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Abstract
Magnetic resonance imaging (MRI) techniques for as-
sessment of morphology and function of the pancreas 
have been improved dramatically the recent years and 
MRI is very often used in diagnosing and follow-up of 
chronic pancreatitis (CP) patients. Standard MRI includ-
ing fat-suppressed T1-weighted and T2-weighted imag-
ing techniques reveal decreased signal and glandular 
atrophy of the pancreas in CP. In contrast-enhanced 
MRI of the pancreas in CP the pancreatic signal is usu-
ally reduced and delayed due to decreased perfusion 
as a result of chronic inflammation and fibrosis. Thus, 
morphological changes of the ductal system can be as-
sessed by magnetic resonance cholangiopancreatogra-
phy (MRCP). Furthermore, secretin-stimulated MRCP is 
a valuable technique to evaluate side branch pathology 
and the exocrine function of the pancreas and diffusion 
weighted imaging can be used to quantify both paren-
chymal fibrotic changes and the exocrine function of 
the pancreas. These standard and advanced MRI tech-
niques are supplementary techniques to reveal morpho-

logical and functional changes of the pancreas in CP. 
Recently, spectroscopy has been used for assessment 
of metabolite concentrations in-vivo  in different tissues 
and may have the potential to offer better tissue char-
acterization of the pancreas. Hence, the purpose of the 
present review is to provide an update on standard and 
advanced MRI techniques of the pancreas in CP.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Magnetic resonance imaging (MRI) tech-
niques for assessment of morphology and function of 
the pancreas are often used in diagnosing and follow-
up of chronic pancreatitis patients. The purpose of 
the present review is to provide an update on stan-
dard and advanced MRI techniques of the pancreas 
in chronic pancreatitis. In addition to standard MRI 
techniques, advanced MRI techniques including mag-
netic resonance cholangiopancreatography (MRCP), 
secretin-stimulated MRCP and diffusion weighted im-
aging can also provide important microstructural and 
functional information.
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patients rely on both clinical and imaging information 
such as the Mayo Clinic diagnostic criteria[1]. Especially, 
the diagnosis of  CP at an early stage is a clinical chal-
lenge. The development in imaging techniques, and es-
pecially magnetic resonance imaging (MRI), has dramati-
cally improved the information on both morphology and 
function of  the pancreas. In the Mayo diagnostic criteria 
for CP, MRI is now an accepted method for assessing 
ductal pathology and concrements[1]. 

 A few decades ago, before the clinical introduction 
of  cross-sectional imaging techniques, the imaging evalu-
ation of  CP was limited to plain radiography depicting 
calcifications. Traditionally, the ductal morphology has 
been assessed with endoscopic retrograde cholangio-
pancreatography (ERCP), which is based on intraductal 
contrast-enhancement with severity assessed using the 
Cambridge classification[2]. Today routine imaging modal-
ities in the evaluation of  CP typically include: Computed 
tomography (CT) with one or more contrast-enhance-
ment phases, MRI with or without magnetic resonance 
cholangiopancreatography (MRCP) and ultrasound with a 
transabdominal or endoscopic approach. The advantage 
of  MRI is the superior soft tissue visualization without 
radiation exposure. The main focus of  imaging is typi-
cally to describe glandular atrophy and calcifications, duct 
pathology, pseudocysts and complications such as abscess 
formation and concomitant acute inflammation.

Recently, more advanced MRI methods have emerged 
which also provide important information on both tissue 
characteristics and pancreatic function. 

The aim of  this review is to provide an update on 
standard and advanced MRI techniques of  the pancreas 
in CP. 

STANDARD MRI 
Parenchymal changes can be assessed in the early stage 
of  CP by standard MRI typically including fat-suppressed 
T1-weighted images, T2-weighted images and gadolini-
um-enhanced imaging[3-6]. 

