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Abstract Chronic pancreatitis is characterized by continu-
ing inflammation, destruction, and irreversible morpholog-
ical changes in the pancreatic parenchyma and ductal
anatomy. These changes lead to chronic pain and/or loss
of function. Although these definitions are simple, the
clinical diagnosis of chronic pancreatitis remains difficult to
make, especially for early disease. Routine imaging
modalities such as transabdominal ultrasound and standard
CT scans are insensitive for depicting early disease, and
detect only advanced chronic pancreatitis. Advances in
imaging modalities including CT, MRI with gadolinium
contrast enhancement, MRI with magnetic resonance
cholangiopancreatography (MRI/MRCP), MRI/MRCP with
secretin-stimulation (S-MRCP), endoscopic retrograde
cholangiopancreatography (ERCP), and endoscopic ultra-
sound (EUS) allow earlier diagnosis of chronic pancreatitis.
This article reviews the recognized findings, advantages,
and disadvantages of the various imaging modalities in the
management of chronic pancreatitis, specifically CT, MRI
with or without MRCP and/or S-MRCP, ERCP, and EUS.
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Introduction

Irrespective of its etiology, chronic pancreatitis is
described by irregular fibrosis, destruction, and distortion
of the pancreatic ducts with loss of exocrine and
endocrine parenchyma. The most common cause of
chronic pancreatitis in the western world is alcohol
abuse. Other cited causes include hereditary, tropical,
autoimmune, and idiopathic pancreatitis, the latter ac-
counting for 10% to 30% of cases. Conclusive clinical
diagnosis of chronic pancreatitis is achieved in advanced
disease when exocrine insufficiency occurs and with the
destruction of more than 90% of the gland. In mild
disease and with absence of a true gold standard, the
clinical diagnosis of chronic pancreatitis can be difficult.
In chronic pancreatitis, tissue diagnosis is not commonly
obtained. Unlike the liver and kidney, random pancreas
biopsies are discouraged. The perceived risk of causing
acute pancreatitis or causing other pancreatic complica-
tions such as fistula, pseudocyst, or hemorrhage dis-
courages sampling of pancreatic tissue. Furthermore,
histopathologic specimens are often nonspecific for
chronic inflammation, and may reflect nonrepresentative
sampling in cases of focal rather than diffuse inflamma-
tory gland changes. In addition, normal aging may
induce changes in pancreatic tissue similar to chronic
pancreatitis. For these reasons, the use of histopathology
in the diagnosis of chronic pancreatitis is rarely used
[1, 2, 3]. Various imaging modalities are then being
advocated for the early detection, staging, and manage-
ment of chronic pancreatitis. Earlier detection of chronic
pancreatitis may expedite intervention. In addition to
diagnosis, imaging modalities of the pancreas may be
used to detect severity and complications of the disease.
Screening imaging modalities such as transabdominal
ultrasound and standard abdominal CT scan are insensi-
tive and only detect advanced disease. Newer imaging
modalities such as pancreatic CT protocol with a multi-
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detector CT scanner, MRI with or without magnetic
resonance cholangiopancreatography (MRI/MRCP) and/
or secretin stimulation (S-MRCP), endoscopic retrograde
cholangiopancreatography (ERCP), and endoscopic ultra-
sound (EUS) have improved sensitivity for detection of
early disease, allowing earlier management interventions/
decisions [1].

Computed Tomography

The use of CT in chronic pancreatitis was first reported in
1976 [4]. Now, spiral CT is the most widely used modality
to image inflammatory and neoplastic diseases of the
pancreas [1]. On early noncontrast CT protocols, findings
of chronic pancreatitis were insensitive and nonspecific.
These included calcification, gland atrophy, irregularities in
the pancreatic parenchyma or duct outline, and heteroge-
neity of the composition of the pancreas. These findings
were not helpful in making early management decisions
(endoscopic, surgical, or other) because by the time these
changes were noted, disease was already advanced [5, 6].
In 1983, the ERCP Cambridge criteria were introduced
to aid in the diagnosis of chronic pancreatitis based on
ductal changes. CT was used as an adjunct to the ERCP
criteria by highlighting the parenchymal changes seen with
chronic pancreatitis. The Cambridge classification of 1983
for chronic pancreatitis using ERCP and CT includes the
following [1, 7¢]. Cambridge 1 (normal pancreas): good-
quality study visualizing the whole gland without abnormal
signs and with a main pancreatic duct less than 2 mm in
diameter and no side branch ectasia. Cambridge 2 (equivocal
findings): main pancreatic duct 2—4 mm in diameter, a gland
one to two times normal size, or heterogeneous appearance
of the pancreatic parenchyma with less than three abnormal
side branches (ectasia or clubbing). Cambridge 3 (mild
disease): normal main pancreatic duct with more than three
abnormal side branches. Cambridge 4 (moderate disease):
cyst less than 10 mm, duct irregularity, focal acute necrosis/
pancreatitis, parenchymal heterogeneity, increased echoge-
nicity of the ductal wall (or abnormalities in the main
pancreatic duct), and/or contour irregularity of the pancreatic
head/body along with findings of Cambridge 3. And finally,
Cambridge 5 (severe disease), which includes all of the
changes noted in mild-moderate disease along with one or
more of the following: at least one cyst greater than 10 mm,
intraductal filling defect(s), calculi/pancreatic calcification(s),
duct obstruction/stricture(s), main pancreatic duct dilatation or
irregularity, gross gland enlargement (>2 x normal), and/or
contiguous (diffuse) organ involvement and/or more than
three abnormal side branches. It is important to note that
parenchymal changes associated with advanced chronic
pancreatitis (especially Cambridge 4 and 5) are more readily

