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Introduction

Radiological images have evolved from the anatomical set-
ting to the possibility of evaluating the functional and
molecular characteristics of tissues. The development of
multiple advanced imaging modalities fundamentally based
on computed tomography (CT) scans and magnetic reso-
nance imaging (MRI) has changed the way we approach
and manage pancreatic disease. These techniques pro-
vide a better capacity of detection and characterization
and play a significant role in the therapeutic decision-
making process and management of patients. This paper
will review their actual clinical applications and limita-
tions.

Advanced computed tomography imaging
modalities

Dual-energy computed tomography imaging

The dual-energy computed tomography (DECT) imaging
modality consists of the acquisition of images by combining
different kilovoltages (the most commonly used are 80kV
and 140kV). Since the absorption of x-rays depends on the
energy of the beam and the attenuation of several chem-
ical elements is different at 80kV than it is at 140kV, we
can classify them by analyzing the difference of attenu-
ation with respect to each spectrum of energy. Also, the
iodine of one CT scan conducted with a contrast agent
can be subtracted to obtain the so-called studies ‘‘without
virtual contrast’’ or else to generate ‘‘iodine distribu-
tion maps’’, and also conduct iodine quantification studies
(Fig. 1). The DECT provides better pancreatic adenocarci-
noma detection. Several authors have demonstrated that
the use of low kilovoltages (80kV) allows us to better dif-
ferentiate between tumor and normal pancreatic tissue.’?
Another study that compared the multiphase CT scan to the
DECT showed higher diagnostic sensitivity with the use of
dual energy.® Similarly, recent studies have shown promis-
ing findings distinguishing adenocarcinomas from chronic
pancreatitis-induced inflammatory mass with the use of dual
energy.*

Also, the DECT allows us to conduct pancreatic stud-
ies with lower doses of radiation since we can suppress
the phase without contrast thanks to the **CT scan without
virtual contrast’’ and thus minimize the dose of iodinated
contrast used given its higher intrinsic contrast thanks to the
use of low kilovoltages.’ In patients with acute pancreatitis,
Wichmann et al. showed that one single portal phase with
the DECT imaging modality would be enough to assess the
index of severity, meaning that it is possible to suppress the
phase without contrast and the arterial phase, thus limiting
the dose of radiation used.®

Another new field of study is virtual cholangiography, but
very few studies have been published to date that assess the
use of the DECT imaging modality to determine the compo-
sition of biliary lithiases.”

Computed tomography perfusion imaging

The computed tomography perfusion (CTP) imaging is one
functional technique that allows us to study the vasculariza-
tion characteristics of a given organ. This technique is based
on monitoring the passage of contrast through the vascular
bed with a linear correlation between the concentration of
contrast and attenuation. To conduct this imaging modality,
serial quick slices are acquired on the same region after the
administration of high flow endovenous contrast to obtain
temporal information on the passage of contrast through
the network of capillaries. Depending on the mathemati-
cal model used, it is possible to estimate the quantitative
maps of different parameters including the blood flow (BF),
the blood volume (BV), the mean transit time (MTT), or the
transfer coefficient (K?") for the functional study of tissue
vascularization.®

Mostly the CTP has been used in the pancreas for the
assessment of tumors and inflammatory disease. In the field
of oncology, the CTP is a non-invasive way to study the phe-
nomenon of tumor angiogenesis.’ In general, tumors here
show an increased vascularization and impaired patency
(Fig. 2). In the case of pancreatic adenocarcinomas, we
should consider the extensive desmoplasic reaction associ-
ated, which would explain its lower perfusion compared to
pancreatic parenchyma. The CTP has proven useful in the
diagnosis, staging, and prognosis of patients with neuroen-
docrine tumors (NET) since it is associated with their degree
of aggressiveness. These tumors show higher parameters of
BV and BF compared to a normal pancreas.'®'? Zhu et al.
confirmed that when the CTP is combined with conventional
imaging techniques, it increases the diagnostic performance
of insulinomes.” On the other hand, the degree of tumor
differentiation of adenocarcinomas seems to be associated
with the BV. Thus, high-grade adenocarcinomas show lower
BV and lower values of enhancement peak. '

