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To my Family
“…l’amor che move il sole e l’altre stelle.”

Dante Alighieri. Divina Commedia, Paradiso, XXXIII Canto. 

To my Friends
“If the doors of perception were cleansed everything 

would appear to man as it is, infinite.”
William Blake. The marriage of heaven and hell. 



Foreword

It is with great enthusiasm and true pleasure that we commend this book to the
attention of our colleagues.

In high-volume institutions, such as the Pancreas Center in Verona, ultrasonography
plays an extremely important role in the study of pancreatic pathologies. This carefully
assembled and up-to-date work on the topic will be very useful not only for radiologists
but also for gastroenterologists, surgeons, oncologists and intensive care doctors!

In many applications, ultrasonography findings are now comparable to the results
achieved with multidetector computed tomography (MCT); furthermore, in some
specific applications, such as guidance of diagnostic interventional procedures, ultra-
sonography is preferable to both MCT and magnetic resonance imaging because it is
faster, easier and cheaper to carry out.

Ultrasonography performed upon hospital admission or during consultation allows
immediate confirmation of the presence of a pancreatic disease (in particular a tumour
mass), assessment of surgical resectability and detection of liver involvement. More-
over, in non-resectable masses, ultrasound-guided percutaneous fine-needle aspiration
with immediate cytological reading will give a definitive diagnosis within a few
hours, and it is to be kept in mind that in experienced hands more than ten such pro-
cedures can be performed each half day.

Mirko D’Onofrio from the Radiological Department of our University Hospital is
a skilled radiologist who focusses in particular on the use of ultrasonography. The
work he carries out in this field is of extreme importance in planning our clinical
pathways for the diagnosis and therapy of pancreatic diseases. On account of his en-
thusiasm and his continuous efforts to exploit the new technologies applicable in ul-
trasonography (in particular the use of ultrasound contrast media), the above-mentioned
key features of ultrasonography are determinant factors in meeting our everyday
needs, as surgeons, in staging patients suffering from pancreatic tumours.

This book presents the results that can now be achieved with ultrasonography of
the pancreas in the hope that it will encourage wider use of this readily available and
accurate imaging method for the study of pancreatic pathology.

Prof. Claudio Bassi
Prof. Paolo Pederzoli

Department of Surgery
G.B. Rossi University Hospital

Verona, Italy
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Preface

Ultrasonography (US) of the pancreas is, in many cases, the initial imaging modality
in most institutions to evaluate pancreatic pathologies and clinical symptoms which
may be related to pancreatic diseases. However, the role of US of the pancreas is often
questioned because the results of this examination are quite variable and not repro-
ducible by different operators. The main reasons for this disagreement are variable op-
erator experience, patient-related problems, e.g. meteorism and obesity, and/or low
contrast and spatial resolution. However, many of these limitations have been overcome
by technological advances in US which have had an extremely positive impact on the
study of the pancreas, as in other organs.

Significant advances have been achieved in conventional, harmonic and Doppler
imaging. Nowadays all portions of the normal pancreas can be visualized in the great
majority of cases. Peri-pancreatic vessels are adequately visualized with conventional
and Doppler imaging or with new advanced techniques. Therefore pancreatic patholo-
gies can be adequately examined and pancreatic tumours, even if very small in diameter
(e.g. insulinoma), can be detected with increased accuracy.

Contrast media have received growing attention in ultrasonography, with special
emphasis on liver studies, where contrast-enhanced ultrasonography (CEUS) has be-
come a well-established imaging modality. In the pancreas the contribution of contrast
media in detecting and characterizing both solid and cystic exocrine or endocrine pan-
creatic neoplasms is increasing.

Furthermore, the applications of and indications for interventional, endoscopic and
intraoperative US have increased significantly in recent years owing to technological
advances.

All these new applications of US are extensively reviewed in this book in order to
provide the reader with an up-to-date overview of modern imaging of the pancreas.

The book is organized into 14 chapters. Technical issues concerning modern US
imaging, image-guided biopsy, endoscopic US, interventional US-guided procedures
and intraoperative US are first addressed. An interesting chapter is then included on
normal anatomy, including variants and pseudolesions of the pancreas. Thereafter a se-
ries of chapters are dedicated to pancreatic pathologies, namely pancreatitis, solid and
cystic tumours, and rare pancreatic tumours, which are presented with emphasis on the
imaging and pathologic correlation. Finally the role of US is discussed in the different
flowcharts.

IX



The book is supported by a large number of figures of excellent quality obtained
with up-to-date US equipment and correlated with the findings of other imaging modal-
ities, providing a complete overview of the present status and the real possibilities of
modern US of the pancreas. 

Prof. Roberto Pozzi Mucelli
Department of Radiology

G.B. Rossi University Hospital 
Verona, Italy
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ing the pancreatic gland. Advantages and disadvantages
of the US imaging methods are also mentioned. US
approaches, such as transabdominal, endoscopic, la-
paroscopic and intraoperative procedures will be accu-
rately illustrated in a dedicated chapter.

1.2 Conventional Imaging

Conventional US is a well-known, relatively low cost
noninvasive imaging method which is widely available
and easy to perform compared to computed tomography
(CT) and magnetic resonance imaging (MRI), modalities
which are usually used as second-line examinations. It
is also free from side effects (i.e. lack of ionizing radia-
tion) or contraindications, so is largely applicable also
in young people. Two other important aspects are its
real-time and multiplanar capabilities [1]. According to
the literature, the pancreatic gland can almost always be
visualized by US, even though in some cases this can be
difficult due to the limited contrast between the pancreas
and surrounding fat [2, 3]. In some overweight patients
the visualization of the gland may also be difficult or
unfeasible, despite several attempts. Examining the pa-
tient in different positions, such as erect or supine, with
upleft or upright rotation, with suspended inspiration or
expiration, may be suitable for achieving better pancreatic
visualization. In the presence of abundant gas distension
of the digestive tract, moving the transducer and applying
compression can be useful to displace the bowel loops
and visualize the pancreatic gland [2, 4]. Filling the
stomach with degassed water (100-300 mL) or sime-
thicone-water mixture may be used as a last option to
improve US visualization of the pancreas since air bubble
that cause artifacts will also be introduced into the stom-
ach and a filled stomach is less compressible.

1.1 Introduction

Ultrasonography (US) is usually the first imaging modal-
ity chosen for the primary evaluation of the pancreas.
The pancreatic gland can almost always be visualized
by US. Even though there are well-known and sometimes
over-emphasized limitations, the pancreatic gland can
be adequately visualized by using correct US techniques,
imaging and settings. Conventional US is a noninvasive
and relatively low cost imaging method which is widely
available and easy to perform. Tissue harmonic imaging
(THI) and Doppler imaging are well known technologies
that provide significant complementary information to
the conventional method, playing an important role in
the diagnosis and staging of pancreatic diseases. In recent
decades, new interesting US methods have been devel-
oped focused on the evaluation of mechanical strain
properties of tissues, such as elastography and sonoelas-
ticity. Acoustic radiation force impulse (ARFI) imaging
is a promising new US method that allows the evaluation
of mechanical strain properties of deep tissues with the
potential to characterize tissue without the need for ex-
ternal compression. Contrast-enhanced ultrasonography
(CEUS) advances the accuracy of this first line exami-
nation by characterizing focal solid and cystic lesions
and providing an accurate real-time evaluation of macro-
and microcirculation in and around a focal mass.

The aim of this chapter is to describe the US imaging
methods and implementations now available for study-

1Ultrasound Imaging
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formation of the return echo (e.g. coherent image for-
mation, Acuson, Siemens) to create images are able to
produce images with more information and detailed res-
olution [2].

The US study should be performed after a minimum
fast of 6 hours to improve the visualization of the pan-
creas, creating the best situation for the evaluation of
the gland. Through transverse, longitudinal and angled
oblique scan planes (multiplanar view), the entire pan-
creatic gland should be recognizable. Beginning with
the patient in the supine position, the probe should be
slightly moved to the right of the midline to visualize
the head and neck of the pancreas descending a little
above the umbilical line for the uncinate process. To
adequately study the body and tail of the pancreas the
operator should move the transducer to the left of the
midline with the end (right part) of the probe rotated
slightly cranially. This positioning obviously reflects

The US examination of the pancreas requires the use
of multifrequency transducers (at least from 3 to 4 MHz)
to study the entire gland with the proper frequencies for
any depth (Fig. 1.1). The anatomic location, the body-
size of the patient and the respiration phase may influ-
ence the depth of the pancreas, which is not a completely
fixed retroperitoneal gland (see Chapter 6). Conventional
US utilizes the same frequency bandwidth for both the
transmitted and the received signal. The choice of fre-
quency is mainly based on a compromise between the
spatial resolution, which depends on the wavelength,
and higher frequencies, which provide higher spatial
resolution but which suffer greater tissue attenuation
[5]. The basic US wave is a simple sinusoidal wave
with a spectrum characterized by a single line and just
one frequency of energy (f0), also called the fundamental
frequency or first harmonic. Furthermore, new tech-
nologies based on both the amplitude and the phase in-

Fig. 1.1 a-d Pancreas. a B-mode image (4.0 Mhz). b Vascular enhancement image (4.0 Mhz). c Spatial compound image (4.0 Mhz).
d Harmonic compound image (3.0 Mhz)

a b

c d
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monic frequencies for the received signal. In other
words, by using a Gaussian shaped transmit pulse the
harmonic component can be separated from the return-
ing echo without overlapping with fundamental reflec-
tions. In fact, nonlinear harmonic frequencies, generated
by propagation of the US wave through the tissue, occur
as whole-numbered multiples of the fundamental or
transmitted sonographic frequency [5]. Therefore, the
waveform changes compared to the basic US wave, re-
sulting in a distorted wave with a complex form owing
to the presence of both the fundamental and multiple
harmonic frequencies [8].

THI takes advantages of nonlinear harmonic fre-
quencies to correct the defocusing effects and to ex-
tensively reduce artifacts caused by low amplitude
pulses [8]. As a consequence, THI produces images
with improved lateral resolution by reducing side-lobe
artifacts and improved signal-to-noise ratio compared
with conventional US, thus resulting in an enhanced
overall image quality [9]. The primary advantage is
fewer artifacts in cavities, such as vascular structures,
which can therefore be better evaluated. There are also
advantages in fluid-solid differentiation, with the finely
detailed depiction of anatomy such as the main pan-
creatic duct [7]. The physical basis depends on three
main factors: (1) the contraction of the width of the
harmonic wave; (2) the reduction of side-lobe artifacts;
and (3) a received signal free of the original frequency
transmitted.

Lateral resolution mostly depends on the width of
the US wave. Since nonlinear harmonic waves are nar-
rower than the fundamental, they also have lower side-
lobe levels, thus improving lateral resolution which is
most evident in fluid-filled structures (Fig. 1.2). The sig-
nal-to-noise ratio is consequently enhanced, with higher
contrast resolution, resulting in images characterized by
brighter tissues and darker cavities (e.g. main pancreatic
duct, vascular structures, cystic lesions). Therefore, a
narrow-bandwidth low-frequency pulse is transmitted, a
filter automatically processes the received signal, and
only the returning echo, characterized by high-frequency
harmonic signal is used to generate the image.

THI has been incorporated in all state-of-the-art sys-
tems. By pushing the specific button on the US scanner,
the receiver automatically is regulated on a frequency
higher than the fundamental, with little or no overlap
between them, and all the components that are in the
transmitted pulses are rejected. Harmonic band filtering
and phase inversion are the two main methods used for

the most common location of the pancreatic gland, with
the head at a more caudal plane than the tail [1]. The
left lateral approach may also be useful for the evalua-
tion of the pancreatic tail, which can be visualized be-
tween the spleen and the left kidney (see Chapter 6).

An accurate US study of the pancreas consists of
the evaluation of the morphology, size, contour and
echotexture of all the portions of the gland, the latter
being comparable to the normal liver. The main pan-
creatic duct and the common bile duct, together with
the main peri-pancreatic vascular structures, such as
the celiac, superior mesenteric, hepatic and splenic ar-
teries and the portal, superior mesenteric and splenic
veins should be assessed. Lastly, the evaluation of the
adjacent organs, in particular the liver, is always re-
quired for a complete study.

As reported in the literature, conventional B-mode
US has a high sensitivity in detecting focal pancreatic
disease due to differences in acoustic impedance between
diseases and surrounding parenchyma. The teardrop
sign, which is highly suggestive of vascular encasement
in the presence of a neoplastic lesion, can only be de-
tected in B-mode, which is also able to identify a dilation
of the main pancreatic duct, parenchymal or ductal cal-
cifications and potentially present peri-pancreatic fluid
collections with great confidence [2].

Technical developments in recent years have led to
image fusion, which is now currently available. This
technology may help in diagnostic and interventional
procedures by making the comparison between US and
other imaging modalities more immediate. In interven-
tional pancreatic procedures the advantages of US guid-
ance, such as its dynamism and the possibility of innu-
merable manual scanning planes, would be maintained
and it would also overcome the technical limitations of
the technique, such as tympanites and obesity, through
the simultaneous visualization of the previously ac-
quired CT images matched and synchronized with the
US images.

1.3 Harmonic Imaging

Tissue harmonic imaging (THI) is a well know tech-
nology that improves conventional US by providing
images of higher quality [5-7]. While conventional US
utilizes the same frequency bandwidth for both the
transmitted and the received signal (f0), THI uses low
frequency for the transmitted signal and higher har-
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dence [7]. Compared to conventional US, THI provides
a higher soft tissue differentiation, allowing both the de-
tection of even small lesions with little changes in
echogenicity with respect to the surrounding parenchyma
and the identification of calcifications [11, 12]. Moreover,
other important advantages consist of the ability to clearly
study deep structures and overweight patients, due to
the rejection of low-amplitude pulses which generate ar-
tifacts in the conventional examination [8]. In a nutshell,
in the study of the pancreas and compared to conventional
B-mode US, THI can increase both spatial and contrast
resolution, providing an enhanced overall image quality,
better lesion conspicuity, and advantages in fluid-solid
differentiation, thus achieving a better detection of pan-
creatic cancer.

1.4 Compound and Volumetric
Imaging

State-of-the-art systems provide images with high detail
resolution owing to both amplitude and phase infor-
mation of the return echo and compound technology.
Compounding is able to improve contrast and spatial
resolution in the B-mode image (Fig. 1.1), reducing
the intrinsic acoustic noise of US imaging (speckle) by
generating several independent frames of data and then
averaging them [2]. There are different types of com-
pounding technology available, such as frequency com-
pounding and spatial compounding (Fig. 1.1).

The introduction of volumetric image acquisition,

the generation of harmonic images [8]. In harmonic
band filtering, there is little or no overlap between the
transmitted and received pulses, but through a high-
pass filter to the received signal, just the higher har-
monic frequencies should be used. However, to separate
them a fine bandwidth of the fundamental transmitted
frequency must be selected and, as a consequence, de-
creased spatial resolution is the result. The same
processes are also applied to the receiver, with a con-
sequent decrease in contrast resolution [10]. These
shortcomings can be overcome with the phase inversion
method. This uses two sequential pulses, the second of
which is phase reversed, and is able to remove the fun-
damental frequency by electronically storing the re-
flected signal following the first pulse and adding it to
the second one, leaving only the harmonic waves [8].
The disadvantages are that the frame rate is halved and
motion artifacts can occur.

The pancreatic examination requires the use of the
same multifrequency curved array transducers (at least
from 3 to 4 MHz) used for conventional US. Typically,
the frequency setting consists of a transmitted frequency
of 2.0 MHz and a received frequency of 4.0 MHz (sec-
ond harmonic). The examination protocol is similar to
that reported above for conventional US.

As reported in the literature, an accurate pancreatic
THI examination is characterized by a higher sensitivity
than conventional B-mode US regarding the detection
of focal solid and cystic pancreatic lesions [8, 11]. THI
is able to more clearly delineate lesion margins as well
as internal solid components of a mass with more confi-

Fig. 1.2 a,b Pancreatic mucinous cystic neoplasm. Better definition of the cystic wall and intralesional septa moving from con-
ventional US (a) to harmonic US (b) imaging

a b
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1.5 Doppler Imaging

Doppler imaging is a well-known technology that ad-
vances and completes the conventional US examination,
providing significant complementary information about
the vascular structures. Since its high sensitivity in eval-
uating flow in all the main peri-pancreatic arterial (i.e.
celiac, superior mesenteric, hepatic and splenic arteries)
and venous (i.e. portal, superior mesenteric and splenic
veins) structures, together with its increased sensitivity
in recognizing smaller intrapancreatic and intratumoral
vessels, this technology plays an important role in di-
agnosing and staging pancreatic diseases [6, 13].

While conventional US is based on short pulses of
US, Doppler signals derive from both continuous and
pulsed waves and are mostly due to scattering from red
blood cells. Some special methods have been developed
for Doppler study. Continuous-wave technique, which
is very sensitive to small vessels, enables measurements
of a wide velocity range, but is unable to obtain infor-
mation about the source of the Doppler signal because
any moving object produces a signal. To overcome this
shortcoming, the pulsed-wave technique, which is based
on the pulse length and the duty cycle, enables the se-
lective measurement of the wave speed at precise loca-
tions in the beam, even though the exact source of the
Doppler signal remains difficult to determine because
an image of the subsurface anatomy is not reported and
is prone to false velocity indications (i.e. aliasing). The
real advance in the application of Doppler technology is

which maintains the real-time and multiplanar capa-
bilities of conventional US, opens up new clinical op-
portunities for a more complete evaluation of the pan-
creatic gland [1]. Volumetric US imaging is a relatively
new technique based on the acquisition of a volume
dataset of anatomic structures (Fig. 1.3). Automated
volumetric imaging is able to overcome the low repro-
ducibility of the previous volume freehand sweep ac-
quisition, owing to the possibility of a standardized
and objective acquisition during the study. The whole
volume of a region of interest is automatically acquired
during a breath hold of a few seconds without moving
the probe (Fig. 1.4). With the volumetric electromechan-
ical transducers, such as 4D3C (GE Healthcare, Wauke-
sha, WI, USA), the acquisition is related to the internal
movement of the piezoelectric elements inside the probe
with an angle of acquisition from 40° to 60°. Therefore
the entire volume is uniformly and automatically ac-
quired, and then reviewed and studied by means of dif-
ferent applications: volume review for reviewing the
whole volume acquired to obtain a virtual scan of the
pancreas; tomographic imaging for allowing the mul-
tiplanar vision of the region of interest; volume ren-
dering for allowing the volumetric visualization of a
pancreatic lesion. Moreover, when studying a pancreatic
mass the evaluation of the involvement of the peri-pan-
creatic vessels can be improved by using multiplanar
reconstruction (Fig. 1.5). In general, the correct appli-
cation of these new technologies in the US study of the
pancreas results in a conventional imaging of the gland
with very high spatial and contrast resolution.

Fig. 1.3 Solid focal pancreatic lesion. Volumetric imaging of a
solid focal hypoechoic (arrow) pancreatic head lesion

Fig. 1.4 Pancreatic mucinous cystic neoplasm. Volumetric im-
aging of a cystic pancreatic mass completely included in the au-
tomated acquisition scan
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Doppler technology has been incorporated in all
state-of-the-art systems. The pancreatic examination re-
quires the use of the same multifrequency curved array
transducers (at least from 3 to 4 MHz) used for conven-
tional US and is based on an adequate visualization of
the gland and of the targeted vascular structures at B-
mode US. Color gain and velocity settings are tuned to
provide good color filling of the vascular structures
avoiding the generation of artifacts [15]. Typically, the
frequency setting varies from 1 to 4 MHz, mostly de-
pending on two factors: first, the targeted vascular struc-
tures, since lower frequencies allow an adequate evalu-
ation of the peri-pancreatic main vessels owing to their
higher penetration, while higher frequencies allow the

duplex Doppler imaging. This is more complex and ex-
pensive as it combines both previous techniques, but it
does enable the precise location of the signal; image and
both peak velocity and velocity distribution are provided
in real-time together with indications of the sample size.
Lastly, color-flow Doppler imaging, which combines
both anatomic and velocity data, provides qualitative
and quantitative information adding velocity information
to the conventional images as color data: red represents
blood moving toward the transducer, whereas blue rep-
resents blood moving away. Variation of the velocity is
also reproduced as a different color intensity. Typically,
the lighter the color is, the higher the velocity (i.e. aliasing
in the presence of improper velocity range) [14].

Fig. 1.5 Solid focal
pancreatic lesion. Sagittal
views of a solid focal
hypoechoic (arrow)
pancreatic head lesion after
automated volumetric
acquisition scan
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provide useful information about the vascular network
of focal lesions which may be present. Therefore, spec-
tral waveform changes in peri-pancreatic vessels may
depend on the effect of pancreatic diseases on the vas-
cular structures [13].

