of the MPD (Fig. 18.23c), 
and can precisely evaluate the extent and any even-
tual compression on the dilated cbd.

18.2.3.6 

Role of ERCP

At ERCP in patients with aCP, one visualizes seg-
mental or diffuse stenosis of the MPD (Horiuchi 
et al. 2002). Some authors maintain that the co-ex-
isting presence of segmental dilation of the pancre-
atic branch ducts favors the diagnosis of neoplasm 
(Karasawa et al. 1983). As previously mentioned 
for MRCP, if there is a “double duct” sign and a 
solid mass in the head area, the fi rst diagnostic con-
sideration must be of a neoplasm even though the 
“double-duct” has been described in aCP (Bennett 
and Hann 2001; Van Hoe et al. 1998; Menges et 
al. 2000).

18.2.4 

Cystic Duodenal Dystrophy (Solid Variant)

18.2.4.1 

Introduction

Cystic duodenal dystrophy (CDD), also known as 
“groove pancreatitis”, is an infl ammatory process 
that arises within islands of ectopic pancreatic 
parenchyma located within the wall of the second 
duodenal portion (Claudon et al. 1988; Mohl et al. 
2001; Procacci et al. 1997). The secretion of pancre-
atic juice without an adequate ductal system allow-
ing drainiage, produces acute pancreatitis within 
the pancreatic rest(s). With variable latency, CDD 
causes obstructive chronic pancreatitis (Procacci 
et al. 1997).

At pathology, the wall of the second duodenal seg-
ment appears to be made up of various sized, mul-
tiple cystic formations (macrocysts or microcysts), 
surrounded by fi brous tissue. The more common 
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Fig. 18.19a–c. Focal aCP (CT evaluation).At the posterior edge of the head of the pancreas, a hypodense lesion (b,c) is rec-
ognizable which turned out to be an aCP after surgical resection (a) and which was absolutely indistinguishable in aspect 
from a ductal adenocarcinoma at imaging

a

b
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cystic variant (about 65%–70% of cases) is made up 
of macrocysts (>1 cm in size).

The solid variant is composed of cysts with diam-
eters at the lower limits of imaging resolution and 
for this reason it takes on a solid appearance. The 
two pathological entities can co-exist.

Fibrosis that results from the infl ammatory pro-
cess results in stenosis of the common bile-pancre-
atic duct outlet producing jaundice and relapsing 
obstructive acute pancreatitis (Vullierme et al. 
2000). The infl ammatory tissue itself can also cause 
narrowing of the duodenal lumen and obstructive 
symptoms.

Serum tests are (Table 18.2) the same as for CP, in-
cluding the increase in pancreatic amylase and lipase 
to which can be associated any serum increases of the 
direct bilirubin, the transaminase and the �GT.

18.2.4.2 

Diff erential Diagnosis at Imaging

The cystic form (Table 18.2) does not usually cause 
problems of differential diagnosis due to the typical 
location of the macrocysts and associated thicken-
ing of the duodenal wall. When the cysts are large, 
the complex can be mistaken for an intraductal tu-
mor (IPMT) of the branch ducts (Fig. 18.25). Even if 
rather rare, adenocarcinomas, located in the groove 
region, can have a mixed solid and cystic component 
mimicking CDD (Fig.18.26).

The solid form (Table 18.2) appears at imaging as 
solid tissue located in the groove with characteris-
tic fi brous “sheet-like” thickening (Figs. 18.27 and 
18.28b,d). Both the location and appearance can be 
identical to adenocarcinoma (Fig. 18.28e,f).
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Fig. 18.20a–d. Ductal adenocarcinoma mistakenly interpreted as aCP (CT evaluation). Arterial phase (a,b); pancreatic 
phase (b,c). The head of the pancreas appears enlarged (b,d) with no evident change in its density. Along its posterior edge, 
a hypodense structure is recognizable (a,c), which turned out to be neoplastic tissue infi ltrating the peri-pancreatic fat
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Table 18.2. Clinical-Laboratory-Radiological characteristics of CDD

Laboratory No correlation with the CA 19.9 plasma tumoral marker

Clinical Variable past history of prior pancreatitis

Imaging Located in the groove region

Fibrous, hypovascularized tissue

Frequent co-existence of radiological signs of CP

Anterior and leftward displacement of the gastroduodenal artery

Possible narrowing of the duodenal lumen

Possible displacement of the CBD and dilation of the intra- and extra-hepatic biliary tracts

Cystic variant Presence of cysts with an average diameter larger than 1 cm in 
the duodenal wall

The shape is more often elongated and bilobular

The peri-cystic tissue is fi brous and hypovascularized

Solid variant Presence of microcysts (diameter <5 mm)

Localized thickening of the duodenal wall, hypovascularized 
compared to the adjacent regions
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Fig. 18.21a–e. Focal aCP (CT evaluation). The head of the 
pancreas appears increased in volume and hypodense (a,b). 
In order to exclude the diagnosis of ductal adenocarcinoma, 
needle aspiration was carried out which led to the defi nite 
diagnosis of aCP by demonstrating the presence of lympho-
plasmacytic-cellular infi ltrate (e). At a follow-up 7 months 
later, the head of the pancreas has returned to normal size 
and density (c,d)
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Fig. 18.22a–d. Focal aCP (CT evaluation). The disease can be suspected when focal enlargement 
of the gland is found. In this case the tail is involved showing really poor enhancement after 
c.m. Small nodes are present in the peri-pancreatic area (arrow). CLINICAL DATA: a 33-year-
old male, affected by ulcerative colitis, recurrent abdominal pain, weight loss, Ca 19.9: normal, 
presence of anti Human Carbonic Anhydrase II Antibodies
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Fig. 18.23a–d. Focal aCP vs ductal adenocarcinoma. First case (a–c): Large lesion in the body-
tail, hypodense at CT (a) and hypointense in the T1 weighted sequence (b). The mass compresses 
the main duct which cannot be seen in the body-tail at MRCP (arrow in c). Clinical data: a 
37-year-old male, with ulcerative colitis and recurrent episodes of abdominal pain, Ca 19.9: 
normal. Conclusion: Autoimmune pancreatitis. Second case (d): The CT identical to the previ-
ous case. Clinical data: a 65-year-old male, persistent and deep abdominal pain, weight loss, 
Ca 19.9: 30,000 U/ml. Conclusion: Ductal adenocarcinoma
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Fig. 18.24a–c. Focal aCP (CT evaluation). Focal enlarge-
ment of the head of the pancreas: the hypovascularized 
lesion in the pancreatic phase (a) has a hyperdense rim in 
the equilibrium phase (arrow in b). The patient underwent 
surgical resection of the lesion; cut section in c

a

a

c

Fig. 18.25a–c. CDD mimicking cystic neoplasia or pseudo-
cyst (CT evaluation). Dilation of the main duct (long arrow in 
a) and the cbd is displaced to the left (short arrow); there is a 
cystic formation (asterisks in b,c) adjacent to the pancreatic 
head responsible for narrowing of the duodenal lumen (d), 
and gastric distention (s)
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Fig. 18.26a–h. Ductal adenocarcinoma mimicking CDD (EUS, MDCT and MR evaluation). In the groove region, multiple 
cystic formations are recognizable (arrowhead in b,c), some of which are embedded in the duodenal wall (arrow in a). In 
the curved reconstruction (d), the cysts imprint the CBD. After c.m. administration, a nodule can be seen in the head of 
the pancreas which is slightly hypodense compared to the gland (arrowhead in e) and which causes the double duct sign (e) 
and infi ltrates the gastroduodenal artery, the walls of which show multiple irregularities (arrowheads in f). The cut section 
(g) shows the cystic formations in the duodenal wall (asterisks) and the adenocarcinoma in the head of the pancreas (dot); 
histological analysis (h) confi rms the presence of a mixed solid and cystic ductal adenocarcinoma
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The position of the gastroduodenal artery can 
signifi cantly aid differential diagnosis. Anterior and 
leftward displacement favors (Fig. 18.27a). The cbd 
can also be displaced to the left (Fig. 18.27b) if the 
duodenal wall has become considerably thick. An-
other fi nding to look for is the presence of a fatty 
cleavage plane between the solid mass and the pan-
creatic head (Fig. 18.27a).

“Groove” pancreatitis is almost always associated 
to obstructive chronic pancreatitis of the body-tail 
with the presence of typical parenchymal and ductal 
calcifi cations (Fig. 18.29).

18.2.4.3 

Role of US and EUS

CDD (solid variant) appears as a hypoechoic expan-
sive mass located between the head of the pancreas 
and the duodenal wall. Therefore, there are no dis-
tinct echo-structural elements visualized by trans-
abdominal US compared to a adenocarcinoma. EUS, 
thanks to his high resolution, can identify tiny cysts 
inside the mass representing a useful sign for the 
correct diagnosis (Fig. 18.10b).

18.2.4.4 

Role of CT

Under standard conditions and after c.m. admin-
istration, CDD (solid variant) behaves in the same 
way as pancreatic “groove” carcinoma (Gabata et 
al. 1994) being clearly hypodense, after c.m. ad-
ministration, in the arterial phase, and becoming 
isodense in the late phase (Fig. 18.28a–d). In the 
early phase the fatty cleavage plane can some-
times be clearly seen, thus excluding the pan-
creatic origin of the large mass (Fig. 18.27a). In 
this phase the site of the gastroduodenal artery 
can be evaluated which, in CDD (solid variant) 
is displaced to the left (Fig. 18.27a), while in the 
case of an adenocarcinoma, is usually encased, 
irregular (Fig. 18.26f) or even obliterated by the 
mass (Fig. 18.13c–e).

When CP involves the head of the pancreas it 
also appears hypodense in both the arterial and 
pancreatic phases, the fatty cleavage plane no lon-
ger recognizabletherefore indistinguishable from a 
adenocarcinoma of the pancreatic head infi ltrating 
the duodenal wall. In this case the defi nitive diag-
nosis is impossible and, in the majority of cases, 
can only be made on examination of the following 
resection.