Also, perfusion allows us to assess the response of the
tumor to different therapies. It has been reported that
tumors with higher values of K" usually show better
response to radiochemotherapy'® and that, when it comes
to antiangiogenic therapy, higher basal values of BF and BV
associate better responses to such therapy. It can also be
a useful tool to assess the early response of NET after con-
firming the drop of BF 48h after initiating antiangiogenic
therapy and then the drop of BV (Fig. 3).">1

Another interesting aspect here is the possible use of the
CTP to differentiate chronic pancreatitis-induced inflam-
matory masses from adenocarcinomas. Both entities would
show lower perfusion compared to a normal parenchyma,
but this decrease would be higher if dealing with cancer.'® "
This imaging modality can also be used to diagnose isodense
tumors with parenchyma in the study of conventional CT
scans. "

In the case of pancreatic inflammatory disease, sev-
eral authors have studied the role that the CTP plays
in the diagnosis of acute or chronic pancreatitis and
in the early prediction of developing necrosis in acute
pancreatitis.®'”'® Pienkowska et al. suggest that the CTP
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Figure 1  55-year-old male with acute pancreatitis. Computed tomography (CT) scan without contrast (A), color-coded iodine
concentration map (B) and map with region of interest (ROl) measuring the concentration of iodine (C). The dual-energy computed
tomography shows an area of necrosis at the level of the pancreatic body shown in the color-coded iodine concentration map as an
area without iodinated contrast uptake (arrow) being the iodine quantified by placing one ROI in the gland parenchyma.

(9

ROl 2:max

Figure 2 Computed tomography (CT) scan with perfusion in a patient with clear cell carcinoma in left kidney and metastasis in
the pancreatic uncinate (arrows). CT scan with contrast in the arterial phase (A), parametric maps in the axial plane of patency
(B) of blood flow in the axial (C) and coronal (D) planes and of blood volume (E) and uptake curves of aorta and tumor (F). The
color-coded maps show high values of blood flow and volume and low values of patency in the pancreatic metastatic lesion compared
to a normal pancreas. The imaging time-curve-type analysis shows an enhanced pancreatic metastasis (green curve) with a similar
morphology to that of the aorta (red curve).

could also be used to select, during the first 24h fol- respectively) facilitated predicting the presence of necro-
lowing symptom onset, patients at risk of developing sis with 87.5% sensitivity and 100% specificity.” In
pancreatic or peripancreatic necrosis.'” The group led by the case of chronic pancreatitis, the possible util-
Yadav showed that the following cut-off points for the ity of perfusion in its early diagnosis has also been
BF and the BV (27.29 ml/100 ml/min and 8.96 ml/100 ml, suggested.® 10,20
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Figure 3

Hepatic metastasis of pancreatic neuroendocrine tumor treated with antiangiogenic therapy. Parametric maps of blood

flow pre-treatment (A) and 15 days after angiogenic therapy (C) overlapping the anatomical image of a CT scan (50% transparency)
and uptake curves of the metastatic lesion (in green), the aorta and the normal hepatic parenchyma (B and D) showing significant
tumor response with a drop of metastatic flow from 118 ml/100g/min to 8 ml/100g/min and change in the morphology of the
enhancement curve of the lesion from one enhancement curve with washout (type 3) (B) to one plane curve with almost no changes

(D).

Advanced magnetic resonance imaging

Secretin-enhanced magnetic resonance
cholangiopancreatography

The magnetic resonance cholangiopancreatography (MRCP)
evaluates the pancreatic and biliary ductal morphology
thanks to the use of heavily T2-weighted sequences that
show the fluid content of biliopancreatic ducts, but the
adjacent tissues are suppressed in the image. Secretin is
one hormone that stimulates the secretion of water and
bicarbonate through the pancreatic ductal cells and ele-
vates the sphincter of Oddi tone during the first 5-6 min
after its administration. As a result, it increases the fluid
content inside the pancreatic ducts and, consequently, their
size. The secretin-enhanced MRCP plays an important role
in the diagnosis of ductal anatomical variants, complications
such as pancreatic duct disruption (Fig. 4), or functional dis-
orders such as disruptions in the sphincter of Oddi. Also,
with the MRCP we can conduct early diagnoses of chronic