As reported in the literature, an accurate pancreatic
Doppler examination is based on the evaluation of all
peripancreatic, intrapancreatic and intratumoral vessels.
The most important applications are the identification
of the vascular nature of an anechoic lesion (Fig. 1.6)
detected at conventional US (i.e. pseudoaneurysm) and
the differentiation between resectable (Fig. 1.7) and non-
resectable (Fig. 1.7) pancreatic tumor (i.e. localized alias-
ing with reverse flow, mosaic pattern and accelerated
flow velocity are detected at the site of stenosis, while
parvus et tardus flow is observed downstream from an
infiltrated tract) [17-19] with a reported accuracy of 85-
90.5% [19]. As well described in the literature, a locally
advanced pancreatic mass is defined by the extended in-
vasion of a main arterial or venous vessel, by the en-
casement of a main arterial structure and/or by the oc-
clusion of a main venous structure [19, 20]. Splenic
arterial or venous encasement is not a contraindication
for surgical resection [6]. If both a dilation of small peri-
pancreatic veins and a tumor surrounding three quarters
of a main vessel lumen allow the diagnosis of a vascular
infiltration, while the teardrop sign, due to a tumor sur-
rounding more than a half but less than three quarters of
a main vessel lumen is highly suggestive of vascular en-
casement, a simple contiguity (less than a half of the
vessel circumference) between tumor and vessel does
not necessary correspond to vascular invasion [20].

evaluation of smaller vessels characterized by slower
flows or vascular structures in thin patients whose pan-
creas is less deep; second, the patient’s habitus. An ac-
curate velocity measurement requires: (1) a correct angle
between the vessel, the Doppler angle and the axis of
the US beam, which should be as small as possible to
generate signals with high signal-to-noise ratios; (2) the
gate has to be located in the vessel center, with a size as
small as possible; and (3) a correct angle for the velocity
measurement has to be chosen, usually less than 60°.
High-pass filters are used to reduce the influence of
vessel wall and other non-vascular movements [14].
The examination protocol is similar to that reported
above for conventional US.

Doppler technology implements conventional US in
studying vascular structures, providing useful anatomic
information and an accurate evaluation of patency
(color-power study) and blood flow (color-Doppler
study). At color-power imaging, a patent vessel of
course appears colored. The color study offers an ade-
quate evaluation of large vessels, providing information
about the direction of flow, but it is dependent on the
angle and is potentially affected by aliasing due to the
difficulty in separating background noise from true
flow in slow-flow states. Smaller vascular structures
are better identified by the power study, which along
with being relatively angle independent and unaffected
by aliasing is characterized by higher signal persistence
with better definition of vessel margins. However, it
also suffers from increased movement artifacts and is
unable to demonstrate flow direction or to estimate
flow velocity [16]. Moreover, both technologies may

Fig. 1.6 a,b Pseudoaneurysm. Cystic lesion (asterisk) in the pancreatic tail at conventional imaging (a) in patient with chronic pan-
creatitis with final diagnosis of pseudoaneurysm at Doppler study (b)

a b
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Some new technologies have been developed: wide-
band Doppler, which improves both spatial and tem-
poral resolution of the color-Doppler signal with de-
creased artifacts [13]; power-like flow systems such as
B-flow (General Electric) and e-flow (Aloka) imaging
which are able to suppress tissue clutter and improve
sensitivity to directly visualize blood reflectors and
consequently provide images characterized by better
spatial resolution [13]; color flow imaging (CFI), mostly
used to image the blood movement through arteries
and veins, but also to represent the motion of solid tis-
sues [21]. The weak signals from blood echoes are en-
hanced and correlated with the corresponding signals
of the adjacent frames to suppress non-moving tissues.
The remaining aspects of the data processing are es-
sentially the same as in conventional grey-scale imag-
ing. In comparison with Doppler techniques these new

Fig. 1.7 a-d Pancreatic mass resectability. a Schematic representation of a resectable pancreatic head mass. b US detection of a re-
sectable hypoechoic mass (arrow) of the pancreatic head. c Pancreatic head solid mass infiltrating the superior mesenteric vein at
conventional imaging and confirmed at Doppler study. d Pancreatic head solid mass infiltrating the superior mesenteric artery at
conventional imaging and confirmed at Doppler study

c d

a b

Fig. 1.8 Superior mesenteric artery. Doppler based US imaging
of superior mesenteric artery shows flow only inside the lumen
of the artery with a perfect detection of the arterial wall (arrow)



US flow imaging modalities are not affected by aliasing
and have the advantages of a significantly lower angle
dependency and better spatial resolution with reduced
overwriting. As a consequence, evaluation of vessel
profiles is markedly improved (Fig. 1.8).

Other new Doppler-based technologies are able to
improve image quality, owing to the immediate identifi-
cation of the vascular structures in B-mode. For example,
Clarify Vascular Enhancement (Acuson, Siemens) en-
ables image optimization by enhancing the B-Mode dis-
play with information derived from power-Doppler,
clearly differentiating vascular anatomy from acoustic
artifacts and surrounding tissue (Fig. 1.9). In studying
the pancreas, the resulting images can immediately ap-
pear diagnostic or more informative.

1.6 Elastography Imaging

In recent decades, new and interesting US techniques
have been developed focused on the evaluation of me-
chanical strain properties of tissues. The noninvasive
analysis of tissue stiffness immediately received major
interest, owing to a revolutionary approach in the study
of focal and diffuse diseases able to provide a new diag-
nostic tool. Tissue stiffness has long been an asset in
physical palpation for clinicians and surgeons. Since the
introduction of these new technologies, it has become a

new and useful technique for radiologists able to com-
plement other traditional data when making a diagnosis.

The first imaging techniques developed to image tis-
sue elasticity consisted of elastography, the static US
approach [22], and sonoelasticity, the dynamic US ap-
proach [23]. In elastography, the longitudinal stress and
strain of superficial tissues can be estimated by tracking
tissue motion mainly derived from external mechanical
compression applied by the US probe [24]. In sonoelas-
ticity, externally applied vibrations at low amplitude (less
than 0.1 mm displacement) and low frequencies (10-
1000 Hz) are used to induce oscillations within tissues
and this motion is detected by Doppler US [25]. Through
a color or grey scale map, a qualitative evaluation of the
elastic properties of tissues is provided. As a conse-
quence, isoechoic lesions which are undetectable at con-
ventional US often might be identified at elastography
andsonoelasticity imaging, owing to their altered vibra-
tion response. US elastography and sonoelasticity have
been implemented as simple add-ons alongside conven-
tional US scanners or as dedicated units. Transient US
elastography utilizes a displacement wave generated by
a piston or acoustic force which provides the stress to
the tissue, without producing an image, but only numeric
data of the tissue stiffness. This has mainly been used in
the evaluation of diffuse liver diseases [26].

As widely reported in the literature, several clinical
applications have been studied: for diagnostic purposes
and biopsy targeting in breast and prostate; to differen-
tiate benign from malignant nodules in the thyroid gland;
to differentiate benign from malignant lymph nodes
[27-30]; and in the evaluation of liver fibrosis [31].

Elastography has the same problems as B-mode
sonography. The stress propagating into a tissue is in
fact attenuated by tissues, causing it to spread into other
directions from the primary incidental direction and to
interact with a boundary between two media of different
elastic properties, with potential distraction.

A more recent elastographic technique called acoustic
radiation force impulse (ARFI) imaging has been devel-
oped [32, 33]. This new promising US method enables
the evaluation of mechanical strain properties of deep
tissues without the need for external compression. It pro-
duces a high intensity push pulse to displace the tissue
and lower intensity pulses for imaging. The physical basis
depends on the evaluation of the transverse wave spread
away from the target tissue. There are two basic types of
wave motion for mechanical waves, most widely used in
US testing: longitudinal or compression waves and trans-
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Fig. 1.9 Small solid focal pancreatic lesion. Doppler based US
imaging of a very small solid focal hypoechoic (arrow) pancreatic
lesion in the pancreatic body
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away perpendicular to the acoustic beam, are measured.
The speed of the shear waves reflects the tissue elasticity,
being dependent on the elasticity modulus that is mainly
related to the resistance offered by the tissue to the wave
propagation, and is proportional to the tissue stiffness:
the stiffer a tissue is, the higher the shear wave speed it
generates [34]. As a result, according to the interaction
between waves and transducer previously selected by
the operator, the response may be reported as qualitative
or quantitative information (Fig. 1.10). The qualitative
response consists of a grey scale map of the previously
selected ROI, characterized by a lack of anatomic details,
but with high contrast resolution, in which a bright shade
corresponds to soft tissue, while a dark shade represents
stiff tissue. The implementation of ARFI imaging able
to provide this kind of response is called Virtual Touch
tissue imaging. Obviously, this new advance could play
an important role in the presence of focal disease. The
quantitative response consists of a numeric wave velocity
value, expressed in m/s, which derives from multiple
measurements automatically made by the system for the
previously selected ROI. It provides objective and re-
producible data regarding the shear wave speed: the
stiffer a tissue is, the higher the shear wave speed. The
implementation of ARFI imaging able to provide this
numerical response is called Virtual Touch tissue quan-
tification and can be applied both in the presence of
focal and diffuse disease [35].

The most significant advantages of ARFI technology
over previous elastographic techniques are: (1) its in-

verse or shear waves. Whereas the particle displacement
is parallel to the direction of wave propagation in a lon-
gitudinal wave, in a transverse wave the particle displace-
ment is perpendicular to the direction of wave propaga-
tion. In other words, if compression waves can be
generated in liquids as well as solids, shear waves are not
effectively propagated in gas or fluids owing to the ab-
sence of a mechanism for driving motion perpendicular
to the sound beam. Transverse waves are also relatively
weak when compared to longitudinal waves, since they
are usually generated using some of the energy from lon-
gitudinal waves. As is well known, sound travels at dif-
ferent speeds in different materials, mostly because elastic
constants are different for different media. Young’s mod-
ulus deals with the velocity of a longitudinal wave, while
the shear modulus deals with the velocity of a shear wave.

ARFI imaging has been incorporated in only a few
US systems, and all papers present in the literature at
this moment describe the application of the Siemens
ACUSON S2000scanner (Siemens, Erlanger, Germany).
The pancreatic examination requires the use of the same
multifrequency curved array transducers (at least from 3
to 4 MHz) used for conventional US. A single transducer
is used both to generate radiation force and to track the
resulting displacements. Pushing the specific button on
the US scanner, the transducer is automatically regulated
on the THI imaging, with a received frequency of 4.0
MHz. On a traditional harmonic US image, the target
region of interest (ROI) is selected utilizing a box with
fixed dimensions of 1 x 0.5 cm, able to descend at a
maximum depth of 5.5 cm (8 cm in the most recent
scanner). The box has to be completely included in the
target tissue (i.e. organ in cases of diffuse diseases or le-
sion in cases of focal diseases), taking care not to com-
prise any fluid structures, such as vessels or ducts. Once
the target ROI has been correctly located, the patient
should maintain a proper suspended inspiration or expi-
ration, to minimize motion artifacts. Pushing a specific
button on the US scanner, acoustic push pulses are then
transmitted. The push pulse is characterized by short du-
ration (less than 1 msec) and runs immediately on the
right side of the target ROI. Owing to its very high speed,
it is minimally and not significantly influenced by the
structures encountered through the path away from the
transducer up to the box. The acoustic beam is able to
generate localized, micron-scale displacements in the
selected ROI proportional to the tissue elasticity. As a
consequence, detection waves of lower intensity (1:100)
are generated. The shear waves produced, which run

Fig. 1.10 Pancreas. Acoustic radiation force impulse (ARFI)
US imaging with virtual touch quantification shows normal shear
wave velocity in the normal pancreas of a healthy volunteer
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pancreatic ductal adenocarcinoma is a firm mass which
is stiffer than the adjacent parenchyma (see also Chapter
8) owing to the presence of fibrosis and marked desmo-
plasia, it should appear as a dark shade with higher
values (Fig. 1.11). 

According to the physical principles of the shear
waves, ARFI imaging has been tested in the study of
solid tissues. However, fluids in vivo, and as a conse-
quence pancreatic cystic lesions, can be markedly dif-
ferent and different responses at ARFI technology might
be expected. The qualitative evaluation should give a
bright shade, while as recently reported in the literature,
it seems that the quantitative study usually gives non
numeric values in serous cystadenoma (see also Chapter
9), which contains a simple fluid, and mainly numeric
values in mucinous tumors (Fig. 1.12), which contain
a more complex content [36, 37].

Since its recent introduction, few data regarding the
usefulness of ARFI technology in the study of pancre-
atic diseases are available in the literature. However, it
seems to be potentially able to allow tissue characteri-
zation by imaging and may constitute a feasible alter-
native to invasive needle-biopsy in the future.

1.7 Contrast-enhanced Ultrasound

Contrast-enhanced ultrasonography (CEUS) is a rela-
tively recent implementation of conventional US which
significantly advances the accuracy of this first line ex-
amination in characterizing focal solid and cystic dis-
eases. The administration of microbubbles allows an

tegration into a conventional US system, thus allowing
the visualization of B-mode, color-Doppler mode and
ARFI images with the same equipment; (2) the conse-
quent selection of an ROI in the target tissue on a con-
ventional US image; (3) the subsequent possibility of
precisely studying target lesions during a real-time vi-
sualization at conventional US; (4) the opportunity to
also study deep tissues, since there is no need for ex-
ternal compression; and (5) the objective quantification
of the tissue stiffness expressed as a numeric value, by
Virtual Touch tissue quantification. There are nonethe-
less some important limitations: (1) the fixed box di-
mensions of the target ROI, while less important in
cases of diffuse disease, could be significantly limiting
in cases of focal lesions; and (2) a high sensitivity to
movement artifacts, such as lack of suspended respira-
tion or heart motion.

The US examination should be performed after a
minimum fast of 6 hours to improve the visualization
of the pancreas, creating the best situation for the eval-
uation of the gland. The good visualization of the target
tissue at conventional US is a mandatory condition for
performing the ARFI examination. 

As reported in the literature, the mean wave velocity
value obtained in the healthy pancreas (Fig. 1.10) is
about 1.40 m/s [6, 35]. An accurate pancreatic US ex-
amination consists of the application of both qualitative
and quantitative implementations of ARFI technology,
whenever possible, to assess the concordance of the
results. Different focal and diffuse diseases that alter
the tissue stiffness should be characterized by different
shades and wave velocity values. For example, since

Fig. 1.11 a,b Pancreatic ductal adenocarcinoma. a Acoustic radiation force impulse (ARFI) US imaging shows a solid mass in the
pancreatic body appearing black (asterisk) and therefore stiff at virtual touch imaging. b Acoustic radiation force impulse (ARFI)
US imaging shows a solid mass in the pancreatic body with very high value of shear wave velocity at virtual touch quantification
and therefore stiff

a b
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accurate evaluation of macro- and microcirculation, in
and around a focal mass, giving more detailed and ad-
vanced results than the color-Doppler study thanks to
its high spatial, contrast and temporal resolution. This
new technology has been widely used to study hepatic
diseases and also more recently applied in the study of
the pancreas, giving promising results in diagnosis and
staging of pancreatic diseases already detected at con-
ventional US [6, 38].

The introduction of US contrast agents goes back
some decades and their effects during cardiac catheter-
ization were first described at the end of the 1960s. To-
day their use has been approved in Europe, Asia and
Canada, but the Food and Drug Administration in the
United States has not yet approved their application
for non-cardiac use. Only the administration in preg-
nancy and pediatrics is off label. Some recommenda-
tions exist, especially for second generation contrast
agents filled with sulfur-hexafluoride: they are not rec-
ommended in patients with recent acute coronary syn-
drome, unstable angina, recent acute heart attack, recent
coronary artery intervention, acute or class III or IV
chronic heart failure or severe arrhythmias. No inter-
actions with other drugs have been reported and only
rarely some subtle and usually transient adverse reac-
tions have been described, such as tissue irritation and
cutaneous eruptions, dyspnea, chest pain, hypo- or
hypertension, nausea and vomiting. No severe effects
have been described in humans to date [39, 40].

US contrast agents consist of microbubbles, char-
acterized by a diameter that ranges from 2 to 6 microns,
a shell of biocompatible materials, such as proteins,

lipids or biopolymers and a filling gas, such as air or
gas with high molecular weight and low solubility (e.g.
perfluorocarbon or sulfur hexafluoride). Their small
diameter allows their passage through the pulmonary
district, thus microbubbles are exhaled during respira-
tion 10-15 minutes after injection, while the components
of the shell are metabolized or filtered by the kidney
and eliminated by the liver. Shell and gas influence the
time of circulation and acoustic behavior of microbub-
bles. The thin shell ranges from 10 to 200 nm and
allows the passage through the pulmonary district with
a consequent systemic effect and a more prolonged
contrast effect. The filling gas produces a vapor con-
centration inside the microbubbles higher than the sur-
rounding blood, increasing their stability in the periph-
eral circulation [38, 41].

Both the shell and the filling gases have been
changed over the years, passing from first generation
contrast media to second generation agents. The first
generation contrast media were characterized by a stiff
shell (denatured albumin) and air as filling gas. The
stiff shell allows more stability in the peripheral blood,
with a reduction in non-linear behavior. Therefore, as
the microbubbles have a short half-life because they
are easily destroyed, their US response depends on the
echogenicity and the concentration. The second gener-
ation contrast media are both more stable and resistant.
They are characterized by a flexible shell (phospho-
lipids), which allows the prevalence of nonlinear be-
havior, and filling gas other than air. Their US response
consists of the generation of nonlinear harmonic fre-
quencies, since at low acoustic power of insonation

Fig. 1.12 a,b Pancreatic mucinous cystic neoplasm. Acoustic radiation force impulse (ARFI) US imaging of a cystic mass with nu-
merical value of shear wave velocity at virtual touch quantification of the fluid content
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(about 30-70 kPa), the degree of microbubble expansion
is greater than its compression [41].

Several contrast-specific software applications have
been developed for CEUS examination, even though
the most promising techniques are phase and amplitude
modulation. Pulse inversion is the most common phase
modulation technique [42], while power modulation is
a well-known amplitude modulation software applica-
tion [41]. Cadence contrast pulse sequencing (CPS) is
a more advanced combined phase and amplitude mod-
ulation technique [38, 43].

The CEUS examination should be performed after an
accurate conventional US of the pancreas with the evi-
dence of a focal or diffuse pancreatic disease [44]. The
pancreatic examination requires the use of the same mul-
tifrequency curved array transducers (at least from 3 to 4
MHz) used for conventional US. Nowadays, second gen-
eration contrast agents are used. Harmonic microbubble-
specific software applications are required to filter all the
background tissue signals so only vascularized structures
related to the harmonic responses of the microbubbles
are visualized after injection. The dual screen should be
used to adequately and continuously compare B-mode
and contrast images. Focus and depth should be regulated
simultaneously in both images and low acoustic US pres-
sures should be selected (mechanical index less than 0.2).
The examination protocol and technique are similar to
those reported above for conventional US.

The dynamic evaluation begins immediately after the
intravenous administration of a 2.4-mL bolus of mi-
crobubble contrast agent. Since the pancreatic blood sup-
ply is exclusively arterial, the enhancement of the gland
begins almost together with the arteries. Enhancement of
the pancreatic gland begins almost at the same time as
aortic enhancement. After this early phase (arterial/pan-

creatic; from 10 s to 30 s), as with other dynamic imaging
modalities there is a second phase, the venous phase
(from 30 to approximately 120 s) defined by hypere-
chogenicity within the spleno-mesenteric-portal venous
axis. The late phase (about 120 s after injection) is defined
by hyperechogenicity of the hepatic veins.

US specific contrast agents have a purely intravas-
cular distribution without any interstitial phase, so they
differ from all contrast media used during CT and MRI
examinations [45]. Moreover, CEUS with second gen-
eration contrast media enables real-time evaluation of
target tissues, with high spatial, temporal and contrast
resolution. Unlike other imaging modalities, as reported
above, only vascularized structures are visible after the
administration of microbubbles (see Chapter 11). There-
fore, compared to conventional US and other imaging
modalities, pancreatic CEUS is better able to differen-
tiate between solid and cystic lesions (Fig. 1.13), char-
acterize focal masses and provide a clear differentiation
between remnant tissue, fibrosis and necrosis [44].
Moreover, the CEUS examination covers an important
role in evaluating the resectability or non-resectability
of a focal mass [46], together with Doppler imaging
for the assessment of the relationship between the tumor
and the adjacent main vessels, and during the late phase
to exclude the presence of liver metastases.

Some new applications of CEUS have been developed:
the use of CEUS enhancement as a prognostic factor,
both in the diagnostic workup and in the follow-up of
patients. In fact, as reported in the literature, in the pres-
ence of focal pancreatic lesions, the accurate description
of the enhancement pattern at CEUS is mandatory for a
prompt prognostic evaluation. The association between
intratumoral microvessel density (MVD) and tumor ag-
gressiveness has already been proven [46]. The use of
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Fig. 1.13 a-c Pancreatic intraductal papillary mucinous neoplasm. a Pseudosolid appearance of the pancreatic head lesion at con-
ventional US resulting hypoechoic (arrow) but avascular with cystic appearance at CEUS (b). The cystic nature (arrow) of the
lesion is confirmed at MRI (c)
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microbubbles as a vehicle for targeted therapies is an in-
teresting future possibility [47]. Moreover, the develop-
ment of new software applications for the perfusion study
has been recently improved. Some papers have reported
the qualitative, subjective evaluation of the enhancement
pattern of different pancreatic tumors studied at CEUS
[48], while other studies have described the potential
quantitative evaluation of the CEUS enhancement, derived
from the offline evaluations of different pancreatic tumors
[46, 49]. More recently, a few US systems have been de-
veloped to quantitatively evaluate the enhancement at
CEUS, based on either the video intensity analysis or the
raw data analysis, which are able to immediately achieve
repeatable results comparable to those derived from per-
fusion CT examinations [50].