seen on CT than on ERCP. Reported sensitivities for the use of
CT in the diagnosis of chronic pancreatitis are 60% up to 95%,
with CT being more sensitive in advanced disease (Cam-
bridge 5). This implies a normal CT is frequently seen in
patients with early chronic pancreatitis (Cambridge 2 and 3).
Parenchymal findings for chronic pancreatitis may also be
seen on transabdominal ultrasound; however, ultrasound is
also insensitive for early disease and is more operator
dependent than CT [1, 7¢].

With further development of CT technology, including
the use of contrast injection and the capture of images pre-
contrast, during the portal venous phase, and during the
arterial phase and with contiguous thin overlapping slices
through the pancreatic bed, the sensitivity for the detection
of chronic pancreatitis and pancreatic cancer has improved.
Chronic pancreatitis exhibits delayed enhancement on CT
because of fibrosis [1]. Moreover, with CT, the main
pancreatic duct is sometimes reportedly dilated on its own
and/or in association with common bile duct dilatation
(double duct sign). One retrospective study showed that in
77 patients with ductal abnormalities on CT, 51 had isolated
main pancreatic duct dilatation, of which 37 (73%) had
chronic pancreatitis and two (4%) had pancreatic carcino-
ma. The 26 remaining patients had double duct dilatation,
of which 15 (58%) had pancreatic carcinoma and three
(12%) had chronic pancreatitis [8].

Minimal literature exists correlating histopathology to
diagnosis of chronic pancreatitis using CT. Kusano et al.
[9] showed that in patients with chronic pancreatitis
diagnosed by contrast-enhanced spiral CT, fibrous stroma
is demonstrable on histopathology; however, the sample
size was small (N=2). In 56 consecutive patients with
documented moderate-severe chronic pancreatitis by his-
tology or ERCP (the gold standard for ductal changes), a
retrospective analysis showed that contrast-enhanced CT
detects the following changes: dilatation of the main
pancreatic duct in 68%, atrophy in 54%, calcifications in
50%, fluid collections in 30%, pancreatic enlargement
in 30%, biliary ductal dilatation in 29%, and alterations in
the peripancreatic fat and fascia in 16%. The findings were
nondiagnostic in 7%.

Non-neoplastic complications of chronic pancreatitis
include pseudocyst(s), arterial pseudoaneurysm(s), splenic
vein thrombosis, and/or biliary obstruction/dilatation [3].
CT has been supplanted by high-quality MRI/MRCP for
evaluating the pancreatic duct and for diagnosing or
detecting the severity of chronic pancreatitis; however, CT
continues to be used for detecting its complications [10ee].
The advantages of CT are availability, and the ability to
scan the entire pancreatic parenchyma with minimal
respiratory artifacts. It is also less costly and less operator
dependent than other modalities (eg, ERCP and EUS). The
disadvantages of CT include ionizing radiation, contrast-
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induced nephropathy, and the inability to perform the test in
patients with an iodine allergy [1, 11]. The differentiation
between pancreatic cancer and focal mass-forming chronic
pancreatitis (a well-known risk factor for pancreatic ductal
adenocarcinoma) remains difficult [1, 5, 12]. Recent ad-
vancement in CT protocols—including targeted triple-phase
contrast-enhanced imaging of the pancreas—improved this
differentiation [13]. Based on available data, one can safely
conclude that CT confidently detects only patient(s) with
severe/advanced chronic pancreatitis [3].

