Magnetic Resonance Imaging 59 (2019) 105-113

Contents lists available at ScienceDirect

Magnetic Resonance Imaging

journal homepage: www.elsevier.com/locate/mri

Original contribution

3T MR perfusion of solid pancreatic lesions using dynamic contrast- R

Check for

enhanced DISCO sequence: Usefulness of qualitative and quantitative el
analyses in a pilot study

a,

Francescamaria Donati®, Piero Boraschi®*, Rosa Cervelli®, Federica Pacciardi?, Carlo Lombardo®,
Ugo Boggi, Fabio Falaschi®, Davide Caramella”
2 Department of Diagnostic Imaging, Pisa University Hospital, Via Paradisa 2, 56124 Pisa, Italy

® Diagnostic and Interventional Radiology, University of Pisa, Via Paradisa 2, 56124 Pisa, Italy
¢ Division of General and Transplant Surgery, University of Pisa, Via Paradisa 2, 56124 Pisa, Italy

ARTICLE INFO ABSTRACT

Keywords: Purpose: To assess the usefulness of qualitative and quantitative analyses of pancreatic focal diseases by using
Pancreas the dynamic contrast-enhanced Differential Subsampling with Cartesian Ordering (DISCO) sequence at 3T MR
Solid pancreatic lesions device.

MR imaging

Materials and methods: Ten patients without pancreatic diseases and twenty-five patients with pathologically
confirmed pancreatic focal disease (ductal adenocarcinoma, n = 14; endocrine tumour, n = 8; focal chronic
pancreatitis, n = 3), underwent MRI by 3 T-device. Multiphasic contrast-enhanced MR perfusion, consisting of a
3D axial navigator, based free-breathing T1-weighted DISCO sequence, was repeated for 5min. A dose of
0.1 mL/kg of Gadobutrolo with a 20 mL saline flush was injected at a flow rate of 5mL/s. Perfusion MRI were
processed using a dedicated software package (GeniQ; GE Healthcare), obtaining both a time-signal-intensity
curve (TSIC) and perfusion maps for each healthy pancreatic parenchyma and focal disease. The TSIC were
grouped into four types according to their shapes and the MR perfusion parameters (Ktrans, Kep, Ve, IAUGC)
were calculated.

The one-way analysis of variance and the Student's t-test were used to correlate the quantitative and quali-
tative parameters with the tissue histology.
Results: All 10 patients with healthy pancreas presented a TSIC-type 1; TSIC-type 2 was observed in all 14 ductal
adenocarcinomas and in one neuroendocrine tumour; TSIC-type 3 was recognized in the remaining 7 neu-
roendocrine neoplasms; TSIC-type 4 was identified in all 3 focal chronic pancreatitis. All perfusion parameters
were significantly different (p < 0.0001) for each type of lesion. Furthermore, Ve was also very useful to dis-
criminate between normal and pathological tissues (p = 0.0005).
Conclusion: Qualitative and quantitative analyses of contrast-enhanced 3T MR perfusion, using the dynamic
contrast-enhanced DISCO sequence, could be considered an interesting tool to improve the diagnosis of focal
pancreatic diseases, of solid lesions in particular. Further investigations with prospective larger sample studies
are required to confirm these preliminary results.

Contrast-enhanced MR perfusion
DISCO sequence
Perfusion parameters

1. Introduction evaluation of abdominal organs [1-3]. Furthermore, quantitative ana-
lysis of perfusion parameters has been considered helpful and an ob-
The MR perfusion can improve the sensitivity and specificity of jective tool for the diagnosis of malignant diseases [4,5].

diagnostic imaging, by providing information about vascular density, Dynamic contrast-enhanced (DCE) MR perfusion sequence usually
permeability, and integrity of the vascular wall. This information can be lasts several minutes, and each acquisition of the abdominal volume
applied to studies on angiogenesis and biomarkers. takes from about 15 to 25s. Not all patients are able to withhold