An accurate pancreatic CEUS examination should be
performed only after an adequate conventional US and
consists of a real-time continuous observation of the tar-
get tissue (pancreatic gland in cases of diffuse disease
or focal lesion already detected at conventional US in
cases of focal disease [51]) during all the dynamic phases
after the administration of microbubbles. At the end, in
all cases a liver study during the late phase should be
performed (Fig. 1.14).
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2.2.3 Position of the Patient

The examination is generally begun with the patient in
the supine position. Changing patient position is then
very often required (see also Chapters 6 and 8) to gain
the best visualization of the pancreas.

2.2.4 Scans and Normal Findings

The goal of every pancreatic US examination is to vi-
sualize the gland in its entirety. To do this, the examiner
should find or produce a suitable acoustic window
through which the pancreas can be visualized (Fig.
2.1). For transverse scans, the left lobe of the liver can
be used to start the examination as a first window into
the pancreatic bed. Then if access is impaired by the
superimposed stomach or small bowel, graded com-
pression with the probe or deep inspiration may displace
the viscera (see also Chapters 6 and 8) leading to the
expected direct visualization of the pancreas. Visuali-
zation of the abdominal aorta and inferior vena cava
ensures that adequate deep penetration has been attained
to image the pancreas. Sagittal scanning begins in the
midline, with identification of the great vessels, and
proceeds to the right until the right kidney is seen and
then left to the splenic hilum (or until the pancreas is
obscured by gastric or colonic gas).

Anatomic landmarks should be identified in scans
of the pancreas, in the following order: (1) aorta, (2)
inferior vena cava, (3) superior mesenteric artery, (4)
superior mesenteric vein, (5) splenic vein, (6) gastric
wall and (7) common bile duct (Fig. 2.1).

The pancreas can be localized with US by identify-
ing its parenchymal architecture and the surrounding
anatomic landmarks (see also Chapter 6). The level of
the pancreas changes slightly with the phase of respi-

2.1 Introduction

Transabdominal conventional ultrasonography (US) is
a widely performed, relatively low-cost and readily
available examination for the study of the pancreas,
and is very often the first diagnostic imaging modality
in the study of pancreatic diseases.

2.2 Examination Technique

2.2.1 Equipment

In adults the transducer frequency may vary from 3
MHz to 5 MHz, whereas in children a 5‐MHz or
7.5‐MHz transducer can be used routinely. The focal
zone of the transducer should be matched to the depth
of the pancreas. The transducer gain control must be
adjusted to optimize visualization of the entire pancreas.

2.2.2 Preparation

The US examination of the pancreas is best performed
on patients who have fasted overnight. To improve the
evaluation of the pancreas, only if it is poorly seen, the
water technique can be used: the patient drinks 250–
500 ml of water, which may provide a sonic window
into the pancreas.
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ration: at maximal inspiration and expiration, the organ
can shift 2–8 cm along the craniocaudal axis. These
respiratory excursions should be considered when im-
aging the pancreas and especially during US‐guided
biopsy. The pancreas is a nonencapsulated, retroperi-
toneal structure that lies in the anterior pararenal space
between the duodenal loop and the splenic hilum over
a length of 12.5–15 cm. Standard views are the trans-
verse and longitudinal planes in the upper abdomen
(see also Chapter 6).

2.2.4.1 Transverse Scan

The head, uncinate process, neck, body and tail consti-
tute the different parts of the pancreas. The superior
mesenteric artery is surrounded by brightly echogenic
fat at the root of the mesentery. Anterior to the superior
mesenteric artery and in its transverse course is the
splenic vein, which forms the dorsal border of the pan-
creas from the splenic hilum to its junction with the su-
perior mesenteric vein at the neck of the pancreas. At

this point, the head and the uncinate process actually
wrap around the venous junction, which forms the portal
vein, and pancreatic tissue is observed both anterior and
posterior to the vein. The uncinate process forms the
medial extension of the head and lies behind the superior
mesenteric vessels. The superior mesenteric vessels run
posterior to the neck of the pancreas, separating the
head from the body. No anatomic landmark separates
the body from the tail, but the left lateral border of the
vertebral column is considered to be the arbitrary plane
that demarcates these two segments. Two other important
landmarks are the common bile duct and the gastro-
duodenal artery. In transverse scans, the gastroduodenal
artery is visible anterior to the neck of the pancreas and
the common bile duct at the posterior part of the head
of the pancreas (Fig. 2.1). The right margin of the pan-
creas is formed by the second portion of the duodenum.
Anterior to the pancreas lies the lesser sac, which under
normal circumstances is only a potential space and is
thus not visible, and the stomach, which are identified
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Fig. 2.1 a-f  Pancreas, normal US anatomy. a Transverse scan in the supine position shows the head (H), body (B) and tail (T) of the
pancreas (SA, splenic artery; L, liver). b Transverse scan shows the head (H), body (B) and tail (T) of the pancreas (C, spleno-
mesenteric confluence; SV, splenic vein; IVC, inferior vena cava; SMA; superior mesenteric artery; A, aorta; L, liver). c Sagittal scan
in the supine position shows the pancreas head wrapped around the confluence of the splenic and the superior mesenteric (SMV)
veins, the uncinate process (U) lying posterior to the vein, and the inferior vena cava (IVC) on which the head of the pancreas lies
(RA, right renal artery; S, stomach). d Normal pancreatic duct on transverse scan (arrows) appears as double-line pancreatic duct
(SV, splenic vein). e Longitudinal scan of the pancreatic head showing the intrapancreatic common bile duct (CBD) (PH, pancreatic
head; PV, portal vein; IVC , inferior vena cava). f Transverse scan of the pancreas shows the diffusely increased echogenicity of the
pancreas (arrows) in an elderly patient (SV, splenic vein)
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by the alternating hyper‐ and hypoechoic layers of its
submucosa and muscularis propria, respectively.

2.2.4.2 Sagittal Scan

On the right, and lateral to the head, a sagittal right para-
median scan shows the inferior vena cava, on which the
head of the pancreas lies (Fig. 2.1). At the level of the
neck, the superior mesenteric vein is observed posterior
to the pancreas. The uncinate process of the head is located
posterior to the superior mesenteric vein. The third portion
of the duodenum projects inferiorly. The stomach lies an-
teriorly at the levels of the body and the tail (Fig. 2.1). A
cross‐section of the splenic vein is observed posteriorly,
whereas a cross‐section of the splenic artery appears cra-
nially. The pancreatic duct may be seen as a single
echogenic line within the gland (Fig. 2.1). This is consid-
ered normal as long as the internal diameter of the duct
does not exceed 2–2.5 mm [1, 2]. In the normal subject,
however, the diameter of the duct of Wirsung may be
more than 2 mm in physiologic conditions, such as post-
prandially [3]. Visualization of the duct has been reported
in up to 86% of normal people. The echotexture of the
normal pancreas is usually homogeneous, but a mottled
appearance may sometimes be observed. The texture of
the pancreas varies with age. In infants and young children,
the gland may be more hypoechoic than the normal liver.
With aging and obesity, the pancreas becomes more
echogenic (see also Chapter 6) as a result of the presence
of fatty infiltration (Fig. 2.1); in up to 35% of cases, it
may be as echogenic as the adjacent retroperitoneal fat.
Other causes of fatty infiltration of the pancreas include
chronic pancreatitis, dietary deficiency, viral infection,
corticosteroid therapy, cystic fibrosis, diabetes mellitus,
hereditary pancreatitis and obstruction caused by a stone
or a pancreatic carcinoma. The normal size of the pancreas
is a matter of some debate. Most authors consider the
normal anteroposterior measurements to be approximately
3.5 cm for the head, 2.0 cm for the neck, 2.5 cm for the
body and 2.5 cm for the tail. The size of the pancreas di-
minishes with age. In practice, focal enlargement or lo-
calized changes in texture are more significant than an
abnormal measurement. The normal pancreas is the result
of the fusion of two embryonic buds: the ventral bud arises
from the common bile duct (CBD), forming the uncinate
process and part of the head, and the dorsal bud arises
from the posterior wall of the duodenum (see Chapter 6).
Developmental anomalies of the pancreas occur as a result
of a failure of the dorsal and ventral pancreatic ducts to
fuse, i.e. pancreas divisum (see Chapter 6).

2.3 Indications

2.3.1 Acute Pancreatitis

Acute inflammation of the pancreas has a number of pos-
sible causes but is most commonly associated with gall-
stones or alcoholism. Clinically, it presents with severe
epigastric pain, abdominal distension and nausea or vom-
iting. Biochemically, increased levels of amylase and li-
pase are present in the blood and urine. Acute inflamma-
tion causes the pancreatic tissue to become necrosed,
releasing the pancreatic enzymes, which can further de-
stroy the pancreatic tissue and the capillary walls.

Acute pancreatitis (see also Chapter 7) is classified
as mild (interstitial edema) or severe (necrosis, fluid
collections).

The role of US in acute pancreatitis consists of:
1. etiological determination and mainly the detection

of gallbladder or CBD stones; US should also ex-
clude a pancreatic lesion;

2. survey of possible complications, such as peripan-
creatic fluid;

3. follow‐up of complications arising from acute pan-
creatitis;

4. guidance for interventional procedures.

2.3.1.1 Sonographic Criteria of Acute

Pancreatitis

The sensitivity of sonography is limited because in 30%
of patients with purely edematous pancreatitis, no ab-
normality is discernible. If the pancreas is easily identi-
fied, sonographic findings have a high specificity and a
strong positive predictive value.

Edematous pancreatitis
• Swelling of part of or the entire pancreas is indicated

by an increased volume with concomitant hypoechoic
texture (Fig. 2.2). The extent of hypoechogenicity
depends on the pancreatic texture and is less pro-
nounced in preexisting chronic pancreatitis, old age,
or pancreatic lipomatosis.

• Acute focal pancreatitis is often localized in the
head of the pancreas [4, 5].

• Acute‐on‐chronic pancreatitis is characterized by
focal hypoechogenicity or adjacent hyper‐and hy-
poechoic zones.

• Fluid‐filled lesser sac.
• As it is compressed by edema, the pancreatic duct
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usually cannot be discerned, with the exception of
prevailing pancreatic duct dilatation in chronic pan-
creatitis or pancreatic duct obstruction.

Necrotizing pancreatitis
US findings as in edematous pancreatitis, plus:
• Liquefaction of pancreatic parenchyma, i.e. areas of

rather hypoechoic to almost anechoic sonotexture.
• Frayed contour of the pancreas (Fig. 2.2).
• Band of fat necrosis visualized as hypo‐ to anechoic

structures bilaterally in the anterior perirenal space,
as well as in the mesocolon, mesentery, and greater
and lesser omentum.

• Bowel wall edema secondary to chemical peritonitis
and/or impaired perfusion (systemic capillary dam-
age, involvement of the mesentery).

Complications
The complications of acute pancreatitis that may be
demonstrated sonographically are:
• Fluid collections (Fig. 2.2): abdominal collections,

more often around the pancreas, in the anterior
pararenal space and lesser sac [6‐8]; pleural effusion
(more often on the left).

• Pancreatic pseudocysts are fluid collections that have
developed well-defined, non‐epithelized walls in re-
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Fig. 2.2 a-i  Acute pancreatitis. a Transverse scan shows a diffusely enlarged pancreas (arrows) with inhomogeneous hypoechogenicity
(SA, splenic artery). b Transverse scan demonstrates a diffusely enlarged pancreas with fluid (arrows) posterior to the stomach (S)
(SV, splenic vein). c Transverse scan shows inhomogeneously echo-poor pancreas with frayed contours (arrows) and a small amount
of fluid (f) anterior to the pancreatic head. d CT scan in a case of severe acute pancreatitis showing an enlarged pancreatic head
(arrow) with hypodense areas, with substantial peritoneal effusion around the liver and between GI loops (f). e In the same patient,
US shows the fluid (f) collection around the liver (L), and (f) the fluid (f) between GI loops. g Transverse scan shows a pancreatic
pseudocyst (PC) with well-defined echorich wall, and echogenic content. h This large pseudocyst (PC) content is markedly hetero-
geneous because of gross debris (arrows). i Transverse scan shows splenic artery (arrow) included in the pseudocyst (PC) wall
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sponse to extravasated enzymes [7]. These are gen-
erally spherical and distinct from other structures.
Fluid must collect over 4–6 weeks for the fluid col-
lection to enclose itself by forming a wall consisting
of collagen and vascular granulation tissue. Classi-
cally, a pseudocyst is seen on sonographic examina-
tion as a well‐defined, smooth‐walled anechoic struc-
ture with acoustic enhancement (Fig. 2.2); its content
is generally heterogeneous because of the presence
of debris. Pseudocysts occur in 30% of cases of acute
pancreatitis, can extend into adjacent organs, and
can cause either duodenal or biliary obstruction or
stomach compression. Pseudocysts can also be in-
fected. They tend to spontaneously resolve in half of
the cases and remain stable in 20% of cases.

• Pancreatic abscesses consist of an encapsulated col-
lection of purulent material within or near the pan-
creas. They develop several weeks after the onset of
pancreatitis. On US, they appear as anechoic or het-
erogeneous masses containing bright echoes from
pus, debris, or gas bubbles [9]. A pancreatic abscess
should be suspected based on the clinical evidence
and when changes in the echogenicity of the content
of pseudocysts are documented on US examination
[9]. Pancreatic abscesses require percutaneous
drainage or surgical debridement [10, 11]. Pancreatic
phlegmons are a combination of fat necrosis, tissue
necrosis, extravasated pancreatic fluid, and occa-
sionally, hemorrhage. Differentiating pancreatic
phlegmons from pancreatic abscesses is essential
for appropriate clinical treatment.

• Vascular complications: venous thrombosis most often
occurs in the splenic vein and/or superior mesenteric
vein; Doppler US is useful in assessing associated
vascular complications. Prolonged and repeated at-
tacks of acute pancreatitis may cause the splenic vein
to become encased and compressed, leading to splenic
and/or portal vein thrombosis; pseudoaneurysms of
adjacent vessels may be found on US examination.
Pseudoaneurysms may be related to pancreatitis or
may occur secondary to pseudocyst formation. Strong
suspicion is crucial for the diagnosis of a pseudo-
aneurysm because it can be mistaken for a pseudocyst,
which is a much more common complication of this
condition. Hemorrhage can also occur as a result of
vascular injury. US examination can also reveal de-
layed gastric emptying in paralytic ileus or stenosis
of the duodenum, resulting from pancreas swelling
or pseudocyst formation in the head; the enlargement

of the pancreas in acute pancreatitis may also obstruct
the CBD, causing biliary dilatation.

2.3.2 Chronic Pancreatitis

Chronic pancreatitis (see also Chapter 7) is an inflam-
matory disease that is characterized by progressive re-
placement of the normal pancreas by fibrous tissue,
which may encase the nerves in the celiac plexus, caus-
ing abdominal pain, particularly postprandially. Due to
decreased capacity to produce digestive enzymes, the
patient develops steatorrhea. Common etiologies of
chronic pancreatitis include alcohol, hyperlipidemia,
hyperthyroidism, cystic fibrosis, and hereditary and id-
iopathic causes [12]. The diagnosis of chronic pancre-
atitis is based on clinical findings, laboratory evaluation
of endocrine and exocrine pancreatic function, and im-
aging findings. Although early morphologic changes
in chronic pancreatitis are difficult to recognize on var-
ious imaging techniques, the findings of advanced dis-
ease are readily detected.

Sonographic findings in chronic pancreatitis consist
of changes in:
• the size of the pancreas
• the echotexture of the pancreas
• focal mass lesions
• calcifications
• pancreatic duct dilatation
• pseudocyst formation

Alterations in the size of the pancreas may be observed
in fewer than half of the patients with chronic pancreatitis
[13, 14]. This percentage decreases dramatically in the
early stages of the disease. However, the finding of a
gland of normal size does not exclude a diagnosis of
chronic pancreatitis [13]. Atrophy and focal alterations
in the size of the pancreas are the most easily identified
alterations (Fig. 2.3). However, these changes in pancre-
atic volume are an expression of advanced stages of the
disease in which the glandular contours appear to be ir-
regular, sharp, and sometimes lumpy (Fig. 2.3).

Echogenicity of the pancreas is usually increased in
chronic pancreatitis due to adipose infiltration and fibrosis
[15]. Hyperechogenicity is not a specific parameter, how-
ever, as it is also present in elderly and obese subjects.

Alteration of parenchymal echo structure is a more
specific sign of chronic pancreatitis. The pancreatic
echotexture is inhomogeneous and coarse due to the
coexistence of hyperechoic and hypoechoic foci (Fig.
2.3), which are foci of fibrosis and inflammation, re-
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spectively [15]. These findings are described in 50%–
70% of cases [13, 14]. In patients affected by severe
exocrine pancreatic insufficiency, this percentage in-
creases to approximately 80%, showing a fairly good
sensitivity of this finding.

According to the Japan Pancreas Society [16], the
most important diagnostic criterion for chronic pancre-
atitis is the presence of pancreatic calcifications (Fig.
2.3), the identification of which is pathognomonic. Pan-
creatic calcifications are calcium carbonate deposits,
usually on a protein matrix (plug) or on interstitial
necrotic areas [13]. On US, these appear as hyperechoic
spots with posterior shading, which may, however, be
difficult to detect if the calcification is small. The demon-
stration of pancreatic calcifications may be improved
with the use of harmonic imaging and high‐resolution
US using a high US beam frequency and thus increasing
US diagnostic accuracy. Plugs with few or no calcium
carbonate deposits, usually located in ducts, appear at
US as echoic spots almost without posterior shading.

In chronic pancreatitis, the main pancreatic duct can
show a dilation greater than 3 mm [15]. In chronic pan-

creatitis, duct dilation is the most easily identified US
sign (Fig. 2.3). Duct of Wirsung alterations have a sen-
sitivity of approximately 60%–70% [14], but most im-
portantly they have a high specificity of approximately
80%–90% [14, 17, 18] for the diagnosis. The limits of
the reported sensitivity reflect the minor frequency of
duct dilation in initial and/or mild cases of chronic pan-
creatitis. In the early phases of chronic pancreatitis,
the duct of Wirsung may have a normal diameter.
Chronic pancreatitis may also manifest as a marked re-
duction in duct of Wirsung diameter, as in autoimmune
pancreatitis [19].

Intraductal calculi (Fig. 2.3) are protein aggregates
with calcium carbonate deposits, which appear at US
as round echoic particles that are usually mobile. Intra-
ductal protein matrix (plug) echogenicity increases with
their calcium content, until they become real intraductal
calcifications (calculi). The mobility of intraductal cal-
culi depends on the relationship between the ductal di-
lation and the diameter of the calculus itself. When pos-
sible, high‐resolution US with a high US beam
frequency may be useful to demonstrate the intraductal
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Fig. 2.3 a-f  Chronic pancreatitis. a Transverse image of the pancreas (P) shows diffusely inhomogeneous echotexture and a dilated
and irregular duct (arrows). Note multiple pancreatic calcifications (arrowheads) scattered throughout the pancreas. b Transverse
scan shows a stone (between calipers) with posterior shadowing within the duct (pancreatic head, arrows). c In the same case the duct
(w) upstream to the stone is markedly dilated with atrophy of pancreatic body and tail (arrows). d Transverse scan shows multiple cal-
cifications (arrows) with posterior shadowing in the pancreatic body and tail (L, liver). e Transverse scan shows a substantially and
diffusely enlarged pancreatic gland (arrows) with echopoor echotexture and normal sized main pancreatic duct, in a case of autoimmune
pancreatitis; note the compressed splenic vein (SV). f In the same case, power Doppler shows increased vascular signals within the
gland (arrows) which reflect the inflammatory condition
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calculi inclusions. Intraductal calculi must be considered
to be pathognomonic of chronic pancreatitis [16].

Focal pancreatitis reportedly occurs in 20% of cases
and typically involves the pancreatic head [20]. Differ-
entiation between pseudotumors in cases of chronic
pancreatitis and pancreatic carcinoma may be difficult
due to their similar patterns. Autoimmune pancreatitis
is a particular type of chronic pancreatitis [19] that is
caused by an autoimmune mechanism [21, 22]. It is
characterized by periductal inflammation that is mainly
sustained by lymphoplasmacytic infiltration, with evo-
lution to fibrosis [19]. Unlike the other forms of chronic
pancreatitis, the pancreas is usually diffusely enlarged
with the typical sausage appearance, and the duct of
Wirsung is compressed or string‐like [19]. US features
include focal or diffuse pancreatic enlargement (Fig.
2.3); US findings are characteristic in the diffuse form
when the entire gland is involved. Echogenicity is
markedly reduced, gland volume is increased, and the
duct of Wirsung is compressed by parenchyma, in
which vessels are easily demonstrated at color power
Doppler US. The differential diagnosis of focal forms
of autoimmune chronic pancreatitis with ductal adeno-
carcinoma is very challenging. The overall sensitivity
of US in the diagnosis of chronic pancreatitis is variable,
with an average range in most series of 60%–70% [12].