Endoscopic Retrograde Cholangiopancreatography

Most pancreatologists have considered ERCP the gold
standard for the morphological diagnosis and for the staging
of chronic pancreatitis in the absence of histopathology [1]. In
1983, a Cambridge classification was adopted for ERCP
staging of chronic pancreatitis at the international workshop
(see CT section, above). The ERCP classification included
side-branch pathology not previously noted on CT, an earlier
feature of the disease. This classification increased sensitivity
for earlier detection of chronic pancreatitis [1, 3, 7¢]. A
retrospective analysis that included 31 patients with chronic
pancreatitis who underwent ERCP and histopathology
examination after surgical resection demonstrated high
correlation with pathologic specimens using the Cambridge
classification. The ERCP findings and histopathology reports
correlated in 23 (74%) patients, whereas findings did not
associate in eight (26%). The early disease group’s (9 of 31
classified as normal, equivocal, or mild) ERCP findings
correlated with histopathology in six of nine patients (67%).
Patients classified as moderate and marked had a correlation
of 17 of 22 (77%) [14¢]. Early studies also showed greater
than 90% sensitivity and specificity for ERCP in the
diagnosis of chronic pancreatitis; however, many now feel
that these results are overestimated because of the lack of a
gold standard for comparison and because of the population
of patients investigated [15].

ERCP is a useful test for examining pancreatic ductal
changes [3, 11]. It is also useful for the diagnosis of chronic
pancreatitis, and for determining the origin of pseudocysts
and the location of strictures in neoplasms, the former of
which communicate with the main pancreatic duct in 50% of
cases [3, 16]. If a main pancreatic duct stricture is seen in the
setting of chronic pancreatitis, the differential diagnosis
includes malignancy versus benign strictures secondary to
fibrosis. In general, benign strictures are shorter, smoother,
and more symmetrical than those caused by a carcinoma [17].

ERCP is strongly operator dependent and successful
cannulation of the pancreatic duct is only obtained 70% to
91% of the time. ERCP requires sedation, which increases
the risk for cardiopulmonary complications in the setting of
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prolonged (>30 min) small-bowel intubation. It is also
expensive, and invasive with a morbidity rate of 1% to 7%
(eg, post-ERCP pancreatitis) and a mortality rate of 0.2%.
These problems do not occur with the use of MRI-based
techniques because of the lack of direct instrumentation of
the main pancreatic duct and the lack of need for conscious
sedation and/or monitored anesthesia care [1].

Magnetic Resonance Imaging

MRI techniques have made tremendous advances recently
and, given their wide versatility, are rapidly emerging as the
imaging modalities of choice for pancreatic diseases.
Interpretation of MRI images was limited in the past by
artifacts caused by bowel peristalsis, respiratory motion,
and cardiac pulsation. However, with improved technology,
significant improvements have occurred in the length of
time for image acquisition and in the signal-to-noise ratio
[18]. Pancreatic parenchyma can be best evaluated on
noncontrast, T1-weighted, fat-suppressed images and arte-
rial phase postcontrast images. Normal pancreas reveals
high signal on T1-weighted sequences because of abundant
protein (digestive enzymes and hormones) within the gland.
With the use of fat suppression, the contrast between
suppressed retroperitoneal fat and the gland increases,
increasing sensitivity to detect pathology when present.
The pancreatic gland has a rich capillary blood supply;
therefore, in the arterial phase images, an arterial capillary
blush is expected in the normal gland [1, 2+, 18].

The following morphologic changes in the pancreatic
parenchyma occur in early chronic pancreatitis and may be
well visualized with MRI. First, the anteroposterior dimen-
sions of the gland diminish segmentally or diffusely due to
acinar atrophy. Second, the pancreatic signal decreases on
T1-weighted fat suppressed images due to loss of exocrine
capability of the gland. Finally, the perfusion of the
pancreatic gland with gadolinium contrast enhancement is
delayed. Normally, the pancreas peaks arterially with
contrast enhancement and then contrast washes out in a
linear fashion in the subsequent venous phase. Because of
the presence of fibrosis in chronic pancreatitis, capillary
blood flow is impaired and the gland reaches its maximum
enhancement in the venous phases in gradual fashion [19,
20, 21+¢]. With gadolinium contrast enhancement, dy-
namic MRI of the pancreas has a reported 79% sensitivity
and 75% specificity for the detection of chronic pancrea-
titis, a feat that older imaging modalities (CT and trans-
abdominal ultrasound) were poor in achieving [1, 3].