Preliminary studies supported a possible role of MR perfusion in the breathing for the whole length of the scan phase, especially the older
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Table 1
MRI protocol.
Sequence TR (ms) TE (ms) FA (D)  Multiple b-values  Bandwidth  Acceleration (phase/slice)  Slice thickness/spacing ~ BH/RTr
(Hz/pixel)
2D-axial and coronal 1600 95 90 62.50 2/1 5/0 BH
SS-FSE T2w
2D-axial 3500-6000 65-90 110 36" 2/1 5/0 RTr
FRFSE-propeller T2w
2D-axial 150 TE; = 1.3 50 166.7 2/1 5/0 BH
SPGR-dual echo T1w TE, = 2.5
3D-MRCP 3000-5000 600-700 90 83.33 2/1 2.4/-1.2 RTr
FRFSE T2w
2D-axial 4500-7000  Minimum 920 0 250 2/1 5/0 RTr
SE-EPI diffusion T2w 150
500
1000
1500
3D axial 3.8 TE, = 1.1 12 200 2/2 5/-25 Navigator
SPGR-dual echo DISCO T1lw TE, = 2.2

TR, repertiotion time; TE, echo time; FA, flip angle; BH, breath holding; RTr, respiratory trigger.

2 Effect bandwidth.
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Fig. 1. (a,b) Dynamic MR perfusion images. (a) This is a part of the volumetric sets of 40 axial images, obtained during the dynamic MR perfusion acquisition, 120 s
after contrast injection. (b) This is the same slab visualized during both first and second arterial, portal-venous and parenchymal phases. Images show the typical
contrast-enhancement of a neuroendocrine lesion of the pancreatic head (arrow).

ones. As a consequence, the DCE-MR image quality can be affected by
breathing motion artifacts [5]. The use of test bolus DCE-MR imaging,
which consists in the administration of a preliminary small test dose of
contrast media to determine the optimal time delay, has been proposed
to overcome these limitations [6-8]. Huh et al. [5] and Kim et al. [6]
reported the reliability timing bolus DCE-MR perfusion parameters to
identify the correct diagnosis in solid pancreatic lesions. However, both
the sequence technical complexity and the poor image quality com-
pared with multi-phasic dynamic imaging, have limited the widespread
use of timing bolus technique.

Recently, Saranathan et al. [9,10] demonstrated the clinical feasi-
bility of Differential Subsampling with Cartesian Ordering (DISCO)
sequence, a new high spatial-temporal resolution DCE-MR imaging
technique applied to breast and liver anatomical districts.

The advantage of DISCO sequence consists in sampling an ellipti-
cally ordered central k-space region every temporal frame as well as in
sub-sampling the outer regions in a pseudo-random fashion. By this
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method the aliasing artifacts from sub-sampling are rendered in-
coherent. Moreover, a two-point Dixon fat-water reconstruction algo-
rithm allows obtaining fat suppressed images.

Therefore, the purpose of this study was to assess the usefulness of
3T MR perfusion, using dynamic contrast-enhanced DISCO sequence,
of focal pancreatic diseases and solid pancreatic lesions in particular, by
performing qualitative and quantitative analyses.

2. Material and methods
2.1. Study design
This prospective, single-institution study was approved by our in-

stitutional review board and a written informed consent was obtained
from all patients, after an extensive explanation of the MR exam.
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Fig. 2. GenlQ parametric view. On the basis of the perfusion maps, a ROI is drawn on both the lesion and the surrounding pancreatic parenchyma, obtaining the

perfusion curves and the perfusion parameters value.

0.000%

Fig. 3. (a—-d) Time-signal-intensity curves. Four curve shapes are identified: (a) shape 1, characterized by quick enhancement and quick decay followed by slowly
decaying; (b) shape 2, with slow enhancement followed by slow constant enhancement; (c) shape 3, with fast enhancement followed by signal plateau; (d) shape 4

with fast and high enhancement followed by slowly decaying plateau.

2.2. Patients

Between April 2016 and April 2017 twenty-five patients with focal
pancreatic diseases detected by computed tomography (CT) were pro-
spectively enrolled in our study to be examined by 3 T MR. The inclu-
sion criteria were as follows: (a) CT detection of a focal solid pancreatic
disease (the CT exam was performed within 15 days before the enrol-
ment); (b) patients older than 18years; (c) estimated Glomerular
Filtration Rate (eGFR) > 30 mL/min/1.73 m? (d) absence of absolute
or relative contraindications to MR exam,; (e) written informed consent
signed.

The exclusion criteria were: (a) previous pancreatic surgery; (b)

radiation or chemotherapy and/or antiangiogenic therapy within
6 months before the study recruitment; (c) pancreatic gland, free from
the targeted focal disease, affected by multiple cysts.