18.2.4.5 

Role of MR

Fibrosis in the duodenal wall, typical of CDD (solid 
variant), like adenocarcinoma, appears hypoin-
tense in T1-weighted sequences (Fig. 18.30d) but is 
iso to hyperintense in the T2-weighted sequences 
(Fig. 18.30a), depending on the amount of micro-
cysts within. After intravenous paramagnetic c.m. 
administration the pseudotumoral mass appears 
hypointense in the early phase (Fig. 18.30e), and 
shows progressive enhancement in the later phases 
(Fig. 18.30b,f) showing the fi brous nature (Irie et 
al. 1998). This behavior, as for CT, is absolutely in-

D

D

Fig. 18.27a,b. CDD (solid variant) (CT evaluation: typical 
fi ndings). Recognizable sheet-like mass in the groove region 
separated from the head of the pancreas by a hypodense fatty 
cleavage plane. the gastroduodenal artery is displaced to the 
left (arrow in a), as is the cbd towards the left (arrow in b), 
away from the duodenum (D).

a

b

D

D
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distinguishable from a adenocarcinoma. MR, more 
effectively than CT, on T1 fat suppressed sequences, 
can differentiate the normal pancreatic parenchyma 
of the head of the pancreas, which is hyperintense 
from fi brosis with its typical hypointense “sheet-
like” appearance (Fig. 18.30d,e). In the same way as 
CT, it is possible to recognize the changes in position 
of the gastroduodenal artery.

At MRCP the dislocation of the cbd to the left is 
easily recognizable (Fig. 18.30a,c). In contrast, with 
adenocarcinoma, the cbd is in ”normal” position, in-
fi ltrated and has an abrupt obstruction (Fig. 18.13c–
e). Both “groove” pancreatitis and adenocarcinoma 
can produce the double duct sign that therefore is 
not specifi c (Fig. 18.28e,f).

18.2.5 

Role of Nuclear Medicine

Positron emitting tomography (PET) is an advanced 
imaging technique for the diagnosis, staging and 
monitoring of a wide variety of processe – both in-
fl ammatory and neoplastic.

PET bases its specifi city on the ability to iden-
tify an increase in the glycolysis in malignant cells 
(McGowan et al. 1995; Wahl 1996). The glucose an-
alog, the 2-[fl uorine-18] fl uorine-2-deoxi-d-glucose 
(FDG), is the most widely used tracer in clinical PET 
and therefore in the study of pancreatic disease. The 
2-[fl uorine-18] fl uorine-2-deoxi-d-glucose (FDG), 
metabolic analogue of glucose, collects inside the 

Fig. 18.28a–f. CDD (solid variant) (a–d) vs groove adenocarcinoma (e,f). Both lesions show the same hypodense sheet-like 
mass aspect in the pancreatic phase. In adenocarcinoma (e,f) the cbd is not recognizable due to its infi ltration. 
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Fig. 18.29a–e. CDD (solid variant) and CP (CT evaluation). 
First study (a,b); 2 years later follow-up study (c-e) causes 
dilation of the main duct (c). There are calcifi cations in the 
duct (c) and in the gland (a,b,d,e) 

a b

c d

e
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tumor cells and is phosphorylated by the glyco-
lysis in FDG 6-phosphate that, not being effectively 
metabolized, tends to concentrate in the target 
cells. This “metabolic entrapment” process of FDG 
6-phosphate, is the basis for identifying pathologi-
cal collections of the tracer. This technique is highly 
sensitive for identifying the tracer collection in the 

primary pathology site but is also just as sensitive 
for identifying metastatic foci, as it is possible to ac-
quire images of the whole body in one single study 
session.

Recently, some authors (Reske et al. 1997; 
 Higashi et al. 1998) have demonstrated how some 
glucose transporters (glucose transporter 1 GLUT-

Fig. 18.30a–f. CDD (solid variant) (MR/MRCP evaluation). In the T1 weighted sequences performed in the axial plane before 
(d) and after c.m. administration (e,f), tissue thickening is recognizable in the groove with a sheet-like appearance which 
demonstrates progressive enhancement (arrow in d–f). The cbd is displaced to the left (arrow in a,b). At MRCP (c) the main 
duct is dilated with alterations of the wall due to CP (arrow in c)

a b

c d
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1) are particularly over-expressed in pancreatic 
originating malignant cells, thus giving good reason 
for the potential use of this technique not only for 
identifi cation, but above all for characterizing the 
pancreatic mass.

In the literature (Hanley and McNeil 1982; 
 Inokuma et al. 1995b, Rose et al. 1999; Kubota 
et al. 1992; Jadvar and Fischman 2001), PET is 
thought to be a useful technique for pre-operative 
staging, post-operative monitoring and evaluating 
the effectiveness of chemo-radiotherapy (Nakata 
et al. 1997; Higashi et al. 1999) in tumors of the 
pancreas as it is able to demonstrate both patho-
logical lymph node collections and distant metas-
tases (Valinas et al. 2002). Its effi ciency in making 
a differential diagnosis between an infl ammatory 
process and a tumor is, however, not yet proven 
(Shreve 1998).

The tracer collection throughout the gland and 
in the fat surrounding the pancreas is a typical 
fi nding observed in acute pancreatitis. Clinical 
correaltion facilitates the correct appropriate di-
agnosis. Nitzsche et al. (2002) maintains that it 
is possible to distinguish infl ammatory processes 
that show a homogeneous and diffuse tracer distri-
bution throughout the gland from an adenocarci-
noma where the tracer would tend to collect more 
focally, in greater quantities and persist in time. 
Clearly, in cases where CP and adenocarcinoma are 
simultaneously present, the problem of differential 
diagnosis goes unsolved. The same is true for focal 
CP (Shreve 1998).

18.3 

Diff use Dilation of the Main Pancreatic Duct

18.3.1 

Introduction

In cases of CP, where the MPD has a “lake-chain” 
morphology, radiological diagnosis is reliable. If the 
MPD has a uniform and diffuse appearance, the 
diagnosis it is necessary to differentiate between the 
obstructive CP form (OCP) and ductal obstructions 
caused by juxta-papillary neoplasms of either the 
pancreatic head or duodenum. Even if a mass has 
been excluded, the possible presence of an intra-
ductal papillary mucinous tumor (IPMT) of the 
MPD must also be considered.

18.3.2 

OCP vs Ductal or Ampullary Adenocarcinoma

Identifying small juxtapapillary neoplasms 
(Fig. 18.31) that result in uniform dilation of the 
MPD, can prove diffi cult at imaging. With CT, in par-
ticular, the tumor may appear isodense (Prokesch 
et al. 2002) compared to the pancreatic parenchyma 
and is therefore diffi cult to identify, even after c.m. 
administration (Fig. 18.31). Furthermore, small hy-
pervascularized tumors (endocrine tumors, metas-
tases: Fig. 18.32a,b) responsible for ductal dilation 
upstream, can go unrecognized at CT (Fig. 18.32a) 
and at MR whenever the arterial phase is excluded. 
According to some authors (Minniti et al. 2003; Ya-

suda et al. 1995; Rösch et al. 1991), US and EUS are 
more sensitive than CT in identifying small, solid, 
ductal lesions (Figs. 18.31d, 18.32b and 18.33e).

MR seems to have the advantage over CT thanks 
to a better contrast resolution (Figs. 18.33c and 
18.34a,c) and the possibility of using organ-spe-
cifi c c.m. (Schima and  Fugger 2002; Rieber et al. 
2000).

Therefore, when there is a ductal obstruction it 
is sometimes necessary to perform several Imaging 
techniques in order to exclude with certainty the 
presence of small-sized or isodense tumors at CT 
with the adjacent parenchyma.

The co-existence of dilation of both the cbd 
(Fig. 18.35) and the MPD strongly favors a diagno-
sis of neoplasm, although infl ammatory disease 
can produce this fi nding in highly unusual circum-
stances. In these cases the use of ERCP together with 
biopsy is undoubtedly justifi ed (Axon 1989).

Sometimes ductal obstruction can be sustained 
by stones located in the main duct outlet into the 
papilla. In this case, MRCP is the most sensitive and 
specifi c technique (Hintze et al. 1997) for diagnosis 
(Fig. 18.36) and ERCP plays a therapeutic role by al-
lowing for extraction.

18.3.3 

CP vs IPMT of the Main Duct

Once the presence of a solid mass obstructing the 
main duct has been excluded, the differential diag-
nosis takes into consideration obstructive CP on the 
one hand, and main duct IPMT. As well as ductal 
dilation, both pathologies produce atrophy of the 
glandular parenchyma (Ito et al. 2001;  Warshaw 
et al. 1990) and stones, usually found in CP, but 
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Fig. 18.31a–d. Ductal adenocarcinoma vs CP (MSCT and US evaluation). In the axial scans the dilated main duct is ob-
structed by the neck and no lesions are visible (a,b). The slightly hypodense lesion, obstructing the main duct, is only ap-
preciable in the curved para-coronal reconstruction (arrow in c). The lesion can be seen better at US jutting into the dilated 
duct (arrows in d)

a b

c d

Fig. 18.32a,b. OCP vs solid neoplasm (CT and EUS evaluation). CT carried out in the pancreatic phase (a), shows dilation 
of the main duct without evidence of any mass. The presence of a solid lesion (metastasis from renal carcinoma) is demon-
strated only with EUS (a)

a b
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Fig. 18.33a–e. OCP vs solid neoplasm (CT, MR and US 
evaluation). At CT (a,b) only the irregular dilation of the 
main duct in the body-tail is recognizable with no change 
in gland density. MRCP (d) confi rms ductal obstruction and, 
in the T1 weighted sequence taken in the equilibrium phase 
(c), an unclear, slightly hypointense lesion can be recognized 
( arrow in c). US clearly shows a hypoechoic lesion in the 
body of the pancreas (arrow in e)

a b

c d

e

Fig. 18.34a,b. OCP vs adenocarcinoma (MR evaluation). FS GRE T1 weighted image in the equilibrium phase (a) shows 
a slightly hypointense mass (arrow in a) responsable for dilation of MPD and chronic obstructive pancreatitis upstream. 
MRCP (b) documents the abrupt obstruction of the main duct (arrow in b).

ba
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Fig. 18.35a–d. OCP vs adenocarcinoma of the papilla (CT evaluation). Axial CT sections show marked and uniform dilation 
of the main duct without mass (c,d) and with dilation of the major papilla seen protruding into the duodenum (arrows in 
c). The presence of the double duct sign (a,b) and the parietal enhancement suggested the correct diagnosis of periampul-
lary neoplasm

a b

c d

which can also be present in IPMT and especially 
in the areas of chronic pancreatitis, secondary to 
ductal obstruction, or as precipitates of mucin col-
lections (Procacci et al. 1999, 2001a). Protrusion 
of the major papilla into the duodenum is a critical 
sign for distinguishing between the two forms, as 
it is a pathognomonic fi nding of IPMT. Ampullary 
adenocarcinoma can also cause papillary protrusion 
into the duodenum but in this case enhancement can 
be recognized in the mass (Fig. 18.35).