MRCP images are acquired with the use of T2-weighted
images. Fluid has a bright signal on T2-weighted images
and with the suppression of intraabdominal fat, fluid
content of the biliary system becomes more pronounced.
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Thus, standard MRCP images are obtained without intra-
venous or intrabiliary contrast injection. MRCP findings in
chronic pancreatitis include one or more of the following:
biliary and pancreatic ductal dilatation, strictures, irregular-
ities in the main pancreatic duct, sacculation, and/or ectasia
of the secondary (side branches) pancreatic ducts. Modified
MRCP Cambridge criteria for chronic pancreatitis are
Cambridge 1 (normal pancreas), in which the side branches
and main pancreatic ducts are normal. In Cambridge 2
(equivocal findings), dilatation/obstruction of less than
three side branches occurs with a normal main pancreatic
duct. In Cambridge 3 (mild disease) criteria, the ducts
exhibit dilatation/obstruction of greater than three side
branches with a normal main pancreatic duct (Fig. 1).
Cambridge 4 (moderate disease) criteria include Cambridge
3 criteria plus stenosis and dilatation of the main pancreatic
duct. Finally, Cambridge 5 (severe disease) criteria include
Cambridge 3 and 4 criteria plus additional obstructions,
cysts, stenosis of the main pancreatic duct, and calculi [2¢].
Using T1-weighted pancreatic MRI sequences with
contrast enhancement and fat suppression also allows for
detection of pancreatic adenocarcinoma. Pancreatic adeno-
carcinoma appears as a low signal-intensity mass relative to
a normal background parenchyma. This modality also
allows for detection of liver metastases. MRI and CT have
relatively similar accuracies (about 90% to 100%) for the
detection of pancreatic cancer. MRI is superior to CT in
detecting tumor and metastases, whereas contrast-enhanced
CT is superior for detecting vascular involvement [22].
MRI/MRCP findings of chronic pancreatitis (including
pancreatic size, arterial enhancement, and parenchymal
signal) appear to correlate well with exocrine function as
measured by fecal elastase-1, as investigated by Bilgin et al.
[19] in 81 patients with suspected chronic pancreatitis.

Fig. 1 Magnetic resonance cholangiopancreatography image of a patient
with chronic pancreatitis showing multiple side-branch ectasias (>3) of
the pancreatic duct consistent with grade 3 Cambridge classification

Moreover, in a retrospective analysis, exocrine pancreatic
function testing (ePFT) with secretin stimulation during upper
endoscopy of 32 patients also suspected to have chronic
pancreatitis clinically and normal standard imaging (CT or
ultrasound) showed that in 8 of the 23 with normal ePFT, an
abnormal MRI/MRCP was seen. This implies that MRI/
MRCP findings of chronic pancreatitis (whether focal or
diffuse) may be present even with normal ePFT. This is a
testament to the high sensitivity of this imaging modality [19,
20e]. Agreement between MRCP and ERCP was noted in
several studies with regard to ductal narrowing/stricturing of
the main pancreatic duct and its side branches, ductal
dilatation, pseudocysts, and filling defects [3]. MRI was
poor in the detection of calcifications because of their signal
void. Calcifications are more readily seen on CT and/or
ERCP [1, 3, 18]. Finally, MRI/MRCEP is superior to CT in the
detecting complications of chronic pancreatitis, specifically,
pseudocysts, fistula formation (with the peritoneal cavity or
with the pleural space), biliary dilatation (especially distally in
the pancreatic head), and vascular complications (frequently
associated with higher morbidity and mortality) [1].

Diffusion-weighted MR imaging (DWI) is a T2-
weighted modality that assesses the random motion of
protons in water. This modality recently made advance-
ments in pancreatic imaging [23]. In this modality, the
term “apparent diffusion coefficient” (ADC) value is used
to quantify the mean volume diffusion contributions of
intracellular, extracellular, and vascular water protons [23¢].
For instance, in pancreatic cystic lesions, the ADC is high
owing to the large presence of water molecules with
increased diffusion. In chronic pancreatitis, because of the
presence of fibrosis, there is diffusion restriction and the
ADC is low. In most instances, diffusion restriction is not
discernible because the entire gland is homogeneously
fibrotic. When a focal region is involved, the finding is
more prominent. On the other hand, DWI and ADC values
are variable in cancer, allowing for this modality to
differentiate between areas of mass forming focal pancre-
atitis and pancreatic carcinoma. The differentiation between
focal chronic pancreatitis and pancreatic cancer is a
drawback in other imaging modalities (eg, CT, ERCP, or
transabdominal ultrasound) [1, 23e, 24e].