All patients underwent endoscopic ultrasound-guided fine needle
biopsy (EUS-FNB) or core biopsy within 1 month after MRIL

To compare the affected patients with a “control group”, ten sub-
jects, who underwent MR examination for focal liver lesions, and found
without pancreatic disease and/or symptoms, were enrolled.

2.3. MRI technique

All MRI studies were performed by the same 3T device (GE
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Mean parametric values for each focal pancreatic lesion and for the healthy pancreatic parenchyma.

Ktrans Ve Kep TIAUGC
mean * stand. dev. mean * stand. dev. mean * stand. dev. mean * stand. dev.
[95% CI] [95% CI] [95% CI] [95% CI]
Healthy tissue 0.70 = 0.09 0.20 = 0.04 3.74 = 0.93 0.35 = 0.08
[0.50-0.90] [0.17-0.23] [3.07-4.42] [0.31-0.40]
Focal pancreatitis 0.58 = 0.09 0.60 = 0.07 0.95 = 0.07 0.53 = 0.12
[0.21-0.95] [0.54-0.66] [-0.29-2.19] [0.45-0.62]
Neuroendocrine tumour 2.71 = 0.74 0.24 = 0.08 5.96 = 1.91 0.28 = 0.04
[2.48-2.93] [0.20-0.27] [5.20-6.71] [0.23-0.34]
Ductal pancreatic cancer 0.46 = 0.05 0.34 = 0.03 1.53 £ 0.25 0.42 = 0.07
[0.30-0.64] [0.31-0.37] [0.96-2.10] [0.36-0.49]

stand. dev., standard deviation.
95% CI, 95% confidence interval.

Kirans: 0.593
Ve: 0.623
Kep: 0.975
IAUGC: 0.522

Fig. 4. (a-g) Ductal adenocarcinoma. This is a patient with ductal adenocarcinoma at the level of the head. The lesion is identified in T2-weighted (a), MRCP (b),
ADC map of DWI (c) and post-contrast T1-weighted (d) images. On the perfusion maps (e) it is well appreciable the differentiation between the lesion and the
pancreatic parenchyma, particularly on Ve map. Subsequently, a ROI is placed on the surrounding pancreas (ROI2) and on the lesion (ROI3) obtaining two different

curve shapes (f) and also different parametric values (g).

DISCOVERY MR750; GE Healthcare, Milwaukee, Wisconsin, USA) with
an eight-channel phased-array body coil. The MR imaging protocol
included: 1) axial T1-weighted and axial/coronal T2-weighted images;
2) MR cholangio-pancreatography (MRCP); 3) diffusion weighted MR
(DW-MR) sequences. The MR Perfusion was performed using a 3D,
axial, navigator based free-breathing, T1-weighted DISCO sequence,
which is a high spatial-temporal resolution contrast-enhanced tech-
nique. It combines a dual-echo Spoiled Gradient Recalled Echo (SPGR)
sequence with Dixon fat-water separation, pseudo-random variable
density K-space segmentation and a view sharing reconstruction [9,10].
Free-breathing was compensated by using the navigator echo triggering
technique (navigator technique). This technique records the visceral
movement and synchronizes the MR images acquired [11]. The MR
imaging protocol is summarized in Table 1.

Volumetric sets of 40 axial images (for a total slab thickness of
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20 cm) were acquired before contrast media administration. The same
volume slab was acquired every 6s and repeated 50 times during the
dynamic post-contrast sequence. The acquisition of the post-contrast
first slab started contemporarily with the injection of 0.1 mL/kg of
Gadobutrolo (Gadovist, Bayer HealthCare) and 20 mL saline bolus; flow
rate of 5mL/s. The whole length of the sequence was 300s (Fig. 1).

2.4. Image analysis

The overall image quality of the 3D axial navigator based free-
breathing T1-weighted DISCO sequence was rated by two abdominal
radiologists (with 5 and 15years of abdominal MRI experience, re-
spectively), using a 4-point scale as follows: score 1 for insufficient
quality; score 2 for poor; score 3 for good; score 4 for excellent quality.