2.3.3 Malignant Pancreatic Lesions

Adenocarcinoma of the pancreas (see also Chapter 8)
is a major cause of cancer‐related death. It carries a
very poor prognosis, with a 5‐year survival rate of less
than 5% due to its late presentation [23‐27]. The pre-
senting symptoms depend on the size of the lesion, its
location within the pancreas and the extent of metastatic
deposits. Most pancreatic carcinomas (60%) are de-
tected in the head of the pancreas, and patients present
with the associated symptoms of jaundice due to ob-
struction of the CBD. The majority of pancreatic can-
cers are ductal adenocarcinomas, most of which are
located in the head of pancreas.

Endocrine tumors (see also Chapter 8), which orig-
inate in the islet cells of the pancreas, tend to be either
insulinomas (generally benign) or gastrinomas (malig-
nant). These present with hormonal abnormalities while
the tumor is still small. Most of them are insulinomas
(60%) or gastrinomas (18%); less common endocrine
tumors include glucagonomas, VIPomas, somatostatin-
omas, and nonsecreting islet cell tumors. Approximately

99% of all insulinomas are intrapancreatic, and approx-
imately 90% are solitary; only 30% of gastrinomas are
intrapancreatic and are primarily located in the head of
the pancreas [28].

2.3.3.1 Sonographic Criteria of Pancreatic

Cancer

Pancreatic cancer may alter the size, shape and texture
of the pancreas. Adenocarcinoma originating from the
ductal epithelium is the most common tumor of the
pancreas, with approximately 75% arising in the head
of the pancreas. The role of sonography in suspected
pancreatic cancer is based on the detection of pancreatic
masses and on the differentiation between chronic pan-
creatitis and malignant masses. When pancreatic ma-
lignancy is strongly suspected, US can assess the
anatomic relationships and possible inoperability.

The most common sonographic finding in pancreatic
carcinoma is a poorly defined, homogeneous or inho-
mogeneous hypoechoic mass in the pancreas (Fig. 2.4).
Dilatation of the pancreatic duct proximal to a pancre-
atic mass is also a common finding (Fig. 2.4). Other
sonographic findings include bile duct dilatation (Fig.
2.4), atrophic changes of the gland proximal to an ob-
structing mass and encasement of adjacent major ves-
sels. Dilatation of the common bile duct associated
with the pancreatic duct is known as the double‐duct
sign. Necrosis, which is observed as a cystic area within
the mass, is a rare manifestation of pancreatic carci-
noma.

US criteria of inoperability include the following:
• peritoneal carcinomatosis
• distant spread (most commonly to the liver)
• tumor growth beyond the pancreatic head with in-

vasion of neighboring organs (except for the duode-
num)

• extensive invasion of the portal vein/superior mesen-
teric vein or superior mesenteric artery
Apart from direct tumor demonstration, indirect

signs of pancreatic head cancer may be dilatation of
bile and pancreatic ducts, liver metastases, ascites, lym-
phadenopathy and delayed gastric emptying. In a series
of 62 pancreatic cancers, biliary dilatation occurred in
69%, pancreatic duct dilatation in 37% and the double
duct sign (pancreatic and biliary duct dilatation) in 34%
of patients [29]. The sensitivity of US tumor detection
ranges from 72% to 98%, and the specificity exceeds
90%. However, even though some small pancreatic tu-
mors are better resolved with US than with CT, con-
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Fig. 2.4 a-j  Solid pancreatic tumors. a Transverse sonogram shows an ill-defined heterogeneous hypoechoic mass (T) at the
pancreatic body involving the splenic vein and the superior mesenteric artery (arrow). b Transverse scan shows a markedly dilated
Wirsung duct (W) and bile duct (C) with a biliary stent (arrowhead) inside, upstream to a solid hypoechoic mass (T, arrows) in the
pancreatic head. c Transverse scan demonstrates a hypoechoic mass (arrows) in the pancreatic head. d In the same case, US shows
the signs of the biliary obstruction caused by the pancreatic head tumor: gallbladder (G) distension (Courvoisier-Terrier sign),
together with (e) dilatation of the common bile duct (cbd) and intrahepatic bile ducts. f CEUS of a pancreatic head tumor (T) shows
absence of contrast enhancement in arterial phase (arrows), and (g) also in late phase the tumor (T, between calipers) shows no en-
hancement. h A transverse sonograms shows the pancreas is diffusely infiltrated by a gross echopoor mass, extending beyond the
gland (arrows) and causing biliary obstruction (cbd): a pancreatic lymphoma was diagnosed at percutaneous biopsy. i Neuroendocrine
carcinoma. Transverse view demonstrates a large well-defined echogenic mass (arrows) in the pancreatic head, with small central
echopoor areas. j The corresponding CT findings (arrows)
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trast‐enhanced CT has a higher sensitivity than US
[27]. The integration of different imaging methods may
be necessary for tumor detection.

Endocrine tumors or islet cell tumors arise from the
neuroendocrine cells of the pancreas. These tumors are
classified as functioning or nonfunctioning based on
the presence or absence of symptoms related to hor-
mone production. 

Insulinomas and gastrinomas are the most common
functioning islet cell tumors and are usually small at
the time of detection. Nonfunctioning tumors are fre-
quently large at diagnosis and are often malignant (Fig.
2.4) [28]. The diagnosis is usually based on clinical
and biochemical findings. The tasks of imaging are to
localize the tumor and study its relationship to vital
structures for surgical resection. Insulinomas are usually
benign, solitary pancreatic lesions, whereas gastrinomas
tend to be malignant and consist of multiple lesions.
Insulinomas are the most common functioning neu-
roendocrine tumors of the pancreas (approximately
60% of all neuroendocrine tumors) and, in the majority
of cases, are benign (85%–99%) and solitary (93%–
98%) [28, 30]. Preoperative US detection of insulino-
mas is generally difficult but is possible in 25%–60%
of cases [30]. The majority of insulinomas appear as
hypoechoic pancreatic nodules, which are usually cap-
sulated (Fig. 2.4). In some cases, very small calcifica-
tions may be present, especially in larger lesions [31].
At the time of clinical presentation, 50% of the tumors
are smaller than 1.5 cm [32]. When malignant, their
diameter is generally >3 cm, and approximately a third
of these have metastases at the time of diagnosis [28].
Gastrinomas are the second most common functioning
neuroendocrine tumors of the pancreas (approximately
20% of all neuroendocrine tumors) [31, 32]. These tu-
mors differ from insulinomas in localization, size, and
vasculature [31, 33]. They occur within the gastrinoma
triangle (junction of the cystic duct and common bile
duct – junction of the second and third parts of the
duodenum – junction of the head and neck of the pan-
creas), of which only the pancreatic side can be ade-
quately explored by US. Liver metastases are present
in 60% of cases at the time of diagnosis [32].

Other functioning neuroendocrine tumors (VIPoma,
glucagonoma, and somatostatinoma) are rarer; alto-
gether, they account for about 20% of functioning neu-
roendocrine tumors of the pancreas [31, 32].

Nonfunctioning islet cell tumors account for up to
33% of neuroendocrine tumors of the pancreas; they

range from 1 to 20 cm in diameter and show a high ma-
lignancy rate, up to 90% [34]. They are, however, less
aggressive than adenocarcinomas (Fig. 2.4). The clinical
presentation of nonfunctioning islet cell tumors is non-
specific. These tumors, characterized by predominantly
expansive growth, are not clinically apparent until ad-
jacent viscera and structures have become involved. At
US they appear to have clear borders and are usually
easy to detect, thanks to their size (Fig. 2.4). Due to
their dimensions, these tumors tend towards necrosis
and hemorrhage, developing a typical nonhomogeneous
appearance that is sometimes accompanied by very
small intralesional calcifications. Larger nonfunctioning
islet cell tumors show cystic degeneration or cystic
change [31]. Characterization of these tumors depends
on the demonstration of their hypervascularity [31, 34].

Pancreatic lymphoma (see also Chapter 10) is mainly
represented by the non‐Hodgkin B‐cell histotype, and
in the majority of cases, it is associated with lymph
nodes or lesions in other organs. US shows focal or
diffuse pancreatic enlargement that is hypoechoic to
normal pancreatic parenchyma (Fig. 2.5). Diffuse pan-
creatic enlargement may be due to a diffuse pancreatic
tumor or pancreatitis associated with tumor. Primary
tumors that most frequently metastasize to the pancreas
are from the lung, breast, kidney, or melanoma [23,
35]. Pancreatic metastases (see also Chapter 10) can
appear as focal or multifocal lesions or diffuse enlarge-
ments of the pancreas in a patient with a known primary
neoplasm.

2.3.4 Cystic Pancreatic Lesions

Benign cysts in the pancreas are rare and tend to be as-
sociated with other conditions, such as polycystic dis-
ease, cystic fibrosis or von Hippel‐Lindau disease (an
autosomal dominant disease characterized by pancreatic
and renal cysts, renal carcinoma, pheochromocytoma
and/or hemangioblastomas in the cerebellum and spine)
(Fig. 2.5) [36]. The presence of a cystic mass in the ab-
sence of these conditions should raise suspicion for
one of the rarer types of cystic neoplasm or a pseudocyst
associated with previous history of acute pancreatitis.

Cystic neoplasms (see also Chapter 9) account for
approximately 10–15% of pancreatic cysts and only
approximately 1% of pancreatic malignancies [37].
Two distinct forms of cystic neoplasm of the pancreas
are recognized; both are generally easily distinguished
from the much more common carcinoma.
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Fig. 2.5 a-i  Cystic neoplasms of the pancreas. a Serous cystadenoma. Transverse sonogram demonstrates a heterogeneously
echogenic, solid-appearing mass (arrows) with small-medium cystic components in the body and tail of the pancreas. Note posterior
acoustic enhancement behind the mass. b In the same patient color Doppler analysis shows the central vessel (arrow) of the serous
cystadenoma; the largest cyst of this cystadenoma (between calipers) is 3.5 cm large. c Mucinous cystadenoma. Transverse scan
shows a unilocular cystic lesion (arrows) of approximately 5 cm at the junction of the pancreatic body and tail. d A detail of the
previous image shows the thick wall (arrow) typical of the mucinous cystadenoma. e Multiloculated cystic lesions of pancreas
(arrows) in Von Hippel Lindau disease (L, liver). f Intraductal papillary mucinous tumor of pancreas head – main duct type.
Transverse scan reveals a cystic lesion (between calipers) with solid echogenic components (P, pancreatic body). g Intraductal
papillary mucinous tumor of pancreas body – side branch type. Transverse scan shows a small unilocular cystic lesion of the
pancreatic body (arrow), with a normal Wirsung duct (SV, splenic vein; L, liver). h Intraductal papillary mucinous tumor of pancreas
body-tail – side branch type. Transverse scan shows a small grape-like multilocular cystic lesion of the pancreatic body-tail (arrows),
with a normal Wirsung duct (SV, splenic vein). i Cystic dystrophy on aberrant pancreas of duodenal wall: transverse scan shows the
presence of multiple cystic lesions (arrows) within the thickened duodenum (D) wall
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Microcystic cystadenoma (serous cystadenoma) is
always histologically benign and frequently found in
elderly women. It is composed of cysts that are small
(1–2 mm), generating an appearance of a hyperechoic
mass, frequently with lobular outlines (Fig. 2.5). A cen-
tral echogenic stellate scar is an inconstant feature of
this tumor. Oligocystic serous cystadenoma, which has
fewer but much larger cysts, is a variant of serous cys-
tadenoma and accounts for 10–25% of serous cystade-
nomas of the pancreas. Sonographic findings in oligo-

cystic serous cystadenoma are similar to those of mu-
cinous cystadenoma; however, lobulated outer margins
and more frequent pancreatic duct dilatation proximal
to the lesion can allow its differentiation from oligo-
cystic serous cystadenoma. Serous cystadenomas do
not communicate with the main pancreatic duct. The
demonstration of this is fundamental, especially when
the lesion is large, because it might compress the main
pancreatic duct that is dilated proximally. Demonstra-
tion of the absence of communication, however, is im-



possible with US and is a specific issue for magnetic
resonance imaging and endoscopic retrograde cholan-
giopancreatography. Differential diagnosis between
serous and mucinous cystic tumors is a fundamental
issue of imaging, considering the different management
required for these two lesions, so that aggressive surgi-
cal intervention for serous cystadenomas can be avoided
[37]. Serous cystadenoma, being a benign lesion, can
be conservatively managed.

Mucinous cystic neoplasms are malignant or po-
tentially malignant lesions. They are more common in
women in their fourth to sixth decade and are most of-
ten located in the body or tail of the pancreas. The
mucinous cystic tumor is peripherally located in the
pancreatic parenchyma and shows cysts which are less
numerous and larger in size than are typically seen
with serous cystadenoma. The content of the cyst is
mucin. At US, a mucinous cystic neoplasm appears as
round to ovoid, with unilocular or multilocular cystic
lesions, each >20 mm. Mucinous cystic tumors are
characterized by the presence of thick walls and, oc-
casionally, peripheral calcifications (Fig. 2.5). The mu-
cinous content is viscous, may generate fine echoes in
the internal part of the lesion covering the internal
wall of the cystic tumor, and may mask the inclusions,
such as internal septa and/or solid papillary projections.
Demonstration of these inclusions, and if possible,
demonstration of their vasculature, is fundamental for
the diagnosis. The number and thickness of intrale-
sional septa and nodules are not always related to the
grade of malignancy. Mucinous tumors may spread,
involve lymph nodes, and produce liver metastases
[38, 39].

Intraductal papillary mucinous tumors (IPMTs) orig-
inate from the main pancreatic duct or its branches.
Their histology ranges from benign to frankly malig-
nant. The lesion is identifiable as a dilatation of the
main pancreatic duct and/or its branches or cyst for-
mation, with proliferation of pancreatic ductal epithe-
lium and excessive production of mucin. IPMTs are
classified in main duct type, branch duct type, or a
combination of the two [39‐41]. The main duct type
can be localized or diffuse. The main pancreatic duct
type presents as a segmental, diffuse dilatation of the
main duct with or without side‐branch dilatation. The
main duct type of mucin‐secreting tumors appears pre-
dominantly cystic on US, tends to be located in the
body or tail of the pancreas and metastasizes late, which
represents a much less aggressive course than adeno-

carcinomas. These tumors have a much higher curative
rate with surgery [39]. The localized main duct type of
IPMT is characterized by highly inhomogeneous
masses, which are related to neoplastic intraductal pro-
liferation, with upstream dilation of the main pancreatic
duct (Fig. 2.5). The diffuse main type may be difficult
to distinguish from chronic pancreatitis. At US exami-
nation, the mucin of IPMT may not be easily differen-
tiated from the solid portions of the tumor, which can
therefore be mistakenly reported as solid. Harmonic
imaging, with its better contrast resolution [42, 43],
may lead to the identification of the part of the IPMT
that is not solid. With US, a final diagnosis of IPMT
by demonstration of the communication between the
tumor and the pancreatic duct is difficult. The combi-
nation of other imaging techniques, mainly magnetic
resonance and endoscopic US, may better show the
cystic dilatation of branch ducts as well as nodules and
septa inside the cystic lesion [39]. The IPMT branch
duct type manifests as a single or multiple cysts (Fig.
2.5) which are generally incidentally discovered during
US examination. As they are mostly benign, imaging
follow‐up has been suggested, depending on their char-
acteristics. Based on limited published data, it appears
that asymptomatic cystic lesions without main duct di-
lation, those without mural nodules, and those smaller
than 30 mm in size have a low risk of prevalent cancer
and a low risk of progressing to invasive cancer in
near‐term follow‐up (12 to 36 months). Ideally, the im-
aging modality at baseline and follow‐up should provide
adequate information regarding the size of the lesion,
size of the main pancreatic duct, and presence of intra-
mural nodules, which can be barely evaluated with US
but can be assessed satisfactorily by using multidetector
high‐resolution computed tomography or magnetic res-
onance cholangiopancreatography or with endoscopic
US. Transabdominal US is useful for the initial evalu-
ation and for follow‐up in thin patients with clearly vi-
sualized cysts. The interval between follow‐up exami-
nations has been suggested as follows: yearly follow‐up
if the lesion is <10 mm in size, 6–12‐monthly follow‐up
for lesions between 10 and 20 mm, and 3–6‐monthly
follow-up for lesions >20 mm. On follow‐up studies,
the appearance of symptoms attributable to the cyst
(e.g. pancreatitis), the presence of intramural nodules,
cyst size >30 mm, and dilation of the main pancreatic
duct (>6 mm) would be indications for resection. The
follow‐up interval can be lengthened after 2 years of
no change [39].
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Cystic dystrophy of the duodenal wall and groove
pancreatitis occur in a border site (groove region) be-
tween the pancreas and the duodenum, which is difficult
to access for a correct US evaluation. Identification of
small cystic formations in the thickened duodenal wall
on the pancreatic side is a specific finding [44] for
cystic dystrophy of the duodenal wall (Fig. 2.5).

2.4 Comments

Pancreatic lesions are commonly detected during US
examination, as this modality is used very often as the
first line of diagnostic imaging [45]. Basically the dif-
ferential diagnosis of pancreatic masses must always
be considered. For this task, more recent technologic
improvements in US (elastography, contrast‐enhanced
US) should be integrated, if possible in the same ex-
amination session, to achieve the best US definition
(see related chapters).
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As with linear scopes, electronic radial instruments
have high resolution and Doppler capability.

FNA needles are available in 19-, 21-, 22- and 25-
gauge sizes. A recent randomized trial showed that EUS-
FNA of solid pancreatic lesions reached higher diag-
nostic accuracy and fewer blood contaminations with
25-gauge needles than with 22-gauge ones [2]. Tru-cut
biopsy needles are used for histologic diagnosis, but
they have technical limitations, especially for biopsy
from the duodenum. Miniature high-frequency US
probes (12–30 MHz) can be introduced in the operative
channel of a standard duodenoscope, allowing for intra-
ductal ultrasonography (IDUS) of the main pancreatic
duct. Mechanical rotation of the transducer provides a
360° cross-sectional image of the structures near the
probe (2 cm). EUS color Doppler is useful for discrim-
inating between a venous vessel and an arterial vessel;
it adds information about vascular involvement by pan-
creatic tumors, and it is essential for avoiding vessel
puncture during interventional procedures. EUS power
Doppler has been employed with contrast-enhanced EUS
(CE-EUS), which is performed after the administration
of intravenous contrast agents, improving the character-
ization of the vascular patterns of pancreatic masses.
However, contrast-enhanced power Doppler presents ar-
tifacts, such as blooming and variability with Doppler
gain. Contrast-enhanced harmonic has been recently de-
veloped to overcome these artifacts, allowing for a more
detailed evaluation of tissue vasculature. As with trans-
abdominal CEUS, arterial, portal venous, and parenchy-
mal contrast enhancement is possible. During the arterial
phase, which lasts approximately 10 to 20 seconds, the
celiac axis, common hepatic artery, and splenic artery
can be characterized; in the venous phase (30–120 sec-
onds), enhancement of the splenic vein, portal vein and
superior mesenteric vein can be observed.

3.1 Introduction

Endoscopic ultrasonography (EUS) joins a high fre-
quency (5–20 MHz) US transducer to a flexible endo-
scope. In contrast to transabdominal US, EUS provides
a high-resolution view of the pancreatic parenchyma
because of the close proximity of the probe to the gland
without interference from bowel gas or fat tissue, and
it is one of the most accurate methods for diagnosing
and staging pancreatic diseases. Indeed, EUS is the
most sensitive technique for the detection of lesions to
screen subjects who are at high risk of developing pan-
creatic cancer, showing a sensitivity of 93% compared
to magnetic resonance imaging (MRI) (81%) and com-
puted tomography (CT) (27%) [1].

3.2 Technical Equipment

The instruments that are currently available for the ex-
amination of the pancreas are radial scanning echoen-
doscopes, linear scanning echoendoscopes and more
recently developed electronic radial scopes. The radial
scanning instruments display a 360° or 270° cross-sec-
tional image that is perpendicular to the long axis of
the scope, whereas the image of linear echoendoscopes
is parallel to the long axis of the scope, and sampling
of pancreatic and nodal lesions is possible using EUS-
guided fine-needle aspiration (EUS-FNA) (Fig. 3.1).
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3.3 EUS Examination

Prior to upper GI tract endoscopy, the patient should
fast for six hours, and the examination is performed
with the patient lying in the left lateral decubitus posi-
tion. Usually, conscious sedation is achieved with the
administration of midazolam. In particular cases, opioid
drugs (e.g. pethidine) or deep anesthesia can be used.