In summary, MRI has several advantages over other
modalities, including increased sensitivity for detection and
characterization of early chronic pancreatitis, differentiation
of focal fatty infiltration of the pancreas from focal
pancreatitis and tumor, characterization of complex peri-
pancreatic fluid collections, characterization of any associ-
ated liver lesions or fluid collections, evaluation of biliary
ductal and pancreatic ductal changes associated with
chronic pancreatitis, lack of ionizing radiation, and rela-
tively safe use in renal impairment and in the setting of an
iodinate contrast allergy [1, 3].
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MRI/MRCP with Secretin Stimulation

Older imaging modalities such as ERCP and CT were limited
in their ability to detect early chronic pancreatitis; however,
advances have been made in evaluation of the ductal
morphology and pancreatic function with the use of secretin
stimulation [3, 18]. In contrast to ERCP, S-MRCP highlights
ductal changes and provides diagnostic information about
pancreatic exocrine function [1]. S-MRCP involves human
secretin given as an intravenous bolus based on body weight
with T2-weighted MRCP sequences taken every 15-30 s for
15 min after the infusion. Secretin is a hormone produced by
S-cells in the small intestine that stimulates the pancreas to
secrete bicarbonate and fluid. This allows improved anatom-
ical delineation of the main pancreatic duct and side branches
and permits assessment of the synthetic capacity of the
exocrine pancreas based on the duodenal filling volume [3,
21ee]. There appears to be good correlation between bicar-
bonate concentration in the duodenum and duodenal filling
volume after secretin-stimulation [24¢]. For exocrine function,
grading of duodenal filling is as follows: grade 0, no fluid is
observed; grade 1, filling is limited to the duodenal bulb;
grade 2, fluid fills to the second duodenum; and grade 3, fluid
fills beyond the second duodenal knee. Decreased exocrine
function is suggested by any duodenal filling grade less than
3. In addition, patients with reduced duodenal filling are 17.6
times more likely to have depressed pancreatic exocrine
function than those patients with normal duodenal filling.

Pancreatic duct compliance (PDC) or the change in the
pancreatic duct diameter before and after secretin stimulation
is also a reliable indirect measure of chronic pancreatitis. An
increase in pancreatic duct diameter is expected with secretin
stimulation. PDC expressed as a percentage of variation of
duct diameter from baseline is reduced in chronic pancreatitis
secondary to fibrosis (32.2%) as compared with normal
controls (66.5%) [1, 3, 21es, 25, 26]. Rapid injection of
secretin gives a secretory peak after 4 min, morphologically
documented by transient dilatation of the main pancreatic
duct. The main duct then returns to baseline after 10 min. In
addition, from 3 min to 9 min after injection, the frequency and
amplitude of contractions of the sphincter of Oddi increase.
Persistent dilatation of the main pancreatic duct for more than
15 min after secretin injection has been reported to indicate
sphincter of Oddi dysfunction and/or early dysfunction in the
distal main pancreatic duct as with chronic pancreatitis [1, 27].
In patients with equivocal CT or transabdominal ultrasound
findings and with clinical suggestion of chronic pancreatitis,
carly disease may be suggested by reduced duodenal filling
and/or diminished pancreatic duct compliance [3].

Estimated pancreatic exocrine function on S-MRCP may
be abnormal in patients with a normal ERCP. Discordance
can be found in 27% of cases. However, follow-up of the
discordant cases has shown evolution to chronic pancreatitis,
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suggesting that this imaging modality may be helpful in the
diagnosis of early chronic pancreatitis [1, 3]. Secretin-
stimulation enhances the diagnostic accuracy of MRCP by
enhanced detection of minor changes in the pancreatic duct,
pancreatic parenchyma, and pancreatic outflow dynamics.
The visualization of the pancreatic duct side branches
improved from 71% to 100% in severe chronic pancreatitis
and from 4% to 63% in mild-moderate disease. Moreover,
92% specificity is reported with S-MRCP for mild chronic
pancreatitis [27]. In 33% of asymptomatic patients with
suspected chronic pancreatitis and with abnormal chemis-
tries, an abnormal S-MRCP was noted. However, the clinical
significance is still unknown because some of these changes
may be attributed to age or may be nonspecific. More
prospective analyses are needed [28].

Endoscopic Ultrasound

Endoscopic ultrasound is a diagnostic test developed in the
1980s for improving imaging of the pancreas and evaluating
patients with chronic pancreatitis. EUS criteria for chronic
pancreatitis can be divided into parenchymal and pancreatic
ductal findings (Table 1) [29+, 30e, 31].

