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Introduction
!

Diseases of the pancreas include a broad spec-
trum of inflammatory and neoplastic diseases.
Conventional CT with multiple phases after in-
travenous contrast agent administration has a
firmly established role in primary and differen-
tial diagnostics and in aftercare. A multiphase
protocol is usually proposed in the literature for
specific issues involving the pancreas. Depend-
ing on the particular issue, multiple spirals are
scanned after one-time contrast agent applica-
tion. The first spiral is scanned after approx. 20
seconds and corresponds to the early arterial
phase which is suitable for example for detecting
hypervascularized tumors (e. g., neuroendocrine
tumors) [1]. The second spiral begins at 35–40
seconds (so-called pancreatic phase) with maxi-
mum contrast enhancement of the pancreatic
parenchyma [2]. The third spiral is scanned in
the so-called portal venous phase and is used to
evaluate the liver and other organs. However,
high sensitivity has been achieved in the diagno-
sis of pancreatic carcinomas even with mono-
phasic protocols using only one spiral after ap-
prox. 65 seconds [3]. Alternatively, spirals are
additionally acquired in the so-called equili-
brium phase (150–180 s after intravenous con-
trast agent administration) and are necessary to
show vascularization, e. g. of desmoplastic pan-
creatic carcinomas [4]. Regardless of the number
of phases, the common limitation is that the cir-
culation time of patients can vary greatly so that
optimum contrast enhancement often cannot be
achieved despite bolus tracking [5, 6]. A relative-
ly modern option for expanding conventional CT
diagnostic methods to include functional param-
eters is volume perfusion CT [7, 8]. Depending on
the protocol, different tissue parameters are
measured thus allowing improved classification
of pancreatic lesions in many cases and even al-
lowing estimation of the efficacy of a treatment

Abstract
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The review discusses the potential role of vol-
ume perfusion CT (VPCT) in the diagnosis and
follow-up of different pathologies of the pan-
creas. VPCT enables a differentiation of differ-
ent pancreatic tumors like adenocarcinoma
or neuroendocrine tumors based on func-
tional parameters like blood flow, blood vol-
ume and permeability. Furthermore, the arti-
cle discusses the potential indications for
VPCT imaging of inflammatory diseases of
the pancreas such as acute or chronic pan-
creatitis and autoimmune pancreatitis.
Key Points:

▶ VPCT may help to diagnose even small panc-
reatic tumors based on functional parameters

▶ Functional perfusion parameters can help
to characterize pancreatic neoplasms

▶ In acute pancreatitis VPCT can evaluate the
perfusion status of the organ
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Zusammenfassung
!

Der Übersichtsartikel behandelt die mögliche
Rolle des Volumenperfusions-CT bei der Diagnos-
tik und der Nachsorge von verschiedenen Patho-
logien des Pankreas. Das VPCT ermöglicht dabei
eine Unterscheidung von verschiedenen Pank-
reastumoren wie dem Adenokarzinom oder neu-
roendokrinen Tumoren aufgrund von funktionel-
len Parametern wie Blutfluss, Blutvolumen und
Permeabilität. DesWeiteren diskutiert der Artikel
mögliche Indikationen für die VPCT-Bildgebung
bei entzündlichen Erkrankungen des Pankreas
wie akute oder chronische Pankreatitis und auto-
immune Pankreatitis.
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in some cases [9]. The measured parameters are largely inde-
pendent of the circulation time of the patient in this case. This
development is particularly interesting in light of the fact that
highly effective targeted treatments are being increasingly de-
veloped and tested and conventional follow-up criteria, such as
the known RECIST criteria, only reflect the response in the case
of new active ingredients on a limited basis [10, 11]. A signifi-
cant change in size is often not to be expected but rather that
treatment success is defined exclusively on the basis of a reduc-
tion in functional parameters, e. g. perfusion. Thus parameters
such as blood flow (BF) and blood volume (BV) seem helpful as
surrogate parameters. In addition, the Ktrans (vascular wall per-
meability) makes it possible to determine an initial estimate of
tumor penetration by chemotherapeutic agents and improve-
ment thereof during ongoingmodern treatments (e. g. virother-
apy) [12].

Volume perfusion CT (VPCT)
!

