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ABS TRACT  
 

BACKGROUND 

The main purpose of this article is to establish the usefulness of Diffusion Weighted 

Imaging (DWI) and Apparent Diffusion Coefficient (ADC) as complementary tools to 

conventional MRI sequences in characterizing benign (pancreatitis) and malignant 

(pancreatic adenocarcinoma) pancreatic pathologies in comparison to a control 

group. 

 

METHODS 

A prospective observational study was done over a period of two years with images 

obtained using Siemens Magnatom Avanto 1.5T MRI. 130 patients with pancreatic 

abnormalities were included in this study. An additional control group included 32 

patients with normal pancreatic parenchyma. MRI findings including DWI and ADC 

values were calculated for all patients which was then correlated with clinical, lab 

and histopathological data. 

 

RESULTS 

Out of the 130 positive cases, 116 (89 %) were benign and 14 (11%) were malignant 

lesions based on MRI features. Benign lesions include acute pancreatitis (47%), acute 

on chronic pancreatitis (11%) and chronic pancreatitis (31%). Rest of the cases were 

pancreatic adenocarcinomas (11%). There was significant reduction of ADC values in 

patients with acute pancreatitis (mean ADC - 1.016 x 10-3), acute on chronic 

pancreatitis (mean ADC - 1.122 x 10-3) and chronic pancreatitis (mean ADC - 1.277 x 

10-3) as well as pancreatic carcinoma (mean ADC - 0.934 x 10-3) in comparison with 

the control group (mean ADC - 1.363 x 10-3). 

 

CONCLUSIONS 

DWI with ADC mapping can play a significant role in the evaluation of pancreatic 

diseases. It can help in differentiating benign and malignant disease (ADC values of 

malignancy are significantly lower than benign disease). 
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BACK GRO UND  
 

 

 

Diffusion Weighted Imaging (DWI) and Apparent Diffusion 

Coefficient (ADC) are functional imaging tools in Magnetic 

Resonance Imaging (MRI) that help define tissue 

characteristics on the basis of random Brownian movement of 

water molecules. DWI provides qualitative information about 

the cellularity of the tissues and helps in differentiating 

abnormal tissue from normal tissue while ADC is a 

quantitative entity derived from DWI. 

Although DWI was initially widely used only in 

neuroimaging, subsequent advances in MR imaging software 

and hardware such as “ultrafast” MR imaging techniques and 

multicoil receiver systems have made diffusion weighted 

(DW) MR imaging a practicable tool in imaging of abdominal 

organs such as pancreas overcoming initial limitations related 

to image artefacts.[1] 

In general, restricted diffusion and lower ADC values are 

seen in highly cellular tumours, fibrotic tissue, abscess and 

cytotoxic oedema. Conversely, tissues with low cellularity & 

disrupted membranes show fast unrestricted movement of 

water molecules with facilitated diffusion and high ADC 

values.[2] 

Though ultrasound is the first-line imaging modality used 

in imaging patients with abdominal complaints, sonographic 

imaging of pancreas can sometimes be challenging or even 

suboptimal due to factors like bowel gas shadows and obesity 

because of the inherent retroperitoneal location of pancreas. 

Hence, cross sectional imaging plays a major role in detecting 

pancreatic pathologies and the use of MRI for diagnosis and 

further characterization of pancreatic diseases is increasing 

day by day.[3] Our aim was to study the DWI and ADC values of 

benign and malignant pancreatic pathologies in comparison to 

a control group and therefore assess the utility of DWI and ADC 

as complementary tools to conventional MR sequences in 

diagnosing and classifying pancreatic pathologies. 

 

 
 

ME TH OD S  
 

 

This prospective observational study was done over a period 

of two years after obtaining clearance from the institutional 

ethics committee. The images were obtained using Siemens 

Magnatom Avanto 1.5 T MRI. The study group included 130 

patients with pancreatic abnormalities and an additional 

control group of 32 patients with normal pancreatic 

parenchyma. MRI findings including DWI and ADC values were 

studied to differentiate benign and malignant lesions which 

were further correlated with clinical, lab and histopathological 

data. 