IPMT must be diagnosed as quickly as possible 
as these tumors are potentially malignant and pan-
creatitectomy is the appropriate surgical treatment 
(Tenner et al. 1996; Kobari et al. 1999; Lim et al. 
2001). If misinterpreted as CP, patients can be mis-
takenly submitted to a pancreatic-jejunal diversion. 
Over time, it is possible that the disease progresses 
to invasive carcinoma and by the time the correct 
diagnosis of an IPMT made, there is no therapeutic 
option (Fig. 18.37).

The patient’s clinical history does not always help 
in diagnosis. 60% of cases of IPMTs have the same 
clinical symptoms as CP (Mcdonald et al. 2000). 
Differential diagnosis is easier if dilation of the MPD 
is found without a history of previous episodes of 
pancreatitis. However, defi nite diagnosis requires 
ERCP confi rmation. Making a differential diagno-
sis between a segmental type IPMT (Fig. 18.38) and 
CP is often a challenge at imaging as the two forms 
are indistinguishable (Figs. 18.39). ERCP is the best 
technique in these cases and is able to demonstrate 
the eventual presence of mucin as well as to opacify 
the whole duct showing patency and/or parietal pro-
liferations (Farrell and Brugge 2002). Sometimes 
ERCP cannot be diagnostic due to the abundant 
presence of mucin obstructing the duct or the ex-
cessive enlargement of the papillary orifi ce. In these 
cases, if the patient is sent for surgery, it is essential 
to carry out serial frozen sections on the resected 
specimen.
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18.3.3.1 

Role of US/EUS

Trans-abdominal US easily shows uniform focal 
or diffuse dilation of the MPD (Figs. 18.40) (Itai 
et al. 1987; Kaneko et al. 2001). Nevertheless, it 
is not always easy with this technique to estab-
lish the cause. While cystic ectasia of the branch 
ducts, a quite typical sign of the combined form 
of an IPMT, can be generally recognized, the same 
cannot be said of papillary proliferations (Kaneko 
et al. 2001) (Fig. 18.40a,b) or for the demonstration 
of the dilated papilla protruding into the duode-
num (Fig. 18.40e,f) (Procacci et al. 1999). Mucin 
deposits may also not be easily recognizable with 

the exception of cases where they are particularly 
echoic due to the presence of calcium (Itai et al. 
1987; Procacci et al. 1999).

EUS has led to promising results in the differen-
tial diagnosis between CP and IPMT, proving to be an 
accurate diagnostic technique in terms of type and 
extent of IPMT (Kubo et al. 2001) and is also able to 
demonstrate intra-ductal nodules. With this tech-
nique FNA of mural nodules and cytological sampling 
of the pancreatic secretion can also be performed.

The use of high frequency probes (15–30 MHz) al-
lows for intra-ductal ultrasound examination that, 
even if it is an invasive and little used technique, 
is accurate in diagnosing IPMT due to its higher 
resolution.

Fig. 18.36a–d. OCP vs neoplastic obstruction (MR evalu-
ation). MRCP (a) shows uniform dilation of the main duct 
with defects in its lumen (arrows in a) considered as stones, 
one of which is wedged into the papilla and responsible for 
the obstruction (arrow in b,c). After c.m. administration (d), 
the absence of an mass lesion is confi rmed

a b

c

d



362 A. Guarise et al.

��

�
�

Fig. 18.37a–d. Mixed type IPMT (CT and ERCP evaluations). The CT scans (a,b) carried out in the iv contrast-enhanced 
pancreatic phase reveal cystic dilation (asterisk) of the main duct in the head and neck of the pancreas. ERCP (c) confi rms 
the cystic dilation of the duct within the head (asterisk). This patient had undergone previous pancreatojejunostomy, and 
contrast material opacifi es the jejunal loop

a b

c d

Fig. 18.38a–d. CP vs segmental IPMT (CT and MR evaluation). At CT (a) and MR (b) in the axial planes, dilation of the 
main duct is found in the body-tail. This fi nding is more evident at MRCP in the axial (c) and coronal (d) planes. The two 
pathologies are indistinguishable at imaging

a b

c d
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18.3.3.2 

Role of CT and MR

With current day CT and MR/MRCP, it is possible 
to recognize the following fi ndings, the presence of 
which favors IPMT:

Small nodulations and/or solid papillary prolif- �
erations of the ductal walls (Fig. 18.40b).
These are seen more clearly with CT and MR after 
c.m. administation thanks to their enhancement. 

The presence of such nodulations suggests the 
malignancy of the tumor.
Mucin deposits within the ductal lumen �
The content of an IPMT is usually homogeneous 
and is non-specifi c as displayed on different im-
aging techniques: hypoechoic at US, hypodense 
at CT, hyperintense in T2w and hypointense in 
T1w MR images (Koito et al. 1998; Sugiyama et 
al. 1998, Onaya et al. 1998). Thick mucin deposits 
are well visible especially with MR, as hypoin-

Fig. 18.39a–f. CP vs segmental IPMT (CT evaluation). Initially there is mild dilation of the main duct (a,b) compatible with 
segmental chronic pancreatitis. The diagnosis could have been suspected when the main duct became progressively larger 
in a relatively short period (c–f)

a b

c d
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Fig. 18.40a–f. IPMT of the main duct (US, CT and MR evaluation). All the imaging techniques can demonstrate the typical 
signs of IPMT in the same way: uniform dilation of the main duct (a–c), parietal vegetation (arrows in a,b), ectasia of the 
branch ducts (b,e) and protrusion of the papilla (arrowhead in e,f) into the duodenal lumen (d)
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tense defects in the T2w sequences. Sometimes at 
CT, it is possible to differentiate the mucin from 
papillary proliferations by changing the patient’s 
position (Procacci et al. 2001a). Papillary prolif-
erations inside the dilated duct are hypointense 
in the T2 weighted sequences (Fig. 18.40b) and, 
unlike mucin collections, enhance after c.m. ad-
ministration (Irie et al. 2000).
Attention should, however, be paid in distinguish-
ing such endoluminal defects from non-calcifi ed 
stones that may be present in hereditary forms of 
CP, for example, in patients with cystic fi brosis.
Yamashita et al. (1998) has suggested the use of 
diffusion weighted MR sequences for differenti-
ating an IPMT from CP. This is due to the lower 
diffusion coeffi cient of the mucin present in an 
IPMT compared to other fl uids. However, there is 
no agreement to this in literature. In particular, 
in the more advanced stages of CP, the content of 
the ducts can be highly viscous due to the high 
protein content and therefore this also would be 
indistinguishable (Irie et al. 2002).
Dilated major papilla protruding into the duode- �
nal lumen (Fig. 18.40e,f).
This fi nding is as well recognizable in CT, as in 
MR, during the pancreatic enhancement phase, 
before duodenal distension (Procacci et al. 
1999).
Cystic ectasia of the branch ducts. �
Although the branch ducts may also be di-
lated in CP, they do not usually take on a cystic 
morphology.

18.3.3.3 

Role of Pancreatoscopy

Some authors (Nickl et al. 1991; Raijman et al. 
1994) have recently maintained that the use of the 
pancreatoscopy is more effective than ERCP in dif-
ferentiating CP and IPMT. Furthermore, with this 
technique the true extent of the IMPT can be evalu-
ated better and it is also easy to distinguish be-
tween the small parietal proliferations and mucin 
collections (Nickl et al. 1991; Raijman et al. 1994; 
Kaneko et al. 1998).

Hara et al. (2002) propose the combined use of 
the pancreatoscopy and intra-ductal US in the pre-
operatory strategy of IPMT in order to differentiate 
benign and malignant forms.
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19.1 

General Issues

Acute and chronic pancreatitis can develop com-
plications within the fi rst few days or weeks of the 
illness, or be delayed by weeks to months. Acute 
pancreatitis can lead to peripancreatic fl uid col-
lections, which then may resolve, or organize into 
cystic fl uid collections. Most fl uid collections that 
have organized into pseudocysts will spontaneously 
resolve over time, they are typically followed by se-
rial CT scans to prove resolution. Some cysts may 
not resolve, or may even increase in size, and re-
quire intervention. A subset of these non-resolving 
pseudocysts may be amenable to endoscopic man-
agement.

Biliary obstruction also may occur with acute 
or chronic pancreatitis. Early in the course of acute 
pancreatitis, pancreatic head infl ammation can lead 
to a temporary biliary stenosis. A subtype of acute 
pancreatitis called “groove pancreatitis” can occur 
in the groove between the duodenum and pancre-
atic head and can lead to biliary and even duodenal 
obstruction (Balakrishnan et al. 2007). Later in 
the course of an acute episode of pancreatitis, bil-
iary obstruction may be related to a pseudocyst in 
the head of the pancreas. Vigilance must be main-
tained in cases of biliary obstruction that arise after 
acute pancreatitis, because some of these cases may 
turn out to be a pancreatic neoplasm that presents 
initially with acute pancreatitis and then later with 
biliary obstruction.

The role of endoscopic retrograde pancreatog-
raphy (ERCP) in the management of chronic pan-
creatitis and pancreatic strictures is discussed else-
where in this issue (Chap. 13). The role of ERCP in 
the initial management of acute pancreatitis is also 
covered elsewhere.
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19.2 

Biliary Obstruction in 

Acute and Chronic Pancreatitis

Biliary obstruction can occur in the setting of chronic 
pancreatitis. Cholangiography reveals a smooth dis-
tal bile duct stricture as it passes through the pan-
creatic head (Fig. 19.1). Most of these strictures only 
mildly elevate the serum alkaline phosphatase, but 
jaundice can occur in a minority of patients. Because 
of the risk of cholangitis or secondary biliary cir-
rhosis, patients with jaundice are typically referred 
for biliary drainage.