During VPCT, tissue attenuation is measured after intrave-
nous contrast agent application in the scanned volume. For
this purpose, the total organ (tumor) volume is scanned at
different points in time. The density in two different ROIs,
in an afferent artery and the desired tissue, is compared in
the subsequent mathematical analysis [13].
Different mathematical kinetic models are used. The fact
that different CT manufacturers offer different software so-
lutions currently makes it difficult to ensure comparability
of the measured values and prevents protocol standardiza-
tion. Therefore, the literature for these perfusion calculation
models describes different strengths and weaknesses main-
ly due to the underlying mathematical models. In addition,
interindividual differences in perfusion both of the healthy
pancreatic parenchyma and the different pathologies play
an important role and greatly complicate the use of cut-off
values [14].
A so-called single-compartment analysis (maximum slope)
does not differentiate between intravascular space and ex-
travascular space in the target tissue. The perfusion (blood
flow, BF) is determined frommultiple scans in a short inter-
val. This is calculated using the steepness of the slope dur-
ing wash-in of the contrast agent in the tissue. The time to
maximum density in the tissue (time to peak, TTP) can be
determined from the same curve. The time interval be-
tween the maximum of the arterial input function and the
maximum density increase of the tissue is determined
mathematically [15, 16]. An advantage of this method is
that short scan times are sufficient (one breath hold) and in-
formation about the venous outflow is not necessary. The
high susceptibility to noise and the risk that the arterial
peak will be missed in the case of excessive time intervals
between scans are a disadvantage.
Two-compartment models which allow for the exchange
between the extravascular space and intravascular space
and use this to additionally calculate the blood volume
(BV) and the permeability (PMB or Ktrans) in the intersti-
tial phase are primarily used today. The resting blood oppo-
site to perfusion is taken into consideration in the calcula-
tion of the blood volume. The two most frequently used
models are the Patlak analysis and the so-called deconvolu-
tion technique. The deconvolution technique is significantly

less susceptible to noise and is more robust with respect to
changes in arterial input function. The underlying mathe-
matical model does not require any assumption about the
venous outflow. However, longer acquisition times are
needed for two-compartment models (current recommen-
dations are approx. 40 s). The applied radiation dose is com-
parable in both two-compartment models.
Motion correction and filter techniques are additionally
used in post-processing in modern protocols. This allows
the reconstruction of qualitatively good mean intensity
projection (MIP) images even during free breathing of the
patient. New equipment allows acquisition of large volumes
in the Z-axis due to fast table movement in the so-called
shuttle mode (e. g. 50 cm/s table advance). Consequently
perfusion data for complete organs can be acquired. As a re-
sult of its retroperitoneal position, the pancreas offers the
advantage that motion artifacts are relatively low compared
to other abdominal organs (refer to●" Fig. 1).
A possible protocol for the perfusion of the pancreas could be as
follows (●" Table 1): 80 kV, 120mAs, collimation 64×0.6mm
with 26 scans of the target volume with a total acquisition time
of 40 s. The additional radiation exposure is approx. 7.0mSv for
normal weight male patients and approx. 7.1mSv for normal
weight female patients [17]. In the future there will be possibi-
lities for reducing dose using iterative reconstruction [18]. A
further reduction possibility is provided by new detector tech-
nologies which promise a potential dose reduction of > 30% [19,
20].

Use of VPCT in different pathologies of the pancreas
!

Adenocarcinoma
Adenocarcinoma of the pancreas is the most common ma-
lignant pancreatic tumor and the third most common tu-
mor of the gastrointestinal tract. Most cases are ductal ade-
nocarcinomas. The tumor typically occurs in the head of the
pancreas. CT imaging is used for different issues. The exact
size of the tumor is essential for staging. Of particular inter-
est here is vessel invasion of the superior mesenteric artery
or vein, celiac trunk, portal vein, or perineural growth. Pan-
creatic carcinomas are typically hypodense in all CT phases
because they appear less perfused compared to the sur-
rounding tissue and histologically often have an extensive
desmoplastic reaction [21]. According to pathologists, the
vascularization of pancreatic carcinomas should however
be strong like most other malignant, fast growing tumors
[22]. Increased intratumoral pressure (leakage of the tumor

Table 1 VPCT imaging parameters.