 

MRI Protocol 

Diffusion weighted images were obtained in the axial plane 

using a single-shot echo planar imaging sequence (TR – 1000 

ms/TE - 74 ms; slice thickness 6 mm; FOV 36-42 cm; matrix, 

384 x 25, b-value of 1,000 s/mm2). Conventional MRI images 

and DWI imaging data including ADC values were then 

analysed. 

 

Image Analysis 

Following the generation of ADC map in grey scale, the Region 

of interest (ROI) was placed in areas of true restriction without 

necrosis or haemorrhage. Two ROI of size 50 +/- 10 mm2 were 

placed following which ADC was computed automatically by 

the pre-set software (Argus in Siemens). Mean ADC was then 

calculated by averaging of the ADC values. The findings on 

Conventional MRI were correlated with findings on DWI (with 

corresponding ADC values). The mean ADC values were 

compared between the groups using N par Mann–Whitney 

test. 

 

 
 

 

RES ULT S  
 

 

 

During the study period, a total of 130 cases with pancreatic 

pathologies were identified on MRI abdomen / MRCP with a 

wide range of age of presentation ranging from 12 to 93 years. 

Among these, males constituted 64% of the study population. 

Additionally, normalized ADC values were calculated for a 

control group of 32 patients who were free of pancreatic 

disease after averaging ADC values of head, body and tail. The 

mean ADC value of this control group was found to be 1.36326 

× 10−3 mm2//s. 

Out of the 130 positive cases, based on MRI features 116 

(89%) cases were classified as benign and 14 (11%) were 

classified as malignant lesions. The benign lesions included 

were acute pancreatitis (47%), acute on chronic pancreatitis 

(11%) and chronic pancreatitis (31%). Rest of the cases were 

pancreatic adenocarcinomas (11%). As anticipated, all the 

above mentioned pathologies demonstrated hyperintense 

signal on DWI images, following which ADC values were then 

calculated from areas of true diffusion. The mean ADC value in 

the control group and the various pancreatic pathologies were 

charted as shown in Table 1. 

 

 

 
Figure 1a and 1b. The ADC Values of Diffuse and Focal Pancreatitis 

Respectively in Comparison with the ADC of Control Group 
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Figure 1c. Comparison between ADC Values of Pancreatic 

Adenocarcinoma vs ADC Values of Control Group 

 

 
Figure 2. Comparison of ADC Values in Different Pancreatic 

Pathologies vs Normal Pancreas 

 
Descriptive Statistics 

 N 
Minimum 

(× 10-3 
mm2/s) 

Maximum 
(× 10-3 

mm2/s) 

Mean 
(× 10-3 

mm2/s) 
S.D. 

Normal Pancreas 32 1.17 1.7633 1.36326 0.164294 

Focal Pancreatitis 39 0.818 1.45 1.016512 0.138409 

Diffuse acute Pancreatitis 22 0.852 1.28 1.12239 0.342532 
Acute on chronic Pancreatitis 15 0.863 1.55 1.12333 0.163605 

Chronic Pancreatitis 40 0.745 1.566 1.277061 0.152202 

Pancreatic adenocarcinoma 14 0.85 1.14 0.934071 0.076194 

Table 1. ADC Value of Normal Pancreas and Various Pancreatic 

Pathologies 

 

 
 

 

DI SCU S SI ON  
 

 

In our study, among the 130 patients imaged, diagnosis of 

acute interstitial oedematous pancreatitis was found in 61 

patients which was then further classified into 

focal/segmental pancreatitis (n=39) and diffuse pancreatitis 

(n=22) on the basis of disease distribution. 

The mean ADC values for focal and diffuse acute 

pancreatitis were found to be 1.0165× 10−3 mm2//s ± 0.13 and 

1.323× 10−3 mm2//s ± 0.34 respectively (Figure 1a and 1b). 

These values were found to be significantly lower (p < 0.0005) 

than the mean ADC value of the control group which was 

1.36326 × 10−3 mm 2 / s ± 0.16. Moreover, in 7 patients with 

focal pancreatitis, although conventional MR sequence images 

were found to be normal, segmental increased signal on DWI 

images facilitated the diagnosis of focal / segmental 

pancreatitis, as confirmed by elevated levels of serum amylase 

/ lipase. Isolated head involvement was the predominant 

pattern in segmental pancreatitis accounting for 51 % 

followed by the tail region (30%). 