Successful biliary drainage is rather easily ac-
complished with endoscopic methods of plastic 
stent placement. However, permanent resolution of 
the biliary strictures of chronic pancreatitis is not 
easily accomplished with a standard approach to 
endoscopic stent placement. While benign biliary 
strictures due to other causes can be typically re-
solved with a regimen of stent changes over a period 
of months, this does not seem to be the case with 
biliary strictures due to chronic pancreatitis.

Smits et al. (1996) carried out a retrospective 
review of 58 patients with chronic pancreatitis and 
biliary stricture who received endoscopic insertion 
of a plastic 10-Fr biliary endoprosthesis. About 80% 
of the patients were jaundiced, with the remainder 

having persistent cholestasis without jaundice. The 
majority (71%) had calcifi c pancreatitis. The patients 
underwent repeat ERCPs every 3–9 months. Patients 
underwent a median of three ERCPs over the follow-
up period (median 14 months).

All patients had relief of jaundice or cholestasis 
from the stent placement. There was a 9% compli-
cation rate associated with the procedure. The tem-
porary stent placement resulted in regression of 
the stricture in 28%. However, 37 out of 58 patients 
(64%) had stent related complications, mainly due to 
stent clogging. A total of 28% of the patients eventu-
ally underwent surgical drainage procedures.

Kahl et al. (2003) analyzed reasons for failure of 
biliary stenting to resolve benign biliary strictures 
in chronic pancreatitis. The presence of calcifi ca-
tions in the head of the pancreas was predictive of 
a poor response. Only 8% of the patients with this 
fi nding showed resolution of the common bile duct 
(CBD) stricture even after 1 year of serial stenting, 
compared to 59% stricture resolution in the absence 
of head calcifi cations.

Similar results were demonstrated by Draganov 
et al. (2002) in a review of their experience with re-
tention of two or three 10-Fr biliary stents over a 
period of about 1 year to try to achieve permanent 
dilation of benign biliary strictures. Their series of 
29 patients included nine with biliary strictures due 
to chronic pancreatitis (three were noncalcifi c and 

Fig. 19.1a,b. Distal common bile duct stricture from chronic pancreatitis. ERCP images from two different patients illustrate 
common bile duct strictures secondary to chronic pancreatitis. The appearance can be indistinguishable from a malignant 
biliary stricture due to a pancreatic or primary biliary neoplasm

a b
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six were calcifi c). The two stents were inserted dur-
ing two ERCP procedures done 12 weeks apart. Of 
the patients with chronic pancreatitis, only one out 
of the six with calcifi c pancreatitis had resolution of 
the stricture after prolonged stenting, whereas all 
three with non-calcifi c pancreatitis responded to the 
prolonged stenting.

Catalano et al. (1995) looked at the benefi t of 
placement of several simultaneous stents in patients 
with CBD strictures from chronic pancreatitis. They 
compared patients managed with a single 10-Fr 
stent, to patients treated with multiple 10-Fr stents 
in place. All patients had stent exchanges every 3–6 
months. Of the patients, 12 had additional stents 
placed at 3-month intervals (eight patients had 
four stents, and four patients had fi ve stents). Fol-
low-up was carried out over approximately 4 years. 
After the treatment period (mean of 14 months), 
there was improvement of the biliary stenosis from 
1.0 to 3.0 mm in diameter.

Because of the promising results of multiple stent-
ing, several investigators looked at the feasibility of 
using self-expanding metal stents (SEMS) for the 
treatment of CBD stenosis in chronic pancreatitis. 
Eickhoff et al. (2003) found good initial response 
to the SEMS, but stent dysfunction occurred in two-
thirds of patients, necessitating additional endo-
scopic procedures. Since SEMS are not removable, 
this may necessitate surgical therapy. Partially cov-
ered SEMS have also been investigated (Cantu et al. 
2005). Similar results were found: initial improve-
ment in cholestasis was good, and stent patency at 
1 year was 100% in 14 patients. However, stent pat-
ency at 2 years and 3 years was only 40% and 37.5%, 
respectively, and necessitated retreatment. Slightly 
better results with SEMS were found by van Berkel 
et al. (2004). A total of 13 patients received SEMS, 
and were followed for a mean length of 50 months. 
Nine patients (69%) were adequately treated, al-
though three patients needed a second SEMS placed 
within the fi rst, and one patient needed the SEMS 
cleaned out endoscopically. SEMS occluded early in 
three patients, and there was a stent migration in 
one.

More recently, fully covered and “removable” 
SEMS have become available. The goals of using 
such a device would be large diameter dilation for 
a prolonged period, followed by successful endo-
prosthesis removal. Cahen et al. (2008) looked at 
the feasibility of using such a stent in this clinical 
scenario in six patients. In all cases, the stents were 
successfully placed. The fully covered SEMS could 

be removed in only four out of six of the cases. All of 
these patients achieved stricture resolution. A recur-
rent stenosis occurred in one patient. Proximal stent 
migration occurred in two patients. The authors 
correctly conclude that before fully covered SEMS 
can become an acceptable treatment option for be-
nign CBD strictures, removability must be proven, 
and other design modifi cations instituted. 

Taken together, these studies and others suggest 
that biliary stenting, while technically quite feasible 
and highly successful at resolving jaundice, neces-
sitates repeated procedures and exposure of the 
patient to bacterial cholangitis from clogged stents. 
It is reasonable to initially manage the stricture 
with multiple plastic endoprostheses for perhaps 
6 months to 1 year. Investigation continues for the 
use of fully covered metal stents that are removable. 
After the period of stenting, the stricture can be re-
evaluated for resolution. If there is non-resolution 
(which is likely to be the case for most patients with 
calcifi c pancreatitis), or if the patient requires ad-
ditional pancreatic surgery (for example, for pain 
management due to an obstructed pancreatic duct), 
surgical drainage should be performed if the patient 
is otherwise a good surgical candidate.

19.3 

Pancreatic Pseudocysts

Pancreatic pseudocysts that are symptomatic or in-
creasing in size should be treated. Biliary or bowel 
obstructions from a pseudocyst are complications 
that also dictate therapy. Some complications of 
pseudocysts, including infection or hemorrhage 
need intervention, but endoscopic management is 
usually not possible. The standard therapy for man-
agement of symptomatic or persistent pseudocysts 
has been surgical drainage of the cyst. In cases of 
pseudocyst associated with chronic pancreati-
tis (Fig. 19.2) and a dilated main pancreatic duct, 
many surgeons have added a lateral pancreatico-
jejunostomy (the so-called “Puestow” procedure) to 
the surgical management, in an attempt to reduce 
pseudocyst recurrence.

With advances in percutaneous radiologic access 
techniques, percutaneous drainage of pseudocysts 
became a more widely used technique in lieu of sur-
gical drainage. It was established early that aspira-
tion alone was often insuffi cient for complete resolu-
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tion; in addition, it had an unacceptable incidence of 
complications, including infection and cyst leakage. 
Placement of a percutaneous drain into a pseudocyst 
is still occasionally done, mainly as a temporizing 
intervention in selected cases (infected cyst, or im-
mature cyst wall). Complications include introduc-
tion of infection, rupture of the cyst, and develop-
ment of persistent pancreatic fi stula.

Endoscopic transmural drainage of pseudocysts 
was fi rst described by Rogers et al. in 1975. Following 
this initial experience, many groups have described 
case series of pseudocysts treated by endoscopic 
drainage. Endoscopic drainage does take special 
expertise, and should be carried out only by experi-
enced pancreatico-biliary endoscopists. However, it 
appears that endoscopic drainage has a defi nite role 
in the management of selected pseudocysts.

19.3.1 

Endoscopic Transmural Drainage – Candidates

To be amenable for endoscopic drainage, the pan-
creatic pseudocyst should have a “mature” wall and 
be in close apposition to the stomach or duodenum. 
A recent pre-procedure CT scan is mandatory. The 
cyst should in general not be loculated or septated, 
since this procedure may not completely accomplish 
drainage. 

A visible bulge of the pseudocyst against the wall 
is generally favored if no endoscopic ultrasound 

(EUS) guidance is going to be used. However, EUS 
guidance is being used more frequently to help guide 
suitable puncture sites. The linear EUS system can 
fi nd a suitably “thin” part of the pseudocyst wall. 
Most advanced endoscopists prefer that the wall has 
a thickness of less than 1 cm in the region of pro-
posed cyst puncture. Using the Doppler capability 
of the linear EUS allows identifi cation of intervening 
gastric wall vessels that should be avoided with the 
cyst puncture. This is a particularly important in 
some cases of chronic pancreatitis, in which splenic 
vein thrombosis can lead to collateral veins in a per-
igastric and periduodenal location.

EUS-guided cyst puncture can be accomplished 
through the EUS endoscope. A linear echoendoscope 
with a larger channel is available (GF-UCT160-OL5, 
Olympus Medical, Center Valley, PA, or FG38 UX, 
Pentax Medical, Montvale, NJ) to allow for pas-
sage of larger drainage stents (10 Fr) into the cyst. 
Most EUS units will not have this echoendoscope, 
however. A recently developed prototype front-
viewing curvilinear echoendoscope has been used 
in seven patients (Voermans et al. 2007). It appears 
to have some advantages in regard to ease of stent 
passage into the cyst that is being drained. This is 
because the cyst can be approached en-face rather 
than tangentially, giving better “pushability” of the 
accessories that are being introduced into the cyst. 
This device has received 501(k) FDA clearance, but 
is still in the prototype stages, and is not available 
outside of centers with an ongoing research proto-
col.

Biliary or duodenal obstruction by the pseudocyst 
is not a contraindication for endoscopic cyst drain-
age. Signifi cant coagulopathy should be corrected 
prior to the procedure. Prophylactic antibiotics are 
typically given. Notifi cation of a surgical team prior 
to the procedure should be considered, since some 
complications of the procedure may require emer-
gent surgical management.