Perfusion MR images were processed by both radiologists in
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Fig. 5. (a—g) Autoimmune pancreatitis. This is a patient with focal autoimmune pancreatitis of the tail with typical findings on T2-weighted (a), MRCP (b), DWI (c)
and post-contrast T1-weighted (d) images. In this case on the perfusion maps (e) it is well appreciable the differentiation between the lesion and the pancreatic
parenchyma, particularly on Ve map. We placed a ROI on the lesion (ROI2) and on the surrounding pancreas (ROI3) and we obtained two different curve shapes (f);
autoimmune pancreatitis' shape curve is like a chronic pancreatitis', however the peak enhancement is higher. Parametric values are different, too (g).

conference, who were blinded to the pathological report of all pan-
creatic diseases. The perfusion MR analysis was performed by using a
dedicated software package “GenlIQ”, which is an application on the
platform Volume Share 5 running on AW-system (AW VolumeShare 4.7;
GE Healthcare, Milwaukee, Wisconsin, USA). It provides automated or
semi-automated methods for identifying the optimal Arterial Input
Function (AIF).

First, by using GenlQ, the T1 correction factor (3.0 T T1 Pancreas
value, relaxation time = 725 ms) was applied to overcome the use of T1
mapping for the quantitative elaboration of the MR perfusion images
[12,13]. Then, in presence of motion artifacts, the motion correction
factor (available in GenlQ) was used as a post-processing tool. Finally,
the T1-signal intensity was converted to gadolinium concentration, in
order to obtain both qualitative maps and quantitative parameters
(Fig. 2).

On the perfusion maps, regions of interest (ROIs) of 0.5 to 1 cm in
diameter, were drawn by two radiologists in conference to obtain both
qualitative and quantitative information. The ROIs were drawn on the
healthy pancreas in the “control group”, whereas, in the affected pa-
tient group, the ROIs were on the focal disease and on the surrounding
pancreatic parenchyma.

The qualitative analysis was based on time-signal-intensity curves
(TSICs). On the basis of their shape, the TSICs were classified by both
radiologists in conference into four types (Fig. 3):

shape 1, fast enhancement and fast decay, followed by progressive
slow decay;

shape 2, contrast enhancement followed by slow progressive en-
hancement;

shape 3, fast enhancement followed by signal plateau;

shape 4, fast, intense enhancement followed by slow decay, reaching
a plateau.
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On the basis of TSCIs, the initial area under the gadolinium con-
centration curve (IAUGC), which includes the perfusion first 60 s, was
also calculated.

The quantitative evaluation was based on Tofts' two-compartment
pharmacokinetic model [14], the blood flow and the extravascular
extracellular space (EES). The following parameters were evaluated:

- Ktrans (volume transfer constant, wash-in)
- Kep (reverse efflux rate constant, wash-out)
- Ve (EES volume fraction).

2.5. Statistical analysis

All statistical computations were performed with a dedicated soft-
ware package (JMP statistical software 7.0, SAS; Cary, NC, USA).
Continuous variables were reported as means *+ standard deviation
(SD); categorical variables were reported as frequencies or percentages.
The difference between the values of perfusion parameters obtained by
each ROI and the pathological nature of the parenchymal focal disease
(neuroendocrine tumour, focal pancreatitis, and ductal adenocarci-
noma) or of the healthy tissue was evaluated by the one-way analysis of
variance (ANOVA). The quantitative values of perfusion parameters,
grouped according to the histological examination, were coupled-
compared by Student's t-test. Differences were considered statistically
significant when the p value was < 0.05.

Finally, the correlation between the values of perfusion parameters
and the histology was performed by Spearman coefficient.
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ROI3

Kirans: 0.721
Ve: 0.213
Kep: 3.728
I1AUGC: 0.348

Fig. 6. (a—g) Neuroendocrine tumour. This is a patient with neuroendocrine tumour at the level of the tail with a hyperintense hepatic lesion. Both the lesions show
the typical appearance on T2-weighted (a), MRCP (b), DWI (c) and post-contrast T1-weighted (d) images. The perfusion imaging well demonstrated the progressive
enhancement of the pancreatic lesion and the typical enhancement of the hepatic angioma. On the perfusion maps it is well appreciable the differentiation between
the lesion and the pancreatic parenchyma in all maps (e). Subsequently, a ROI is placed on the surrounding pancreas (ROI2) and on the lesion (ROI3) obtaining two
different curve shapes (f) and also different parametric values (g). In particular, Ktrans and Kep show the highest values.