Particular attention should be paid during the
esophageal intubation and the maneuvers of transit into
the descending duodenum because of the rigid and
prominent tip of the echoendoscope. Cervical esophageal
perforation is a rare event; an incidence of 0.06% has
been reported in elderly women undergoing EUS with a
linear echoendoscope by a skilled operator [3]. To scan
the pancreas, good acoustic coupling can be achieved
by inflating the balloon and filling the gastrointestinal
lumen with water. The administration of spasmolytic
agents (e.g. butylscopolamine) is still controversial.

Radial scanning with the echoendoscope placed in the
descending duodenum displays the pancreatic head, the
uncinate process and the region of major papilla, and the
pancreatic neck and common bile duct can be visualized
from the duodenal bulb. The body and the tail of the pan-
creas can be imaged by scanning from the stomach.

Linear scanning from the stomach may display the
whole gland; from the descending duodenum, the pancre-
atic head and the region of major papilla can be imaged.

Pancreatic EUS examination is limited in cases of
surgically altered anatomy; the head of the pancreas
cannot be imaged after Roux-en-Y surgery, whereas a
complete examination including FNA may be possible
after Billroth II surgery if the afferent loop is intubated
[4]. Because EUS-FNA is a procedure with a high risk
of bleeding, a pre-examination check of coagulation
parameters and platelet count is mandatory when the
procedure is scheduled. Similarly, antithrombotic drugs
should be discontinued before the procedure [5]. Intra-
venous antibiotics should be administered before aspi-
ration of a pancreatic cyst.

3.4 Normal EUS Pancreatic Findings

The normal pancreatic parenchyma has a fine granular
pattern with echogenicity that is equal to or slightly higher
than that of the liver (Fig. 3.1). Hyperechoic pancreas is
a common condition; risk factors are fatty liver, age older
than 60 years, male gender and hypertension [6].

A physiologic difference between the ventral and
the dorsal portion of the pancreatic head can be ob-
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Fig. 3.1 a-f  Normal EUS anatomy of pancreas. a EUS scan from the second part of the duodenum shows the pancreas head
(arrows), the common bile duct (c) and the duct of Wirsung (w). b EUS scanning from the stomach shows the pancreatic body and
tail (p); the arrow indicates the tail tip (k, kidney; s, spleen). c EUS-FNA of a pancreatic tumor (T). d EUS-FNA of a peripancreatic
lymphnode (LN). e EUS-FNA of a pancreatic neuroendocrine tumor (nT). f EUS-FNA of a pancreatic cystic lesion (c)
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served in half of normal pancreases: the former appears
hypoechoic, and the latter appears hyperechoic. The
border of the gland is smooth.

The main pancreatic duct appears as a tubular anechoic
structure with hyperechoic walls. Its normal caliber ranges
from 3 mm in the head to 1 mm in the pancreatic tail.

On IDUS, the wall of a normal main pancreatic duct is
visualized as a single hyperechoic layer, and the surround-
ing pancreatic parenchyma is demonstrated as a homoge-
neous pattern in normal cases. The course of the normal
pancreatic duct is tortuous, and the lumen caliber is not
sufficient for performing IDUS in the body and tail.

3.5 Pathologic EUS Features of the
Pancreas

3.5.1 Pancreatic Cancer

On EUS, pancreatic adenocarcinoma appears essentially
as a hypoechoic, inhomogeneous lesion with irregular
margins (Fig. 3.2). Small cancers can show a homoge-
neous echopattern with smooth margins; when the tu-

mor grows, hypoechoic and hyperechoic areas can oc-
cur, indicating intralesional necrosis and calcifications,
respectively. A post-stenotic dilatation of the main pan-
creatic duct can be observed, which is joined to the
common bile duct dilatation if the mass involves the
pancreatic head (Fig. 3.2).

Multiple, patchy, hypoechoic areas adjacent to the
dilated main pancreatic duct can be observed in patients
with pancreatic cancer, as reported in a retrospective
analysis of EUS images performed in 84 patients with
main pancreatic duct dilatation. This was observed
more frequently in patients with malignancy than in
patients with benign disease (73.8% versus 14.3%) [7].

EUS allows for detailed evaluation of peri-pancreatic
vessels that are invaded by tumors. The splenic vein
and artery are easily depicted, whereas it is more diffi-
cult to image the superior mesenteric vessels [8]. EUS
criteria for vascular involvement by pancreatic tumors
have been published (Fig. 3.2) [9, 10].

The following EUS findings appear to be reliable
signs for the identification of venous tumor invasion:
1. Clear separation between tumor and vessel, with in-

terposed hyperechoic tissue;

333   Endoscopic Ultrasonography of the Pancreas

Fig. 3.2 a-f  Pancreatic cancer. a EUS scan of pancreatic head shows a small tumor (T) obstructing both common bile duct (c) and
duct of Wirsung (w). b EUS shows a cystadenocarcinoma (T) of the pancreatic head, invading the duodenal wall (thick arrow), with
two cystic areas (arrows). c CE-EUS shows that the lesion enhances during the arterial phase irregularly and only to the boundaries.
d EUS staging of a pancreatic tumor (T) shows a clear interface (arrow) with the superior mesenteric artery (sma). e EUS staging of
a pancreatic tumor (T) shows the contact (arrow) with the superior mesenteric artery (smv) and portal vein (pv) wall (c, common bile
duct). f EUS staging of a pancreatic tumor (T) shows the loss of interface (arrows) with the portal vein (pv) which is surrounded by
the tumor; the duct of Wirsung (w) is obstructed by the tumor
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2. Tumor border at the vessel, without interruption of
the vessel wall;

3. Abnormal vessel contour with loss of the vessel–
parenchymal sonographic interface;

4. Tumor border at the vessel, echo-rich vessel wall
interrupted or not visible;

5. Partial or complete vascular lumen obstruction by
the tumor;

6. Peri-pancreatic venous collateral vessels.
To diagnose arterial invasion, criteria 1 and 2 as

well as tumor encasement are used.
Staging of pancreatic cancer is currently based on the

tumor–node–metastasis (TNM) classification revised by
the American Joint Committee for Cancer in 2003 [11]
(Table 3.1). According to this classification, pancreatic
cancer is considered non-resectable when (a) the tumor
involves the celiac or superior mesenteric artery or other
major arteries of the upper abdomen, or (b) there is nodal
involvement beyond the peripancreatic tissue and/or (c)
there is distant metastasis. The resectability of neoplasms
involving the superior mesenteric vein or portal vein and
its confluence is still controversial. Survival after resection
was comparable to that of patients without vascular inva-
sion in one study [12], whereas another surgical series
did not confirm a survival benefit [13].

To correctly interpret EUS images and avoid arti-
facts, the scanning should be performed by multiple
stations and angles.

EUS can detect enlarged perigastric, periduodenal
and celiac lymph nodes. EUS criteria that are highly
predictive of nodal metastasis by esophageal cancer
have been defined [14]. They include size (>1 cm in
diameter in the short axis), hypoechoic appearance,
round shape, and clear borders.

When all four criteria are present, the accuracy of
predicting malignant invasion is approximately 80%,
but all four criteria are present in only 25% of cases
[15]. For this reason, EUS criteria alone are not able to
define the nature of lymph nodes, and EUS-FNA is re-
quired for nodal staging of pancreatic cancer.

EUS-FNA is essential for a histologic diagnosis of
adenocarcinoma and to rule out other causes of pan-
creatic masses which may require different treatment.
The sensitivity of EUS-FNA for pancreatic cancer
ranges between 60% and 90% [16, 17].

The risk of complications due to EUS-FNA is low,
as revealed by a recent multicenter study of 808 patients
(of which 541 were pancreatic biopsies) undergoing
EUS-FNA, with a 0.9% rate of complications, repre-
sented by acute pancreatitis (0.02%) and bleeding
(0.07%) [18]. The risk of seeding is generally low, and
to minimize it, sampling of pancreatic head lesions is
usually performed through the duodenal wall, which is
then resected during surgery.

Although EUS-FNA provides cytologic diagnosis
with high accuracy, false-negative results can still be a
problem, especially in the setting of chronic pancreatitis.
To overcome this limitation, the number of passes should
be increased, but this increases the risk of morbidity.

In recent years, two noninvasive methods of standard
US have been applied to EUS to improve the differential
diagnosis between pancreatic cancer and chronic pan-
creatitis: CE-EUS aids in the delineation of the margins
of pancreatic lesions and in the evaluation of their rela-
tionships with perilesional vessels. Initial studies used
CE-EUS with Levovist, showing tumor hypovascularity
in 92% of the patients with ductal adenocarcinoma of
the pancreas [19]. Other relevant findings involve the
irregular vascular network of malignant lesions after
contrast enhancement with only arterial vessels, whereas
in benign masses both venous and arterial vessels can
be imaged [20].

In a recent study, CE-EUS was performed with a new
prototype echoendoscope and using SonoVue (Fig. 3.2).
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Table 3.1 TNM staging classification of pancreatic adenocarci-
noma [11]

Tumor
T-x: Primary tumor cannot be assessed
T-0: No evidence of primary tumor
T-is: Carcinoma in situ
T-1: Tumor limited to the pancreas, ≤ 2 cm
T-2: Tumor limited to the pancreas, > 2 cm
T-3: Tumor extension beyond the pancreas 
(without involvement of the celiac axis or the superior 
mesenteric artery)
T-4: Tumor involving the celiac axis and superior mesenteric
artery (unresectable tumor)
Regional lymph nodes
N-x: Regional lymph nodes cannot be assessed
N-0: No regional lymph node metastasis
N-1: Regional lymph node metastasis
Distant metastasis
M-x: Distant metastasis cannot be assessed
M-0: No distant metastasis
Stage 0 – Tis, N0, M0
Stage IA – T1, N0, M0
Stage IB – T2, N0, M0
Stage IIA – T3, N0, M0
Stage IIB – T1, N1, M0 or T2, N1, M0 or T3, N1, M0
Stage III – T4, any N, M0
Stage IV – any T, any N, M1



The microvascular pattern was compared to the final
pathologic diagnosis based on surgery or EUS-FNA. The
results revealed that 16 of 18 hypovascular lesions (88.8%)
were pancreatic carcinomas. The sensitivity, specificity
and accuracy of hypovascularity for diagnosing pancreatic
adenocarcinoma were 89%, 88%, and 88.5 %, compared
with corresponding values of 72%, 100%, and 86%, re-
spectively, for EUS-FNA [21]. Hyperenhancement of
pancreatic cancer on CE-EUS has been reported for
poorly differentiated adenocarcinoma [22].

EUS elastography provides a real-time evaluation of
tissue stiffness to discriminate between malignant and
benign lesions. A score for the classification of pancre-
atic mass sonoelastography has been proposed [23]:
Score 1 indicates a homogenous, low elastograph area

(soft, green) and corresponds to the normal
pancreas tissue.

Score 2 indicates a heterogeneous pattern in the soft
tissue range (green, yellow and red) and cor-
responds to fibrosis.

Score 3 indicates an elastograph image that is largely
blue (hard), with minimal heterogeneity, and
corresponds to a small (less than 25 mm),
early pancreatic adenocarcinoma.

Score 4 indicates lesions with a hypoechoic central re-
gion, which is small and appears green sur-
rounded by blue or harder tissue, and corre-
sponds to a hypervascular lesion, such as a
neuroendocrine tumor or small pancreatic
metastasis.

Score 5 is assigned to lesions that are largely blue on
the elastograph, but with heterogeneity of
softer tissue colors (green, red), which repre-
sents necrosis, and is seen in advanced pan-
creatic adenocarcinoma.

This scoring system was validated in a multicenter
study of 121 patients undergoing EUS for pancreatic

lesions; scores 1 and 2 were considered benign and
scores 3–5 were considered malignant. The sensibility,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) of EUS elastography to differ-
entiate benign from malignant pancreatic masses were,
respectively, 80.6%, 92.3%, 93.3% and 78.1%, with a
global accuracy of this new technology of 89.2%. The
NPV for malignancy of scores 1 and 2 was 77.4%, and
the PPV for malignancy of scores 3–5 was 92.8% [24].
A recent study attempted to overcome the main limita-
tion of EUS elastography, which is the subjectivity of
the evaluation; the accuracy of quantitative, second-
generation EUS elastography in the differential diag-
nosis of solid pancreatic masses was assessed using a
strain ratio between the region of interest and a refer-
ence area. A significant difference between the strain
ratio values was reported in pancreatic cancer compared
to chronic pancreatitis with an inflammatory mass [25].

3.5.1.1 EUS Performance in Staging 

of Pancreatic Cancer

Poor prognosis of pancreatic cancer is due mainly to
late-stage diagnosis. In this setting, a sensitive tool is es-
sential for early diagnosis and assessment of resectability.
EUS is a technique with particularly high sensitivity for
the detection of masses smaller than 3 cm.

In early studies comparing EUS with conventional
CT, EUS sensitivity for tumor detection ranged from
91% to 98%, which is higher than that of CT (63–85%)
[26-29] (Table 3.2). Even more recent studies that com-
pared EUS to helical CT confirmed the superior sensi-
tivity of EUS to that of CT [17, 30-33] (Table 3.2).

A systematic review analyzed 11 studies comparing
helical CT with EUS for the diagnosis of pancreatic
cancer. In all of these studies, EUS sensitivity was higher
than that of helical CT, especially for pancreatic tumors
smaller than 3 cm [34]. Moreover, a retrospective series
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Table 3.2 Sensitivity (%) of EUS and other imaging techniques for diagnosis of pancreatic lesions

Reference Patients included EUS CT MRI US PET
Rosch (1992) [26] 60 98 85 78
Palazzo (1993) [27]  49 91 66 64
Muller (1994) [28] 33 94 69 83
Marty (1995) [29]  37 92 63
Mertz (2000) [30] 31 93 53 87
Rivadeneira (2003) [31]  44 100 68
Agarwal (2004) [17]   71 100 86
Dewitt (2004) [32]   80 98 86
Mansfield (2008) [33] 84 95 97



showed that EUS, performed by skilled operators, is a
valuable tool to rule out the presence of a pancreatic tu-
mor, with a negative predictive value of 100% [35].

A recent meta-analysis evaluated the accuracy of EUS
for vascular invasion in pancreatic and periampullary
cancers [8]. Because EUS technology and EUS criteria
for diagnosing vascular invasion have changed over time,
the 29 studies included in the analysis were grouped into
three time periods. Although this allowed for a compar-
ison among studies using similar methods, the hetero-
geneity in the number and type of EUS vascular criteria
of the included studies affected the findings of the meta-
analysis. Indeed, its results show that the pooled speci-
ficity of EUS is high (90.2%), whereas the pooled sen-
sitivity is 73%, which is lower than previously reported.

The role of EUS in the assessment of vascular inva-
sion should be re-evaluated because of the use of helical
CT and MRI. Currently available studies report equiv-
alent results for the three modalities, so their use de-
pends on local expertise and availability [36, 37].

3.5.2 Cystic Lesions

In recent years, the relatively rare cystic neoplasms have
become increasingly identified because of the advance-
ment of imaging studies. Cystic tumors can range from
benign adenoma to premalignant and malignant lesions.

Serous cystadenomas (Fig. 3.3) are frequently located
in the body or tail of the pancreas. The typical EUS
findings of these benign lesions are several microcysts
with a honeycomb, sponge-like structure, and possibly
with central calcification. Large serous cystadenomas
can show a hyperechoic central stellate scar, and mi-
crocysts can combine into a single macrocyst. The pres-
ence of debris in the fluid of the cysts is not usual, and
it suggests a mucinous cystadenoma.

Mucinous cystadenomas (Fig. 3.3) are characteris-
tically well-demarcated, unilocular, single cysts with
thin walls that can show peripheral calcification. Mul-
tilocular cysts divided by thin septa can be observed.
Thickening of the cystic wall (≥3 mm) or the appearance
of a solid hypoechoic component should be carefully
examined because these features are suggestive of ma-
lignant evolution of a mucinous cyst. No communica-
tion with the main pancreatic duct is seen. The cystic
fluid can contain floating mucinous debris.

Intraductal papillary mucinous tumors (IPMT) (Fig.
3.3) include three forms: the main type, in which the tu-
mors arise from the main pancreatic duct; the branch-duct

type, which involves a side branch; and the mixed type,
which involves both ductal systems. The EUS features of
the main type IPMT are segmental or diffuse main duct
dilatation, whereas a cystic dilatation of a side branch of
the pancreatic duct communicating to a normal main duct
is diagnostic of a branch-duct type IPMT. In this setting,
IDUS may be a complementary tool for evaluating the in-
volvement of the main pancreatic duct. IDUS can show
the spread of branch-duct type IPMT into the main pan-
creatic duct as an irregular thickening of the main pancre-
atic duct wall, as reported in a recent study, which showed
a diagnostic accuracy of 92% and indicated an important
role for the determination of the resection line in surgical
candidates [38]. Although EUS morphology alone cannot
distinguish benign from malignant pancreatic cysts, EUS
findings that are suggestive of IPMT malignancy have
been proposed: main pancreatic duct dilatation >10 mm,
branch type tumors >40 mm with irregular septa, and mu-
ral nodules (>10 mm) [39]. IPMT have a malignant po-
tential, which is higher for main duct IPMT than for
branch-duct tumors. Their natural history has been evalu-
ated in a study on 103 patients with branch-duct type
IPMT: 5.8% of the patients developed cancer during the
long-term follow up (median 59 months), an IPM carci-
noma was diagnosed in four patients, and a ductal carci-
noma was found in the remaining two patients [40]. These
findings underscore the value of regular follow-up imaging
with accurate examination of the whole gland. Papillary
cystic tumors are rare lesions with low malignant potential
and frequent localizations to the pancreatic body or tail.
On EUS, they appear as large, well-demarcated mixed
masses, each with a solid and a cystic component.

Pseudocysts, which have to be differentiated from
cystic neoplasm, can develop in both acute and chronic
pancreatitis. On EUS, they usually appear as unilocular
cysts with thin walls and floating debris in the cystic
fluid. Chronic pseudocysts may display septa and a
thick wall that is adherent to the stomach or duodenum;
a final diagnosis is often reached, taking into account
features of the surrounding parenchyma and the clinical
history of the patients.

EUS-FNA is a useful tool for differentiating between
serous and mucinous cysts. In this setting, FNA may
be targeted to the cystic fluid, cystic wall, septa or nod-
ule. Aspirated cystic fluid may be examined for tumor
markers and for chemical and molecular analysis. CEA
is considered the most predictive marker for diagnosing
mucinous cysts. A cutoff of 192 ng/mL has an accuracy
of 79% [41]. Low levels of CEA can be observed in
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serous cystadenomas and pseudocysts. Amylase levels
are high in cystic lesions with a direct communication
to the pancreatic ducts (IPMT and pseudocysts).

The performance of cytology based on EUS-FNA
for the diagnosis of mucinous lesions has been assessed
by a meta-analysis of 11 studies, with histopathology
as the criterion standard. The pooled sensitivity and
specificity in diagnosing mucinous cystic lesions were
63% and 88%, respectively [42].

EUS-FNA–based cytology has a low overall sensi-
tivity, which could be improved by cystic brushing,
which is an emerging technique in which a through-
the-needle cytology brush of the cystic wall or mural
nodule may be performed. A prospective study has re-
cently compared the diagnostic yield of brushing and
FNA in suspected mucinous cysts. Cytology brushing
has a significantly higher detection rate of mucinous
epithelium specimens than standard FNA [43].
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Fig. 3.3 a-g  Cystic lesions of pancreas. a Mucinous cystadenoma: EUS shows a large roundish cystic lesion (mc) of the pancreatic
tail, with thick wall and anechoic content. b Serous cystadenoma: EUS shows the multiple microcysts composing this cystic tumor
(arrows) of the pancreatic body. c IPMT-side branch type: EUS reveals a small cystic lesion (ipmt-s) of the pancreatic isthmus, with
a normal sized duct of Wirsung (w). d IPMT-main duct type: EUS shows the dilated duct of Wirsung (w) upstream to an ill-defined
lesion (arrows) arising from the duct and which infiltrates the surrounding parenchyma. e In this patient EUS shows the duct of
Wirsung (w) dilated in all pancreatic sections, but without lesions detected. f In the same patient the intraductal US (IDUS) of the
duct of Wirsung (w) shows some small nodules (arrows) of the duct wall: IPMT. g Cystic dystrophy of aberrant pancreas of
duodenal wall: EUS shows multiple cystic lesions (c) within the edematous and thickened duodenal wall (arrows)
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3.5.3 Ampullary Tumors

Tumors of the major papilla can range from benign
adenomas to adenocarcinomas; early detection affects
treatment and prognosis.