19.3.2 

Endoscopic Pseudocyst Drainage – Technique

Review of the CT scan will give a preliminary 
identifi cation of a cyst that may be a candidate for 
transmural drainage. Pre-procedure antibiotics 
are strongly recommended, as their use seems to 
decrease the incidence of infective complications. 
The patient is brought into the fl uoroscopy unit and 
sedated in the usual manner for an ERCP or EUS 

Fig. 19.2. Chronic pancreatitis with pseudocyst: multiple 
pseudocysts are seen, with the largest being at the pancreatic 
tail. Coarse calcifi cations are noted in the pancreatic paren-
chyma, indicative of chronic pancreatitis
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(moderate sedation with benzodiazepine and opiate 
or equivalent). In some cases, there is an advantage 
to positioning the patient in decubitus or supine 
position rather than the typical prone position of 
ERCP. This is because the anterior gastric wall is 
compressed when the patient is prone, and in some 
cases can interfere with identifi cation of a gastric 
bulge. A front-viewing endoscope is often used ini-
tially to assess the location of the bulging pseudocyst 
(Fig. 19.3). The actual cyst drainage can be done with 
a front-viewing or side-viewing endoscope, depend-
ing on which gives the most en-face approach to the 
proposed point of puncture. 

In cases where EUS guidance is used, puncture 
can be accomplished through the EUS endoscope 
(Fig. 19.4). It should be remembered that this will 
limit the diameter of the stent that can be placed 
to 7 Fr. EUS may lead to safer endoscopic cysto-en-
terostomy by allowing the endoscopist to select the 
best point of puncture by avoiding intervening ves-

sels and decreasing the risk of bleeding, particularly 
in cases of portal hypertension. A visible “bulge” 
of the pseudocyst should be present if endoscopic 
drainage alone (that is, without EUS guidance) is go-
ing to be pursued. An alternative approach that has 
been described is the initial use of EUS to identify a 
suitable puncture site, followed by “marking” of the 
proposed site, for example, with a biopsy forceps. 
Then, a duodenoscope is used to initiate the endo-
scopically created fi stula.

At the selected point of puncture, a “needle-
knife” sphincterotome or a special instrument with 
a 0.038” cautery wire (Cystotome, Cook Medical, 
Winston-Salem, NC) is used with cautery to liter-
ally burn a hole through the gastric or duodenal 
wall and into the cyst cavity. The catheter portion 
of the needle-knife is then advanced into the cyst. 
Contrast can be instilled and observed fl uoroscopi-
cally to confi rm entry into the cyst. A hydrophilic 
guidewire can then be introduced which can be seen 

Fig. 19.3 a–f. Endoscopic trans-gastric drainage of pancreatic pseudocyst. a A mid-body pancreatic pseudocyst is seen on 
the CT. b Endoscopy shows a visible bulge into the gastric lumen. c This is punctured with a needle-knife sphincterotome, 
and a guidewire placed into the cyst. d The fi stula that is made is then dilated with a hydrostatic dilation balloon. e After 
removal of the balloon, a brisk fl ow of cyst contents can be seen coming through the enlarged fi stula. f The fi rst stent is 
inserted, usually followed by one or more additional stents

a

b c

fed



376 D. L. Diehl

Fig. 19.4a–f. EUS-guided pseudocyst drainage. a On CT, a pseudocyst is apparent in the region of the pancreatic tail. b EUS 
imaging shows the cyst with some layering debris, but no large pieces of solid material. c The echoendoscope is positioned 
against the pseudocyst, and an EUS needle is used for initial cyst puncture. d A guidewire is coiled into the cyst. e The 
dilation balloon is used to enlarge the fi stula; note the “waist” on the dilation balloon. f Three double pigtail stents are 
inserted into the cyst, across the gastric wall
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to coil within the cyst. An 8- to 12-mm hydrostatic 
balloon is used to expand the fi stula. 

Creation of the cyst-enterostomy can also be done 
without use of a needle-knife access device. In this 
case, an EUS needle is used to puncture the cyst un-
der EUS control. After puncture, the stylet of the 
EUS needle is removed, and a guidewire inserted 
into the cyst as described above. Use of a 19-gauge 
EUS needle allows insertion of a 0.035” guidewire; 
the 22-gauge needle requires a 0.025” guidewire. A 
biliary-type dilator is used to enlarge the opening,.
Finally further dilation is achieved with the hydro-
static balloon. 

After balloon expansion of the enterocystic fi s-
tula, one or more plastic biliary-type stents (usually 
double-pigtail) are placed to allow drainage from the 
cyst to the lumen. Double pigtail stents are less likely 
to migrate, and are probably better than straight 
stents (Cahen et al. 2005). If the cyst contents are 
thick or highly particulate, the inserted stents can 
rapidly clog and cyst infection can occur. In these 
situations, it is often recommended that a nasocys-
tic drain be inserted along with the double-pigtail 
drains (Baron 2007). The nasocystic drain can be 
irrigated on a regular basis. Daily or twice-daily ir-
rigation through the nasocystic tube will facilitate 
drainage and cyst resolution.

Initial studies described endoscopic removal of 
the stents 2 weeks after documented resolution of 
the pseudocyst. The rationale for this practice was 
subjected to a prospective randomized review by 
Arvanitakis et al. (2007). Their data suggest that 
early removal of the pseudocyst stents leads to a 
higher rate of pseudocyst recurrence; these authors 
suggested leaving the stents in place. There was no 
increased rate of complication, such as cyst infec-
tion. In some cases, the stents can stay in for a pro-
longed period of time (in this study, beyond 2 years 
of follow-up). In about a third of patients, pseudo-
cyst stents will extrude on their own. In summary, it 
seems reasonable to leave pseudocyst stents in place 
indefi nitely.

Non-bulging pseudocysts can also be treated en-
doscopically (Cortes et al. 2002). Of 34 non-bulging 
fl uid collections, 18 cystostomies were performed 
with fl uoroscopy alone, and 14 were drained by EUS 
together with fl uoroscopy (there were two unsuccess-
ful attempts). Fockens et al. (1997) reported on their 
experience of drainage of bulging and non-bulging 
pseudocysts. In their series, a prominent bulge was 
approached by endoscopy and fl uoroscopy, while 
EUS was used in cases without endoscopic bulge.

19.3.3 

Transpapillary Drainage of Pseudocysts

If a communication can be demonstrated between 
the cyst and the main pancreatic duct, then trans-
papillary drainage may be adequate to allow resolu-
tion of the pseudocyst. In this technique, a pancre-
atic stent is placed through the papilla, and bridges 
the defect in the pancreatic duct (Fig. 19.5). Some 
endoscopists favor placing the stent into the cyst 
itself. The stent allows pancreatic juice to be redi-
rected into the duodenum instead of refi lling the 
cyst. In some patients, additional pancreatic endo-
therapy may be required, such as pancreatic sphinc-
terotomy, pancreatic stone extraction, or pancreatic 
ductal stricture dilation.

Multiple pancreatic cysts have also been treated 
with transpapillary drainage. Bhasin et al. (2006) 
used a nasopancreatic drain (5 Fr or 7 Fr) to bridge 
pancreatic ductal disruption in a series of 11 pa-
tients. Technical success was achieved in 10/11. 
Initial nasopancreatic drains were then changed to 
pancreatic stents. Complete resolution was seen in 
4–8 weeks in cases of partial ductal disruption that 
could be bridged by the drain. In cases of complete 
ductal disruption, surgery was required for manage-
ment of the pseudocyst.

19.3.4 

Outcomes of Endoscopic Drainage

Several groups have performed endoscopic cyst 
drainage on large numbers of patients, and there 
is long-term follow up data available (Table 19.1). 
In general, the results are fairly uniform, with 
a high degree of initial technical success (usu-
ally 80%–90%), an acceptable complication rate 
(3%–24%), and a low but apparently irreducible 
recurrence rate (9%–24%). Much of the recent lit-
erature has examined outcomes of EUS-guided 
versus non-EUS-guided drainage. Kahaleh et 
al. (2006) retrospectively looked at the outcomes 
of 99 patients undergoing endoscopic pseudocyst 
drainage. Patients with visible endoscopic bulge 
and without portal hypertension (n=53) underwent 
direct endoscopic drainage without EUS. All of the 
other patients (n=46) had EUS-guided drainage. 
No difference between these groups was noted in 
complications (18% with endoscopic vs 19% with 
EUS-guided techniques), immediate success, or 
recurrence rate. 
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Varadarajulu et al. (2008) prospectively ran-
domized 30 patients to EUS- versus esophagogas-
troduodenoscopy (EGD)-directed transmural 
drainage. This group found technical success in 
100% of EUS-directed drainages, versus only 33% in 
the EGD group. In addition, bleeding complications 
(one fatal) occurred in two patients, both in the EGD 
group

19.3.5 

Complications of 

Endoscopic Pseudocyst Drainage 

Complications of endoscopic pseudocyst drainage 
include bleeding, perforation, and infection. Bleed-
ing in earlier series occurred when a regular sphinc-
terotome was used to expand the initial fi stula; the 

Fig. 19.5a–d. Transpapillary pseudocyst drainage. a CT shows two large fl uid collections. The large fl uid collection near 
the pancreatic tail was drained percutaneously. b Pancreatogram shows a dilated and irregular pancreatic duct with fi lling 
defects. Two areas of ductal disruption are evident in the head and neck of the pancreas. A guidewire has been advanced to 
the tail of the pancreas. An external drain which is draining the tail collection is visible. c A long pancreatic duct stent is 
placed. d After removal of the pancreatic stent 1 month later, the ductal disruptions are no longer present, and there is no 
pseudocyst fi lling. Typical ductal changes of chronic pancreatitis are evident
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current practice of expanding the fi stula with a di-
lating balloon without further cutting has served to 
greatly lower intraprocedural bleeding. EUS guid-
ance can be helpful to avoid intervening blood ves-
sels between the cyst and stomach or duodenal wall, 
but may not be strictly necessary in the absence 
of portal hypertension. Perforation is rare, but can 
happen when the cyst is not fi rmly adherent to the 
wall of the stomach or duodenum, and “falls away” 
after some of the cyst contents have drained out. 
This may result in cyst contents or gastric/intestinal 
contents spilling into the peritoneum with result-
ing chemical or infected peritonitis. Alternatively, 
pneumoperitoneum may occur, which also usually 
requires surgical repair.