pancreatitis because it provides us with better visualiza-
tion of the main pancreatic duct and its secondary branches
and estimates the exocrine pancreatic function indirectly.?’
Also, it plays a key role in the detection of pancreatic
focal lesions since the presence of ‘‘duct-penetrating sign’’
help us rule out the diagnosis of ductal adenocarcinoma.??
Lastly, the MRCP can also be used to evaluate postop-
erative pancreato-jejunal anastomosis; for the functional
assessment of pancreatic transplants; to evaluate the ductal
integrity of trauma patients; or for the study of patients with
symptomatic elevations of their serum pancreatic enzyme
levels. In these patients, the MRCP allows us to significantly
increase the diagnosis of the causes of such elevations.??

Diffusion

The term diffusion refers to the microscopic sponta-
neous and random move (Brownian motion) of water and
other small molecules due to thermal collisions. Diffusion-
weighted images (DWI) allow the non-invasive mapping of
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Basal MRC

Figure 4

MRCP AFTER SECRETIN 10 min

Secretin-induced dynamic magnetic resonance cholangiopancreatography (MRCP) in a 57-year-old male with Wirsung’

duct disruption after post-trauma splenectomy. Basal MRCP image and image taken 10 min after the administration of secretin -
the latter shows the extravasation of pancreatic secretion and the filling of one collection located at the level of the pancreatic

tail (red arrow).

such process in in vivo biological tissues. The sensitivity
of DWI varies depending on the b values used. Higher b
values mean heavily diffusion-weighted images. Several fac-
tors affect in vivo diffusion including the organization and
structure of the tissue, its cellularity, and also phenomena
of flow and perfusion. Inside the tissues there are dif-
ferent compartments of water distribution: intracellular,
extracellular-extravascular and intravascular compart-
ments. Water diffusion in the extracellular-extravascular
space is hindered by the presence of cells and the tortuos-
ity of the extracellular-extravascular space, being the main
compartment evaluated with the classic diffusion modalities
based on monoexponential diffusion-related signal analy-
ses. Thus, tissues or structures where free water molecules
are predominant will lose their signal intensity with higher
b values; on the contrary, highly-cellular tissues (such as,
in general, tumors) and tissues with debris and high pro-
tein content (such as abscesses) will keep the integrity of
their signal intensity with high b values since the move-
ment of water molecules is restricted here. Lastly, we should
remind that in lesions with significant vascularization, the
movement of water molecules in the network of microcap-
illaries creates a process of pseudo-diffusion that will end
up modifying the signal intensity in diffusion with low b val-
ues, which is the basis for the diffusion model based on the
intravoxel incoherent motion (IVIM) technique.

Exponential model of analysis

We can conduct one quantitative analysis of diffusion by
estimating the value of the ADC (apparent diffusion coef-
ficient). The ADC represents the exponential decay of signal
intensity when increasing diffusion enhancement (b value).
With higher diffusion restriction, lower ADC values. In gen-
eral, there is a significant correlation between ADC values
and important biological characteristics such as cellular-
ity; the tumor proliferation index; the tumor grade; or the

presence of necrosis and/or apoptosis. Today, diffusion
applies routinely in abdominal MRIs and it provides us with
a better detection and characterization of the pancre-
atic disease.? It allows the diagnosis of acute pancreatitis
with diffusion and a higher sensitivity compared to the CT
scan without the administration of contrast.?’> Also, diffu-
sion not only allows us to diagnose acute pancreatitis but,
thanks to the ADC, it also allows us to score its severity
according to the Balthazar severity index.?® In this sense,
de Freitas Tertulino et al. determined that ADC values of
1.58 x 1073 mm?/s identified necrosis with 100% sensitivity
and 92.25% specificity.?” However, the main clinical applica-
tion of diffusion in the context of pancreatitis would be to
differentiate pseudo-cysts from abscesses (Fig. 5). The col-
lections infected would show lower ADC values than those
of sterile collections.?®%°