Table 3
Diamond-graphs of one-way analysis of variance (ANOVA).
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Table 4

The Spearman correlation coefficient.
Variable Variable by p of Spearman Prob > Ipl
Ve Ktrans —0.5330 0.0010*
Kep Ktrans 0.7734 < 0.0001*
Kep Ve —0.7125 < 0.0001*
IAUGC Ktrans —0.6160 < 0.0001*
TIAUGC Ve —0.4281 0.0103*
TAUGC Kep —0.6386 < 0.0001*
Normal vs pathological findings Ktrans —0.2630 0.1269
Normal vs pathological findings Ve 0.6077 0.0001*
Normal vs pathological findings Kep —0.3382 0.0469*
Normal vs pathological findings TIAUGC 0.1754 0.3136

* indicates a value statistically significant according to the analysis performed.
3. Results
3.1. Enrolled patients characteristics

The final histological diagnosis of the focal disease affecting the 25
patients enrolled (16 men and 9 women; age range, 44-83 years; mean
age, 64.4 + 10.3763 years) were the following: ductal adenocarci-
noma (n = 14), neuroendocrine tumours (n = 8), and focal chronic
pancreatitis (n = 3). According to the NCCN version 2.2017 [15], 9 out
of 14 patients were affected by “resectable” adenocarcinoma, whereas
the remaining 5 were affected by borderline resectable adenocarcinoma
due to the hepatic artery involvement or to the superior mesenteric
artery involvement (< 180° of lesion to artery contact). All the patients
with borderline resectable lesions were treated by neoadjuvant che-
motherapy (FOLFIRINOX) and, then, they underwent surgical resection
[16,17]. Only one neuroendocrine tumour was classified as poorly
differentiated carcinoma; the remaining 7 were well-differentiated
neuroendocrine tumours [18]. Finally, in one out of 3 focal chronic
pancreatitis the histology identified autoimmune pancreatitis (type 2).

As to the “control group” (6 men and 4 women; age range,
28-44 years; mean age, 36.1 = 5.13years), 7/10 were affected and
monitored for hemangioma and 3/10 for focal nodular hyperplasia.

3.2. Overall image quality

In all 35 cases, 3D axial navigator based free-breathing, T1-
weighted DISCO sequence, covering the whole liver and pancreas with
high temporal and spatial resolution, and with high image quality

(85,7%, excellent; 14,3%, good), were acquired.

3.3. Qualitative analysis results

After image post-processing analysis, all 10 patients with healthy
pancreas presented a TSIC-shape 1. The TSIC-shape 2 was observed in
all 14 ductal adenocarcinomas and in 1 neuroendocrine tumour; the 3
(including the case of autoimmune

focal chronic pancreatitis

Magnetic Resonance Imaging 59 (2019) 105-113

pancreatitis) showed TSIC-shape 3 curve. Six out of 22 patients affected
by solid lesions, showed atrophy of the distal pancreatic gland as a
result of the post-obstructive chronic pancreatitis. In all of them, a TSIC-
shape 3 curve was obtained when the ROI of the surrounding pancreatic
parenchyma was drawn.

Finally, the remaining 7 patients with neuroendocrine tumours
showed TSIC-shape 4 curve.

3.4. Quantitative analysis results

The perfusion parametric values (IAUGC, Ktrans, Kep and Ve) ob-
tained for each focal pancreatic disease as well as for the healthy
pancreatic parenchyma are reported in Table 2. The ANOVA analysis
was performed to evaluate the difference of each parametric value
(IAUGC, Ktrans, Kep and Ve) grouped on the basis of the assigned
histopathologic nature of the focal region assessed. The analysis showed
a statistical difference between Ktrans, Ve, Kep and IAUGC values ob-
tained in healthy tissue, ductal adenocarcinoma (Fig. 4), focal chronic
pancreatitis (Fig. 5), and neuroendocrine tumour (Fig. 6), respectively
(all these statistical computations showed a p value < 0.0001)
(Table 3).

Then, the four perfusion parameters were each taken separately and
statistically analysed (t-Student test) in comparison with two groups at
a time, based on the histological examination — healthy pancreatic
tissue, ductal adenocarcinoma, neuroendocrine tumour and focal
chronic pancreatitis.