Infectious complications typically occur as a re-
sult of stent clogging which is why multiple stents 
are typically used. Double pigtail stents are far less 
likely to migrate into or out of the cyst as compared 
to straight stents. Although 10-Fr stents will stay 
patent longer than 7 French stents, they cannot be 
placed through a standard linear echoendoscope. 
Self-expanding metallic stents which can maintain 
patency of the endoscopically created cystoenteric 
fi stula are under development, but are not currently 
available. The other factor that can promote stent 

clogging is the presence of a large amount of debris 
within a pseudocyst. This may actually be a con-
traindication to endoscopic cystenterostomy. 

19.3.6 

Recurrence After 

Endoscopic Pseudocyst Drainage

A subgroup of patients undergoing endoscopic 
cystenterostomy will have recurrence of the cyst. 
This appears to be irrespective of drainage tech-
nique (EUS versus no EUS guidance), and is between 
6% and 27%. These recurrences are due to “down-
stream” anatomic issues with the pancreatic duct. It 
has been borne out by clinical experience that down-
stream obstruction of the pancreatic duct, either by 
strictures or by intraductal pancreatic stones, will 
lead to recurrence. A large communication between 
the pancreatic duct and the pseudocyst may also be 
indicative of cases which may not respond to endo-
scopic therapy. Nealon and Walser (2002, 2005) 
described seven subtypes of pancreatic pseudocysts 
depending on whether there is or is not commu-
nication with the main duct, and on the presence 
of pancreatic ductal changes (strictures or chronic 
pancreatitis). Recurrence is highest in those cysts 
that are associated with communication and down-
stream pancreatic ductal stricture. In some cases of 
extensive necrosis of the body of the pancreas, a “dis-
connected pancreatic tail” can remain (Fig. 19.6.). In 
these cases, recurrence after endoscopic drainage is 
high (Deviere and Antaki 2008).

Rarely, a cystic lesion strongly resembles a 
pseudocyst, but is actually a cystic neoplasm. These 
lesions would of course not be expected to resolve. 
Sending a sample of cyst fl uid for CEA has been rec-
ommended to rule out this possibility.

19.4 

Endoscopic Management of 

Other Pancreatic Fluid Collections

Techniques that are used for drainage of pancreatic 
pseudocysts have also been used to drain other peri-
pancreatic fl uid collections. These include organized 
pancreatic necrosis and pancreatic abscesses. It has 
also been used for endoscopic pancreatic necrosec-
tomy. Baron et al. (2002) carried out a retrospective 

Table 19.1. Endoscopic management of pancreatic pseudo-
cysts (includes transpapillary drainage and transmural drain-
age into stomach or duodenum)

Ref Initial 
success

Complica-
tions

Resur-
rence

Cremer et al. 1989 32/33(97%)  6%  9%

Smits et al. 1995 24/37 (65%) 16% 12.5%

Barthet et al. 1995 26/30 (87%) 13% 27%

Binmoeller et al. 1995 50/53 (94%) 12% 22%

Catalano et al. 1995 17/21 (81%)  5%  6%

Beckingham 
et al. 1999

24/34 (71%) – 38%

Venu et al. 2000 20/22 (90%)  5% 74%

Giovannini et al. 2001 31/35 
(88.5%)

 3% 8.5%

Norton et al. 2001 13/17 (76%) 14% 15%

Sanchez-Cortes 
et al. 2002

32/34 (94%)  8%  3%

DePalma et al. 2002 43/49 (88%) 24.5% 24.5%

Sharma et al. 2002 32/33 (97%) 15% 15%

Cahen et al. 2005 89/92 (97%) 34% 29%

Hookey et al. 2006 – 11% 12%

Kahaleh et al. 2006 92%   (93%) 18% 18%  

Lopes et al. 2007 48/51 (94%) 17% 18%

Barthet et al. 2008 49/50 (98%) 18%  4%
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review of their experience with 138 cases, includ-
ing 31 acute pseudocysts, 64 chronic pseudocysts, 
and 43 cases of pancreatic necrosis. Drainage of 
pancreatic necrosis was associated with the highest 
complication rate (37%), the lowest percentage of 
successful resolution (72%), and the highest rate of 
recurrence (29%).

Pancreatic abscesses may be drained, if the anat-
omy is favorable (Venu et al. 2000). Successful out-
come may require multiple procedures, placement 
of nasopancreatic drains, and intracavitary instil-
lation of antibiotics. More recently, a technique has 
been described in which, after an EUS-guided fi stula 
into the infected necrotic area has been made, an en-
doscope is used to access the interior of the cavity.
Endoscopic accessories, including snares and bas-
kets, are then used to debride the interior and walls 
of the cavity (Charnley et al. 2006; Seewald et al. 
2006). The results of this technique are encouraging, 
and appear to be safe. The major drawback is the 
need for multiple procedures, sometimes repeated 
daily.

19.4.1 

Endoscopic Management of 

Pancreatic Duct Leaks 

In some cases, pancreatic duct disruption does 
not lead to pseudocyst formation, but to persistent 
pancreatic duct leaks. These may lead to spillage of 
pancreatic juice into the peritoneal cavity (“pan-

creatic ascites”), which is diagnosed by high amy-
lase content in peritoneal fl uid. Pancreatic fl uid can 
also track into the pleural space, leading to high 
amylase pleural effusion. Post-operative pancreatic 
duct leaks are not rare. While most resolve with 
conservative therapy, some will result in persistent 
pancreatico-cutaneous fi stulae or in continued high 
output of amylase-rich fl uid from surgical drains. 
Similar leaks can be the result of post-traumatic 
pancreatic injury.

Pancreatic stenting for PD leaks and fi stulae has 
been found to be highly useful. In some cases down-
stream pancreatic duct strictures can be found that 
are “driving” the fi stula. These will need to be ad-
dressed if long-term success is to be achieved. The 
reader is referred to Chap. 13 for details on tech-
niques and equipment for pancreatic duct stenting.

Kozarek et al. (1997) described a series of nine 
patients with pancreatic duct leaks from a variety 
of causes including two post-operative cases. All 
had failed other management. Eight of nine cases 
resolved with transpapillary stenting. Bridging of 
the leak point was not necessary to effect closure of 
the leak. Cicek et al. (2006) retrospectively looked 
at 28 cases of leak, including four cases of pancreatic 
ascites. Pancreatic stents were successful in closing 
94% of leaks from partial or side branch ductal dis-
ruption. Complete ductal disruption responded in 
only one of fi ve cases.

In a series of 16 consecutive patients with post-
surgical pancreatic fi stulas, Costamagna et al. 
(2001) attempted nasopancreatic drain placement 

Fig. 19.6. Pseudocyst with discon-
nected pancreatic tail. A large mid-
body pseudocyst is seen. A large sec-
tion of pancreatic tail is still present, 
with a dilated pancreatic duct within 
it. This situation is associated with a 
high frequency of cyst recurrence after 
transmural drainage



  The Role of Endoscopy in Acute and Chronic Pancreatitis 381

(or pancreatic stent in one case) to aid in fi stula clo-
sure. Placement of the drain was possible in 12 (tech-
nical success of 75%). In all of these patients, fi stulas 
closed in a mean time of 8.8 days, and there were no 
recurrences after a mean follow-up of 25 months.

19.5 

Conclusions

Endotherapy for chronic pancreatitis and its com-
plications has made considerable progress over the 
past 20 years. Careful case selection appears to be 
able to lead to better outcomes in terms of clinical 
resolution. Several leading endoscopy centers have 
pushed the envelope on what can be accomplished 
through the endoscope. The addition of EUS is a 
major advance in the management of pseudocysts. 
As therapeutic endoscopists become more “adven-
turous,” pancreatic problems that were once thought 
to be off-limits to endoscopic therapy have become 
“fair game.” Clearly, there are clinical situations in 
which surgical management will remain the best 
choice. There are other situations in which endo-
scopic management is feasible, but probably not 
the most effi cient treatment given the number of 
repeat ERCPs and possible extracorporeal shock 
wave lithotripsy sessions that may be necessary to 
achieve a good outcome. Application of the research 
methodology used in the fi eld of outcome research 
will hopefully be able to better defi ne cases which 
are best managed with endotherapy versus the more 
traditional surgical approach.
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20.1 

Introduction and Therapeutic Indications

Chronic pancreatitis (CP) is characterised by the 
progressive destruction of the pancreatic paren-
chyma with coincident replacement by fi brous tis-
sue (Di Magno et al. 1993; Kloeppel and Maillet 
1993). As the disease evolves, clinical manifestations 
and anatomic changes progress forcing an evolv-
ing therapeutic approach, be it surgical or interven-
tional, to these comlex patients (Cavallini et al. 
1998). In recent years, the level of sophistication of 
our knowledge of the epidemiology, etiological fac-
tors, and concurrent increasing availability of new 
therapeutic options has signifi cantly altered our ap-
proach. The following chapter will attempt to reas-
sess the role of surgery for patients with CP.

Clinical and therapeutic decisions are made based 
on: (1) the presence of determined signs and symp-
toms; (2) the natural history of the disease, its physi-
cal impact and effect on the quality of life (QOL) and 
(3) the presence or absence of morphologic altera-
tions that are amenable to surgical intervention.

20.1.1 

Signs and Symptoms

During the course of the disease, the most frequent 
treatment indication is the presence of pain defi ned 
as severe and disabling (Pederzoli et al. 1994). Less 
common indications of treatment are the presence 
of a pseudocyst, biliary tract and/or duodenum in-
volvement and the suspicion of a tumor (Russel 
1998). Infrequent (although compelling) indications 
for rapid treatment include haemorrhage and portal 
hypertension (Seiler et al. 1998), stenosis of the 
colon (Bradley 1982a) and the onset of pancre-
atic ascites, pleural effusion and internal fi stulas 
( Neoptolemos and Winslet 1990). It is evident 
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from the varied spectrum of complications that no 
single or “universal” approach to the disease exists 
and that treatment must be based on other factors. 