Ampullary adenomas appear on EUS as hypoechoic,
homogeneous thickening of the duodenal wall in the
region of the major papilla, without involvement of the
duodenal wall. As the tumor grows, it can acquire an
inhomogeneous pattern and invade the duodenal wall
and the pancreas. A post-stenotic dilatation of the main

pancreatic duct and common bile duct can be observed.
A recent study compared the accuracy of EUS, CT

and MRI in the diagnosis and staging of ampullary tu-
mors. EUS was superior to CT and equivalent to MRI
for tumor detection and locoregional staging. EUS accu-
racy was not affected by biliary stents or tumor size [44].

3.5.4 Endocrine Tumors

A careful examination of the pancreas, the peripancre-
atic area and the gastroduodenal wall is required for a

38 E. Buscarini, S. De Lisi

Fig. 3.4 a-f  Endocrine tumors. a EUS shows this small neuroendocrine tumor (nT), well-defined from surrounding parenchyma,
with internal vascular signals. b EUS shows a large roundish neuroendocrine tumor (nT) of the pancreatic body with smooth borders
and homogeneous echotexture. c EUS shows a small roundish and echopoor insulinoma (I) of pancreatic body with smooth borders
and homogeneous echotexture (sa, splenic artery; sv, splenic vein). d EUS shows a small neuroendocrine tumor (nT) of the
pancreatic body with irregular borders. e,f CE-EUS of the same case, the lesion in B mode (arrow) and in contrast harmonic
analysis (thick arrow); baseline (e) and arterial phase (f): the lesion shows rapid and homogeneous enhancement in the arterial phase
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precise localization of endocrine tumors because their
size can be smaller than 10 mm and differential diag-
nosis with peripancreatic lymph nodes is mandatory.
Typical EUS features of these rare pancreatic tumors
are roundish, well-demarcated hypoechoic masses with
homogeneous echopatterns (Fig. 3.4). Rarely, they ap-
pear as isoechoic or as hyperechoic, inhomogeneous
lesions with irregular margins. A cystic pattern is the
least common and may be unilocular, septated, micro-
cystic, or mixed solid-cystic.

An intense vascularity can be displayed on EUS
color Doppler, and a strong enhancement can be ob-
served after administration of a contrast agent. More-
over CE-EUS can display a heterogeneous echopattern
with filling defects, which has been significantly asso-
ciated with malignant endocrine tumors [45].

On EUS elastography, neuroendocrine tumors show
an intense blue coloration suggestive of hard tissue and
a malignant pattern [24].

In a retrospective series of 41 patients with pancre-
atic endocrine tumors, EUS showed high sensitivity
(95.1%) compared with multidetector CT (80.6%) and
transabdominal US (45.2%) [45].

3.5.5 Pancreatic Metastasis

The pancreas is seldom a target for metastasis. On EUS,
metastases appear as hypoechoic, roundish lesions with
smooth margins, and a hyperechoic pattern can also be
observed (Fig. 3.5). They are usually distinguished
from primary pancreatic lesions based on EUS-FNA
and the clinical history. In doubtful cases, CEUS shows
a hyperenhancement pattern, reflecting hypervascular-

ity. A hypoenhanced pattern has been reported for
colonic metastases. EUS elastography displays metas-
tasis as hard blue lesions with a pattern that is similar
to that of pancreatic adenocarcinoma [24].

3.5.6 Acute Pancreatitis

Due to its high diagnostic accuracy EUS can play a
crucial role in the diagnosis of a suspected acute biliary
pancreatitis (ABP) or an otherwise unexplained acute
pancreatitis (Fig. 3.6). EUS has evolved in recent years
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Fig. 3.5 Pancreatic metastasis: EUS shows a roundish echopoor
metastasis (m) from renal carcinoma to pancreatic body

Fig. 3.6 a,b Acute pancreatitis. a EUS is able to detect the presence of a choledochal (c) stone (arrow) in a suspected acute biliary
pancreatitis. b In this patient with recurrent acute pancreatitis EUS reveals the presence of a stone (arrow) in the Wirsung (c,
common bile duct)
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into an important diagnostic tool in biliary obstruction,
as accurate as ERCP in detecting choledocholithiasis.
The high resolution of EUS (0.1 mm) accounts for its
particular sensitivity in detecting small stones (5 mm
or less), regardless of bile duct diameter. Moreover,
skilled endosonographers can easily detect stones and
ERCP can be performed in the same endoscopic session
with no added risk of sedation.

Cost-benefit analyses weighing costs and outcomes
of EUS to ERCP revealed EUS screening for choledo-
cholithiasis the more advantageous strategy in severe
ABP with both lower costs, fewer ERCP and procedure
related complications [46].

Although ERCP is an established procedure for early
treatment of ABP and it has been used as the criterion
standard in all studies, it is not a perfect criterion stan-
dard, as it presented a higher number of false positive
readings and a higher rate of failure than EUS. More-
over, the higher positive predictive value of EUS than
ERCP in detecting biliary stones should assign ERCP
to selected patients with ABP and the negative predic-
tive value similar for both procedures should suggest
an alternative strategy based on EUS-first without the
risks that ERCP carries [47].

Lastly, it should be recalled that pancreatic adeno-
carcinoma, or metastases or lymphoma or intraductal
papillary mucinous tumor or, though more rarely, neu-
roendocrine tumors can cause acute pancreatitis as first
symptom; due to the high diagnostic accuracy of EUS
for the detection of a pancreatic lesion, an acute pan-
creatitis should not be defined as idiopathic unless EUS
has been performed.

3.5.7 Chronic Pancreatitis

The EUS features for diagnosing chronic pancreatitis
have evolved over the years. The earlier classification
grouped parenchymal and ductal changes in the score,
without weighing the importance of some criteria. The
most recent scoring system is the Rosemont classifica-
tion, which includes three major and six minor criteria
[48]. Although a multicenter study comparing interob-
server agreement between the standard and Rosemont
classifications failed to find a significant increase in in-
terobserver agreement with these new criteria, they do
appear more suited to recognizing early pancreatitis [49].

According to the Rosemont classification, the fol-
lowing EUS findings are suggestive of chronic pancre-
atitis [48]:

• Parenchymal hyperechoic foci ≥2 mm in length and
width with shadowing (major criterion) or without
shadowing (minor criterion);

• Hyperechoic stranding ≥3 mm in length in at least
two different directions (minor criterion);

• Presence of cysts (minor criterion);
• Parenchymal lobularity with honeycombing (major

criterion) or without honeycombing (minor crite-
rion). Lobules are well-circumscribed, ≥5-mm struc-
tures with an enhanced rim and a relatively hypoe-
choic center, and honeycombing indicates the
presence of ≥3 contiguous lobules;

• Main pancreatic duct dilatation (minor criterion)
with irregular contour (minor criterion) and hypere-
choic margin (minor criterion);

• Main pancreatic duct calculi (major criterion);
• Dilated side branches (minor criterion): ≥3 tubular

anechoic structures each measuring ≥1 mm in width,
budding from the main pancreatic duct.
The findings of chronic pancreatitis can evolve with

the progression of the disease (Fig. 3.7). The gland can
appear normal in size, enlarged or atrophic. Focal
chronic pancreatitis appears on EUS as a focal hypoe-
choic lesion with irregular margins, resembling pancre-
atic cancer. Many studies have attempted to identify
EUS criteria to distinguish benign lesions from malig-
nant lesions, but a correct diagnosis is not possible with
EUS alone. The presence of EUS features of chronic
pancreatitis in the surrounding parenchyma could indi-
cate a benign lesion, but pancreatic cancer can develop
from chronic pancreatitis. Histology is considered to be
the criterion standard, and as mentioned above, EUS-
FNA performance is inferior in this setting.

CE-EUS could be an additional tool for differenti-
ating malignant lesions from focal chronic pancreatitis
when EUS-FNA is negative. Pseudotumoral nodules
in chronic pancreatitis can show a hyperenhanced or
isoenhanced pattern after SonoVue injection [22].

In a recent prospective series of 54 patients with
chronic pancreatitis and pancreatic cancer, the accuracy
of the combined use of contrast-enhanced power Doppler
and EUS sonoelastography to differentiate pancreatic
focal lesions was evaluated. After SonoVue injection,
focal lesions in chronic pancreatitis appear hypervascular
with a mixed pattern (blue-green) on EUS-elastography
in 95% of the cases, whereas only 24% of pancreatic
cancer cases show these features [22].

Autoimmune pancreatitis is a particular type of
chronic pancreatitis which is a relatively rare disease
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that can affect the pancreas focally or diffusely. The
predominant EUS feature of the diffuse form of au-
toimmune pancreatitis is a diffuse pancreatic enlarge-
ment with a hypoechoic pattern [50]. In the early stage
of the disease, parenchymal lobularity and a hyperechoic
pancreatic duct margin are recognized as typical EUS
findings; reduced echogenicity, hyperechoic foci and
hyperechoic strands have been found in early and ad-
vanced stages of autoimmune pancreatitis [51]. The
focal form of autoimmune pancreatitis is characterized
by a solitary, irregular, hypoechoic lesion, which is gen-
erally located in the head of the pancreas. The main
pancreatic duct can be compressed by the enlarged
parenchyma, normal-sized or dilated in the case of focal
autoimmune pancreatitis. The common bile duct can
show a thickened wall and dilatation. The involvement
of the peripancreatic vessels and the presence of enlarged
lymph nodes are additional possible EUS findings of
this disease [50]. Even in this setting, a reliable diagnosis
is achieved with a combination of imaging and histologic
features; further aid can be provided using EUS-elas-
tography [52, 53], which shows a homogeneous stiffness
pattern of the focal lesions and of the remaining
parenchyma in patients with autoimmune pancreatitis.

3.6 Therapeutic Interventional EUS

In recent years, a prototype forward-viewing linear
echoendoscope has been developed to overcome the
standard linear scope limitations, which are due to the
acute angle between the needle and the gut wall, and
to facilitate complex interventions, such as drainage of
pseudocysts and neurolysis of the celiac plexus. A mul-
ticenter clinical trial compared EUS-guided drainage
procedures in 58 patients who were randomized to the
conventional, oblique-viewing scope or to the forward-
viewing echoendoscope. This study failed to show dif-
ferences in ease, safety and efficacy between the two
echoendoscopes [54].

Drainage of pseudocysts is one of the established
interventional EUS-guided procedures (Fig. 3.8), and
it is actually considered the standard of care in tertiary
centers. As described above, pseudocysts can compli-
cate both acute and chronic pancreatitis. Indications
for drainage included symptomatic pseudocysts and
the presence of infection.

In the first phase of the examination, EUS evaluates
the distance of the pseudocysts from the gastric or duo-
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Fig. 3.7 a-e  Chronic pancreatitis. a Early EUS signs of chronic pancreatitis are represented by the increased echogenicity of the in-
terlobular septa (arrows) (w, Wirsung). b In chronic pancreatitis EUS shows the thickened wall of the duct of Wirsung (w), and
multiple calcifications (arrows) of the pancreatic body (c, common bile duct). c EUS shows a markedly inhomogeneous pancreatic
body, with irregular borders and gross calcifications (arrows) d Autoimmune pancreatitis: EUS shows a substantially enlarged pan-
creatic gland (between calipers), with preserved echotexture. e Autoimmune pancreatitis with biliary involvement: EUS shows the
diffuse thickening of the bile duct (c) wall, which shows rapid and persistent contrast enhancement
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denal wall, and with visualization of the interposed
vessels using EUS color Doppler, a stent is placed in
the pseudocysts without the use of duodenoscope.

The first randomized controlled trial comparing
EUS-guided and open-surgical drainage in 36 patients
with single pseudocysts >6 cm without signs of infec-
tion or necrosis was recently published as an abstract.
There was no difference in recurrence at 18 months
between the surgical and the endoscopic groups, and
all procedures were performed without complications.
Pain relief at 1 week was higher in the EUS group, and
the EUS-guided procedure resulted in a significantly
shorter hospital stay and lower costs [55].

EUS-guided celiac neurolysis is a safe and effective
procedure for pain relief in chronic pancreatitis and
pancreatic adenocarcinoma. It has replaced previous
percutaneous techniques that were performed under
CT or fluoroscopic guidance. Celiac ganglia are located
anterior and lateral to the aorta at the level of the celiac
artery. The right celiac ganglion is most commonly lo-
cated 6 mm inferior to the celiac artery origin, whereas
the left celiac ganglion is most commonly located 9
mm inferior to the celiac artery origin. EUS allows for
real-time evaluation of the ganglia, which appear as
hypoechoic, elongated structures.

In the case of pancreatic cancer, usually a long-
acting anesthetic is injected first to reduce the pain due
to the alcohol injection. In the case of chronic pancre-
atitis, a celiac block is obtained by injecting long-acting
anesthetic and corticosteroids. A 19- or 22-gauge needle
can usually be used, even if a dedicated 20-gauge needle
with multiple side-holes is available. The entire solution

can be injected into the area of the celiac artery, or half
of the solution can be injected on one side of the celiac
artery origin and half can be injected on the other side.
During the injection, a hyperechoic blush can usually
be observed. The most common side effects are tran-
sient diarrhea and hypotension, which are signs of the
sympathetic block.

Potential candidates for celiac plexus neurolysis are
patients with inoperable pancreatic cancer and pain re-
quiring opioids. A higher rate of response is achieved
when the procedure is performed early after pain onset,
probably because at this stage, the origin of pain is es-
sentially from the celiac plexus.

Data from patients undergoing celiac neurolysis [56,
57] after injections of solutions directly into their gan-
glia have shown pain relief in 94% of patients with
pancreatic cancer and in 50% of patients with chronic
pancreatitis, with better results after alcohol injection
than after celiac plexus block [54]. An initial successful
experience of celiac plexus neurolysis with a forward-
viewing echoendoscope was recently reported by
Eloubeidi in five patients [57].

In recent years interventional EUS has been used to
treat pancreatic tumors. EUS-guided therapy of pancre-
atic carcinoma was attempted by injecting cytoimplant,
an allogenic mixed-lymphocyte culture, into eight pa-
tients with unresectable cancer. Partial response was
observed in two patients, with a median survival of 13.2
months [58]. In 2003, Hecht et al. reported the results
of EUS-guided ONYX-015 injection in 21 patients with
pancreatic cancer. ONYX-015 is an E1B-55-kDa gene–
deleted adenovirus, which preferentially replicates in
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Fig. 3.8 a,b EUS-guided drainage of pseudocyst. a EUS shows the best site to puncture this large pseudocyst (Pc) where the
distance from the stomach wall is minimal and there are no vessels interposed. b Under EUS guidance a 19-G needle (thick arrow)
is inserted, and through this the guide wire (arrow) is left in the pseudocyst to pass thereafter the drainage catheter
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malignant cells. Side effects, such as sepsis and duodenal
perforation, occurred without tumor regression in no
patients at day 35. After combination with gemcitabine
therapy, two patients showed partial response and two
showed minor response. Six patients showed stable dis-
ease, whereas the disease progressed in eleven [59].

TNFerade is a replication-deficient adenovector con-
taining the human tumor necrosis factor (TNF)-α gene,
which is regulated by a radiation-inducible promoter.
In 2006, a phase I trial using EUS-guided intratumoral
injections of TNFerade combined with 5-FU and radi-
ation showed mild toxicities, locoregional control of
treated tumors and improved median survival; unfor-
tunately, the phase III randomized controlled trial has
not yet been published [60].

The last frontiers of EUS-guided treatment of tumors
are brachytherapy with direct injection of radioactive
seeds into the tumor [61] and the placement of gold
fiducials for image-guided radiation therapy. In a recent
study of 57 consecutive patients, the latter procedure
was safe and effective in 50 cases without resorting to
fluoroscopy [62].

Ethanol ablation of cystic tumors is safe and feasible,
with resolution rates of 33% to 79% [63, 64]. During a
long-term follow-up (median 26 months) in the study
of Dewitt et al. [64], no recurrence was radiologically
detected. Preliminary results with paclitaxel injection
after ethanol lavage in 52 patients with pancreatic mu-
cinous cysts showed complete resolution in 62% of the
patients. Small cyst volume was a predictive factor for
successful treatment [65].
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The needles used in diagnostic interventional pro-
cedures are different for cytologic versus tissue sam-
pling. Needles for cytology aspiration (fine needle as-
piration – FNA) generally have a caliber less than 1
mm with a removable inner stylet. For histologic sam-
pling there are two types of needles with different mech-
anisms: the Menghini-type needle or end-cutting needle
(Fig. 4.2) and the Tru-cut-type needle or side-cutting
needle (Fig. 4.3). The Menghini-type needle takes a
small portion of the pancreatic lesion via a suction
mechanism, whereas the Tru-cut-type needle uses a
guillotine mechanism.

4.2.2 Procedure

When performing biopsy with a cytology needle, the
skin of the patient must be accurately disinfected with
iodine. A fine cytology needle can be inserted directly
into the skin and subcutaneous tissue (usually without

4.1 Introduction

Percutaneous interventional diagnostic and therapeutic
procedures under ultrasound guidance are largely em-
ployed in pancreatic diseases. Diagnostic procedures
include cytologic and/or histologic sampling with fine
needles (diameter <1 mm) or coarse needles to sample
pathologic tissue or fluids/collections for biochemical,
cytologic and microbiologic examinations. Therapeutic
procedures include the drainage of fluid collections by
needle or catheter.

4.2 Examination Technique

4.2.1 Equipment

Two types of probes are typically used for interventional
procedures: those with lateral devices and those with cen-
tral support. Probes with lateral devices (Fig. 4.1) are the
most commonly used and are characterized by a needle
that is always visualized in oblique tracks so that the
target is met in the safest possible way. Probes with central
support have a noncontinuous transducer crystal and cen-
tral support with a centrally mounted guide kit. With
these probes, both vertical and oblique tracks can be used
with a variable angle of incidence, depending on the
available options. The guide kits are different in the caliber
of needles (usually ranging from 22 to 14 gauge (G)) and
have a modifiable angle based on the target organ.
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local anesthesia) and then directed to the target. It is
very important that the tip of the needle be seen at US
during the biopsy (Fig. 4.4). Color-Doppler preoperative
evaluation is mandatory to identify major peripancreatic
vessels confirming the safety of the track (Fig. 4.5).
When the needle tip is in the correct position, the inner
stylet is removed. The needle is connected to a 10-mL
syringe that is attached to a special aspiration handle;
suction is applied, and the needle is moved up and
down three to four times. Before the needle is with-
drawn, the syringe piston needs to be released to avoid
contamination of the sample with cells from other or-
gans/tissues. The collected material is placed onto
slides. The cytologist onsite immediately checks the
adequacy of the obtained sample, to avoid additional
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Fig. 4.3 Tru-cut-type needle or side-cutting needle

Fig. 4.4 Percutaneous ultrasound guided percutaneous FNA of
a pancreatic head mass with the tip of the needle well visible
along the track as a hyperechoic dot within the lesion

Fig. 4.5 a-c  Percutaneous ultrasound guided percutaneous FNA of a pancreatic head mass (T in a). b Color-Doppler evaluation of
the track with better identification of superior mesenteric artery and gastroduodenal artery involved by the tumor. c Along the track
between the two arteries percutaneous ultrasound guided FNA of the pancreatic head mass is performed with the tip of the needle
well visible (arrow) within the lesion

a b c

Fig. 4.2 Menghini-type needle or end-cutting needle



biopsy passes and repeat procedures for the patients.
When performing biopsy with a cutting needle, 2–3

mL of 1% lidocaine is injected into the skin and into
the muscle layer along the prefixed puncture line. The
Menghini needle is introduced up to the superior border
of the lesion, and then suction is applied to the syringe
and the needle is advanced rapidly for 2–3 cm and then
retracted. The Tru-cut needle is also positioned at the
proximal border of the target; the internal cannula is
advanced, the tissue is trapped in the notch and is then
cut by the advanced outer sheath.

Post-biopsy control involves observing the patient’s
vital parameters for at least 4 hours after the procedure,
especially in cases in which a large needle is used.
After this period of rest, in the absence of any problems,
the patient can be discharged.

4.3 Patient Preparation

The patients must comply with the following blood-
clotting criteria:
• Prothrombin activity ≥50%
• International normalized ratio (INR) <1.5
• Platelet count ≥50,000/mm3

A proper discontinuation of aspirin and anticoagu-
lants, possibly with appropriate replacement with low-
molecular weight heparins according to the patient
thromboembolic risk is mandatory before a biopsy. Writ-
ten informed consent must be obtained from the patient.

4.4 Diagnostic Procedures

Diagnostic invasive procedures should be performed
only if the diagnosis is of some benefit to the patient
and cannot be achieved with noninvasive or less invasive
methods.

4.4.1 Indications

Accepted indications of pancreatic US-guided biopsy
are currently limited to the following:

• pancreatic cancer deemed non-resectable on the basis
of imaging and eligibility for chemotherapy or ra-
diotherapy; a pathologic diagnosis is a mandatory
prerequisite;

• suspicion of a rare malignant disease (lymphoma;
metastasis), which could not be characterized using
endoscopic ultrasonography (EUS) (and other im-
aging techniques), and EUS-guided biopsy;

• difficult/impossible characterization of a focal pan-
creatitis [1, 2].

