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Abstract 
Objective: Despite the increasing diagnostic accuracy of cross sectional imaging modalities, the correct differentiation 
between pancreatic adenocarcinoma and mass forming pancreatitis has been remained a challenge. The aim of the authors 
is based on their two and a half year experience the assessment of diffusion-weighted MR imaging in the diagnosis and 
discernment of pancreatic adenocarcinoma and mass forming pancreatitis.     

Materials and methods: Three b-values diffusion-weighted MR examinations were performed at 19 patients suffering 
from adenocarcinoma and 8 from pancreatitis. 12 healthy patients were examined as reference. ADC and perfusion values 
were calculated. Malignancy was verified by pathology in all cases. Inflammatory disease was diagnosed by the previous 
medical history, the changing of laboratory data, follow-up CT examinations and improvement of patients’ conditions. 

Results: Comparison the ADC and perfusion values significant differences were between the healthy and the inflamma- 
tory or tumor affected tissues. The highest values could be measured at normal pancreas, mass forming pancreatitis had 
diminished ADC and perfusion, and tumor’s values were the lowest.  

Conclusion: In agreement with literature data, the authors conclude that DWI MR is a promising differential-diagnostic 
imaging tool in distinction of circumscribed pancreatic lesions.  
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1 Introduction 
The signal in diffusion-weighted MR imaging comes from the Brownian movement of water molecules (diffusion), and 
from the microcirculation in the capillaries (perfusion). The contrast of the diffusion image comes from the differing 
movement of water molecules in different tissues. Restricted diffusion means high cell density and intact cell membranes, 
which inhibits the movement of water molecules (e.g.: high cell density neoplasm). Free diffusion means low cell density 
and damaged cells where water molecules can move freely within the intracellular and extracellular space. The qualitative 
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and quantitative information gained during the image making reflect the cellular characteristics of the tissues, thus the cell 
density and the integrity of the cells of the tumors. The possibility of using MR diffusion and perfusion in the diagnostics 
of abdominal organs emerged in theory in the 80s, but its practical realization only began in the late 90s [1-3]. The 
diffusion-weighted imaging of the abdominal parenchymal organs has spread over a wider range in the last ten years, 
especially in the diagnostics of neoplastic diseases. 

For diffusion MRI imaging a “conventional” MR sequence (strongly T2 weighted fast sequence) is combined with a 
diffusion gradient. Fat suppression is needed to eliminate the interfering fat tissue present in the body and in the organs. 
The diffusion sequence is characterized by “b-value” (s/mm2), which depends on the parameters of the diffusion gradient. 
The measurement is performed with several – at least two – b-values. In the case of low b-values (<200) the perfusion 
effect, while at higher values the diffusion effect dominates. These two factors are responsible for the attenuation of signal 
intensity within the voxels caused by incoherent movements. Restricted diffusion appears as an area with the same signal 
intensity as its surroundings in the case of low b-values, and appears as an area with high signal intensity at high b-values. 
The computer performs a defined mathematical sequence from diffusion measurements with different b-values, and it 
results the ADC map, where the ADC value can be determined numerically as the “size” of diffusion (mm²/s). This value 
comes from the motion of water molecules (diffusion) and from the microcirculation of capillaries (perfusion). In the 
abdominal organs’ examination it is worthwhile to use three or even more b-values. The perfusion value (f) can be 
determined from the received ADC values using the equation by LeBihan: f=1-exp[-600sec/mm²x(ADC1–ADC3)], where 
ADC1:(b0-600), ADC2:(b0-1000) and ADC3:(b600-1000). This latter figure (ADC3, referred to as D in the literature), is 
the perfusion free, clear diffusion value. Certainly the calculation can also be performed with the ADC2 value, by 
substituting 1000 sec/mm² instead of 600. Besides the diffusion, the changes in perfusion values also characterize the 
alteration of tissues, but they are used less frequently in practice [1, 3-5]. 

