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ABSTRACT

Background/Aims: The aim of this study was to measure the apparent diffusion coefficient (ADC) values detected 
by diffusion-weighted imaging (DWI) in acute pancreatitis and compare them with computerized tomography 
(CT) findings in acute pancreatitis subgrouped by the Balthazar classification.
Materials and Methods: The study population included 50 patients diagnosed with clinical pancreatitis who were 
evaluated with both multidetector CT and magnetic resonance imaging (MRI) within 24 h of clinical presentation. 
We calculated pancreatic ADC values obtained from DWI (b=0 and b=1000 mm2/sn). These values were compared 
with their normal counterparts (n=24). The patients with acute pancreatitis were subgrouped according to the 
Balthazar classification. The mean ADC values were calculated in each subgroup, and they were compared with 
control ADC values.  
Results: The mean pancreatic ADC values in acute pancreatitis (1.19×10−3  mm2/sn ±0.32) was significantly lower 
than in the normal group (1.78×10−3 mm2/sn ±0.29) (p<0.001). In the subgroup analysis, ADC values in each group 
were significantly lower than in the control group (p<0.001). In addition, as severity of pancreatitis increased ac-
cording to the Balthazar classification, lower ADC values were noted. 
Conclusion: DWI with MRI and ADC values are helpful in the diagnosis of all subgroups of acute pancreatitis. Due 
to the lack of CT findings in grade A patients, DWI may be helpful in the diagnosis in this group as well.
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INTRODUCTION
Acute pancreatitis (AP) is one of the most commonly 
observed pancreatic disorders. It is described as an 
acute nonbacterial inflammatory condition of the pan-
creas, and is caused by early activation of the digestive 
enzymes found in the acinar cells of pancreatic tissue. 
Although the clinical presentation varies widely be-
tween individuals, it is usually a self-limiting disease. 
However, almost 15-20% of cases may progress to in-
volve local or distant extrapancreatic tissues and cause 
severe attacks associated with significant morbidity 
and mortality (1). 

Owing to its varied clinical presentation, treatment of 
AP is highly dependent on the severity of the disease. 

Therefore, grading of AP is mandatory to manage the 
disease appropriately. In clinical practice, there are 
many laboratory findings and scoring systems to pre-
dict the course of the disease (2). Both laboratory and 
radiologic studies are more important for stratifying 
the severity of AP than physical examination findings. 
Among radiologic studies, the Balthazar classification, 
which is based on computerized tomography (CT) 
findings of the disease, is commonly used to investi-
gate and support the diagnosis and to predict prog-
nosis (3). However, in this classification method, all AP 
grades have associated CT findings except for sub-
group A (grade A); therefore, the diagnosis of grade 
A is established by clinical findings and laboratory re-
sults.

PANCREAS

This study was presented at the European Society of Abdominal Radiology (ESGAR), 4-7 June 2013, Barcelona, Spain.
Address for Correspondence: Esin Yencilek, Department of Radiology, Haydarpaşa Numune Training and Research Hospital, İstanbul, Turkey
E-mail: e.yenclek@yahoo.com
Received: 28.10.2013		  Accepted: 29.11.2013
© Copyright 2014 by The Turkish Society of Gastroenterology • Available online at www.turkjgastroenterol.org • DOI: 10.5152/tjg.2014.6416

O
ri

gi
na

l A
rt

ic
le

553



Magnetic resonance imaging (MRI) has been shown to accu-
rately diagnose AP, especially with advances in the technology 
for abdominal imaging. A recently applied method, diffusion-
weighted imaging (DWI), is an MRI technique used to reveal 
molecular diffusion, which is the Brownian motion of the spins 
in biologic tissue. The apparent diffusion coefficient (ADC) is 
a quantitative parameter calculated from diffusion-weighted 
MRI (DW-MRI) and results from the combination of the effects 
of capillary perfusion and water diffusion in the extracellular 
extravascular space (4). DW-MRI holds great potential for ab-
dominal imaging, in particular for detecting and characterizing 
focal lesions and evaluating diffuse parenchymal diseases for 
which current techniques are often inadequate. Recent studies 
have already shown the potential value of this method in the 
evaluation of various parenchymal diseases. 