Another basic application of diffusion in pancreatic
images is tumor evaluation. Images play a key role in the
detection and characterization of pancreatic cystic masses
since around 31% of these lesions can be potentially malig-
nant, being especially significant to differentiate serous
from mucinous tumors, and within the latter, to distinguish
between cystic mucinous neoplasms (CMN) and intraductal
papillary mucinous neoplasms (IPMN) (Fig. 6). Different stud-
ies have tried to establish the role played by diffusion in this
disease, but the data published so far is contradictory. Thus,
Fatima et al. showed that ADC values of 2.4 x 10~3 s/mm?
differentiate IPMNs from CMNs with 98% sensitivity and 100%
specificity. The IPMNs showed systematically higher ADC val-
ues compared to CMNs probably due to their communication
with Wirsung’s duct, which allows greater movement of the
content of the lesion.?° On the other hand, the group led
by Kang et al. established that diffusion was capable of
distinguishing benign from malignant IPMNs while provid-
ing information on the degree of aggressiveness based on
ADC values.®" However, other studies published have pro-
vided contradictory findings, meaning that the ADC values
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Figure 5

45-year-old patient with necrotizing acute pancreatitis and presence of encapsulated pancreatic and peripancreatic

necrosis with signs of infection on the MRI. Axial T2-weighted image (A), diffusion weighted imaging (DWI) in T2 and diffusion
imaging with high b values (b800) in the color-coded map (B). The fusion of the images shows the restriction of diffusion in the

periphery of the collection suggestive of its overinfection (arrows).

Figure 6 45-year-old female with cystic tumor in the pancreatic tail. Endoscopic ultrasonography (EUS) imaging (A), T2-weighted
MRI with fat saturation (B), ADC map with color segmentation of peripheral (blow) and central (pink) portions (C) and histograms
corresponding to the ADC values of such portions of the mass (D and E). Both the endoscopic image and the T2-weighted MRI with fat
saturation show one cystic mass with a solid central component (white arrows in the EUS image and red arrows in the T2-weighted
MRI). The analysis of the ADC map shows the peripheral cystic portion (segmented in blue) with high ADC values in the histogram
(E) and an average ADC value of 2.7, while the solid central portion (segmented in pink) shows lower values on the ADC map (D)
with an average ADC of 2.1. After the surgery, the anatomopathological diagnosis was mucinous cystadenocarcinoma.

do not help differentiate among different types of pancre-
atic cystic lesions.?>* For all this, the capacity of individual
characterization of one cystic lesion with diffusion would be
limited.

Diffusion has also proven highly sensitive and specific
with solid tumors when it comes to diagnosing pancreatic

adenocarcinoma improving its detection and staging, and
also in the monitoring of therapy. Kartalis et al. e Ichikawa
et al. found 92% and 96% sensitivity, respectively, and 97%
and 98.6% specificity>**® in its diagnosis - significantly
higher values compared to imaging modalities such as the
CT scan and the positron emission tomography/computed
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tomography (PET)-CT.>¢3 Compared to the endoscopic
ultrasound scan, it is an invasive technique of lower
specificity (50%) yet despite its 100% sensitivity.>®

Similarly, diffusion can identify small tumor lesions and
is particularly useful in the detection of NETs.>* Brenner’s
group established that by combining T2-weighted images
and diffusion-weighted images with high b values it was pos-
sible to identify small NETs in almost 100% of the cases.*
In this same line, one study that compared the validity of
MRIs (including morphological and diffusion sequences) to
the validity of PET-CTs with ¢8Ga-DOTANOC found that the
capacity of detection of multiparametric MRIs was 92% and
superior to that of PET-CTs.*! With high b values, NETs usually
show one marked hypersignal when compared to the gland
parenchyma (Fig. 7). However, its ADC values are variables
and depend both on the degree of differentiation and on the
presence of hemorrhage and/or necrosis. Also, recent stud-
ies have described that the ADC is associated with the degree
of aggressiveness and the Ki-67; also, higher ADC values have
been reported in grade 1 NETs according to the WHO clas-
sification of 2011 and lower ADC values have been reported
in grade 3 NETs.“%4