The ADC value is influenced by several parameters: b-value, magnetic field, echo time, number of measurements, type of 
fat suppression, and homogeneity of the measured area. Taking into consideration that these parameters can vary through 
a wide range and they are optional, therefore no “gold standards” in respect to the ADC values; values published by 
authors are merely examples [6]. This also means that every workplace has to develop its own ADC reference value scale 
for itself by taking into consideration the data from the literature. Naturally the follow-up of the patients’ therapy, the 
evaluation of effectiveness on the basis of the ADC values, can only be objective if this follow-up examination is 
performed within the same conditions as the original examination. Diffusion-weighted MR imaging plays an important 
role in the diagnosis of abdominal and pelvic organs’ malignancy. 

The diffusion MR imaging possibilities for the pancreas were verified by researchers who, in addition to calculating the 
perfusion value, performed the examination with 8-10 b-factors, thus allowing the perfusion image to be made in a similar 
manner to the ADC image. The borders of the tumor can be more easily distinguished and the surrounding veins can be 
more easily defined in the perfusion images [7, 8].  

At the Department of Radiology in our hospital, we have been performing abdominal and pelvic examinations 
supplemented by diffusion measurements for 3 years. 

2 Method and patients 
Our aim was to determine what kind of extra information can be gained through diffusion MR examinations in the 
differentiation of benign-malignant changes of pancreatic parenchyma (tumor-inflammation) that cannot be identified 
unequivocally through by CT and “conventional” MR examinations. The problem has been made more interesting by the 
fact that the literature on the subject shows quite a large “standard deviation”.  
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CT was performed by a 16-row detector unit (Siemens Emotion, Siemens Medical Solutions, Erlangen Germany) such as 
the MR examinations were carried out by a 3T MR-scanner (Achieva, Philips Medical Systems, Nederland).  

CT and MR examination protocols of the pancreas: 

CT: Negative per os contrast medium (water), native, after the administration of contrast medium (2 mL./kg., 300 mg/mL 
Iodine concentration), Pancreatic and portal venous phase scans were obtained by using 20-, and 60 second delay 
following the aortic enhancement exceeded 65 HU compared to baseline. Imaging parameters were as follows: tube 
voltage 130 kVp, gantry rotation speed, 0.6 second, pitch 0.85. Each phase was performed with a slice thickness of 5 mm, 
thinner axial and coronal reconstructions are possible. 

MR: Triggering, T2 coronal, T2 SPAIR axial, MRCP, DW-STIR b: 0, 600, 1000, Thrive(T1) native, following the 
administration of contrast medium (0.2 mL/kg) 20, 60, 300 sec., in 3 planar dimensions. Diffusion-weighted data were 
calculated on second console; Philips Extended MR Work Space 2.6.3.2. 

MRCP: Free breathing, T2 coronal, T2 SPAIR axial, sMRCP 3D HR, vsMRCP 3D HR Sense. 

We performed the pancreatic MR examination of 92 patients in the period from 01 September 2009 until 30 March 2012, 
following a CT scan. A MRCP was performed in 51 of these patients due to the occlusion of the bile duct, and out of this 
group we found pancreatic gland changes in 16 cases. These examinations were extended by pancreas protocol. The total 
number of patients was 108 - 67 male, 41 female. Diffusion measurements were performed on 89 patients (53 male 
patients, average age: 58.5 years, 36 female patients, average age: 64.8 years). We found 63 pathological changes 
originating from the pancreas (malignant tumor: 44, inflammation: 14, serous cystadenoma: 4, cystic fibrosis: 1), and 11 
non-pancreatic diseases. In the beginning of the examinations we only applied two b-values (0, 1000), b:600 measurement 
was introduced 2 years ago. ADC values were performed if needed in several places, as reference (9 male patients average 
age 51.2, 3 female patients average age 48.6), in the case of negative measurements. 

Out of the 44 malignant lesions, 42 cases of adenocarcinoma, 1 case of oncocytoma and 1 case of mucinous cystic 
neoplasm were verified following the histological examination either through surgery or autopsy. No histological 
examinations were performed in the 14 localized inflammatory cases. The diagnoses were verified and confirmed by the 
anamneses, symptoms, laboratory findings and the clinical follow-up (4-21 months) of the patients, as well as through the 
follow-up imaging methods. 