parameter

detector configuration (number of rows ×mm) 64 × 0.6

tube voltage (kV) 80

tube load (mAs) 100 – 120

number of measurement points 26

rotation time (seconds) 0.5

total time (seconds) 40

reconstruction algorithm FBP

coverage in Z-axis (cm) 6.9

radiation exposure in Sv according to [17] (male/female) 7.0/7.1
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vascular wall) resulting in tumor vessel compression gives
the impression of hypovascularization of these tumors in
imaging. Pancreatic carcinomas are typicallyminimally per-
fused on CE-CT. Nonetheless, up to 11% of all pancreatic
carcinomas are isodense on CT due to better perfusion in
the pancreatic phase. In these cases, secondary changes
such as duct congestion and changes of the organ contour
are the only indications on conventional CT. The VPCT tech-
nique can contribute to increasing the sensitivity [21] since
primarily isodense carcinomas more clearly show reduced
perfusion on VPCT (see●" Fig. 4). The BF and BV measured
in the case of adenocarcinomas are significantly lower than
in the surrounding pancreatic tissue (●" Fig. 1a–c, 2a–c). The

lowest BF and BV values are typically measured in the cen-
ter of the tumor. In contrast, significantly higher values are
measured in the peripheral zone of the tumor, the zone of
active angiogenesis. The values measured here are usually
lower than those of the healthy pancreas (blood flow,
mean 70–90ml/min*100 g according to Patlak analysis or
mean 120–140ml/min*100 g according to deconvolution
technique, see●" Table 2). The tissue bordering of the tumor
shows perfusion parameters as in healthy tissue with great-
ly reduced perfusion of the remaining pancreas being able
to be detected in some cases of tumor-based atrophy, e. g.
in the case of atrophy of the tail of the pancreas due to pro-
longed duct congestion (●" Fig. 3a–c). Tumor growth, histolo-

Fig. 2 60-year-old female patient with the typical image of an adenocar-
cinoma of the pancreas head. The conventional CT shows a hypodense, in-
homogeneous mass in the pancreas head (A) accompanied by stasis of the

bile duct. The VPCT image shows a significantly reduced BF (24ml/100 g/
min) and BV (not displayed, 3ml/100g). In addition, the permeability was
strongly restricted (C).

Fig. 1 Healthy pancreas of a 60-year-old patient.
(A) Conventional CT image in portal venous phase.
Corresponding time-density curve of an ROI in the
pancreas head showing a strong wash-in followed
by an early wash-out. (B, C) Color maps of the blood
flow (BF). Values around 95ml/100 g/min) calculat-
ed using the Patlak Method (B) and values around
160ml/100g/min using the deconvolution tech-
nique (C). Blood volume (BV) and permeability
(PMB) are not displayed with calculated values of
25ml/100 g and 30ml/100 g/min, respectively.
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gical grading, and the progression of pancreatic tumors de-
pend greatly on the angiogenesis. It was possible to show
that functional parameters of VPCT can be used to differ-
entiate between high-grade and low-grade tumors on the
basis of the blood volume and the maximum enhancement

[23]. Therefore, high-grade tumors generally show low
blood volume and low maximum enhancement [23]. Ade-
nocarcinomas of the pancreas usually show reduced per-
meability (Ktrans). However, this has not yet been conclu-
sively clarified by the currently available studies [21, 24]. A

Fig. 3 54-year-old female patient. The conven-
tional CT depicts a cholestasis (dashed line) and
slight dilatation of the pancreatic duct (A, B). Con-
ventional CT does not show clear evidence of a
pancreatic mass. The pancreatic tissue is isodense
without clear signs of atrophy (solid white arrow in
A). VPCT however shows a strikingly reduced BF in
the tail region (ROI) with a BF of 52 (ml/100g/min)
and a BV of 12 (ml/100g). Endoscopy finally re-
vealed an adenocarcinoma of the papilla.