4.4.2 Results

Based on one preliminary study, US-guided fine-needle
biopsy (FNB) of the pancreas was considered to be
highly accurate [3], but 10 years later in a larger series,
the same authors showed that the technique was effec-
tive in the identification of cancer (PPV = 98%) but
was less satisfactory for the exclusion of malignancy
(NPV = 69%) [4].

In 1998, a large series of US-guided FNBs of the
pancreas was published, showing the effectiveness and
safety of the procedure. The study demonstrated no
significant difference in the values of diagnostic accu-
racy among three biopsy modalities: cytology, histology
and cytology plus histology (Table 4.1) [5]. These re-
sults were consistent with those of previous papers
(which included a total of 300 patients) on the same is-
sue, as reviewed by the same authors. Moreover, Di
Stasi et al. [5] observed that the effectiveness of US-
guided FNB in diagnosing different pancreatic diseases
was similar to that found in other studies of focal liver
lesions [6]. Interestingly, a recent paper confirmed that
the sensitivity, specificity and accuracy of US-guided
cytologic or histologic FNB in patients with pancreatic
cancer were similar and compared favorably to biopsies
in patients with liver metastases [7].

Recently, the results obtained from a large single-
center study (545 consecutive patients) [2] showed that
US-guided FNB is safe and accurate for the diagnosis
of focal pancreatic lesions (Table 4.2), even in cases of
neuroendocrine tumor, where diagnostic accuracy was
previously considered low [5].
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Table 4.1 Series of 510 patients with pancreatic masses, either benign or malignant: cytologic and histologic examinations [5]

Cytology (287 pts) Histology (95 pts) Cytology + histology (128 pts)
Sensitivity 87% 94% 94%
Specificity 100% 100% 100%
Diagnostic accuracy 91% 90% 95%



Although fine-needle aspiration results may lack
sensitivity, this technique is also recommended for the
diagnosis of cystic lesions and provides additional in-
formation to imaging results [8]. In this sense, there is
general agreement that negative results of a pancreatic
biopsy (cytologic or histologic examination) should be
carefully evaluated [2, 5]. In any case, the analysis of
cystic fluid (obtained under US or EUS guidance)
markedly improves the overall diagnostic capability
[9-12]; levels of CEA, CA19-9 and pancreatic enzymes
are necessary to distinguish between benign lesions,
pseudocysts and malignant tumors.

Pancreatic sampling can be performed with EUS
guidance. This method has shown higher accuracy than
US or computed tomography (CT) for pancreatic le-
sions <3 cm [13]. A randomized trial, however, found
that EUS-guided FN cytology sampling was numeri-
cally (but not statistically) superior to CT/US-guided
biopsy [14]. According to other studies [15], the diag-
nostic accuracy and safety of US-guided fine-needle
aspiration favors its use over EUS-FNA for unresectable
pancreatic tumors.

4.5 Therapeutic Procedures

Therapeutic invasive procedures should ensure the best
possible result or a result equal to the one envisaged
by a more invasive procedure.

4.5.1 Indications

The main indications for percutaneous treatment are
symptomatic and/or infected pancreatic fluid collec-
tions; however, to date, no prospective controlled studies
have compared the various therapeutic approaches (per-
cutaneous, endoscopic and surgical) [16]. For pancreatic
infections with symptomatic fluid collections or ab-
scesses, drainage is the first line of treatment (Fig. 4.6).
Catheters of various calibers can be used (generally
from 8 to 14 French, i.e. from 2.7 to 4.7 mm).

4.5.2 Catheter Insertion Techniques

Methods for inserting catheters into a fluid collection
are divided into the trocar technique and the Seldinger
technique.

4.5.2.1 Trocar Technique

A catheter mounted on a trocar is directly positioned
in the lesion (Fig. 4.7). After 1% lidocaine injection
into the abdominal wall at the prefixed entry point, a
small skin incision is performed to insert the trocar un-
der US guidance. When the catheter is in the correct
position, the inner stylet of the trocar is retracted, the
flow of the fluid is controlled and then the trocar can
be removed.

4.5.2.2 Seldinger Technique

After local anesthesia and skin incision, an 18–20-
gauge needle is inserted into the fluid collection under
US guidance, and a guidewire, which can be subse-
quently withdrawn, can easily pass through the needle.
The catheter (with preliminary use of dilators of in-
creasing caliber when required) is advanced over the
guide wire up to the collection cavity and fluid is
drained. The Seldinger technique is preferred when
larger catheters are employed. Inadvertent catheter with-
drawal is prevented by using a pigtail-shaped catheter
or J-shaped tip; the catheter, however, must be exter-
nally fixed by suturing it to the patient’s skin. When
drainage output becomes minimal and the cavity re-
mains clearly reduced or collapsed (as confirmed with
US control), the catheter is removed.
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Table 4.2 Results of fine needle aspiration of 545 pancreatic
lesions [2]

Nondiagnostic procedures 6.6%
Sensitivity 99.4%
Specificity 100.0%
Uneventful procedures 98.5%
Minor complications 1.5%

Fig. 4.6 Percutaneous catheter drainage of a large pancreatic
collection. The catheter is visible within the collection (arrow)



4.5.3 Results

To drain pseudocysts, large-bore catheters should be
used because of the presence of fibrin plugs and necrotic
debris. Long periods of time, which may be months in
some cases, are generally required to cure pseudocysts
with percutaneous drainage. In 13 series [17-29], a total
of 308 patients underwent US-guided percutaneous
drainage of pancreatic fluid collections, with success
rates of 32 to 94%.

4.6 Complications

Complications can be defined as unfavorable and un-
expected events that occur because of an invasive pro-
cedure, in spite of the technical accuracy of the proce-
dure. They can occur both in diagnostic and therapeutic
procedures. The prevalence of the complications asso-
ciated with pancreatic biopsy has been evaluated in an
analysis of 33 series reported in the literature [30], as
summarized in Table 4.3.

To correctly target the problem of death after pan-
creatic biopsy, it is necessary to recall four sporadic

cases (case reports) [31-34] and two cases that were
described in two abdominal FNB complication surveys
[35, 36]. It is important to stress that fatal complications
are mainly due to severe pancreatitis, after the puncture
of a normal pancreas because of the wrong presumed
diagnosis of a tumor.

A feared complication is so-called tumor seeding,
which describes the dragging of a critical number of
tumor cells along the needle track, their deposition in
tissue or organs and subsequent tumor growth. This
process can occur over a few months or may require
two years or more. The incidence of needle tract seeding
in abdominal percutaneous diagnostic procedures seems
to be very low (between 0.003 and 0.009%), but the
exact percentage is not easily determined because fol-
low-up is often inadequate [37]. However, a high inci-
dence of tumor seeding after pancreas tumor biopsy is
possible based on nine case reports of seeding after
pancreatic cancer biopsies [37]. However, in two large
case series of pancreas biopsies, no cases of tumor
seeding occurred [2, 5].

Complications of pancreatic fluid collection using
percutaneous drainage may occur, and because some
of these procedures are performed on severely ill pa-
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Table 4.3 Numbers and percentages of complications reported in 33 series of patients (in total 2533 patients) who underwent
pancreatic biopsy [30]

Mortality Minor complications Major complications
Number 1 22 12
% 0.039 0.86 0.47

Fig. 4.7 a,b Trocar technique (a) for percutaneous ultrasound-guided catheter insertion in a large pancreatic collection (b)

a b



tients, it is not easy to distinguish between procedure-
related complications and natural disease courses. Nev-
ertheless, major complications were found in 23% of
378 patients (literature review), with no mortality [30].
However, one case that resulted in death has been re-
ported after fine-needle aspiration of a pseudocyst, due
to septic shock [38].

4.7 Tips, Recommendations 
and Comments

Experimental studies on biopsy needles show no influ-
ence of needle caliber on the induction of bleeding
[30], whereas a higher risk of bleeding with cutting
needles compared to aspiration needles was suggested.
However, based on large surveys on procedure com-
plications, no conclusive data have emerged with regard
to bleeding [35-44].

The number of complications can depend on the
number of performed passes [36, 37]. With cytologic
sampling, we recommend immediate verification of
specimen adequacy with onsite cytology [2]; if imme-
diate assessment is not possible, we recommend the
performance of a maximum of two passes for each le-
sion, as the diagnostic yield does not improve with more
passes [45, 46]. To avoid the risk of injury to a vascular
structure, a color-Doppler US (Fig. 4.5) must be per-
formed before the biopsy. Severe pancreatitis may occur
after the biopsy of a normal pancreas, and puncture of a
fluid collection presents a possible risk of sepsis.
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5.2 Technical Background

The pancreatic IOUS examination requires the use of
sterilized high multifrequency dedicated transducers
(usually from 3-5 to 8-10 MHz) that allow the selection
of the best frequency for each organ and disease. To
enable an approach as easy and as accurate as possible,
probes with particular shapes have to be used, especially
to evaluate the deepest regions, such as the pancreatic
tail and the posterior aspect of the right liver lobe. I-
shaped or flat-T probes and cylindrical or sector probes
are generally utilized. The former are usually preferred
for scanning large flat organ surfaces (i.e. the liver and
the pancreas), whereas the latter are used to scan smaller
structures (i.e. blood vessels and bile ducts) because of
their front-viewing. The I-shaped transducers (Fig. 5.1)
allow easier exploration of the whole pancreatic gland,
especially of the tail, being easier to move and providing

5.1 Introduction

Intraoperative ultrasonography (IOUS) still remains a
useful and occasionally a problem-solving technique
in pancreatic diseases, even though its role has recently
been downsized owing to preoperative imaging ad-
vances [1]. Since its introduction in the 1980s, pro-
gressive technical developments have led to an increase
in the diagnostic accuracy of IOUS. The availability of
scanners that provide the depiction of fine anatomic
details and the detection of small lesions in real-time
with excellent spatial and contrast resolution allow the
widespread application of this imaging method [1, 2].
Moreover, IOUS is able to clearly show lesions not de-
tectable with other preoperative imaging modalities,
and to accurately define the extension of the tumor and
its relationship with vessels, sometimes determining
significant changes in the therapeutic management of
patients [3-5]. In addition, its ability in guiding inter-
ventional procedures (i.e. biopsy, duct cannulation and
drainage of abscesses or cysts) has been widely reported
[2, 6]. Lastly, its impact has significantly increased
since both the development of mini-invasive laparo-
scopic approaches, due to the impossibility for the sur-
geon to visually and manually inspect the affected organ
and the retroperitoneum, and the recent introduction of
alternative palliative treatments under IOUS-guidance
[7, 8].
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immediate transition from transversal to longitudinal
scans, compared to flat-T probes (Fig. 5.2). Further-
more, other more dedicated transducers have been de-
veloped. For example, Kaneko et al. reported the ap-
plication of a 7.5 MHz annular array probe able to
generate good quality longitudinal images useful in the
determination of the extent of intraductal papillary mu-
cinous neoplasms (IPMN) [9]. All modern systems pro-
vide the application of harmonic and Doppler evaluation
and dedicated software for a contrast-enhanced study
(CEUS) after microbubbles injection [1, 2].

As previously mentioned, recent technologic ad-
vances and technical developments have extended the
role of minimally invasive surgery and treatment op-
tions. The laparoscopic approach for several pancreatic
diseases has been receiving increasing interest in recent
years [7, 10, 11]. Dedicated sterilized instruments are
obviously required. For an accurate description of this
relatively new surgical approach the revision of the lit-
erature is recommended. On the other hand, radiofre-
quency ablation (RFA) of pancreatic tumors is nowa-
days an IOUS-guided procedure performed during
laparotomy in open surgery. IOUS covers the mandatory
role of staging, evaluation of feasibility, guidance and
monitoring of the RFA procedure [8, 12, 13]. A detailed
description of the technique, its indications, feasibility
and complications are not among the aims of this chap-
ter and for an accurate comprehension the reader should
refer to the literature.

5.3 Protocols

After Kocher’s maneuver which consists of the tran-
section of the gastrocolic ligament and mobilization of
the duodenum and the pancreas, IOUS can be per-
formed by moving the probe in both transverse and
longitudinal planes carefully exploring the entire
parenchyma. The first approach consists of a transverse
scan of the body-tail of the gland; then the head and
the body should be serially studied also in the longitu-
dinal plane [1, 2]. Placing the probe either directly on
the surface of the organ or with a minimal fluid interface
can avoid interference by the abdominal wall or the
gas-filled bowel and significantly improve image quality
[2, 14]. Each examination has to follow four funda-
mental steps: (1) detection of the lesion; (2) evaluation
of its relationship with the main pancreatic duct; (3)
assessment of its potential resectability, mainly focusing
on the relationship with the main peri-pancreatic vas-
cular structures; and (4) liver staging [1-3]. In patients
with a resectable pancreatic tumor, liver lesions which
are questionable or not identified at preoperative im-
aging studies should undergo fine-needle aspiration
(FNA) under IOUS-guidance to achieve a final diag-
nosis. IOUS has been reported to add 10 to 15 minutes
to operating time [6].

5.4 Clinical Applications

The clinical role of pancreatic IOUS can be divided into
three applications: lesion detection, lesion staging and
lesion treatment.

5.4.1 Lesion Detection

IOUS is primarily utilized for lesion detection (Fig. 5.3)
in hyper-functioning (syndromic) endocrine tumors, of-
ten multifocal as for the insulinoma, to exclude the co-
existence of synchronous lesions hidden at preoperative
imaging [1]. As the technique is able to describe fine
details, several studies reported its capability in detecting
small tumors ranging from 86-95% to 100%, higher
than that described for US, computed tomography (CT)
and magnetic resonance imaging (MRI), which fail to
reveal the majority of insulinomas [15-18]. Therefore,
IOUS and regional localization are recommended for
insulinoma if preoperative imaging is equivocal [18].
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5.4.2 Lesion Staging

IOUS plays an important role in accurately performing
the staging of a pancreatic tumor. Lesion staging is
based on the evaluation of its borders to correctly define
their relations with the main pancreatic duct and the
main peripancreatic vascular structures, as well as on
the whole liver study excluding distant spread. Both
local and distant staging influence the therapeutic strat-
egy. First, small lesions far from the main pancreatic
duct should be enucleated as these have a low risk of
fistulization. Enucleation decreases the operative time
and may be performed with less tissue trauma and
greater sparing of pancreatic parenchyma [19-22].
Clearly, this aspect is crucial dealing with small en-
docrine tumors. After detection of small pancreatic
nodule IOUS has the role of judging the relations be-
tween the lesion and the pancreatic duct (Fig. 5.4). Sec-
ond, the resectability of a pancreatic mass depends on
the relations between the lesion and the adjacent vas-
cular structures and is based on the absence of distant
metastases. The involvement of arterial vessels (all but
the gastroduodenal and splenic arteries) is an absolute

contraindication for surgery, while venous involvement
is a relative one [23]. Preoperative imaging modalities
mostly allow accurate local staging, however sometimes
an obvious cleavage between the tumor and vessel walls
is not clearly depicted. IOUS is recommended in all
these cases [24]. Three possible scenarios can be ob-
served: (1) a clear distance between tumor and vessel
walls (Fig. 5.5a) owing to the presence of normal
parenchyma or preserved perivisceral perivascular fat;
(2) a tumor strictly tangent to the vessel wall (Fig. 5.5b)
without any echogenic interface between them; (3) a
lesion evidently abutting the vessel lumen (Fig. 5.5c),
with clear vascular invasion (Fig. 5.5d). Liver staging
is often adequately obtained by CEUS, CT and MRI.
In some instances however, IOUS is able to show very
small focal liver lesions (Fig. 5.6), most often located
marginally, hidden at preoperative imaging modalities
[1, 25]. In an evaluation of liver lesions with IOUS,
CT and MRI, Zacherl et al. [26] confirmed that IOUS
is crucial in tumor staging, providing new information
on location, number and topographic features of the
liver metastases in about 30% of cases, with a signifi-
cant influence on surgical treatment. However, in a
comparison between IOUS and MRI with hepatospe-
cific contrast agent for the detection of liver lesions,
Sahani et al. [27] hypothesized that the advantage of
IOUS was due to the minor technologic developments
of the techniques required to perform the examination.

5.4.3 Lesion Treatment

Therapeutic procedures under IOUS-guidance are the
last, but not the least clinical application of intraopera-
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Fig. 5.3 a,b Pancreatic insulinoma. Hypoechoic nodule smaller
than 1 cm with well-defined margins detected intraoperatively
in the pancreatic head (a). Intralesional vessels are visible at
color-Doppler imaging (b)

a

b

Fig. 5.4 Pancreatic insulinoma. Small hypoechoic nodule detected
at the pancreatic body located dorsally to the main pancreatic duct
that results minimally involved and upstream slightly dilated



tive ultrasound. Since its introduction, IOUS has been
used to guide biopsies, fine-needle aspirations and in-
terventional procedures (i.e. duct cannulation and
drainage of abscesses or cysts) [2, 6]. In more recent
years, the introduction of innovative therapeutic tech-
niques based on IOUS-guidance gave it a new function.
First, recent advances in operative techniques and in-
strumentation have empowered surgeons to virtually
perform all procedures in the pancreas, under minimally
invasive approaches [7]. Indications for laparoscopic
pancreatic surgery include distal pancreatectomy, with
or without preserving the spleen, Whipple procedure
and the treatment of complications of acute and chronic
pancreatitis [28, 29]. In experienced hands, a minimally
invasive approach reduces the postoperative hospital
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Fig. 5.5 a-d Pancreatic masses: IOUS local staging. a Pancreatic head mass not involving the main vessels. b Small hypoechoic
mass not separated from the gastroduodenal artery resulting for a very small tract in direct contact with the lumen of the artery. c
Pancreatic head hypoechoic mass not separated from the superior mesenteric vein with a small neoplastic portion within the lumen
of the vein. The wall of the vein appears irregular with deformation of the vessel. d Pancreatic head mass involving the main vessels

c d
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Fig. 5.6 Liver metastasis. Very small (<1 cm) liver metastatic le-
sion detected at IOUS appearing as a hypoechoic nodule (caliper)



stay and expedites recovery. Moreover, it has been re-
ported in the literature that staging laparoscopy and la-
paroscopic US avoids unnecessary laparotomy in ap-
proximately one-fifth of patients with pancreatic cancer
[29]. Second, as mentioned above, a new palliative
treatment option for advanced pancreatic cancers con-
sists of RFA. This is restricted to locally advanced,
non-resectable but non-metastatic lesions and leads to
tumor reduction, improving the quality of life of patients
[8]. Nowadays RFA is an IOUS-guided procedure per-
formed during laparotomy in open surgery (Fig. 5.7).
IOUS should confirm the safety and feasibility of the

procedure without any risk of damage to the contiguous
vascular and digestive structures, especially the duo-
denum. Tumor shape and diameters technically influ-
ence the procedure (approach, choice of needle and
opening of the electrodes). Moreover, real-time IOUS
is used to guide and monitor the treatment (Fig. 5.8).
Some studies have focused on the feasibility and com-
plications of RFA, and none of these reported major
intraoperative complications [30-34]. Therefore, RFA
seems to be a well-tolerated, feasible, potentially safe
and promising option in patients with locally advanced
non-resectable and non-metastatic pancreatic cancer,
with immediate postoperative pain relief. Mini-invasive
laparoscopic or percutaneous approaches, as happen in
other districts, are expected.

5.5 Laparoscopic Ultrasound

Laparoscopic US probes are specific (Fig. 5.9) for the
use through the laparoscopic access ports. The frequen-
cies of the transducer probe range from 5 to 10 MHz
with the possibility of color and power Doppler imaging.
Standardization of the screening technique is necessary
to achieve good reproducible results [35]. Evaluation
of the target area must be complete, and the organ should
be studied by multiplanar scans. The use of color
Doppler can greatly enhance the examination [36]. Re-
garding clinical results, in the experience of Doucas et
al. [37] laparoscopic US altered the management of the
patient thought to have a resectable pancreatic tumor in
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Fig. 5.7 Radiofrequency ablation of unresectable non-metastatic
pancreatic adenocarcinoma. Pre-procedure IOUS evaluation and
needle insertion under IOUS guidance

Fig. 5.8 a,b Radiofrequency ablation of unresectable non-metastatic pancreatic adenocarcinoma. a IOUS guidance and control of needle
placement after electrodes (arrows) opening. b Post-procedure IOUS control with hyperechoic (gas) aspect of the ablated area

a b



44% of cases. This result was then confirmed in the
meta-analysis performed by Hariharan et al. [38] demon-
strating the utility of the laparoscopic approach in po-
tentially resectable cancers of pancreaticobiliary origin.
The conclusion of this meta-analysis was: the continuous
evolution of imaging modalities will hopefully be able
to identify the unresectable disease (particularly liver
and peritoneal metastasis) and render staging la-
paroscopy, an invasive investigation, obsolete in the near
future. In current clinical practice, staging laparoscopy
appears beneficial for patients with pancreatic and biliary
cancers for detection of peritoneal disease and small,
surface liver metastasis, which are currently below the
threshold of imaging modalities. Staging laparoscopy
should be adopted in routine clinical practice and algo-
rithms designed for its judicious use [38].
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and may also lie on the last dorsal vertebra, with the in-
terposition of the abdominal aorta on the left and the
inferior vena cava on the right. Laterally it is located on
the lower boundary of the diaphragmatic crura, where
these insert in the spinal column, with the interposition
of peritoneal fat. On the right it is surrounded by the
duodenal C-loop, on the left it reaches the splenic hilum,
while in front it is covered by the stomach.