The capability of EUS criteria in diagnosing chronic
pancreatitis was rigorously compared with the ERCP
Cambridge criteria. A prospective analysis in 126 patients
found that EUS sensitivity was greater than 85% and
specificity was less than 60% when fewer than three EUS
criteria were met. However, when more than five criteria
were met, then specificity increased to greater than 85%
[30¢]. In a prospective analysis, Varadarajulu et al. [32¢]
evaluated 21 of 42 patients who underwent pancreatic
surgery and were diagnosed with chronic pancreatitis by
histopathology. CT was nondiagnostic in all patients. EUS
revealed 90.5% sensitivity, 85.7% specificity, and 88.1%
accuracy when more than four EUS criteria for chronic
pancreatitis were met [32¢]. Another retrospective analysis
showed that EUS exhibited features of chronic pancreatitis
in 13 patients who had a nondiagnostic prior CT, MRCP,
and/or ERCP. All patients subsequently had a repeat CT
after the EUS, and all CT scans were diagnostic for chronic
pancreatitis, indicating progression of their disease [33].

Some problems with using EUS criteria to diagnose
chronic pancreatitis include the use of ERCP as the gold
standard for head-to-head comparison when some studies
showed better sensitivity with EUS, implying irreproduc-
ible data. Second, the criteria have variable importance, for
instance, the presence of calcifications is diagnostic without
the presence of any other criteria. More disadvantages
include the need for conscious sedation and/or monitored
anesthesia care, interobserver variability in interpreting
EUS images, operator dependence, and the need for a
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Table 1 Endoscopic ultrasound criteria for the diagnosis of chronic pancreatitis
EUS finding Description Correlation Strength
Parenchymal criteria
Hyperechoic foci with shadowing Length or width >2 mm Calcifications Major A
Lobularity with honeycombing Structures >5 mm with an enhancing None Major B
(>3 contiguous lobules) rim and echo-poor center
Lobularity without honeycombing As above None Minor
Hyperechoic foci without shadowing As above None Minor
Hyperechoic strand(s) Lines >3 mm long in at least two different None Minor
directions with respect to the image plane
Intraparenchymal cyst(s) None None Minor
Ductal criteria
Main pancreatic duct calculi with shadowing None None Major A
Irregular main pancreatic duct/ectatic contour None None Minor
>3 dilated pancreatic duct side branches None Side branch ectasias Minor
Main pancreatic ductal dilatation >4 mm in head, >3.5 mm in body, and None Minor
>1.5 mm in tail
Hyperechoic main pancreatic duct margin Echogenic, distinct structure covering>50% Ductal fibrosis Minor
of entire main pancreatic duct in body and tail
Stricture(s) None None Minor

Findings “consistent” with chronic pancreatitis include: 1 major A criterion plus >3 minor criteria; 1 major A plus 1 major B criterion; and 2
major A criteria. Findings “suggestive” of chronic pancreatitis include: 1 major A criterion plus <3 minor features; 1 major B criterion plus >3
minor criteria; and >5 minor criteria. Findings “indeterminate” for chronic pancreatitis include: 3 or 4 minor criteria; and 1 major B criterion alone

or with <3 minor criteria. “Normal” findings, not suggestive of disease in the pancreas, include < 2 minor criteria

well-trained on-site cytopathologist. These limitations in-
crease the risks and/or costs of the procedure [1, 30°].

Agarwal et al. [34] showed that EUS can differentiate
mass-forming chronic pancreatitis from pancreatic cancer
by EUS with fine needle aspiration (EUS-FNA). In their
retrospective analysis, 110 study patients underwent EUS
or EUS-FNA for abnormal CT or MRI with an enlarged
head of the pancreas or dilated pancreatic duct with or
without dilation of the common bile duct. The study
revealed an accuracy of 99.1% for EUS and/or EUS-FNA
in diagnosing pancreatic neoplasm with a sensitivity of
88.8% and specificity of 100% [34, 35].

Conclusions

Despite advances in imaging modalities, early diagnosis of
chronic pancreatitis remains elusive. CT remains a good study
for complications of chronic pancreatitis and to visualize
pancreatic calcifications in moderate-severe chronic pancrea-
titis. ERCP remains the gold standard for most pancreatolo-
gists for the evaluation of duct morphology and staging of
chronic pancreatitis severity, to which newer modalities are
still compared. EUS is an emerging modality for the
evaluation of chronic pancreatitis but is limited by the need
for endoscopy/sedation with their complications, operator
dependence, lack of assessment of exocrine function, interob-
server variability, and lack of reproducibility of study data.