By evaluating Ktrans, a statistical difference was found between
neuroendocrine tumour and focal pancreatitis, ductal adenocarcinoma
and healthy tissue (p < 0.0001); however no statistical difference was
obtained between healthy tissue and focal pancreatitis or ductal ade-
nocarcinoma, or between ductal adenocarcinoma and focal pancrea-
titis.

As to Ve, the focal diseases showed a statistical difference of the
value assessed (all with a p value of < 0.0001), except for the neu-
roendocrine tumour compared with the healthy pancreatic tissue
(p = 0.1540); in that case an overlap between the Ve values was re-
corded.

The Ke resulted statistically different, when each couple of focal
diseases was analysed, with the exception of focal pancreatitis versus
ductal adenocarcinoma (p = 0.3918). Finally, an overlap of the IAUGC
values was recorded only between neuroendocrine tumour and healthy
tissue (p = 0.1540).

Statistical correlations were found between the healthy pancreatic
tissue or the focal diseases (neuroendocrine tumour, focal chronic
pancreatitis and ductal adenocarcinoma) and the perfusion parameters
assessed by the ROIs (Spearman correlation coefficient were —0.72,
0.70, —0.66 and 0.45, for Ktrans, Ve, Kep and IAUGC, respectively). A
correlation was also found between the healthy or pathological tissue
(in the pathological group were included neuroendocrine tumour, focal
chronic pancreatitis and ductal adenocarcinoma) and the Ve and Kep
values, with a Spearman correlation coefficient of 0.61, and —0.34,

Fig. 7. (a—c) Ve perfusion maps. Ve is the most helpful perfusion parameter to discriminate between healthy and pathological tissue in all types of pathologies, for
example in focal chronic pancreatitis (a), neuroendocrine tumour (b) and ductal adenocarcinoma (c).
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respectively (Table 4).
4. Discussion

In our study, DCE-MR imaging by using the DISCO sequence de-
monstrated clinical feasibility for the perfusion analysis of focal pan-
creatic diseases. The DISCO sequence, combining a variable density
pseudorandom k-space segmentation scheme, view sharing, a 2-point
Dixon-based fat-water separation, and 2D parallel imaging using ARC,
provides high spatial resolution to characterize lesion morphology and
high temporal resolution to accurately characterize contrast behavior.
It also provides excellent fat suppression by 3T device. Furthermore,
the DISCO sequence, by applying the navigator gating, avoids artifacts
related to breathing-motion, such as image blurring or mismatching
[19]. This data were confirmed by our results: the image quality was
judged excellent in 85.7% of cases and good in 14.3% of cases.

Differently from previous studies [5-8], which used a small bolus of
contrast material to make perfusion (test bolus) followed by the diag-
nostic DCE-MR sequence, our post-contrast imaging was acquired di-
rectly by DISCO. A “standard dose” of gadolinium-based contrast ma-
terial (0.1 mL/kg of Gadobutrolo) was administered in order to obtain a
signal-to-noise ratio comparable with the conventional DCE-MR study.
By this technique both time and contrast media were saved, because no
further post-contrast sequences were required.

Perfusion qualitative and quantitative assessments were obtained in
all cases.

The qualitative assessment, based on the signal intensity per time,
showed results in agreement with the ones reported by the Literature
[5,6]. All the patients with healthy pancreas presented a TSIC-shape 1.
TSIC-shape 2, characterized by contrast enhancement followed by slow
progressive enhancement, was observed in all ductal adenocarcinomas
and in the only case of poorly differentiated neuroendocrine carcinoma.
The remaining 7 patients with neuroendocrine tumour showed TSIC-
shape 4 curve, characterized by the typical fast and intense enhance-
ment followed by slow decaying plateau. The different TSIC curve ob-
tained in neuroendocrine tumours can be justified by the histology
grade; in fact, the enhancement pattern was different according to the
benign, borderline or malignant nature of the neuroendocrine lesion, as
demonstrated in previously CT studies [6,20,21]. In particular, when
neuroendocrine tumour was malignant, the enhancement pattern cor-
responded to the ones of the ductal adenocarcinomas.