In the present study, we aimed to measure pancreatic ADC val-
ues detected by DW-MRI in AP. In addition, we compared the 
ADC values of the subgroups of the Balthazar classification. We 
also investigated the ability of ADC values to detect the sever-
ity of AP in all subgroups of the Balthazar classification includ-
ing the Grade A classification. 

MATERIALS AND METHODS
A total of 50 patients with the diagnosis of clinical pancreati-
tis were retrospectively included in the study after obtaining 
approval from the local ethics committee and informed con-
sent from the patients. The presence of a history of pancreatic 
disorders including neoplasia, cysts, prior hepatic and gastro-
intestinal disease, pancreatic atrophy, and chronic pancreatitis 
were the exclusion criteria for the study. The clinical diagnosis 
of all the patients was established on the basis of the patient’s 
clinical symptoms, physical findings, and elevated pancreatic 
enzymes. In this study, patients who had a biliary etiology in-
dicative of pancreatitis underwent an MRI examination. Initially, 
the patients with AP were evaluated with a multidetector CT, 
and all of them were subgrouped into 1 of the 5 groups of the 
Balthazar classification (Figure 1). Then, all patients were exam-
ined using DW-MRI to assess the ADC value of their pancreas 
(Figure 2). The ADC values of the patients in each subgroup 
were compared with each other as well as with their normal 
counterparts. Both CT and MR imaging of the participants were 
performed within 24 h of their presentation. The control group 
for this study consisted of patients who had undergone ab-
dominal MRI owing to suspicious adrenal and renal masses but 
who had no known pancreatic disorders. 

In our study, CT examinations were performed with a 16-multi 
detector CT (MD-CT) scanner (Toshiba Activion, Tokyo, Japan). 
Contrast-enhanced CT examinations were used in the portal 
venous phase to demonstrate the inflammation in pancreatic 
tissue. CT was used for diagnosis and staging of AP. 

Within 24 hours of CT examination, an MRI examination was 
performed using a 4-channel 1.5 Tesla MRI scanner (Achieva; 

Philips Medical Systems, Best, Netherlands) equipped with 
a high-performance phased array sensitivity coding (SENSE) 
body coil in the supine position. In addition to a routine ab-
dominal MRI protocol, ADC values were calculated on each 
patient’s DWI series.

Statistical Package for the Social Sciences 17.0 program (SPSS 
Inc., Chicago, IL, USA) was used for statistical analysis. Compari-
son of the ADC values between subgroups was statistically an-
alyzed by Kruskal-Wallis and Mann-Whitney U nonparametric 
tests. A value of p<0.05 was considered statistically significant 
at a 95% confidence level.

RESULTS
In total, 50 patients were enrolled in this study. There were 32 
men and 18 women, and the mean patient age was 53.2±8.4 
years (range, 32-67 years). All patients with AP were subgrouped 
into grades A to E based on the Balthazar classification. There 
were 13, 11, 9, 8, 9 patients in subgroups A to E, respectively 
(Table 1). The control group consisted of 24 patients with sus-
pected renal and adrenal masses. 

The ADC values for patients with AP were lower than that of 
the controls (Table 1) (p<0.001). When we compared the differ-
ences in ADC between subgroups of AP, the lowest ADC values 
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Figure 1. Grade C acute pancreatitis; MD-CT shows diffuse pancreatic en-
largement and peripancreatic minimal inflammatory changes

Figure 2. a, b. On DW-MRI; Diffuse restriction througout the pancreas (a) 
and on ADC map low signal indicating the restricted diffusion (b).

a b



were found in grade E patients. The differences between ADC 
values of the Balthazar subgroups was statistically significant 
(p<0.01). ADC measurement in this study showed that there 
was a decline in ADC values as the severity of the disease in-
creased (Table 1). 