With EUS-FNA, however, it is possible to differentiate
between focal mass-forming chronic pancreatitis and pancre-
atic cancer. MRI and MRI/MRCP are rapidly emerging as
important tools for the evaluation of parenchymal and ductal
abnormalities for the diagnosis, staging, and evaluation of
complications of chronic pancreatitis. With the addition of
secretin-stimulation and diffusion-weighted imaging sequen-
ces, exocrine function and a capability for differentiating
between focal chronic pancreatitis and cancer are also
respectively assessed, all in a noninvasive, “one-stop” fashion
with good sensitivity in early disease. No other modality offers
such versatility in the early management and possible early
intervention for patients with suspected chronic pancreatitis.

Disclosure No potential conflict of interest relevant to this article
was reported.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

1. Munoz JED: Chronic pancreatitis. In Clinical Pancreatology for
Practicing Gastroenterologists and Surgeons. Edited by Munoz
JED. Malden: Blackwell; 2006:180-253.

@ Springer



120

Curr Gastroenterol Rep (2010) 12:114-120

2.

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

* Balci NC, Bieneman BK, Bilgin M, et al.: Magnetic resonance
imaging in pancreatitis. Top Magn Reson Imaging 2009, 20:25—
30. This is a good review of Tl weighted findings in chronic
pancreatitis.

. Remer EM, Baker ME: Imaging of chronic pancreatitis. Radiol

Clin North Am 2002, 40:1229-1242.

. Haaga JR, Alfidi RJ, Zelch MG, et al.: Computed tomography of

the pancreas. Radiology 1976, 120:589-595.

. Shams J, Stein A, Cooperman AM: Computed tomography for

pancreatic diseases. Surg Clin North Am 2001, 81:283-306.

. Buscail L, Escourrou J, Moreau J: Endoscopic ultrasonography in

chronic pancreatitis: a comparative prospective study with
conventional ultrasonography, computed tomography, and ERCP.
Pancreas 1995, 10:251-257.

. » Banks P: Classification and diagnosis of chronic pancreatitis. J

Gastroenterol 2007, 42(Suppl XVII):148-151. This is a good
summary of the ERCP Cambridge classification for chronic
pancreatitis and its revisions.

. Edge MD, Hoteit M, Patel AP: Clinical significance of main

pancreatic duct dilatation on computed tomography: single and
double duct dilatation. World J Gastroenterol 2007, 13:1701-1705.

. Kusano S, Kaji T, Sugiura Y, et al.: CT demonstration of fibrous

stroma in chronic pancreatitis: pathologic correlation. J Comput
Assist Tomogr 1999, 23:297-300.

*« Kim DH, Pickhardt PJ: Radiologic assessment of acute and
chronic pancreatitis. Surg Clin North Am 2007, 87:1341-1358.
This is an excellent review of currently available imaging
modalities for pancreatic disease in general.

Toprak O, Cirit M: Risk factors for contrast induced nephropathy.
Kidney Blood Press Res 2006, 29:84-93.

. Luetmer PH, Stephens DH, Ward EM: Chronic pancreatitis:

reassessment with current CT. Radiology 1989, 171:353-357.
Yamada Y, Mori H, Matsumoto S, et al.: Pancreatic adenocarci-
noma versus chronic pancreatitis: differentiation with triple-phase
helical CT. Abdom Imaging 2009, in press.

* Vitale JC, Davis VR, Zavaleta C, et al.: Endoscopic retrograde
cholangiopancreatography and histopathology correlation for
chronic pancreatitis. Am Surg 2009, 75:649-653. This is an
important article which investigates the positive histopathologic
correlation of ERCP in chronic pancreatitis.

. Etemad B, Whitcomb DC: Chronic pancreatitis: diagnosis,

classification, and new genetic developments. Gastroenterology
2001, 120:682-707.

Vennes JA, Silvis SE: Introduction to endoscopic retrograde
cholangiopancreatography. In Text and Atlas of Endoscopic
Retrograde Cholangiopancreatography. Edited by Ansel HJ. New
York: Igaku-Shoin; 1995:1-21.

Balthazar E. Pancreatitis. In Textbook of Gastrointestinal Radiology,
vol 2. Edited by Levine M. Philadelphia: WB Saunders; 2000:1767—
1795.

Ly JN, Miller FH: MR imaging of the pancreas: a practical
approach. Radiol Clin North Am 2002, 40:1289-1306.

