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6 Patient with a pancreatic cancer in the head of the pancreas. Like in the case presented in figure 3, in the ƒ-map (B) the lesion can not be sepa-
rately distinguished from the adjacent dilated pancreatic duct (DP), whereas the structures can be readily told apart in the ADC-map (C). However, 
the ƒ-map provides much better visualization of the vasculature than the ADC-map, i.e., one can identify the inferior vena cava (IVC), renal vein 
(RV) and aorta (A). T1w image (A) also provided for comparison. (White rectangle in T1w image = region displayed in other images; T = tumor; 
IVC = inf. vena cava, RV = renal vein, A = aorta).

7 Axial venous phase contrast-enhanced CT (A), portal phase contrast-enhanced T1w (B) and T2w (C) images of patient with histopatho-
logically proven chronic pancreatitis in the head of the pancreas (green arrowhead). Note the mass-forming aspect of the lesion, and  absence 
of calcifications in the CT.

8 Axial portal phase contrast-enhanced T1w (A), ƒ-map (B) and ADC-map (C) of the pancreatitis patient from figure 6. In the contrast- 
enhanced MRI a slightly hypointense lesion can be seen in the head of the pancreas (large white arrow). It appears markedly hypointense in 
the ƒ-map and only slightly hypointense on the ADC-map (white rectangle in T1w image = region displayed in other images).

9 Axial T1w (A), 
ƒ-map (B) and ADC-
map (C) for a second 
patient with histo-
pathologically proven 
chronic pancreatitis 
with mass-formation in 
the head of the pan-
creas (green arrow-
head). The lesion is 
seen as a well-delin-
eated, hypointense 
area in the ƒ-map, 
while it is less clearly 
delineated in the ADC- 
map. Also well-delin-
eated in the ƒ-map as 
in the T1w image, are 
the superior mesenter-
ic vein (SMV) and 
 superior mesenteric 
 artery (SMA) (green 
arrows). (SMA = supe-
rior mesenteric artery; 
SMV = superior mesen-
teric vein).

clearly and appear hyperintense. Since 
no pancreatic duct is present in this 
slice, the tumor size is depicted accu-
rately in the ƒ-map.
In the third carcinoma patient (Fig. 5), 
once more the tumor appears hypoin-
tense on the ƒ-map. Again, tumor con-
trast on the ƒ-map (5B) is higher than in 
the ADC-map (5C). In this case, the tumor 
appears larger than it is on the ADC-map 
because it is hardly discriminated from 
the neighboring vessel, whereas the 
ƒ-map, where the vessels are clearly 
seen as hyperintense, shows the tumor’s 
correct size.
Contrary the previous case, the carci-
noma in the fourth cancer patient (Fig. 6) 
is overestimated in the ƒ-map when com-
pared to the ADC-map because it lies 
close to the dilated duct, and both are 
hypointense. In the ADC-map, the duct 
appears hyperintense and is thus more 
readily distinguishable from the  lesion as 
previously seen in patient two (Fig. 4).

Chronic pancreatitis
Two cases of histopathologically 
confirmed pancreatitis mass lesions are 
shown in figures 7 through 9.
Figure 7 shows the venous phase con-
trast-enhanced CT, portal phase contrast-
enhanced T1w, and T2w for the first 
pancreatitis patient. Note the mass-form-
ing aspect of the lesion. On the ADC and 
ƒ-maps for the same case (Fig. 8), the 
pancreatitis lesion can be outlined as 
clearly hypointense in the ƒ-map. In the 
ADC-map, the lesion is partly hypo- and 
partly isointense compared to the sur-
rounding tissue, and therefore hard to 
delineate. Note again that the poor 
lesion/vessel contrast might cause an 
overestimation of the  total lesion size 
in the ADC-map (e.g. figure 5).
Figure 9 shows similar venous phase 
T1w, ADC, and ƒ-maps where the mass-
forming pancreatitis is hypodense in the 
CT and hypointense in T1w/T2w images. 
Compared to the previous case, note 
that the lesion is hard to detect on both 
the conventional MRI and the ADC-map, 
but that it stands out in stark contrast 
against both the non-affected pancreatic 
parenchyma and the surrounding vessels 
in the ƒ-map.
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10 Axial ADC-map (A) and ƒ-map (B) of the pancreatic carcino-
ma case previously presented in figures 2 and 3 along with an 
image which integrates both ADC- and ƒ-map data (C). In the 
 integrated image (C), a color mask is used to segment vascular 
(red) and ductal (blue) voxels according to ƒ and ADC ranges 
 described in the text. Note that the tumor is best delineated in 
the ƒ-map if the pancreatic duct, which due to its curved path 
almost completely surrounds the tumor, is color-tagged accord-
ing to the integrated data. (Dark blue rectangle in ADC-map = 
region of interest for calculating the color overlay; T = tumor; 
GB = gall bladder; DP = ductus pancreaticus; A = aorta).