3 Results 
In order to perform accurate comparison and determine the perfusion value, during the evaluation of ADC values for the 
adenocarcinomas we only took into consideration patients (19 patients) whose measurements were performed with three 
b-factors (0,600,1000) as well as those where the morphology of the CT and MR images verified that the tumor was 
basically of tissue structure. During the measurements we marked the largest possible tumor parts. In 16 patients the tumor 
localized in pancreatic head, 2 cases in the body and 1 tumor developed in the pancreatic tail. Similarly the same principle 
(3 b-factors examinations) was applied in the evaluation of pancreatitis. The circumscribed tissue changes without fluid 
component located in the head and head-neck region of the gland (8 patients) (see Figure 1-2). 

In the comparison of the ADC values and the perfusion factors of the healthy pancreatic tissue, the neoplasm 
(adenocarcinoma) and the localized inflammation, the values for the intact pancreas were the highest. Lower values were 
measured in the case of the localized pancreatitis and the lowest values in the case of the adenocarcinoma. A wider range 
of the standard deviation was found in the case of the tumors than for the inflammation. Difference from the average in the 
case of the perfusion factor varied within a very narrow range in both diseases (see Table 1). 
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Double T-probe was applied for statistical analysis (significance p<0.05): Significant different was found between the 
healthy tissue and tumor (p=0,003) as well as between the healthy and inflamed tissue (p= 0.05) at ADC (b: 600) measures. 
The perfusion values showed significant difference between the normal tissue and tumor (p=0,001) and between the tumor 
and inflammation (p=0.001). 

Figure 1. Adenocarcinoma in the pancreatic head. 
CT and T1 weighted MR images after contrast 
material administration; upper line, MRCP and ADC 
(b: 600) map; lower line. The intra and extra-hepatic 
bile ducts and main pancreatic duct dilated, and 
obstructed with sharp edge. (double-duct sign) ADC 
(b: 600): 1, 01, perfusion value: 22%. 

Figure 2. Mass forming inflammatory changes in the 
pancreatic head. 
Following contrast material administration decreased 
inhomogeneous enhancement can be seen on CT and 
T1 weighted MR images. The common bile and main 
pancreatic ducts are minimally dilated. In the 
pancreatic head the ducts are moderate narrowing, 
without obstruction. ADC (b:600): 1,09, perfusion 
value:39%  

 

 

Table 1. Difference from the average in the case of the perfusion factor 

 
 

ADC1 (0-600) ADC2 (0-1000) ADC3 (600-1000) f (perfusion) 

Healthy (12) 
1,67 
(1,45-1,89) 

1,28 
(0,97-1,53) 

0,60 
(0,24-0,82) 

0,51 
(0,41-0,57) 

Tumor-without necrosis (19) 
1,26 
(0,88-1,70) 

0,91 
(0,61-1,29) 

0,52 
(0,20-0,84) 

0,31 
(0,21-0,45) 

 Circumscribed inflammation (8) 
1,41 
(1,24-1,58) 

1,05 
(1,02-1,13) 

0,54 
(0,41-0,55) 

0,40 
(0,27-0,48) 

The utility of the perfusion value was clearly verified by the fact that in the case of three patients we performed diffusion 
measurements with the same b-values but with different fat suppression methods. (Thus in the case of all three patients we 
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got 2 ADC sequences.) The ADC values were different (in the case of each patient) but the perfusion factors were 
practically identical. 