On the possibility of characterizing pancreatic lesions,
Kartalis et al. showed that malignant pancreatic lesions had
lower ADC values compared to benign pancreatic lesions,
although overlapping values were found in the differ-
ent types of malignant lesions.?* There is an extensive
medical literature connecting the histopathology of pan-
creatic adenocarcinoma and ADC values with very diverse
and contradictory findings.*>** In this sense, one of the
biggest diagnostic challenges of pancreatic imaging is still
distinguishing between adenocarcinoma and focal chronic
pancreatitis. Different radiological signs such as the duct-
penetrating sign or the enhancement peak have been used
showing highly variable sensitivities and specificities in dif-
ferent studies.”>* For this reason, Wieggermann et al.
evaluated the role played by diffusion and ADC values in
the differentiation between focal pancreatitis and adeno-
carcinoma and confirmed that diffusion and ADC helped
distinguish between normal and abnormal pancreatic tis-
sue but there was also ADC value overlapping that would
not allow making distinctions between both entities.* One
meta-analysis that included 9 studies confirmed 86% and 82%
sensitivity and specificity, respectively, when an ADC value
of 0.91 was established as the cut-off point.*

One of the main advantages of the use of diffusion in
pancreatic cancer is the identification of metastatic disease
(Fig. 8) since 80% of the cases are unresectable at diagnosis.
The findings of one study on metastatic disease in pancreatic
cancer showed that diffusion was more sensitive and specific
in the detection of hepatic metastases than multidetector
CT with contrast with values of 86.7% and 97.5%, respec-
tively versus 53.3% and 77.8% for the CT scan.”® However,
diffusion shows a very limited capability in the assess-
ment of adenopathies.** Diffusion is also a promising tool
to assess the response new percutaneous therapies such as
cryoablation and/or electroporation and it can also provide
prognostic information in patients with locally advanced
pancreatic cancer since lower ADC values have been associ-
ated with shorter progression-free survival.*

Other models of diffusion

Aside from the classic analysis of the diffusion signal, there
are other alternative models we can use such as the IVIM
(that allows measuring perfusion from the diffusion sig-
nal), the diffusion tensor imaging (DTl - that enables the
assessment of tissue microstructure), or kurtosis model (that
provides information on the heterogeneity and complexity
of the tissues). The IVIM model allows us to discriminate
two (2) different elements in the drop of signal intensity
by increasing the sequence diffusion power. With low b val-
ues (between 0 and 100-200s/mm?), the signal undergoes
one quick drop due to the passage of blood through the
microvascular network, and with higher b values (above
100-200s/mm?), the drop of signal intensity is associated
with the behavior of water molecule diffusion in the inter-
stitial space regardless of the effects derived from perfusion
and with a much more progressive drop (Fig. 9). Through the
analysis of perfusion three (3) parameters may be obtained:
D* corresponds to pseudo-diffusion, that is, blood diffu-
sion in the capillary bed; D shows the diffusion coefficient
(perfusion-free true diffusion or tissue diffusivity) and per-
fusion fraction (f) is indicative of the volume of water in
the capillary component in relation to the total water vol-
ume of the voxel known by some authors as active capillary
density. This analytical model would allow us to differ-
entiate patients with pancreatic disease (pancreatitis and
different types of tumor) from those with a healthy pan-
creatic parenchyma, which in turn would be useful when it
comes to differentiating adenocarcinomas from NETs.*’ The
studies published to date have also shown significant dif-
ferences in f between carcinomas and focal pancreatitis.>
However, the IVIM does not distinguish focal chronic pan-
creatitis from pancreatic carcinomas.®® New applications
of the IVIM technique in the pancreas have become more
and more popular in the scientific literature. A correlation
between the parameters obtained using the IVIM technique
(such as D) and the degree of gland fibrosis (a common ele-
ment both of chronic pancreatitis and adenocarcinomas)®%>3
and the possible use as a biomarker in the therapeutic mon-
itoring of NETs’' and autoimmune pancreatitis has been
reported.>*

The DTI technique is based on the fact that water
molecule diffusion is one three-dimensional anisotropic phe-
nomenon that is stronger in one direction compared to
others, due to different factors such as cell membranes or
fibrosis and the duct microstructure so typical of secretory
organs like the pancreas. Different studies have shown rela-
tively high values of anisotropy in the normal pancreas with
significant changes in patients with cancer or inflammation.
Nissan et al. showed significant differences in the degree of
anisotropy between healthy patients and those with chronic
pancreatitis.