Table 2 Different perfusion parameters in the literature.

study technique number blood flow (ml/

100g/min) ± SD

blood volume

(ml/100 g) ± SD

permeability (Ktrans)

(mL/100g/min) ± SD

normal pancreas Delrue et al. [7] maximum slope 21 77(± 13) 16(± 2) 28(± 14)

Motosugi et al. [46] maximum slope 20 119

Tsushima et al. [47] maximum-slope 8 88(± 42)

Klauss et al. [21] Patlak 25 89(± 19) 118(± 47) 75(± 16)

d’Assignies et al. [8] deconvolution 28 130 22 32

Xu et al. [48] deconvolution 36 135(± 48) 200(± 55) 50(± 25)

adenocarcinoma Delrue et al. [24] maximum slope 19 29(± 17) 6(± 3) 22(± 11)

Klauss et al. [21] Patlak 25 27(± 20) 39(± 21) 43(± 20)

Xu et al. [48] deconvolution 40 29(± 21) 60(± 37) 38(± 29)

acute pancreatitis Delrue et al. [24] maximum slope 3 49(± 15) 9(± 4) 23(± 6)

Bize et al. [49] maximum slope 61 47 22

chronic pancreatitis Delrue et al. [24] maximum slope 6 43(± 18) 9(± 3) 28(± 11)

neuro-endocrine tumor Delrue et al. [24] maximum slope 2 104(± 14) 23(± 6) 26(± 10)

d’Assignies et al. [8] deconvolution 36 240 24 55

(pseudo)cystic lesion Delrue et al. [24] maximum slope 3 70(± 20) 16(± 5) 30(± 5)
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first study was able to show that Ktrans is a possible surro-
gate marker for response to radiochemotherapy, with tu-
mors with a low permeability having a significantly worse
response to treatment [9]. VPCT can also be helpful for de-
tecting tumors in critical locations (e. g. papilla, periampul-
lary) (●" Fig. 4a–c). A comparisonwith other methods such as
diffusion weighting in MRI is not yet available in the litera-
ture. However, since CE-CT is the method of choice for diag-
nosing the pancreas, VPCT could support this method by
providing additional functional information.

Cystic and cystic-solid neoplasias of the pancreas
!

Serous cystic neoplasia (SCN)
SCNs are neoplasias that can consist of multiple cysts. A dif-
ferentiation is made between serous microcystic adenomas,
serous macrocystic adenomas, and adenomas associated
with Von Hippel-Lindau disease [25].Microcystic adenomas
are the most common variant. As a rule they are benign and
are comprised of a central scar with surrounding small cysts
[26]. The scar can contain calcifications. Serous oligocystic
adenomas are a significantly rarer subtype of serous cysta-
denoma. They contain fewer larger cysts compared to mi-
crocystic adenomas and can be lobulated. They are mainly
located in the head of the pancreas. The periphery does not
show any contrast agent enhancement while late enhance-
ment was described in the septa [27]. The oligocystic var-
iant is comprised of only a few large cysts while the variant
associated with Von Hippel-Lindau consists of multiple
cysts distributed across the entire pancreas. The malignant
potential of SCNs is generally negligible. Morphological CT/
MRI imaging plays a major role in the differentiation of
these subtypes as well as in the delimitation of mucinous
cystic pancreatic tumors, for example. The use of VPCT is
primarily not necessary but could improve the detection of
solid, contrast-enhanced tumor portions, in particular in
microcystic variants, due to the numerous measurement
points over time, the resolution in the case of fine tumor
septa and nodules often being unsuccessful thus incorrectly
giving the impression of a solid tumor (●" Fig. 5a–c). In fact,
imaging benefits in such cases from the use of T2-weighted
MRI sequences that allow better resolution of the septa and
the cyst wall and more accurate measurement. Endoscopic
ultrasound imaging (EUS) as a more invasive method with
comparable diagnostic possibilities is also suitable [28].
New methods, such as through-the-needle imaging with
the two options of cystoscopy and confocal laser endomi-
croscopy, are currently being developed [28]. However, ei-
ther EUS or MRI is currently recommended for follow-up.

Mucinous cystic neoplasia (MCN) and intraductal papil-
lary mucinous neoplasia (IPMN)
MCNs consist of multilocular large cysts that are primarily
located in the tail of the pancreas and affect premenopausal
women. Mucinous cystadenomas can appear similar to in-
traductal papillary mucinous neoplasias (IPMNs) in ima-
ging. However, the lesions are rounded without lobulation
and possibly with very fine septa. Solid mural tumor no-
dules, cyst size >6 cm, and calcifications are considered
signs of malignancy [27]. Papillary tumor segments can be
better detected via multiphase CT or VPCT due to the en-