4 Discussion 
Adenocarcinoma of the pancreas is one of the primary causes of death worldwide when considering neoplastic diseases. 
The CA 19-9 tumor marker is sensitive to pancreatic cancer but it is not specific. Despite the increasingly developed 
imaging methods, the chance for surgical intervention is only 10%-20% when discovering the disease. In the decision of 
operability and tumor staging the multi-slice contrast CT scan and the MR examinations are dominant [9, 10]. The specificity 
of the CT and MR examination in the differential diagnosis is of cardinal importance in the therapy of pancreatic tumors – 
since localized inflammation is relatively small, because the imaging features of both diseases are very similar [11-13]. In 
early publications authors emphasized the importance of the ADC value. However, the numerical values of the different 
examinations showed a significant variation, due to different parameters such as equipment with different field strengths, 
b-factors, and fat suppression, and the rate of the solid and necrotic parts was not obvious in the examined tumors [5, 14-17]. 
On the basis of the growing experience that has been gained in recent years, it has become perfectly clear that it is not the 
actual numerical values that are crucial, but the conclusions drawn from them – the ratios and differences for the ADC 
values of intact and pathological conditions, as well as the examination parameters of different pathological changes [5, 18]. 

It is an important factor that the signal-noise ratio of the 3 Tesla device is twice that of the 1.5 Tesla device, which 
significantly improves the image quality of the diffusion examinations, and the acquisition time is shorter [10, 19]. 

The ADC value of a healthy pancreas decreases with age. In healthy conditions the values received for the head and the 
body are higher than those for the tail. The thin shape of the pancreas has to be taken into consideration, which sometimes 
does not allow for accurate measurement [5]. 

In general, regarding the changes of the pancreatic tissue, it is true that regardless of degree the ADC value of effused 
cystic structures is higher than that of intact tissues, while those for localized inflammation and neoplasm 
(adenocarcinoma) are lower. 

More than 80% of pancreatic tumors are adenocarcinomas. These are poorly veined, fibrotic connective tissue-like, 
infiltrative tumors, which cause metastases. In high b-factor diffusion images the neoplasm is inhomogeneous and of 
increased signal intensity, and thus it has a low ADC value. The perfusion value, which refers to the vascularization of the 
tumor, is particularly low in pancreatic adenocarcinoma [5, 10, 20]. 

Localized pancreatitis is characterized by inflammatory cell infiltration, progressive damage to the parenchyma and 
fibrosis. Overall, these alterations result restricted diffusion. The signal intensity is high in this area but does not have 
defined borders on images with high b-factors [5, 10, 18, 20]. 

The difference in the ADC values of adenocarcinoma and the localized inflammation is caused that tumor tissue is more 
fibrotic, denser and richer in cells [5, 10, 18]. 

The research of the last 10 years has verified the utility of diffusion MR imaging in the fields of sensitivity and specificity 
in the diagnosis of pancreatic adenocarcinoma. However, the results and opinions are divided regarding the differentiation 
of the tumor and the mass forming pancreatitis with the diffusion MR examination. The ADC values for the tumors were 
higher in the examinations of Takeuchi and Lee, while in the examinations of Fattahi and Huang the ADC values for 
localized inflammation were higher [20-23]. Lee performed measurements with 3 b-values and as a result the perfusion 
values of the tumor were higher, Klauss performed his examinations with 11 b-factors and found that the perfusion values 
for localized pancreatitis were higher [21, 24]. 
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5 Conclusions 
The role of improving and diversifying diffusion and perfusion MR examination is obvious in the early diagnosis of 
cellular processes and in oncologic imaging in addition to PET examinations. Pancreatic adenocarcinoma is the third or 
fourth most common neoplastic disease. The difficulty of early recognition of the disease, as well as the low percentages 
for the possibility of full recovery and the 5 year survival rate are well known. Thus the possibility of safe differentiation of 
tumor and localized inflammation in a non-invasive way is of essential importance for the life expectancy of patients. One 
of the possible solution for the problem may be the diffusion MR examination. Taking into consideration the background 
of the pathological changes of the pancreas and the physics of diffusion imaging, the ADC value and the perfusion value of 
the inflammation have to be higher than the ones for adenocarcinoma. The results and observations over the last two and 
half years in the published data, and the comparison of this data, are certainly encouraging for the future. The number of 
patients is not too high, other authors have also presented the results of 30-40 patients in their studies. The disadvantage of 
our study is that no histological examinations were made for the confirmation of localized inflammation. In our opinion in 
the distinction of pancreatic adenocarcinoma and the mass forming inflammation the perfusion value has an important 
diagnostic role.  
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