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Introduction and Purpose: Diffusion-weighted imaging (DWI) was demonstrated to provide valuable diagnostic information on pancreatic ductal 
adenocarcinoma (PDAC) (1,2), however  conflicting results were reported on the variable values of the apparent diffusion coefficient (ADC) of the normal 
pancreas as compared with PDAC (3).Additional DWI-derived diagnostic benefit was found in intra-voxel incoherent motion (IVIM) parameters, obtained 
with three b-values (4), or with multi b-values DWI protocol (5) that allowed fitting to a bi-exponential decay, indicating a fast diffusion component at low 
b-values generated by the blood flow in the tortuous microcirculation of the normal pancreatic tissue, which is significantly reduced in PDAC. Our purpose 
was to extend the current diffusion-based MRI protocol and develop a three b-values diffusion tensor imaging (DTI) protocol that would be sensitive to the 
complex diffusion and perfusion properties of the pancreas, aiming in revealing early changes due to the development of pancreatic malignancy. 
Methods and Materials: Healthy volunteers (n=28) were scanned at 3T using respiratory triggered T2-weighted, multi b-values DWI, and diffusion tensor 
imaging (DTI) sequences. Patients with biopsy confirmed PDAC (n=9), were  scanned in addition to the above diffusion sequences with  cholangio-
pancreatography (MRCP) and dynamic-contrast enhanced (DCE) MRI. Pixel by pixel DTI analysis was performed with propriety software, for two sets of b-
values: 0, 500 s/m2 and 100, 500 s/mm2, yielded the principal diffusion coefficients (λ1, λ2, and λ3), their mean diffusivity defined as ADC and fractional 
anisotropy (FA). In addition, 11-b values (range: 0 to 800) DWI scans 
were analyzed using bi-exponential, Stejskal-Tanner based equation to 
yield the fast and slow components (D-fast and D-slow, respectively) 
and the perfusion fraction (fp). 
Results: The values of the various diffusion coefficients in each region 
of the normal pancreas (head, body and tail) were consistent, showing a 
modest decrease from the head towards the tail. A significant decrease 
in the diffusion coefficients was found when the reference b-value was 
changed from 0 to 100 s/mm2, indicating the presence of a fast 
diffusion component at b≤ 100 s/mm2 (Table 1). Analysis of the multi-b 
diffusion weighted datasets confirmed the fast diffusion component in 
the b-values  range 0-100 s/mm2, assigned to IVIM due to water flow 
in blood capillaries, and a slow diffusion component (D-slow) at the b-
value range of 100-800 s/mm2, predominantly reflecting water  
diffusion in the extracellular space (neglecting a third component due to 
the intracellular water diffusion and water exchange terms). Pancreatic 
cancers were identified on pre and post contrast T1 weighted images, 
exhibiting a decrease uptake of contrast agent in the initial arterial 
phase (Fig 1). ADC values obtained at  b-values 0, 500 s/mm2 were 
significantly lower  within the regions of the lesions as compared to the 
distal normal tissue, but unlike the normal pancreas, these values did 
not drop significantly when b-values of  100, 500 s/mm2 were used 
(Table 1). 
Discussion and Conclusion: DTI of the pancreas is feasible and 
appears to yield information compatible with the structural and vascular 
features of the healthy organ and to detect distinct diffusion features of 
PDACs. By using DTI with two reference b-values 0 and 100s/mm2 
characterization of the water diffusion and anisotropy of the healthy 
pancreas was enabled, taking into account a contribution of IVIM.  The 
reduction in the diffusion coefficients of PDAC, as compared to normal 
pancreatic tissue, and the smaller change in these coefficients in PDAC 
when the reference b-value was modified from 0 to 100s/mm2, helped 
identifying the presence of malignancy.  
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Fig1. T2-weighted, T1-weighted post contrast and the corresponding focused 
ADC maps (x2), using b-values of 0,500s/mm2 and 100,500s/mm2 overlaid on 
T2-weighted images, of  patient with PDAC. The tumor (red arrows) is 
demonstrating decreased enhancement on post-contrast image and decreased 
diffusivity on ADC maps.  

Table 1. DTI parameter of the normal pancreatic tissue and PDAC, as a 
function of the chosen pair of b-values: b=0,500 s/mm2 and b=100,500 s/mm2. 
λ1, λ2, λ3& ADC are in units of x10-3 (mm2/s). The difference in the various 
DTI measurements between PDAC and normal distal tissue were evaluated by 
two-tails paired t-test  using for statistical significance the following symbols   
(†)p< 0.001, (*) p< 0.01,(#)p<0.05 
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