Finally, all 3 focal chronic pancreatitis showed TSIC-shape 3 curve
(including the case of autoimmune pancreatitis), which was char-
acterized by fast enhancement followed by signal plateau. This shape
curve was also obtained in 6 cases of post-obstructive chronic pan-
creatitis, by analysing the surrounding parenchyma in patients with
ductal adenocarcinoma. As to the case of autoimmune pancreatitis, the
shape of the curve was the same, but the peak enhancement was higher.
Although TSIC-shape curves seem to differentiate pancreatic cancer
from chronic pancreatitis, there may be enough overlap in the imaging
features; so, this differential diagnosis can be often extremely complex
[6,22].

For this reason, the quantitative perfusion parameters analysis was
also performed.

In our study, the perfusion analysis showed a statistical difference
between Ktrans, Ve, Kep and IAUGC values obtained in healthy tissue,
neuroendocrine tumour, focal chronic pancreatitis, and ductal adeno-
carcinoma. However, our results were partially different from those
published previously. In particular, the mean perfusion parameter va-
lues obtained from healthy pancreatic gland and from each type of focal
lesion were different; though, as already reported in the Literature
[6,23], the average values of Ktrans and Kep in ductal adenocarcinoma
(0.465min~' * 0.083; 1.531min~! + 0.280) were significantly
lower than those in both healthy pancreas (0.702min~! + 0.098;
3.741min"' * 0.332) and focal chronic pancreatitis
(0.577 min~! + 0.180; 0.951min~! * 0.606). On the contrary,
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Ktrans and Kep averages were higher in neuroendocrine tumour
(2.709min~ ! + 0.110; 5.957 min~! + 0.371) than in the other focal
diseases or healthy pancreatic gland.

The Ktrans and Kep values reflect blood flow (wash-in and wash-out
respectively), thus the described results were in agreement with the
post-contrast behavior of these primary solid lesions. In fact, the ductal
adenocarcinoma is a hypovascular tumour, whereas the well-differ-
entiated neuroendocrine tumour is hypervascularized.

According to the Literature, no statistically significant difference of
Ktrans and Kep values was demonstrated between neuroendocrine tu-
mour and neuroendocrine carcinoma [24]. However, in this differential
diagnosis, IAUGC could be useful, since the only case of neuroendocrine
carcinoma (0.337 mmol/s) did have a higher IAUGC value than that of
neuroendocrine tumours (0.285 mmol/s *+ 0.025), comparable to the
ductal adenocarcinoma value (0.386-0.463 mmol/s). On the other
hand, IAUGC was less useful in the differentiation between focal
chronic pancreatitis and ductal adenocarcinoma (p = 0.019).

As to Ve, our results have shown that it is the most effective para-
meter in the differentiation of chronic pancreatitis both from the
healthy pancreas and from the other types of focal lesions, in particular
in the differentiation from ductal adenocarcinoma (Fig. 7). In fact, the
average value of Ve in focal chronic pancreatitis
(0.600 min~' + 0.028) was significantly higher than in the ductal
adenocarcinoma (0.341 min~! + 0.013). Despite the low number of
chronic pancreatitis in our study group, these data are extremely im-
portant, because the differential diagnosis between focal chronic pan-
creatitis and ductal adenocarcinoma could be sometimes very hard.
Finally, Ve is the most useful parameter to differentiate the neoplastic
tissue from the healthy parenchyma, showing a Spearman coefficient of
0.6077 (p < 0.0001) and this is extremely important in those cases
where the differential diagnosis is not clear [25].

Nevertheless, some limitations can be outlined in our study. First,
the number of patients was small and heterogeneous for all the types of
lesion; moreover the control group was not matched with the group of
patients affected by focal pancreatic diseases in order to reduce bias
deriving from the population characteristics (age, gender, and so on).
The reproducibility and inter-observer variability of perfusion para-
meters were not evaluated. Finally, there was no reference standard for
the perfusion parameters. For these reasons, our results need to be
confirmed by a study including a larger series of patients.

5. Conclusions

In conclusion, our results suggest that qualitative and quantitative
analyses of contrast-enhanced 3T MR perfusion, using dynamic con-
trast-enhanced DISCO sequence, could be considered an interesting tool
to improve the diagnosis of solid pancreatic lesions. Since DCE-MR
DISCO does not require further post-contrast sequences compared to
standard MRI examination protocol, this technique could be re-
commended as an added tool of MR study of the pancreas to char-
acterize focal pancreatic lesions.
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