20.1.2 

Development of the Disease

The goal of surgical or interventional therapy is to 
improve the patient’s quality of life (Knoefel et al. 
1997). This has lead to the steady increase of mini-
mally invasive (e.g. endoscopic) therapies replacing 
“traditional” surgical treatments (Bassi et al. 1998). 
The two approaches are complementary. Guidelines 
are continually being outlined to help the clinician 
towards an optimal therapeutic choice; however, 
endoscopic approaches will be favored over surgi-
cal when the outcome of treatment is equivalent 
(Binmoeller et al. 1995). Nevertheless, there are 
few controlled short or long term clinical trials that 
have compared the results and impacts of the differ-
ent therapeutic options. Not surprisingly, therapeu-
tic choices are still based on local experience and ex-
pertise rather than on medical evidence. Moreover, 
the absence of a more precise defi nition of a “painful 
and disabling” symptom actually makes compari-
son of inter-institutional experiences considerably 
less reliable. Many scores and/or questionnaires 
have been proposed to attempt to make evaluation 
of pain in CP more “objective” (Beger et al. 1989; 
Knoefel et al. 1997).

20.1.3 

Morphological Aspects Evaluated with Imaging

Further important information to help determine 
which therapeutic choice to adopt can be obtained 
from imaging, especially computed tomography 
(CT) and magnetic resonance (MRI) (Freney 1998). 
Imaging studies have not only contributed substan-
tially to the recognition of the disease and its com-
plications, but have also “added” further disease 
classifi cation and pathogenetic elements. The radi-
ologist can diagnose the illness, and his description 
becomes a guide in choosing the therapy. 

One complication of CP that cross-sectional im-
aging greatly aided in defi ning is the entity of Groove 
pancreatitis. It has been reported that in about 20% 
of CP cases a scarring in the “groove” region (be-
tween the medial duodenal wall and the pancreatic 
head) occurs (Becker and Mischke 1991; Ioth et 

al. 1994). We have observed a distinct entity of cystic 
dystrophy of the duodenal wall as a “subset” of com-
plications occurring in patients with chronic groove 
pancreatitis (Colardelle et al. 1994; Procacci et 
al. 1997; Falconi et al. 2000). 

As of today, however, there is poor correlation be-
tween the imaging fi ndings of dilatation of the pan-
creatic duct and patient symptoms (Nealon et al. 
1988; Nealon and Thompson 1993). In truth, there 
is not enough clinical information at the moment to 
warrant surgical therapy or endoscopic stenting of 
every dilated duct in CP patients. 

20.2 

Clinico-morphologic Correlation and 

Therapeutic Choices

It has been highlighted how the same symptom, for 
example pain, can occur in patients with a wide 
spectrum of morphological alterations to the pan-
creas and how a careful radiological description can 
help the clinician in deciding on the therapy that is 
best tailored to the particular pattern of the disease. 
The aim of this section is to outline the different ap-
proaches to the disease in relation to the symptoms 
and the morphology. 

20.2.1 

Pain

Pain, typically debilitating and overwhelming, is 
the most common clinical manifestation occurring 
during the course of the disease. There are two hy-
potheses offered to explain the source of this pain. 
The fi rst relates the pain to an increase in intraductal 
and/or parenchymal pressure related to diffi culty 
in discharging pancreatic juice in the duodenum 
(Bradley 1982b; Ebbehoj et al. 1984; Ebbehoj 
1993). The second and more recent, however, main-
tains that pain is linked to the release of neurotrans-
mitters into the infl amed mass (Bockmann et al. 
1988). If the clinician believes the fi rst hypothesis, 
he will opt for any therapy that can relieve ductal 
pressure whereas, if the clinician believes the second 
hypothesis, he maintain that this objective can only 
be reached by resection of the part of the gland prin-
cipally involved. What is true is that both theories 
are probably complementary: in fact, the long-term 
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results of both “removers” and “diverters”, in terms 
of patient pain, are practically the same. Beger et 
al. (1989) found that more than two thirds of the pa-
tients they observed had a “mass forming” CP, while, 
in our experience, this ratio is reversed (Pederzoli 
et al. 1994; Falconi et al. 2000). The relation of 
morphologic change to the types and proportions of 
alcohol abuse  has never been investigated. 

To further complicate matters the intensity of the 
pain over the course of the patient’s illness follows 
a “bimodal” pattern (Cavallini et al. 1998). In the 
initial years of the disease the pain gradually inten-
sifi es but then it tends to spontaneously disappear 
once the gland is totally atrophied (Amman et al. 
1984). This aspect makes it particularly diffi cult to 
establish whether the pain relief is directly related to 
surgical intervention or the natural progression of 
the disease (Lankish 1998); however, reports docu-
ment that up to 50% of patients attain pain relief 
from surgical therapy (Talamini et al. 1996). Table 
20.1 summarizes how our surgical therapies for CP 
patients with severe pain are based on specifi c mor-
phologic alterations as defi ned by imaging. 

20.2.1.1 

Pain Associated with Uniform Dilatation of the 

Wirsung Duct 

This condition occurs when the fi brosis directly in-
volves the papilla of Vater. Papillary stenosis leads 
to uniform and progressive dilatation of the main 
duct (chronic obstructive pancreatitis). The stasis 
of the pancreatic juice promotes the formation of 
calculi. These patients can be effectively treated en-
doscopically by stenting the papilla with or without 
lithotripsy, as a fi rst line therapeutic intervention 

(Delhaye et al. 1992; Sauerbruch et al. 1992). 
The published endoscopic series reports good re-
sults, even in the long term (Cremer et al. 1991; 
Binmoeller et al. 1995; Smits et al. 1995). These pa-
tients should be referred to the surgeon only after an 
endoscopic attempt has failed (Bassi et al. 1998).

20.2.1.2 

Pain Associated with 

“Chain-of-Lake” Dilatation of the Wirsung Duct

This is the classical duct morphology associated with 
CP often caused by alcohol abuse. It is character-
ised by the dilatation of the main pancreatic duct 
associated with numerous stenoses, intraductal and 
intraparenchymal calcifi cation. If the pancreatic duct 
is dilatated, with or without enlargement of the pan-
creatic head, the intervention of choice should be one 
of the procedures that is directed at widening the 
pancreatic duct to improve drainage. As opposed to 
simple drainage (as achieved by stenting), these pro-
cedures offer the highest likelihood of relief of intra-
ductal pressure and clearance of intraductal calculi.. 
Pain relief is achieved in more than 80% of cases 
with minimal sacrifi ce of the parenchyma (Izbicki 
et al. 1995). We prefer lateral pancreatico-jejunostomy 
according to Frey (Frey and Smith 1987). This op-
eration provides drainage of the pancreatic duct at 
the head-tail and removal of a small portion of the 
pancreatic head in order to connect, and therefore 
drain, all the Wirsung and Santorini ducts and, at 
the same time, remove that part of the pancreatic 
area that is principally expected to produce neuro-
transmitters. The quantity of the gland removed is 
equal to about 5 g of tissue. An alternative method 
combines partial removal of the pancreatic head and 

Table 20.1. Relationship between radiological fi ndings and type of surgical procedures in the presence of disabling pain 
in CP

Dilatation of the Wirsung duct not limited to the body-tail Pancreaticojejunostomy according to Frey

Stenosis a with dilatation of the Wirsung duct at the tail Pancreaticojejunostomy according to  Partington-Rochelle

Pseudocyst that does not involve the splenic hilum Cysto-jejunostomy\pancreatico-cysto-jejunostomy

Pseudocyst that involves the splenic hilum Left-pancreatectomy

Cystic dystrophy of the duodenal wall PPPD b

Pancreatic head mass PPPD b

Multiple cephalic calcifi cations PPPD b

a Single calculus – cicatricial stenosis post acute severe pancreatitis or trauma
b A classic PD according to Whipple or Longmire-Traverso can be performed
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widespread ductal drainage, the duodenum preserv-
ing pancreatic head resection (DPPHR) (Beger et al. 
1985). Compared to the Frey method, more of the 
head of the pancreas is resected (including part of the 
uncinate process), extending as far as the neck of the 
gland. However, in a prospective randomized clinical 
trial the surgical outcomes are identical although the 
DPPHR had a higher morbidity (Izbicki et al. 1995). 
Successful DPPHR requires pancreatic transection 
in front of the portal vein, which is often diffi cult 
in CP patients. Preservation of the duodenum, part 
of both techniques, is of particular importance. It 
guarantees, in the long-term, better control of glucose 
metabolism (Izbicki et al. 1998).

20.2.1.3 

Pain Asscociated with Segmental Dilatation of the 

Wirsung Duct 

This condition is a late consequence of acute necro-
tizing pancreatitis (ANP). The repairing-scarring 
process results in a stenosis of the main (Wirsung) 
duct leading to upstream dilatation with or without 
ductal casts. A history of a past episode of ANP or of 
a trauma are particularly important to differentiate 
the upstream dilatation resulting from intraductal 
papillary mucinous tumor (IPMT), or even a small 
“strategically located’ neoplasm. If the diagnosis of 
chronic pancreatitis is established, we perform a 
Partington-Rochelle pancreatico-jejunostomy (PJ) 
(Partington and Rochelle 1960) in this select 
group of patients. This involves bivalving the af-
fected Wirsung duct over an approximately 6 cm 
length and creating an anastomosis with an ex-
cluded jejunal Y loop. Mortality and morbidity rates 
are extremely low. Most authors consider a Wirsung 
duct of at least 8 mm as suffi ciently dilatated.

20.2.1.4 

Pain and Groove Pancreatitis 

A scarring in the region of the “groove” between the 
duodenum and the head of the pancreas has been 
described in 20% of CP cases (Becker and Mischke 
1991; Ioth et al. 1994). The reported frequency refl ects 
our experience as well. When the scarring results in 
the coalescence of a cystic collection in this region, 
we have introduced the term cystic dystrophy of the 
duodenal wall (Procacci et al. 1997; Falconi et al. 
2000). The pathogenesis is believed to be related to 
development of acute, and then chronic pancreatitis 
in pancreatic rests embedded in the duodenal wall. 