hancement. However, as in the case of SCNs, resolution of
possible solid segments with VPCT is often not possible
here due to the spatial resolution. According to current
guidelines, mucinous-cystic neoplasias must be histologi-
cally differentiated from IPMNs by detecting ovarian-like
stroma. MCNs without a sign of invasion (adenoma) are his-
tologically differentiated from borderline variants and inva-
sive types [29].
The term intraductal papillary mucinous neoplasia (IPMN)
includes a series of cystic tumors growing in the main or
branch duct of the pancreas [30]. Mixed types were also de-
scribed [29]. They share papillary differentiationwithmuci-
nous secretion. In contrast to other cystic pancreatic lesions,
the individual lesions of an IPMN have an irregular config-
uration [27]. Main duct IPMNs consist of diffuse dilation of
the pancreatic duct (> 1 cm) with cystic formations. Solid-
appearing nodular consolidations are sometimes located in
the lesion. IPMNs of the main duct have a high malignant
potential and are considered a precursor to ductal pancreat-
ic carcinoma [31].
Side branch IPMNs generally consist of grouped small cysts
with a diameter of approx. 1–2 cm. Peripheral cystic lesions
can be multilocular but are comprised of a well definable
main cyst containing nodular changes or septations. In the
case of the mixed variant, the bordering main duct can also
be slightly dilated in segments but generally significantly
less than in main duct IPMNs.
To date, there is minimal literature about the functional
parameters of these lesions. IPMNs are generally minimally
vascularized. An additional benefit of the use of functional
parameters including perfusion-based data could not yet
be proven. As a rule, high-resolution morphological image
analysis including tumor matrix evaluation plays a main
role in the diagnosis of cystic pancreatic tumors.

Pancreatic endocrine neoplasia (PEN)
Pancreatic endocrine neoplasias (PENs) represent approx.
1–2% of all pancreatic tumors. They are primarily well dif-
ferentiated tumors with preserved endocrine differentia-
tion. Based on the number of mitosis and the proliferation
index, theWHO classification (2010) distinguishes between
well differentiated PENs (grade 1 and 2) and poorly differ-
entiated endocrine carcinomas (NEC grade 3). The further
classifications according to AJCC-TNM and ENETS-TNM de-
scribe the local tumor extent and distant metastasization
with differences in the estimate of the local stage [32]. Ad-
ditional diagnostic aids are the detection of hormones and
biogenic amines and the expression of somatostatin recep-
tors type 2A [33]. Moreover, PENs are divided into function-
ally active (hormonally active, approx. 40%) characterized
by a certain clinical picture and non-functionally active
(not hormonally active) [34]. Gastrinomas and insulinomas
are the most common hormonally active tumors. However,
hormone-producing tumors can remain asymptomatic for a
relatively long period of time in the case of a low hormone
quantity or a lack of effectiveness of the hormones. PENs
with a size of less than 0.5 cm are defined as microadeno-
mas [35]. The prevalence of these microadenomas is speci-
fied as up to 10% [35]. These tumors are asymptomatic and
typically do not progress in size. However, all adenomas
greater than 0.5 cm carry the risk of malignant degenera-
tion [35]. The WHO classifies tumors on the basis of size,
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Fig. 4 Examples of the application of VPCT in difficult-to-detect adenocar-
cinoma. A–C: 63-year-old patient. Periampullary tumor appears isodense (A)
with respect to the pancreas on conventional CT. Despite beam-hardening
artifacts due to the plastic bile duct prosthesis, a perfusion failure (white ar-
rows in B) around the common bile duct is seen as a correlate for the peri-
ductally growing isodense adenocarcinoma on VPCT. The typical time-density
curve of an adenocarcinoma shows slow wash-in followed by a plateau phase
or a further light wash-in (C). D–E: 55-year-old patient. Isodense adenocarci-
noma of the head of the pancreas (D). CE-CTshows slight dilation and blurring
of the head of the pancreas with retained lobulation. The mass is isodense
with respect to the normal pancreas tissue and poorly definable. Condition