11 Patient previously presented in figure 6 with the ADC (A) 
and ƒ-map (B). Image (C) shows the ƒ-map with a vascular 
(red) and ductal (blue) segmentation overlay calculated by 
integrating the ADC and ƒ data. Note that the pancreatic duct 
inside the tumor region can be readily identified on the 
ƒ-map only with the help of the overlay. (Dark blue rectangle 
in ADC-map = region of interest for calculating color overlay; 
T =  tumor; GB = gall bladder; DP = ductus pancreaticus; 
A = aorta; K = kidney; B = bowel).

ƒ-maps with an ADC overlay
As seen in the previous cases, the ƒ-map 
is superior to the ADC-map considering 
tumor detection in general. Also, the 
ƒ-maps show an increased tumor/vessel 
contrast when compared to the ADC-
maps, but have the disadvantage that 
adjacent ductal structures may coalesce 
with the tumor. To circumvent this, we 
developed a method to integrate both ƒ 
and ADC in single parameter images 
where based on their unique combina-
tion of ranges of ƒ and ADC values, vox-
els were tagged as belonging to either 
vessels, ducts, or solid tissue. 
In figure 10, the ƒ and ADC-maps of the 
patient previously presented in figures 1 
and 2 are presented once more (10A, B). 
Figure 10C shows a color overlay on the 
ƒ-map where the pancreatic duct, the 
gall bladder and the bile ducts are 
marked blue and the vessels are marked 
red, defined by the previously described 
ƒ and ADC ranges. Note that the tumor 
size can now be estimated correctly.
Figure 11 shows the patient previously 
presented in figure 6 with the ADC and 
ƒ-map (11A, B). Note that the duct 
 inside the tumor region can be readily 
identified on the ƒ-map when the color 
tags are used. Other areas also marked 
blue include the kidney and the bowel.

Conclusion
in the cases presented, IVIM-based 
ƒ-maps calculated from multiple b-val-
ue-weighted magnetic resonance data 
enabled the delineation of pancreatic le-
sions and demonstrated advantages 
over ADC imaging in their ability to dis-
tinguish vessels from low-perfused le-
sions, a crucial element of pancreatic 
cancer staging. However, which is less 
apt for distinguishing between lesion 
and pancreatic or bile ducts as were the 
ADC-maps. By considering both ADC and 
ƒ-maps in combination, better lesion de-
lineation can be achieved than by consid-
ering either parameter separately. Con-
cerning lesion pathology differentiation: 
based on the current experience, it does 
not seem possible to differentiate be-
tween pancreatic carcinoma and pancre-
atitis using only the imaging aspects of 
the lesion in the ƒ-map. Further research 

should elucidate the potential of quanti-
tative  approaches as means to address 
this  issue. An advantage of ADC and f-
maps when compared to the current im-
aging standards of concentional CT and 
ceMRI, is that neither technique uses 
ionizing radiation nor contrast agent. 
Since the acquisition takes only approxi-
mately 10 minutes, they may be not 
only safer but also more cost-effective 
than CT or conventional MRI. Combined 
ADC/ƒ-maps may be particularly well 
suited for the assessment of lesions in 
patients who can not tolerate contrast 
agents. In these cases, appropriately 
combined non-contrast agent T1w/T2w 
MRI, ADC and ƒ-maps would be recom-
mended. This combination of non-inva-
sive, non-contrast agent techniques, 
also shows promise as a screening meth-
od for post-treatment follow-up.
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* WIP - Work in progress. This information about this 
product is preliminary. The product is under develop-
ment and not commercially available in the U.S., and 
its future availability cannot be ensured.