At the moment, the use of the kurtosis model of diffu-
sion is not very popular for pancreatic assessment (Fig. 9).
Nevertheless, preliminary findings show that the reliability
of diffusion when it comes to differentiating tumor tissues
from healthy tissues can improve in patients with pancreatic
adenocarcinomas.”® Also, Noda et al. said that the kurto-
sis model may be associated with the levels of glycosylated
hemoblogin of diabetic patients.>’
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Figure 7 Multimodal image of one pancreatic neuroendocrine tumor. Images of an endoscopic ultrasound with elastography (A),
diffusion imaging in b1000 with gray-scale inversion (B), fusion of the T2-weighted imaging and the diffusion imaging in b1000 in
color (C), endoscopic study with ultrasound contrast (D), T2-weighted MRI (E) and T1-weighted MRI with contrast in the portal phase
(F). The endoscopic ultrasound scan shows one lesion (red arrow in A) with a homogeneous blue elastographic pattern (common of
malignant tumors) and enhancement after the administration of contrast (D). The MRI with diffusion (B) and the fusion imaging color
map (T2 +diffusion) (C) clearly show one small tumor in the pancreatic isthmus that looks more enhanced than the parenchyma
after the administration of paramagnetic contrast (F) (red arrows).

Figure 8 Staging of pancreatic tumors using DWI. Patient operated on one pancreatic neuroendocrine tumor with high levels of
chromogranin A during follow-up. The image from the CT scan with contrast in the arterial phase and on the axial plane (A) shows
one slightly hypervascular hepatic lesion (white arrow). At the same level of the CT scan, the DWI of the liver with a b800 value (B)
confirms the existence of this lesion (red arrow) and shows countless hepatic subcentrimetical lesions with hypersignal in diffusion
corresponding to hepatic metastases.

information on the nature of the properties of the tissue
at the microvascular level. However, quantifying it is much
more complex than using the CTP since there is not such a
thing as a direct correlation between the tissue signal and

Magnetic resonance perfusion imaging

Multiple MRI imaging modalities can be used to assess
pancreatic perfusion, but the most widely used of all

are the dynamic perfusion techniques with T1-weighted
sequences after the administration of one contrast agent.*®
The magnetic resonance perfusion imaging (MRPI) assesses
the contrast agent kinetics over time by analyzing the pas-
sage of the contrast agent through the vascular bed and
into the extravascular-extracellular espace and providing

the concentration of gadolinium in the tissue; also, the bio-
logical correlation of its parameters is much more difficult
to draw. This is the reason why the clinical application of
the MRPI in the study of pancreatic cancer has been limited
(Fig. 10), although pancreatic adenocarcinomas show signif-
icantly lower values of K", the efflux rate constant (Kep),
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Figure 9

Analysis using monoexponential models of a patient with adenocarcinoma in the pancreatic head (arrows). DWI in b800

(A), curve of the drop of signal intensity with higher b values (B), parametric maps obtained using the intravoxel incoherent motion
(IVIM) technique of perfusion fraction (C), perfusion-free diffusion (D), kurtosis parametric maps (E), and apparent diffusion (F).
The DWI shows the neoplasm (white arrow in A). The tumor shows a marked quick drop of signal intensity in diffusion with higher
b values in b values <100 (red arrows in B), suggestive of an important perfusion component and/or pseudo-diffusion in the gland
structures of the mass with an average perfusion fraction value (f) of around 25% (C) and low values of perfusion-free diffusion (D*)
(image D). The tumor shows higher kurtosis values (image E) (possibly due to the higher structural complexity of the tumor) and a
reduced apparent diffusion or Dk (F) - one parameter used to correct the non-Gaussian behavior of diffusion at high b values.

and the area under the gadolinium concentration-time curve
(AUC) compared to adjacent pancreatic tissues.> %" Also,
significant different have been reported in the assessment
parameters of perfusion among adenocarcinomas, NETs, and
control patients.®’

The MRPI has also been used to assess how NETs respond
to therapy.®>% Miyazaki et al. found that a higher hepatic
arterial flow is associated with a better response to ther-
apy with octreotide drugs in patients with NETs and hepatic
metastasis.®> MRPI techniques have also been used to assess
patients with chronic pancreatitis and value overlapping has
been confirmed in control patients.®