after drainage of the common bile duct via the prosthesis (dashed arrow in D
and E). VPCT imaging (E) shows significant reduction of the perfusion allow-
ing the tumor to be clearly delimited from the surroundings (white arrows)
and showing diffuse infiltration of the head of the pancreas. F–H: Poorly de-
finable adenocarcinoma in the corpus region (F). CE-CT shows no dilation or
blurring of the organ contour. Impression of homogeneous perfusion with in-
dication of duct dilation (dashed arrow in F). VPCTshows in the perfusion map
(G) and blood volume map (H) an abrupt transition from normal perfusion to
significantly reduced values (white arrow in G). An adenocarcinoma in the
duct system could histologically be confirmed.
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rate of mitosis, proliferation rate, and invasiveness. Low-
grade or benign tumors tend to grow in an expansive man-
ner while higher-grade tumors grow in an infiltrative man-
ner. All endocrine neoplasias typically have a hyperdense

appearance in the arterial phase, the hyperdensity persist-
ing even in the portal venous phase due to the significant
vascularization (●" Fig. 6a–c). In the case of a larger lesion or
a cystic appearance, a hypervascularized border is often

Fig. 5 72-year-old female patient with a cystic tu-
mor (A). After surgical resection the histological di-
agnosis revealed a microcystic serous cystadeno-
ma. VPCT shows a relatively high BF of 40 (ml/
100 g/min) (B) and a permeability of 29ml/100 g/
min (C). This finding might be due to partial volume
effects. Blood volume of 9 (ml/100g) is not dis-
played.

Fig. 6 82-year-old female patient with recurring
episodes of hypoglycemia and a pathologic starva-
tion test. Suspicion of an insulinoma. Restricted de-
piction of the very small lesion in the arterial and
portal venous phase (A, B). VPCT (C) shows a
strongly increased blood flow (BF 152ml/100 g/
min). Increased blood volume (BV 65ml/100 g) and
normal permeability (Ktrans 0.03ml/100g/min) are
not shown.
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seen. Individual tumors can also have a purely cystic ap-
pearance. These lesions cannot be reliably differentiated
morphologically from other cystic pancreatic lesions via
CT. In the case of known PEN, the liver should also be exam-
ined with arterial contrast enhancement to rule out hepatic
metastasis [35]. In the case of increased perfusion in the
peripheral region, this can be missed on conventional CT in
a phase-dependent manner. VPCT is helpful in this regard.
The smallest PENs can be detected, therefore often making
other complementary diagnostic techniques unnecessary
such as selective arterial angiography with calcium stimula-
tion and venous sampling. VPCT typically shows increased
BF and BV values (BF to over 150ml/min*100 g [maximum
slope model]) compared to the normal pancreas (70–
90ml/min*100g according to [maximum slope model])(●" -
Table 2). The hepatic metastases show the same characteris-
tics (●" Fig. 7a–c). Initial study results show that the BF is de-
pendent on microcapillarization and histological grading
[8]. The BF in well differentiated PENs (WHO grade I) is sig-
nificantly higher than in high-grade tumors [8]. In the case
of endocrine tumors analogously to adenocarcinomas, the
prognosis in highly perfused tumors is better than in mini-
mally perfused tumors. For neuroendocrine tumors treated
with antiangiogenic agents (bevacizumab), a response to
treatment can be shown via VPCT as early as 2 days after
the start of treatment [36]. A significant decrease in BF is
seen and persists over the course of treatment.

Metastases
Metastases in the pancreas are relatively rare (in total ap-
prox. 2–4% of all masses of the pancreas). Renal cell carci-
nomas (approx. 30%) and bronchial carcinomas are the
most common tumors with solitary spread into the pan-
creas [37, 38]. The characteristics in imaging are similar to
the primary tumor. The tumors are usually significantly
better vascularized than adenocarcinomas of the pancreas
but are typically less vascularized than the highly vascular-
ized pancreatic parenchyma. However, metastases of renal
cell carcinomas in particular can simulate pancreatic PENs
due to their high degree of vascularization. In the case of hy-
pervascularized masses of the tail of the pancreas, splenosis

or intrapancreatic accessory spleen should be considered as
a differential diagnosis. Despite similar BF values, metasta-
ses of hypervascularized tumors (RCC, NET) differ from
healthy pancreatic parenchyma on corresponding color
charts due to different values regarding blood volume, per-
meability (Ktrans) or time-to-peak (TTP) (own unpub-
lished data).

Retention cysts
Retention cysts are usually rounded with a smooth edge
and occur as solitary lesions. The cysts are smaller than in
side branch IPMNs (< 1 cm). In general, they usually do not
present a challenge for differential diagnosis. VPCT does
not play a role here.