Bilgin M, Bilgin S, Balci NC, et al.: Magnetic resonance imaging
and magnetic resonance cholangiopancreatography findings com-
pared with fecal elastase-1 measurement for the diagnosis of
chronic pancreatitis. Pancreas 2008, 36:¢33—e39.

e+ Alkaade S, Balci NC, Momtahen AJ et al.: Normal pancreatic
exocrine function does not exclude MRI/MRCP chronic pancreatitis
findings. J Clin Gastroenterol 2008, 42:950-955. This important
article highlights the high sensitivity of MRI/MRCP in the detection
of chronic pancreatitis even in the face of normal exocrine function.
e« Balci NC, Alkaade S, Magas L, et al.: Suspected chronic
pancreatitis with normal MRCP: findings on MRI in correlation

@ Springer

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

with secretin MRCP. J Magn Reson Imaging 2008, 27:125-131.
This article further highlights the increased sensitivity of detection
of early chronic pancreatitis using secretin stimulated MRCP even
in the same of a normal regular MRCP.

Hanbidge AE: Cancer of the pancreas: the best image for early
detection-CT, MRI, PET, or US. Can J Gastroenterol 2002,
16:101-105.

» Balci NC, Perman WH, Saglam S, et al.: Diffusion-weighted
magnetic resonance imaging of the pancreas. Top Magn Reson
Imaging 2009, 20:43—47. This article highlights the ability of
diffusion weighted imaging and MRI in the differentiation between
focal mass forming chronic pancreatitis and pancreatic cancer.

* Fattahi R, Balci NC, Perman WH, et al.: Pancreatic diffusion-
weighted imaging (DWI): comparison between mass-forming
focal pancreatitis (FP), pancreatic cancer (PC), and normal
pancreas. J] Magn Reson Imaging 2009, 29:350-356. This article
highlights the ability of diffusion weighted imaging and MRI in
the differentiation between focal mass-forming chronic pancrea-
titis and pancreatic cancer.

Cappeliez O, Delhaye M, Deviere J, et al.: Chronic pancreatitis:
evaluation of pancreatic exocrine function with MR pancreatog-
raphy after secretin stimulation. Radiology 2000, 215:358-364.
Glaser J, Hogemann B, Krummener L, et al.: Sonographic
imaging of the pancreatic duct. Dig Dis Sci 1987, 32:1075-1081.
Testoni PA, Mariani A, Curioni A, et al.: Pancreatic ductal
abnormalities documented by secretin-enhanced MRCP in asymp-
tomatic subjects with chronic pancreatic hyperenzymemia. Am J
Gastroenterol 2009, 104:1780-1786.

Sainani NI, Conwell DL: Secretin-enhanced MRCP: proceed with
cautious optimism. Am J Gastroenterol 2009, 104:1787-1789.

s Catalano MF, Sahai A, Levy M, et al.: EUS-based criteria for
the diagnosis of chronic pancreatitis: the Rosemont classification.
Gastrointest Endosc 2009, 69:1251-1261. This is an excellent
landmark article summarizing the recent EUS-based criteria for
the diagnosis of chronic pancreatitis.

* Rizk MK, Gerke H: Utility of endoscopic ultrasound in
pancreatitis: a review. World J Gastroenterol 2007, 13:6321—
6326. This article is a good review of EUS criteria for the
diagnosis of chronic pancreatitis.

Sahai AV, Zimmerman M, Aabakken L, et al.: Prospective
assessment of the ability of endoscopic ultrasound to diagnose,
exclude, or establish the severity of chronic pancreatitis found by
endoscopic retrograde cholangiopancreatography. Gastrointest
Endosc 1998, 48:18-25.

* Varadarajulu S, Eltoum I, Tamhane A, et al.: Histopathologic
correlates of noncalcific chronic pancreatitis by EUS: a prospec-
tive tissue characterization study. Gastrointest Endosc 2007,
66:501-509. This article is important because it shows the
positive correlation between histopathology and EUS criteria in
the diagnosis and staging of chronic pancreatitis.

Morris-Stiff G, Webster P, Frost B, et al.: Endoscopic ultrasound
reliably identifies chronic pancreatitis when other imaging
modalities have been non-diagnostic. J Pancreas (Online) 2009,
10:280-283.

Agarwal B, Krishna NB, Labundy JL, et al.: EUS and/or EUS-
guided FNA in patients with CT and/or magnetic resonance
imaging findings of enlarged pancreatic head or dilated pancreatic
duct with or without a dilated common bile duct. Gastrointest
Endosc 2008, 68:237-242.

Krishna NB, Labundy JL, Saripalli S, et al.: Diagnostic value of
EUS-FNA in patients suspected of having pancreatic cancer with
a focal lesion on CT scan/MRI but without obstructive jaundice.
Pancreas 2009, 38:625-630.



	Advanced Imaging of Chronic Pancreatitis
	Abstract
	Introduction
	Computed Tomography
	Endoscopic Retrograde Cholangiopancreatography
	Magnetic Resonance Imaging
	MRI/MRCP with Secretin Stimulation
	Endoscopic Ultrasound
	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