Fat-suppressed T1-weighted images show high sig-
nal intensity in normal pancreas and decreased signal in-
tensity in CP due to loss of  aqueous protein in the acini 
within the glandular elements of  the pancreas caused by 
chronic inflammation and fibrosis[7-9]. Fat-suppression 
of  T1-weighted images enhance the signal of  the pan-
creas in relation to the surrounding retroperitoneal fat 
and the signal intensity can be compared to surrounding 
organs and tissue such as the spleen or muscles[9]. The 
biliary system and pancreatic ducts are enhanced on fat-
suppressed T2-weighted images (Figure 1). The size 
of  pancreas normally decreases with age but as acinar 
atrophy occurs more rapidly in CP, the pancreas dimin-
ishes segmentally or diffusely in the anteroposterior di-
mensions. The diameter can typically be assessed at the 
head, body and tail of  the pancreas and compared with 
age-related normal values of  the anteroposterior diam-
eter[10]. 

Gadolinium-enhanced imaging is used to investigate 
the perfusion of  the pancreas during a series of  contrast-
enhanced images with repeated sequential scans. During 
the arterial phase of  gadolinium infusion the normal pan-
creas shows pronounced enhancement due to high vas-
cular perfusion and decreased signal during the venous 
phase[11]. The perfusion of  the pancreas is decreased in 
patients with CP due to chronic inflammation and fibro-
sis resulting in reduced and delayed enhancement of  the 
pancreatic signal[7,12].

Standard MRI is often used together with MRCP to 
assess both parenchymal and ductal changes of  the pan-
creas. One important limitation of  MRI lies in its inability 
to depict small parenchymal calcifications, which can eas-
ily be evaluated with CT. 

MRI also has a role in diagnosing autoimmune pan-
creatitis (AIP) which can be a differential diagnosis to 
CP[13,14]. In diffuse AIP, MRCP may show a decreased di-
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Figure 1  Pancreatic morphology. Axial T2-weighted magnetic resonance im-
aging views showing glandular atrophy (A), dilated irregular duct (B, arrow) and 
irregular side-branches (C, arrow heads) in a patient with chronic pancreatitis. 
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ameter of  the main pancreatic duct and can be accompa-
nied by strictures and an irregular wall. However, in AIP 
the pancreas is typically with diffuse or localized enlarge-
ment with reduced signal on T1 and increased signal on 
T2-weighted images. A surrounding capsule with reduced 
signal in T2-weighted images can be seen[13,14]. 

MRCP
MRCP was first described in 1991, providing a non-inva-
sive alternative to ERCP, which relies on the endoscopic 
injection of  contrast fluid into the common bile duct[15]. 
By applying either a single-shot breath-hold technique 
or a free-breathing technique with respiratory triggering, 
MRCP can provide both 2D and 3D images[16,17]. Advanc-
es in scanner technology in the recent years allow faster 
image acquisition and better quality with more detailed 
images including 3D reconstructions. These advances 
benefit from a high signal-to-noise ratio. Additionally, the 
3D free-breathing protocol makes it superior to 2D imag-
ing in patients who are unable or unwilling to hold their 
breath for the duration of  the scan[18]. 

MRCP relies on heavily T2-weighted pulse sequences, 
benefiting from the T2-weighted differences in relaxation 
time between fluid-filled compartments and adjacent soft 
tissue. Hence, the pancreato-biliary tree is displayed as 
high signal intensity and the pancreatic duct is clearly vi-
sualized in the normal pancreas. Accordingly, the MRCP 
technique is relevant in detecting pancreatic ductal dila-

tion, small filling defects (stones and protein plugs), 
strictures, irregularities of  the main pancreatic duct, and 
irregularity (sacculation and/or ectasia) of  side branches[6] 
(Figure 2). Furthermore, pseudocysts and other ductal 
congenital abnormalities and normal variants (such as 
pancreas divisum) can be visualized[19,20]. 

The Cambridge classification system of  ductal di-
mensional changes has been modified for the MRCP 
technique in the following fashion: Cambridge 1 (normal 
pancreas): pancreatic ducts are normal; Cambridge 2 
(equivocal pancreas): 1-2 side branches and main duct 
2-4 mm; Cambridge 3 (mild disease): ≥ 3 side branches 
and main duct 2-4 mm; Cambridge 4 (moderate disease): 
≥ 3 side branches and main duct > 4 mm; Cambridge 5 
(marked disease): as traditional Cambridge classification 
system[2,6]. 