Alcohol abuse, particularly beer, is found in most 
patients who develop this complication. The portion 
of the pancreatic head between the duodenum later-
ally, and the choledochus medially, is involved, while 
in about 20% of cases, the pancreas appears normal 
(Colardelle et al. 1994). Symptoms of the onset of 
pain are associated with symptoms of gastric outlet 
obstruction alternating with cystic formations in the 
duodenal part that obstruct the lumen. Morphologi-
cally, either a “cystic” variant, requiring differentia-
tion from pseudocyst, or a “solid” variant, requiring 
differentiation from neoplasm, will occur. Generally, 
the head of the pancreas is enlarged by up to three to 
four times its normal size. Surgical treatment requires 
pancreatico-duodenectomy (PD) utilizing, if possible, 
pyloric sparing reconstruction (pylorus-preserving 
pancreatico-duodenectomy; PPPD) (Traverso and 
Longmire 1978). PPPD, compared to the traditional 
Whipple resection (Whipple et al. 1935), decreases 
recovery time and more rapidly improves nutrition 
(Di Carlo et al. 1999). However, local conditions, 
such as an extensive infl ammatory process or adhe-
sions between the pancreatic head and the spleno-
porto-mesenteric vessels, increase surgical morbidity 
and mortality. 

20.2.1.5 

Pain and Suspected Tumor

Imaging differentiation of CP and tumor (Rosch et 
al. 2000), whether ductal carcinoma (Taylor 2003) 
or cystic forms (IPMT), remains diffi cult in indi-
vidual cases (Falconi et al. 2001). The clinical his-
tory of alcohol and additional tobacco abuse should 
heighten suspicion of tumor in an older CP patient 
with recent onset of pain (Talamini et al. 1999a,b). 
CP in and of itself carries a greater risk of pancre-
atic cancer development (Lowenfels et al. 1993; 
Talamini et al. 1999a,b). At operation, the surgeon 
must perform needle aspiration and/or biopsy, even 
opening the main duct (Witz et al. 1989) to exclude 
tumor. If doubt persists, the surgical choice should 
be to assume tumor is present and perform the ap-
propriate resection based on the size and location 
(Smith et al. 1994; Thompson et al. 1994; Bottger 
et al. 1999); lesions in the head of the pancreas are 
treated with PPPD (Kozuscheck et al. 1994). This 
is true even if the fi nal histological examination on 
the resected tissue should confi rm CP (Martin et 
al. 1996). A Frey pancreatico-jejunostomy or DP-
PHR is not optimal in the case of a suspected tumor 
(Izbicki et al. 1995). 
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If there is clinical suspicion of tumor in the body 
or tail of the pancreas, the best intervention is a clas-
sic left-pancreatectomy (LP), removing the body-tail 
of the pancreas and the spleen. In these cases, the 
presence of simultaneous morphologic changes that 
also involve the head (calcifi cations, dilatation of 
the main duct) should prompt performing a pancre-
atico-jejunostomy as well (Puestow and Gillesby 
1958). 

20.2.2 

Pseudocysts

This is a common complication during CP occurring 
in between 10%–20% of patients. The development 
of a pseudocyst is due to acute pancreatic infl am-
mation that leads to rupture in the pancreatic duct 
system and spillage of pancreatic juices into the peri-
toneum. This results in the creation of a pseudo-
wall and consequently the formation of a pseudocyst 
(Pederzoli et al. 1994). Unlike acute pancreatitis, in 
CP the pseudocysts are signifi cantly less frequently 
reabsorbed because they are generally connected to 
the ductal system and cause further complications 
(Yeo et al. 1990). When pseudocysts develop in CP 
patients, there are three possible treatments: percu-
taneous drainage, endoscopic drainage or surgery. 
Percutaneous drainage, given the frequent com-
munication between the pseudocyst and the ductal 
system, should be reserved for infected pseudo-
cysts only (Contasdemir et al. 2003). Endoscopic 
drainage may be taken into consideration for those 
pseudocysts that impinge on the stomach or duode-
num with no other surgical indications (Bassi et al. 
1998; Beckingham et al. 1999). Surgery, however, is 
indicated in those cases where a pseudocyst is not 
accessible to endoscopic approach. If the pseudocyst 
has a readily demonstrable connection with the main 

duct, a cystojejunostomy (CJ) may suffi ce. If it is iso-
lated or if communication is not evident but the Wir-
sung duct is dilatated, it will be necessary to perform 
a pancreo-cysto-jejunostomy (PCJ) (Pederzoli et 
al. 1994). If the pseudocyst involves the spleen or 
if there is clinical suspicion that the mass might in 
fact be a mucinous cystic tumor, optimal surgical 
treatment is to perform a left-pancreatectomy with 
a possible pancreatico-jejunal anastomosis on the 
stump (Prinz 1993; Sawyer and Frey 1994).

20.2.3 

Biliary Obstruction

Biliary obstruction occurs in 10%–30% of CP pa-
tients. The distal common bile duct (CBD) passes 
inside the substance of the head of the pancreas. 
The bile duct becomes stenotic due to progressive 
fi brosis in the surrounding affected parenchyma. An 
obstruction in the main biliary duct rarely presents 
as an isolated symptom of the disease; it is often 
associated with pain or the presence of pseudocysts 
(Falconi et al. 1999). Clinical jaundice does not 
always occur despite the biliary obstruction; how-
ever, an elevation in the serum alkaline phosphatase 
may signal biliary obstruction (Stahl et al. 1998; 
Falconi et al. 1999). Stenosis in CP can be differ-
entiated from neoplasm in that CP induced biliary 
stenosis generally involves the entire intra-pancre-
atic protion of the CBD. 

The surgical procedure is determined by symp-
toms and co-morbidities (Table 20.2). There is no 
problem if the head of the pancreas is to be re-
sected as a choledocho-enterostomy is routinely 
performed. When the cholestasis indexes are al-
tered, any narrowing of the bile ducts should be ad-
dressed. The best intervention is a hepatic or cho-
ledoco-jejunostomy on the same excluded Y-Roux 

Table 20.2. Relationship between radiological fi ndings and type of surgical procedures in the presence of biliary tract 
involvement in CP patients

Dilatation of the choledochus and the Wirsung duct due to 
cephalic calcifi cations

Pancreaticojejunostomy according to Frey or alternatively 
PPPD a

Dilatation of the choledochus and the Wirsung duct due to 
pancreatic head mass

PPPD a

Cystic dystrophy of the duodenal wall PPPD a

Pseudocyst conditioning dilation of the biliary tree Pancreaticojejunostomy or cysto-jejunostomy

a Depending on the anatomical conditions, a PD according to Whipple or Longmire-Traverso can be performed
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jejunal loop used for the pancreatico-jejunostomy 
(Prinz et al. 1985; Sugerman et al. 1986; Warshaw 
1988; Pederzoli et al. 1994). This operation, un-
like a choledo-duodeno-anastomosis, offers the 
advantage of fewer risks of cholangitis in the fol-
low-up from refl ux of foodstuffs in the biliary tract 
(Rothlin et al. 1998). A cholecysto-jejunostomy 
should always be avoided due to the high risk of 
malfunction (Sarfeh et al. 1988). Cholecystectomy 
should always be performed after choledocho-en-
terostomy. In specifi c cases, endoscopic stenting 
can be performed. Stenting is performed for pa-
tients with signifi cant portal hypertension due to 
mesenteric thrombosis, when the biliary tract is 
surrounded by a cavernoma and surgical access 
is not possible (Kahl et al. 2002). Surgery is ulti-
mately defi nitive and avoids multiple procedures 
necessary to replace the stents, improving the QOL 
of these patients.

20.2.4 

Duodenal Obstruction

An isolated duodenal stenosis is also a rare occur-
rence. When it does occur, it is usually associated 
with a cystic dystrophy of the duodenal wall or 
groove pancreatitis (see Sect. 2.1.4). If surgical resec-
tion is not indicated or possible, a bypass procedure 
for the stomach should be considered (Table 20.3). 
Clinical history should be directed at assessing for 
symptoms of gastric outlet obstruction. If in doubt, 
an endoscopic or barium assessment of the stomach 
and duodenum is useful. 

There are several surgical techniques for perform-
ing a digestive by-pass, the most common of which is 
latero-lateral, retrogastric, transmesocholic gastro-
entero-anastomosis (GEA). Gastric transposition 
with pylorus preservation is a possible alternative 

(Falconi et al. 2004). In this intervention, a duo-
denal transection is performed as in PPPD, leaving 
the pancreatic head and carrying out an anastomo-
sis between the remaining duodenal stump with the 
stomach and the fi rst jejunal loop after the Treitz. 
Compared to a traditional GEA, this operation has 
the advantage of avoiding a possible recirculation 
of the food bolus between the duodenum and the 
stomach and of being able to make a possible biliary 
anastomosis on the excluded duodenum, thus re-
ducing the risk of cholangitis (Falconi et al. 2004).

20.3 

Conclusions

Considering the wide range of interventional thera-
peutic options and the different types of operations 
that can be proposed, the radiologist’s role in the 
management of CP patients is crucial in defi ning 
the correct anatomic status of the patient allow-
ing for the choice of the most optimal intervention. 
The results are improved in centers where there is 
a team approach to pancreatic disease. These teams 
are composed of surgeons, gastroenterologists, radi-
ologists, endoscopists and nutritionists. In this way 
either interventional percutaneous or endoscopic or 
surgical management can be assigned based on indi-
vidual patient parameters. If surgical intervention is 
indicated, the choice of procedure should be based 
both on the reasons that have led to the treatment 
indication and the morphological aspects that imag-
ing has brought to light. Increasing reports in the 
literature comparing therapeutic alternatives will 
lead to the rapid abandonment of those techniques 
that can no longer be justifi ed in terms of morbidity 
and therapeutic failure. 

Table 20.3. Relationship between morphological radiological fi ndings and type of surgical procedures in the presence of 
gastrointestinal symptoms

Annular pancreas with stenosis of the duodenum Gastro-entero-anastomosis or gastric transposition a

Cystic dystrophy of the duodenal wall Pancreaticoduodenectomy b

Pseudocyst conditioning delayed gastric and/or duodenal 
discharge

Pancreatico-cysto-jejunostomy,  pancreatico-gastro-
jejunostomy or cysto-jejunostomy

a Depending on the anatomical conditions (see text)
b Depending on the anatomical conditions, a PD according to Whipple or Longmire-Traverso can be performed
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