Our findings correlated with a study by Yencilek E et al 

conducted with a smaller study population which also found 

that “ 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)”[4] It 

is hypothesized that the decrease in ADC values in acute 

pancreatitis is multifactorial occurring secondary to acinar cell 

death and subsequent pathological changes such as 

intercellular fibrin deposition.[5] 

Additionally, in our study, ADC values were also found to 

be lower than the control group in 15 patients with acute on 

chronic pancreatitis with a mean of 1.122×10−3 mm2/s ± 0.14. 

In 40 patients diagnosed with chronic pancreatitis ADC 

values ranged from 0.745×10−3 mm2/s to 1.566×10−3 mm2/s 

with a mean value of 1.277×10−3 mm2/s. The overlap with 

control group ADC values seen in few patients may be 

attributed to the complete resolution of inflammation. 

Although chronic pancreatitis usually results in diffuse 

atrophy of pancreatic parenchyma, it can occasionally cause 

focal enlargement of the gland, simulating a neoplasm. [6] In 

such cases, similar to acute focal pancreatitis, ADC values can 

serve as problem solving tools in addition to conventional MR 

sequences to distinguish mass- forming pancreatitis from a 

malignant mass lesion. 

The importance of ADC values in diagnosis of malignancies 

of liver, breast, uterus, cervix have been widely studied.[7-10] 

Few similar studies have explored the limitations and 

diagnostic challenges faced while using DWI/ADC to detect 

pancreatic malignancies.[11,12] In our study, the ADC value in 

pancreatic malignancies (n=14) ranged from 0.850 x 10-3 - 

1.14x10-3/s with a mean ADC value of 

0.9340×10−3 mm2//s±0.07 which was found to be pointedly 

lower than the normal control group of 1.36326 × 10−3 mm2 

s±0.16 (p<0.0005), (Figure 1c) thus clearly defining the utility 

of DWI/ ADC in such cases. All cases of suspected malignancies 

were followed up and the imaging diagnosis was confirmed 

with correlation of histopathological findings. 

Compared to the ADC values of benign pathologies like 

acute (focal/diffuse) pancreatitis and chronic pancreatitis, the 

ADC values in pancreatic malignancies were found to be 

significantly lower than the normal parenchyma (Figure 2). 

Statistical analysis obtained from 130 patients included in our 

study revealed significant p value (<0.0005) between ADC 

values in different subgroups of pancreatitis versus pancreatic 

adenocarcinoma. 

 As described above, DWI images also aided diagnosis of 

segmental pancreatitis by demonstrating focal hyperintense 

signal even in cases where the pancreatic parenchyma 

appeared apparently normal on conventional MR sequences. 

Few limitations of DWI/ADC imaging include poor spatial 

resolution, lack of standardized imaging parameters/ 

protocols and questionable reproducibility of ADC values. [13] 

Additionally inevitable errors in ADC measurements can 

sporadically occur in body imaging due to MR artefacts despite 

optimization of imaging protocols. In patients with extensive 

parenchymal necrosis and in mass lesions with significant 

haemorrhage, T2 shine through confounds DWI images and 

accurate ADC values cannot be attained. Another inherent 
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limitation of our study is that our results were obtained with 

1.5 T scanner similar to few other studies on DWI/ADC in 

abdominal imaging.[5,14,15] Therefore the probability that 

results obtained with a MR machine of higher magnetic field (3 

T) may differ cannot be ruled out. 

 

 
 

 

CONC LU S ION S  
 

 

 

In our study, although the various pancreatic pathologies show 

reduced ADC values compared to normal parenchyma, 

pancreatic malignancies were found to have significantly 

lower ADC values. DWI also served as a problem-solving tool 

in diagnosis of select cases of pancreatitis when conventional 

MR images were apparently normal. In conclusion, DWI/ADC 

play an important role in distinguishing benign from 

malignant pancreatic entities and serve as useful 

complementary tools to conventional MR sequences in 

diagnosing and classifying pancreatic pathologies. 
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