The acquisition of  MRCP sequences following intra-
venous administration of  secretin hormone allows a bet-
ter visualization of  subtle ductal changes especially in the 
early stage of  CP[21]. 

SECRETIN-STIMULATED MRCP 
The secretin hormone stimulates pancreatic duct cells 
to produce a large volume of  watery bicarbonate-rich 
pancreatic juice, which is secreted into the ducts and 
duodenum. Typically, images are obtained before and 
frequently after secretin stimulation for a period. In the 
normal pancreas the effect starts almost immediately and 
peaks between 2-5 min and by 10 min the caliber of  the 
duct should return to baseline[21]. In secretin-stimulated 
MRCP (s-MRCP) the ductal system including side branch 
pathology and filling defects are better visualized com-
pared to traditional MRCP, and s-MRCP provides images 
comparable to ERCP with Cambridge classification[21-23]. 
Furthermore, the exocrine function can be evaluated with 
assessment of  duodenal filling, changes in pancreatic duct 
caliber, change in anteroposterior diameter of  the pancre-
as, and change in signal intensity ratio between pancreas 
and spleen on T1-weighted and arterial-venous enhance-
ment ratios[10,23,24]. The s-MRCP findings in CP (reduced 
duodenal filling grade and reduced increase in pancreatic 
duct caliber) are comparable to the results of  endoscopic 
pancreatic function testing (ePFT)[23]. Studies in CP by 
Manfredi et al[25] and Schneider et al[26] showed correlation 
between assessment of  the pancreatic exocrine reserve 
by dynamic s-MRCP and exocrine function assessed by 
fecal elastase test and 13C-mixed chain triglyceride breath 
test. Wathle et al[27] found correlation between endoscopic 
aspiration-based bicarbonate test and s-MRCP findings 
in healthy controls. However, the use of  s-MRCP has not 
yet been integrated as a part of  the Mayo diagnostic cri-
teria for CP and further evaluation of  s-MRCP as a test 
for exocrine function in comparison to traditional tests is 
needed.

Furthermore, s-MRCP can be combined with diffu-
sion weighted imaging (DWI) of  the pancreas. 
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Figure 2  Magnetic resonance cholangiopancreatography. Upper figure dis-
plays a single coronal image and the lower figure a 3D view of the pancreato-
biliary tree. In this chronic pancreatitis patient the dilated irregular main duct 
has irregular side branches (arrow heads) and contains multiple rounded filling 
defects (arrows). 
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is often difficult since CP and IPMN may have overlap-
ping imaging findings[13,34]. Patients with main duct IPMN 
can present with ductal dilatation and associated paren-
chymal atrophy, and patients with side-branch IPMN can 
present with cystic lesions often confused with pseudo-
cysts. ADC values of  the cystic lesions may be helpful in 
deciding the malignant potential of  IPMN[34,35].

NEW TECHNIQUES
Recently, other advanced MRI techniques have become 
more interesting as the development within the MR 
hardware and software is expanding and allows increased 
signal-to-noise ratios, shorter scan time and breath-hold 
imaging. 

MR spectroscopy with non-invasive in-vivo assessment 
of  metabolite concentrations has been applied in a variety 
of  different tissues (e.g., brain, prostate, breast and liver). 
Hence, spectroscopy of  the pancreas has the potential 
to offer a more accurate tissue characterization. Due to 
methodological challenges, the pancreas has only been 
studied to a very limited degree with spectroscopy. De-
spite of  this, Su et al[36] characterized the normal pancreas 
at 3T and identified metabolites such as lipid, choline and 
cholesterol. Cho et al[37] used MR spectroscopy to distin-
guish between patients with chronic focal pancreatitis and 
patients with pancreatic carcinoma and found less lipid in 
pancreatitis than in pancreatic carcinoma. Furthermore, 
other studies also detected differences between normal 
pancreatic tissue and carcinoma tissue with alterations in 
lipid, choline and fatty acids[38,39]. However, to the best of  
our knowledge, this technique has not yet been applied in 
the characterization of  CP patients. 