Acinar cell carcinomas
Acinar cell carcinomas are rare epithelial neoplasias of the
pancreas with acinar differentiation. Although acinar cells
represent themajority of the pancreatic tissue, only approx.
1% of all exocrine pancreatic tumors are acinar cell carcino-
mas [37, 38].
True acinar cell carcinomas typically grow exophytically,
oval to round and can be clearly delimited. Tumors are hy-
podense to isodense on conventional contrast-enhanced
CT. In individual cases signs of hypervascularization in ima-
ging are also described (●" Fig. 8a–c). The tumors are typical-
ly solid without cystic segments [37]. VPCT can be helpful as
an adjunct to normal CE-CT in the detection and delimita-
tion (local staging) of smaller tumors in particular.

Pancreatic lymphoma
Lymphomas primarily originating from the pancreas are ex-
tremely rare (less than 0.5% of all masses of the pancreas).
Lymphomas often grow as a tumor bulk and sheath the ves-
sels without vascular occlusion. As a rule, lymphomas are
visualized as solid, homogeneously contrast-enhanced
masses. Despite good vascularization, the perfusion param-
eters of lymphomas only rarely reach values comparable
with those of the pancreatic parenchyma and accordingly
have mildly low perfusion [39].

Fig. 7 Non-secretory neuroendocrine tumor with hepatic metastasis. The
margin of the primary tumor in the pancreas tail shows strongly increased
perfusion with a BF of 160ml/100 g/min and a BV of 57ml/100 g. Hepatic

metastases are also markedly hypervascularized. Neoadjuvant therapy can
be monitored by the follow-up of the perfusion.
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Acute and chronic pancreatitis
In the case of pancreatitis, a differentiation must be made
between chronic pancreatitis and acute pancreatitis. In
both acute and chronic pancreatitis, the measured BF and
BV values are significantly lower than in healthy tissue
[24]. The reports about a change in permeability are cur-
rently contradictory. The reduced BF and BV values can be
explained by cellular edema and consequently reduced mi-
croperfusion pressure as well as vasospasms [40]. In the
case of acute pancreatitis, VPCT helps to identify necroses
in the parenchyma and can thus facilitate differentiation
from the edematous type (●" Fig. 9a–c). A comparison study
of perfusion CT vs. angiography of the hepatic artery
showed superiority of CT in the diagnosis of necroses [40].
Necrotic areas have perfusion values close to zero and are
therefore in the noise range of the method. Since time-den-
sity curves of the corresponding tissue are always deter-
mined when acquiring VPCT data, these can be primarily
used for analysis [41]. The shape of the time-density curve
can be helpful for detecting carcinomas in an organ changed
by chronic inflammation. Therefore, chronic inflammation

shows a wash-out effect after a minor increase in the time-
density curve (●" Fig. 9c). Carcinomas also show an initial
slight increase (●" Fig. 10a–c) However, this often ends in a
plateau phase or in a further increase in density values
[41]. In general, differentiation remains difficult. This also
applies to the differentiation of these two pathologies via
MRI even using DWI [42].

Rare inflammatory changes and inflammatory pseudo-
tumors
Groove pancreatitis is focal pancreatitis of the head of the
pancreas with involvement of the duodenum and common
bile duct. It often occurs in alcoholics and can simulate a
mass with minimal contrast enhancement. Duct dilation is
rare but this pathology can cause small cysts in the duode-
nal C-loop [38]. A differentiation is made between “pure”
and segmental groove pancreatitis [43]. These forms are
histologically characterized by scar formation (fibrosis) and
hyperplasia of the duodenal glands. Earlier DCE-MRI data
have shown delayed and inhomogeneous contrast enhance-
ment in this type of pancreatitis due to the cirrhotic charac-

Fig. 8 Images of a 66-year-old patient with initially unclear mass in the pancreas head with relatively homogeneous appearance (A). Histology revealed the
diagnosis of an acinar cell carcinoma. Blood flow (B) of 35ml/100 g/min, blood volume (C) of 3–5ml/100g.