DISCUSSION
Acute pancreatitis is an emergent gastrointestinal disorder, 
which is observed in 1-8% of patients admitted to the emer-
gency room complaining of abdominal pain (5). Its clinical 
presentation is heterogeneous, and the clinical course varies 
significantly between individuals. Although approximately 
20% of patients experience a severe attack, most patients with 
pancreatitis have a mild disease course that is self-limiting and 
resolves spontaneously (6). 

Early diagnosis, accurate staging, and immediate treatment 
may improve the outcome of AP (7). However, there is no sin-
gle method to establish the diagnosis of AP or grade disease 
severity. Patient symptoms, physical findings, laboratory, and 
radiologic findings are used in clinical practice to grade the dis-
ease. Clinical signs such as epigastric pain are nonspecific and 
can be absent in up to 10% of patients with pancreatitis (8). Al-
though serum lipase and amylase levels have commonly been 
used to diagnosis pancreatitis, they are normal in up to 20% of 
cases (5,7). Therefore, clinical and laboratory findings are not 
sufficient to establish an accurate diagnosis in clinical practice, 
but radiologic examinations are helpful for making the diagno-
sis and determining the severity of AP. 

Among the radiologic studies, contrast-enhanced CT is the 
most commonly used radiologic tool to stage the disease 
and determine associated complications (9). It also provides a 
sensitive structural evaluation of the pancreas as well as iden-
tifying pancreatic and extrapancreatic inflammation, which is 
highly associated with a severe clinical course. In the literature, 
the diagnostic ability of contrast enhanced CT for the detec-
tion of parenchymal changes related to AP is as high as 90% 
(9,10). Balthazar et al. (3) developed a system for grading dis-
ease severity to predict clinical outcome based on CT findings. 
Elements of this grading system, which categorizes the disease 
into stages A through E, include the degree of pancreatic en-
largement and inflammation, presence and number of fluid 

collections, and degree of necrosis. In our study, all of the pa-
tients with AP were initially evaluated with contrast-enhanced 
CT to grade the severity of the disease according to the Baltha-
zar classification. They were then treated accordingly. 

Today, MRI has an expanded role in the radiologic investiga-
tion of abdominal pathologies. It can successfully reflect the 
functional as well as the morphological status of the parenchy-
matous organs (11). DWI is a new MRI technique that gives us 
information about the diffusion of water protons in vivo. Mo-
lecular diffusion is a physical process, which is related to the 
Brownian motion of water molecules within the tissues (11-13). 
However, it cannot be explained by this motion alone, and ad-
ditional factors have been considered such as perfusion in the 
capillary network. DW-MRI yields ADC as a quantitative param-
eter, which reflects the microenvironment of diffusing water 
molecules (14-17). DW-MRI was initially used in the diagnosis of 
brain tumors and ischemia. Technological development in MRI 
led to DWI for the detection of pathology in various other or-
gans, including the liver, kidney, and pancreas (18-20). Since the 
pancreas is an endocrine organ, it has a good vascular supply. 
Therefore, it is expected that the pancreas would have good 
diffusion characteristics that may provide useful insight into 
the functional status of different pancreatic diseases. Therefore, 
in the present study we measured ADC values to evaluate the 
impact of diffusion changes in AP. 

In the literature, a limited number of studies have demonstrat-
ed successful application of DW-MRI in pancreatic diseases, es-
pecially in acute and chronic pancreatitis (21,22). Some authors 
have shown DW-MRI has a high sensitivity and specificity (100% 
and 73%, respectively) for differentiating chronic pancreatitis 
from a normal pancreas (23). In another study, Taniguchi et al. 
(24) reported lower ADC values in patients with autoimmune 
pancreatitis compared to patients with chronic pancreatitis 
and a normal pancreas. Some authors have reported the suc-
cessful application of DW-MRI in AP (22,25), and, in our study, 
we found a similar efficacy of DW-MRI in the detection of AP. 
ADC values in all subgroups of the Balthazar classification were 
lower than their normal counterparts. In addition, ADC values 
differed between the Balthazar subgroups. Lower ADC values 
were noted in the more severe subgroups of pancreatitis. Dif-
ferent ADC values of the subgroups in this study also showed 
that DW-MRI can differentiate AP based on disease severity. 