CONCLUSION
This review provides an update on standard and ad-

DWI
DWI is an emerging technology to assess early parenchy-
mal changes associated with CP and has shown results 
comparable to other existing methods such as MRCP and 
ePFT[9,28]. DWI assesses the random microscopic motion 
of  water protons to obtain the apparent diffusion coeffi-
cient (ADC). The flow of  water is less restricted in fluid-
rich tissues, which will then be represented by a high 
ADC value. Water molecules interacting with cell mem-
branes and macromolecules will be restricted thereby 
causing a reduction in the ADC value. A reduced amount 
of  diffusible water is present in fibrotic tissue and in re-
duced pancreatic exocrine function[28]. Hence, presence 
of  parenchymal fibrosis in CP causes diffusion restriction 
and results in lower ADC values[29,30] (Figure 3). 

Furthermore, when used in combination with secre-
tin stimulation, the ADC value increases both in normal 
pancreas and in CP as the secretion stimulation facilitates 
an increased mobility of  water molecules and increased 
circulation in the pancreatic capillaries. Following secretin 
stimulation, the diffusion coefficients have either delayed 
or lower peak values in CP patients, indicating reduced 
exocrine function[29,31]. Also, patients in risk of  CP (such 
as alcohol consumption, nicotine consumption, nutrition-
al factors, hereditary factors, efferent duct obstructions, 
immunological factors and rare miscellaneous factors) 
generally exhibit a delayed peak in diffusion coefficients 
compared to controls[31].

This technique can be particularly useful in patients 
with early stage CP where atrophy and ductal pathology 
are subtle. Furthermore, the technique is useful in dif-
ferentiating between pancreatic cysts, inflammatory cysts 
and cystic neoplasms and between pancreatic adenocar-
cinoma and normal pancreas due to different content of  
cellular elements[32]. Inan et al[33] calculated ADC values 
and ADC cyst-to-pancreas ratios and found significant 
lower values for abscesses, hydatid cysts and neoplastic 
cysts compared to values of  simple cysts and pseudo-
cysts. This technique may be useful in the diagnosis of  
intraductal papillary mucinous neoplasms (IPMN), which 

Figure 3  Diffusion weighted imaging. The apparent diffusion coefficient map 
of a chronic pancreatitis patient is shown with a measuring region of interest 
positioned in the pancreatic head to assess the degree of parenchymal fibrosis 
(red is high and blue low water diffusion). 

Table 1  Advantages of magnetic resonance imaging 
techniques

MRI MRCP s-MRCP DWI

Loss of aqueous protein Yes No No No
Glandular atrophy Yes No No No
Perfusion Yes No No No
Calcification1 No No No No
Pancreatic ductal dilation No Yes No No
Filling defects No Yes Yes No
Strictures No Yes Yes No
Irregularities No Yes Yes No
Pseudocysts Yes Yes Yes No
Side branch pathology No Yes Yes No
Exocrine function No No Yes Yes
Parenchymal fibrosis No No No Yes

Advantages of the different magnetic resonance imaging (MRI) techniques 
in diagnosing chronic pancreatitis. 1A disadvantage of MRI is the 
inability to detect calcifications. This can be achieved through computed 
tomography scans. DWI: Diffusion weighted imaging; MRCP: Magnetic 
resonance cholangiopancreatography; s-MRCP: Secretin-stimulated 
MRCP. 
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vanced MRI of  the pancreas in CP. Table 1 summarizes 
the capability of  the different MRI techniques to display 
the different aspects of  pancreatic changes and dysfunc-
tion in CP. Depending on local practice, scanner configu-
ration and radiological experience, it should be possible 
to construct or customize individual MR protocols in-
cluding the (or some of  the) techniques reviewed in this 
paper to get the best possible morphological and func-
tional information in CP.
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