Fig. 9 Acute necrotizing pancreatitis of a 51-old-patient with alcohol
abuse. Zones in the pancreas head (dashed white arrow in A) display a blood
flow under 15ml/100g/min and a blood volume of under 5ml/100 g. The
zones with missing perfusion are compatible with necrotic areas. The area is
surrounded by free fluid and concurring inflammatory reaction of the sur-

rounding fat tissue. The inflamed tissue with edematous changes (solid ar-
row in A and B) shows reduced BF and BV (BF 56ml/100 g/min, BV 9ml/
100 g) compared to healthy tissue. In contrast to the continuous wash-in or
the plateau phase of the adenocarcinoma, the time-density curve of the
pancreatitis shows an early wash-out (C).
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ter of the inflammation [43]. VPCT can detect the type and
dynamics of contrast enhancement and thus contribute to
characterization. In addition, a VPCT study can be helpful
in differentiating between the head of the pancreas and
the accompanying cystic duodenal wall transformation.
A further special form of pancreatitis is autoimmune pan-
creatitis (AIP), also called IgG4-associated sclerosing pan-
creatitis. CT often shows autoimmune pancreatitis with dif-
fuse or focal organ enlargement with a capsule-like rim,
peripancreatic, fine-reticular density increase and rare par-
enchyma calcifications [38]. Further morphological criteria
such as stenoses of the main pancreatic duct > 1/3 of the or-
gan length, focal constrictions, and detection of side bran-
ches of the pancreatic duct on the level of the main duct ste-
noses have proven to be highly suggestive of AIP in
differential diagnosis [44]. Organ enlargement is isodense
to slightly hypodense with respect to the parenchyma in
all phases and peripancreatic inflammatory changes in the
fat tissue (halo sign) are often seen. Duct dilation is usually
not seen [38]. In the case of diffuse forms, a density compar-
ison to the normal pancreatic parenchyma is however not
possible. A comparison of the perfusion values with refer-
ence values of a healthy pancreatic parenchyma could be

helpful here since AIP is significantly less vascularized (ab-
solute perfusion values) (●" Fig. 11a–c) [45]. In our experi-
ence, themeasured perfusion values are significantly higher
than those of chronic pancreatitis which can be explained
by the different histological changes. Atrophy and a further
decrease in organ perfusion often occur over time despite
proper treatment.

Summary
!

Volume perfusion CT of the pancreas can provide useful addi-
tional information for a range of issues. Therefore, neuroendo-
crine tumors with significant perfusion can be effectively dif-
ferentiated from normal pancreas and adenocarcinomas with
low perfusion on the basis of BF and BV. Initial study results in-
dicate that tumor grading via VPCT could be possible and pro-
jections regarding treatment response are possible. When
evaluating inflammatory changes, VPCT can identify necrotic
areas in the parenchyma with great reliability and thus help
to decide for or against surgical or interventional treatment.
There are currently neither guidelines nor a recognized
consensus regarding the use of VPCT in the pancreas. A re-

Fig. 11 Pseudotumorous mass in the pancreas head which is isodense
compared to the normal pancreas in the portal venous phase (white arrow
in A). VPCT imaging (B and C) shows a low perfusion and a low blood vol-

ume (BF 38ml/100 g/min, BV 4ml/100 g). The suspicion of an IgG4-asso-
ciated autoimmune pancreatitis was confirmed.

Fig. 10 67-year-old male patient with chronic pancreatitis. The conventional CT (A) shows calcifications of the parenchyma. Reduced perfusion of the pan-
creas head in the VPCTwith a BF of 38ml/100 g/min and a BV of 18ml/100g.
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quirement for greater use are additional studies involving
greater cohorts as well as standardization of protocols and
reconstruction algorithms. In the future standardized appli-
cation of VPCT for the following indications would be con-
ceivable:
1. Pancreatic tumors: Characterization; detection of even

small tumors on the basis of perfusion failure (e. g. peri-
ampullary carcinomas) or hypervascularization (PENs);
treatment monitoring (“targeted” substances, virother-
apy, etc.); detection of pancreatic metastases; identifica-
tion of solid, vascularized tumor segments in primary
cystic pancreatic neoplasias vs. cell debris, calcifications,
etc.

2. Pancreatitis: Evaluation of organ perfusion (necrosis, he-
morrhage); extent of ischemia;

3. Autoimmune diseases: IgG4-AIP-reduced perfusion with
respect to normal parenchyma despite normal CE-CT
finding.
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