Yet despite their attractive potential to avoid the pos-
sible adverse events of contrast agents, the use of other

perfusion techniques that do not require the use of con-
trast agents such as the arterial spin labeling (ASL) imaging
modality is still limited and only used for the assessment of
healthy volunteers and diabetic patients.®%

Magnetic resonance spectroscopy

Magnetic resonance spectroscopies (MRS) allow us to con-
duct in vivo identifications of several molecules involed
in the metabolic pathways of physiological or pathologi-
cal processes.®” The use of spectroscopy in the pancreatic
gand is limited given its technical difficulties (Fig. 11). Su
et al. showed that the main metabolites found in a normal
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Figure 10

Pancreatic magnetic resonance perfusion imaging study of a patient with head gland pancreatic adenocarcinoma. The

dynamic MRI study with contrast (A) conducted shows one large mass with poorly-established edges and extensive areas of central
necrosis (white straight solid arrow). The uptake curves (B) show clear differences in the central portion with little enhancement
(white curve and dotted arrow) while the more feasible periphery shows type Il curve pattern (yellow curve and dotted arrow) with
fast enhancement and plateau after the enhancement peak. Also, perfusion allows us to evaluate tissues based on semiquantitative
parameters that analyze the characteristics of the enhancement curves such as the area under the curve (AUC) (image C) or
quantitative parameters such as the efflux rate constant (Ke,) (image D) based on mathematical models that are more difficult to

obtain but also much more biologically significant.

pancreatic gland were choline and unsaturated fats.%®
In general, choline is associated with the metabolism
of membrane replacement and unsaturated fats with
processes of cell proliferation and growth arrest. Dif-
ferent authors favor the use of the fats found on the
spectroscopy as a possible marker of pancreatic cancer.
Other authors have reported significant increases of fats
in pancreatic cancer.®®’? This technique has also been
used to distinguish focal chronic pancreatitis from can-
cer, and significantly lower levels of fats have been found
in pancreatitis.”' Lastly, the MRS can be used for the
study of pancreatic metabolic diseases. An increase of
the pancreatic fat content determined through the MRS
may be associated with insulin resistence in non-obese
patients.”?

Magnetic resonance relaxometry

A basic part of contrast among tissues provided by the MRI
comes from its T1 and T2 characteristics. The alteration of
the T1 signal of the pancreas is correlated with the pancre-
atic exocrine function possibly due to the loss of protein-rich
acinar cells and to the fact that they are being replaced
by fibrosis. That is why quantifying the T1 relaxation time
may provide a quantitative assessment for the diagnosis of
pancreatitis.”?

In the future, the use of multiple advanced imaging
modalities for the assessment of pancreatic disease may
provide better assessments of the imaging phenotypes of
patients. The combination of multiple data collected from
the images including clinical data, genetic, epigenetic, or
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Figure 11

74-year-old-male admitted to the hospital with abdominal pain. The T2-weighted tubo spin-echo sequences on the

axial (A) and coronal (B) planes used as a reference to locate the lesion show one 4 cm-cystic mass located in the pancreatic body-tail
that looks markedly hyperintense on T2 (red arrows). The spectroscopy with a short echo time (ET) of 35ms (C) shows fat peak
levels at 1.3 ppm possibly suggestive of necrosis. The surgery confirmed the presence of one cavitated lesion with necrohemorrhagic
content and epithelial coverage consistent with one mucinous tumor.

proteomic information (the so-called radiomics and radio-
genomics) will be key to conduct individual approaches in
the management of these patients (personalized medicine)
and in the development of imaging biomarkers of the pan-
creatic disease.”*7’

Conclusion

Functional images provide a series of advantages in the
assessment of the pancreatic disease that exceed the
limitations of anatomical imaging. Today, diffusion is a fun-
damental imaging modality that has had an impact on the
detection and characterization of pancreatic lesions; tumor
staging; and therapy response assessment systems. On the
other hand, the use of secretin in cholangiographic studies
allows us to conduct non-invasive assessments of how the
exocrine gland actually works. Lastly, perfusion techniques
provide us with an adequate assessment of cancer patients’
response to targeted therapies. Nevertheless, a more sig-
nificant implementation of functional imaging modalities in
the clinical practice will require the correct standardization
of these techniques.
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