There is limited data comparing CT and MRI in the literature. Al-
though contrast enhanced multislice CT (MD-CT) has tradition-
ally been accepted as the method of choice for imaging AP in 
clinical practice, recent studies have reported a higher accuracy 
rate with MRI in AP. Authors have reported the superior sensitiv-
ity and specificity of MRI compared to MD-CT in severe cases 
of AP. In their study, authors accepted the Ranson’s score as the 
gold standard, and they found that MRI detected severe AP with 
an 83% sensitivity and 91% specificity, whereas the sensitivity for 
MD-CT was 78% and its specificity was 86% (26). Likewise, Sa-
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	 Patients (n=50)	 Control (n=24)	 p values

Grade A	 1.45x10-3 mm²/sn±0.24	 1.78x10-³ mm²/sn±0.29	 <0.001

Grade B	 1.36x10-3 mm²/sn±0.21	 1.78x10-³ mm²/sn±0.29	 <0.001

Grade C	 1.24x10-3 mm²/sn±0.26	 1.78x10-³ mm²/sn±0.29	 <0.001

Grade D	 1.04x10-3 mm²/sn±0.14	 1.78x1-³ mm²/sn±0.29	 <0.001

Grade E	 0.89x10-3 mm²/sn±0.18	 1.78x10-³ mm²/sn±0.29	 <0.001

ADC: appearent diffusion coefficient 

Table 1. Comparision of ADC values of the subgroups on the basis of 
Balthazaar classification



toshi et al. (25) also stated that DWI was a beneficial imaging mo-
dality for evaluating AP, and they claimed that DW-MRI has the 
potential to replace MD-CT as the primary diagnostic tool for AP. 
Our study was not designed to compare the efficacy between 
MD-CT and DW-MRI in patients with AP, and in the present study, 
both MD-CT and DW-MRI were effective in determining the se-
verity of the disease. Lower ADC values were observed in the 
cases that were most severe according to the Balthazar classifi-
cation. In addition, patients classified as grade A usually do not 
have radiologic findings on MD-CT; however, this study showed 
that both DW-MRI and a decrease in ADC value have the poten-
tial to indicate inflammatory changes in pancreatic tissues, even 
in Balthazar grade A patients. 

Another important advantage of MRI for the diagnosis of AP 
is its ability to visualize the inflammatory changes associated 
with AP without the use of contrast materials. MD-CT can de-
termine pancreatic and extrapancreatic inflammation, but con-
trast enhancement must be used (27). However, enhancement 
material has been reported to aggravate AP, and it can also lead 
to worsening renal failure related to AP (28).

Although our data confirms the ability to use ADC to assess 
pancreatic functional alterations, this study has some limita-
tions. First, the study was designed as a retrospective analysis; 
therefore, a direct comparison between DW-MRI and MD-CT 
could not be performed. Secondly, each subgroup contained 
only a small number of patients, which may have led to biosta-
tistical bias. Furthermore, because of the difference in imaging 
timing between MD-CT and DW-MRI, the severity of inflamma-
tion could have progressed, which may have caused technical 
bias. Despite these limitations, our results show how DW-MRI 
can be used to evaluate cases of AP, which has been the focus 
of a limited number of studies in the literature. 

In conclusion, acutely inflamed pancreatic tissue has restricted 
diffusion that can be differentiated from normal tissue on DWI 
by an increased signal on DWI and decreased calculated ADC 
values. However, the diagnosis and staging of AP is mainly 
based on MD-CT, DW-MRI, and ADC values are beneficial ra-
diologic tools. We think that DW-MRI can be especially benefi-
cial in mild forms of AP because it reveals pancreatic and ex-
trapancreatic changes. However, future clinical studies should 
be designed to compare the diagnostic accuracy of DWI with 
MD-CT and to investigate the role of ADC values as a prognos-
tic indicator in AP.
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