6.2.2 Shape, Volume and Consistency

The pancreas has a stretched shape, with a transversal
location and slightly flattened anteroposteriorly. Its
shape is not symmetrical because its right part is volu-
minous but short, passing over the midline just for a
few centimeters, while the left part is thin, long (1:2)
and extends further laterally. On the whole the head
accounts for 60–70% of the gland.

The pancreas consists of small lobules, each drained
by small pancreatic ducts which increase in diameter
to eventually merge into two main pancreatic ducts.

The pancreas is prone to remarkable volume
changes, depending on age, sex and kind of constitution
(Fig. 6.4). Its mean length is 16-20 cm, mean height 4-
5 cm and thickness 2-3 cm. It grows quickly during the
childhood and adolescence, reaching its maximum size
around 40 years of age; after 50 years of age it begins
a gradual process of senile regression. Generally the
pancreas is larger in men than in women, more volu-
minous than average in the obese and the endomorph,
and the opposite in the ectomorph. Its weight varies
between 30 and 100-150g depending on the volume.

Its color is white-grey, but it becomes flush during
digestion, because of increased blood flow. In normal
conditions the pancreas is friable, such that sutures
barely hold unless attached to the connective tissues.

6.1 Introduction

For many years the pancreas was left unexplored by
radiologic research except indirectly and for more im-
portant diseases, such as calcifications in chronic pan-
creatitis on plain film radiography, gastric and duodenal
imprint of largest masses on the barium meal study or
the neoplastic involvement of peri-pancreatic vessels
on the angiographic study.

Since the early 1980s the diffusion of ultrasound
(US), computed tomography (CT) and magnetic reso-
nance imaging (MRI) has allowed direct visualization
of the gland, even in normal conditions, with gradual
improvement of anatomic details which have currently
reached high levels of precision.

6.2 Pancreatic Anatomy

The pancreas is a compound gland (both exocrine and
endocrine) connected to the digestive system which
empties its secretions into the lumen of the duodenum.

6.2.1 Site

The pancreas is located in the upper part of the abdomen,
where it lies within the anterior pararenal compartment
of the retroperitoneum (Figs. 6.1-6.3) [1-3]. Centrally
it lies on the front side of the first two lumbar vertebrae
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On the other hand it becomes very hard in chronic pan-
creatitis, in tumors and after radiotherapy, all these con-
ditions characterized by a marked increase in the fibrous
component.

6.2.3 Subdivision

The pancreas is classically divided into four (or five)
main portions with no clear distinction between them.
The head (Figs. 6.5, 6.6) is located on the right side, is
short, squat but voluminous and well developed in the
three axes compared to the other portions. It is the most
caudal part of the pancreas, completely surrounded by
the duodenal C-loop on its lateral side.

The uncinate process is a small appendix placed in-
feriorly and medially compared to the head, to which
it belongs. It develops differently in different subjects.
It is the most caudal and deep part of the pancreas,
lying between the mesenteric vessels anteriorly and the
inferior vena cava posteriorly.

The isthmus (Fig. 6.7) is the connection between
head and body and is marginally thinner than its con-
tiguous parts. Its backside is marked by the portal vein
and the mesenteric-portal confluence.

The body (Figs. 6.8-6.10) is centrally placed, slightly
flattened anteroposteriorly and more developed cran-
iocaudally. It is the most superficial part of the pancreas,
because it is pushed forward by the vertebral column.
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Fig. 6.1 a-d Axial anatomy of the pancreas (P). a Anatomic features of the pancreas and its relations with the surrounding organs.
The anterior pararenal space (APS, light green) in front; the perirenal space (PRS, medium green) and the posterior pararenal space
(PPS, dark green) behind; the intraperitoneal space (IPS, sky blue) anterior and lateral. b US of the pancreas: head (PH), body (PB)
and tail (PT). c,d CT of the pancreas passing through the head (PH), without visualization of the body-tail (c), or passing through
the body-tail, without visualization of the head (d). (A, aorta; D, duodenum; IVC, inferior vena cava; K, kidney; L, liver; LRV, left
renal vein; PV, portal vein; SMA, superior mesenteric artery; SP, spleen; ST, stomach; SV, splenic vein; VB, vertebral body
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The tail (Figs. 6.11, 6.12) constitutes the left side of
the gland and tapers toward its distal extreme. It is the
only part of the gland partially surrounded by peri-
toneum in its distal tract toward the splenic hilum (Fig.
6.1a), therefore it may be partially moved by variations
in posture.

6.2.4 Microscopy

Unlike the kidneys or the liver, the pancreas is lacking
a real capsule and this fact probably justifies the early
spread of neoplastic and inflammatory processes to the
surrounding structures. It is moreover bound by soft
connective tissue which branches in intraglandular ram-
ifications.

Functionally the pancreas is a compound gland with
a major exocrine part and a minor endocrine one [4].
The exocrine component of the gland is quantitatively
predominant (98-99%) and constituted by two different
cell populations. The acinar (serous) cells produce en-
zymes for the digestion of proteins (trypsin and chy-
motrypsin are the two most important), fats (lipase)
and carbohydrates (amylase, also produced by the
parotid gland). These enzymes are produced as inactive
precursors and are activated in the intestinal lumen.
The potential dysfunctional intraglandular activation
can cause autodigestion processes of large portions of
the pancreas, as occurs in severe acute pancreatitis.
The inactive enzymes are carried from the gland acini
to the duodenum by a complex ductal system, consti-
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Fig. 6.2 a-d Coronal anatomy of the pancreas (P). a Anatomic features of the pancreas and its relations with the surrounding organs.
The pancreatic gland is located below the liver (L), partially covered by the stomach (ST) and the transverse colon (C) in front. The
head is surrounded on three sides by the duodenal C-loop (D); the aorta (A) and the inferior vena cava (IVC) lie behind. The tail
reaches the hilum of the spleen (SP). b MRI of the pancreas, passing through the head (PH), without visualization of the body-tail.
c CT of the pancreas, passing through the head-body (PH, PB), without visualization of the tail. d CT curved reconstruction along
the major axis of the gland, allowing the visualization of the entire gland, from the head (PH) to the tail (PT). (G, gallbladder; K,
kidney; PV, portal vein)
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tuted by ducts of increasing caliber (second order ducts),
which in the end flow into two main ducts, the duct of
Wirsung and the duct of Santorini (Fig. 6.13).

The ductal (mucinous) cells of the pancreas not only
constitute the epithelial covering of the excretory ducts
but also serve an important secretory function, produc-
ing a large quantity of water and bicarbonates (1-2
L/day) in order to neutralize the acidity of the gastric
juice in the duodenum. Despite accounting for only
10% of the exocrine glandular component of the pan-
creas, the neoplastic degeneration of this kind of cell is
responsible for almost 90% of all malignant exocrine
pancreatic tumors.

The endocrine component of the gland (1-2%) con-
sists of cellular collections termed islets of Langerhans,
which are mostly found in the tail and the periductal
region. It produces an overall number of at least twenty

hormones, most of which are issued directly into the
bloodstream, reaching the liver through the portal vein,
where they perform their function, whereas a smaller
part is directly emptied into the pancreatic ducts. The
endocrine gland component consists of four cell popu-
lations:
• Alpha cells (20%) are responsible for synthesizing

and secreting glucagon peptide hormone, which ele-
vates the glucose level in the blood by moving glyco-
gen from the liver, balancing in this way the insulin
effect. It also affects fat and pancreatic metabolism;

• Beta cells (70%) produce insulin, a well-known hor-
mone that increases glucose consumption by the
muscles, the fat tissue and the liver. It also acts on
lipid metabolism by increasing fat storage in the tis-
sues and on protein metabolism by performing an
anabolic action. As is well known, sudden onset of
idiopathic diabetes in adults with no family history
can be sustained by a pancreatic tumor with conse-
quent upstream obstructive atrophy and digestive dis-
orders because of inadequate exocrine production;

• Delta cells (5%) are responsible for producing so-
matostatin, a hormone that influences sphincter of
Oddi tone, inhibiting the production of insulin and
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Fig. 6.3 a-d Sagittal anatomy of the pancreas (P). a Anatomic
features of the pancreatic head and its relations with the
surrounding organs. The head of the pancreas takes up the most
anterior part of the retroperitoneal space (RPS), in front of the
inferior vena cava (IVC), above and below the first and the third
duodenal portion (D1 and D3). It fits the colon (C) through the
transverse mesocolon (TM) ventrally and the small bowel (SB)
through the mesentery (M) below; anteriorly the intraperitoneal
space (IPS, in sky blue). b CT of the pancreatic head (PH). c US
of the pancreatic head (PH). d MRI of the pancreatic head (PH).
(L, liver; PV, portal vein)

Fig. 6.4 a-d Anatomic variants of the pancreas (P). a A globular
normotrophic gland in a 10 year-old child. b A well-represented
gland isoechoic to the liver (L) in a normotype young adult. c A
hypotrophic gland in an elderly subject. d A hyperechoic globular
gland in an obese young adult. (A, aorta; D, duodenum; IVC,
inferior vena cava; LRV, left renal vein; PV, portal vein; SMA,
superior mesenteric artery; ST, stomach; SV, splenic vein; VB,
vertebral body; W, duct of Wirsung)

c d

a b

c d

a b



glucagon as well as pancreatic exocrine secretion in
general. A synthetic analogue of somatostatin,
octeotride, characterized by a greater half-time than

somatostatin, is used in neuroendocrine tumors of
the pancreas for its antisecretory effects;

• PP cells (5%) produce the pancreatic polypeptide
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Fig. 6.5 a-d Pancreatic head (PH):
axial planes. a Anatomic features and
its relations with the surrounding
structures. b-d US craniocaudal scans
along planes 1, 2 and 3 reported in a,
respectively. (A, aorta; C, main bile
duct (choledochus); CT, celiac trunk;
D, duodenum (first, second and third
portion respectively D1, D2 and D3);
G, gallbladder; GDA, gastroduodenal
artery; HA, hepatic artery; IVC, inferior
vena cava; L, liver; LRA, left renal
artery; LRV, left renal vein; PB,
pancreatic body; PT, pancreatic tail;
PV, portal vein; SMA, superior
mesenteric artery; SMV, superior
mesenteric vein; ST, stomach; SA,
splenic artery; SV, splenic vein; U,
uncinate process; VB, vertebral body;
W, duct of Wirsung)

Fig. 6.6 a-d Pancreatic head (PH):
sagittal planes. a Anatomic features
and its relations with the surrounding
structures. b-d US lateromedial scans
along planes 1, 2 and 3 reported in a,
respectively. (A, aorta; C, main bile
duct (choledochus); CT, celiac trunk;
D, duodenum (first, second and third
portion respectively D1, D2 and D3);
G, gallbladder; GDA, gastroduodenal
artery; HA, hepatic artery; IVC, inferior
vena cava; L, liver; LRV, left renal vein;
PV, portal vein; RRA, right renal artery;
SMA, superior mesenteric artery; SMV,
superior mesenteric vein; SA, splenic
artery; SV, splenic vein)
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and also perform an inhibitory action on exocrine
pancreatic secretion.
Contrary to what was thought in the past, the coex-

istence of the two glandular components is not a chance

occurrence. A strict control on the exocrine component
by the endocrine one has in fact been demonstrated
through the direct release of the above mentioned hor-
mones both in the ductal system and in the local micro-
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Fig. 6.7 a-d Pancreatic isthmus (PI):
sagittal planes along the vascular
portal-mesenteric axis. a Anatomic
features and its relations with the
surrounding structures. b CT scan
passing through the portal-mesenteric
confluence. c,d US scans along the
portal vein (PV) and the superior
mesenteric vein (SMV), corresponding
to planes 1 and 2 in a, respectively. (A,
aorta; C, main bile duct (choledochus);
CT, celiac trunk; D, duodenum (first,
second and third portion respectively
D1, D2 and D3); G, gallbladder; GDA,
gastroduodenal artery; HA, hepatic
artery; IVC, inferior vena cava; L, liver;
LRV, left renal vein; RRA, right renal
artery; SMA, superior mesenteric
artery; ST, stomach; SA, splenic artery;
SV, splenic vein; U, uncinate process;
VB, vertebral body)

Fig. 6.8 a-d Pancreatic body (PB):
axial planes. a Anatomic features and
its relations with the surrounding
structures. b-d US craniocaudal scans
along planes 1, 2 and 3 reported in a,
respectively. (A, aorta; CT, celiac trunk;
D, duodenum (first, second and third
portion respectively D1, D2 and D3);
G, gallbladder; GDA, gastroduodenal
artery; HA, hepatic artery; IVC, inferior
vena cava; L, liver; LRV, left renal vein;
PB, pancreatic body; PH, pancreatic
head; PV, portal vein; PT, pancreatic
tail; SA, splenic artery; SMA, superior
mesenteric artery; SMV, superior
mesenteric vein; ST, stomach; SV,
splenic vein; VB, vertebral body; W,
duct of Wirsung)
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circulation (paracrine action) [4]. The functional inter-
action of the two systems explains how the inadequate
production of insulin in a patient with type 1 diabetes is
often associated with digestive disorders secondary to
deficient exocrine production of bicarbonate and amy-
lase, even under secretin stimulation and despite the ab-
solute integrity of the exocrine glandular component.

6.3 Imaging: US, CT and MRI

Each of the three main modalities – US, CT and MRI
– has inherent strengths and weaknesses, so that none
of them alone can be preliminarily regarded as conclu-
sive in all circumstances. On the contrary, very often,
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Fig. 6.9 a-d Pancreatic body (PB):
sagittal planes. a Anatomic features
and its relations with the surrounding
structures. b-d US scans along the
aortic (A) axis. (C, cardias; CT, celiac
trunk; D, duodenum (first, second and
third portion respectively D1, D2 and
D3); G, gallbladder; GDA,
gastroduodenal artery; HA, hepatic
artery; IVC, inferior vena cava; L, liver;
LGA, left gastric artery; LRV, left renal
vein; PV, portal vein; SA, splenic
artery; SMA, superior mesenteric
artery; SMV, superior mesenteric vein;
ST, stomach; SV, splenic vein; VB,
vertebral body)

Fig. 6.10 a-d Pancreatic body (PB): variations of the retropan-
creatic vascular axes with breathing, on the sagittal (a,b) and
axial (c,d) planes. During forced expiration (a,c) the venous re-
turn to the right atrium is improved providing a consequent emp-
tying of both the splenic vein (SV) and the left renal vein (LRV).
In contrast, during deep inspiration, the venous return to the
heart is hampered leading to a consequent hyperdistension of
both the splenic and the left renal veins, and a lowering of the
diaphragm and the liver. Moreover, a concomitant slight lowering
of the pancreas can improve the visualization of the gland by us-
ing the hepatic acoustic window, especially in the presence of
abundant tympanites. (A, aorta; CT, celiac trunk; L, liver; LRV,
left renal vein; PB, pancreatic body; PV, portal vein; SMA, supe-
rior mesenteric artery; ST, stomach; SV, splenic vein)
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when studying the pancreas their combined use allows
the best diagnostic result to be obtained.

US is well-known as an inexpensive, widely avail-
able, safe and dynamic (real time observation) imaging
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Fig. 6.11 a-d Pancreatic tail (PT):
axial planes. a Anatomic features and
its relations with the surrounding
structures. b-d US craniocaudal scans
along planes 1, 2 and 3 reported in a
respectively. (A, aorta; CT, celiac trunk;
LK, left kidney; LRP, left renal pelvis;
LRV, left renal vein; PB, pancreatic
body; PT, pancreatic tail; SA, splenic
artery; SMA, superior mesenteric
artery; SMV, superior mesenteric vein;
ST, stomach; SP, spleen; SV, splenic
vein; VB, vertebral body; W, duct of
Wirsung)

Fig. 6.12 a-d Pancreatic tail (PT): left
intercostal approach. a Anatomic
features and its relations with the
surrounding structures. b US axial
plane parallel to the ribs (plane 1 in a):
the tail of the pancreas (PT) reaches the
hilum of the spleen (SP) together with
the splenic vessels. c US coronal plane
perpendicular to the costal axes (plane
2 in a); the tail of the pancreas (PT) is
circumscribed by the stomach (ST)
above, the left kidney (LK) below and
the spleen behind. d As shown in b, the
splenic vessels are better evaluated on
color-Doppler study. (SA, splenic
artery; SV, splenic vein)
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modality provided with high spatial and contrast reso-
lution which are further increased by the use of second
generation contrast media. If correctly performed it is
the best imaging modality to carry out most of the in-
terventional procedures and can be effectively used in-
traoperatively, both for diagnostic and for therapeutic
procedures, such as the recent radiofrequency ablation
(RFA) applications. Unfortunately it is sometimes com-
promised by an excessive tympanites, overly thick sub-
cutaneous fat, or by the alteration of anatomic planes,
as occurs after surgery, inflammation or radiotherapy.

Unlike US, CT provides the best results in obese
subjects, with abundant fat surrounding the various or-
gans. The current multidetector technology, as well as
improving the power of spatial resolution and shorten-
ing examination time, enables acquisition of volumetric
data and direct image reconstruction in any spatial
plane, thus removing the previous limitation of single
detector machines. The procedure also includes the

mandatory use of ionizing radiation, of iodinated con-
trast media and it can be affected by poor contrast res-
olution making a reliable solid/liquid typing of small
lesions difficult.

MRI offers good spatial and contrast resolution, the
latter further increased by paramagnetic contrast media
and can be used for biochemical evaluation (diffusion
weighted sequences).

Particularly useful is magnetic resonance cholan-
giopancreatography (MRCP) which, thanks to specific
sequences and special reconstruction algorithms, pro-
vides an excellent view of the pancreas ductal system
and the adjacent biliary tree (Fig. 6.13b). This has sig-
nificantly reduced the diagnostic use of endoscopic ret-
rograde cholangiopancreatography (ERCP), avoiding
the potential complications (acute pancreatitis). Unfor-
tunately MRI is still strongly influenced by motion ar-
tifacts; moreover it cannot be performed in patients with
pacemaker or suffering from claustrophobia (unless the
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Fig. 6.13 a-e Ductal system of the pancreas. a Typical anatomic features of the ductal system: the main duct (MD) consists of the
duct of Wirsung (W) which flows into the duodenum (D) through the major papilla (MADP) together with the main bile duct (C);
duct of Santorini (S) remains as an accessory duct and flows into the duodenum through the minor papilla (MIDP). b MRCP: typical
MR outline of the ductal system, corresponding to the scheme reported in a. c Anatomic variant consisting of an isolated duct of
Santorini, without communication with the main duct, with independent outlet in the minor papilla. d Anatomic variant consisting
of duct of Santorini as an accessory branch of the main duct. e Anatomic variant without duct of Santorini. (D, duodenum; GB, gall-
bladder; ST, stomach)
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examination is performed with the patient deeply se-
dated). Moreover, MRI does not allow the visualization
of intraglandular and/or intraductal calcifications, which
are instead clearly visible in both US and CT.

6.4 Pancreatic Imaging

The anatomic features of the pancreas set out above cer-
tainly represent a conditioning factor with regard to its
imaging study, although in different ways among the var-
ious methods. The pancreas is tilted and curved in all the
three planes of space which makes its overall representa-
tion difficult, regardless of the imaging modality used.

In axial planes it is easy to observe that the left side of
the pancreas is located higher than the right (Fig. 6.2a),
therefore appearing first in craniocaudal scans (Fig. 6.1d),
while the right side, located below, appears at more caudal
levels (Fig. 6.1c), often when the left side has already
disappeared. This explains why in CT and MRI the entire
gland does not appear in a single direct axial plane, so it
may be necessary to resort to slightly oblique planes.

In coronal planes the central part of the pancreas is
the most anterior, being pushed ventrally from the ver-
tebral column and great vessels, abdominal aorta and
inferior vena cava, while its two sides lie more posterior,
especially the left side (Fig. 6.1a). Also in this case CT
and MRI do not allow the gland to be displayed in its
entirety in a single coronal plane (Fig. 6.2b,c). The best
view of the gland – even partially– is achieved with
oblique coronal planes (more back to the left), or better
with curved coronal plane reconstructions anterior to the
spine and the major abdominal vessels (Fig. 6.2d) [5, 6].

At US the coronal approach to the pancreas is af-
fected by the considerable distance of the gland from
the cutaneous plane; in fact the only part of the pancreas
which is easily visible in the coronal plane is the tail,
with coronal scans adjacent to the splenic hilum (Fig.
6.12a,c). In sagittal planes only a very small portion of
the parenchyma is visualized, whereas the gland has a
predominant cross development (Figs. 6.6, 6.7, 6.9).

At the level of the tail and the body the pancreas
shows a very small sagittal section, with oval shape
more extended in the craniocaudal and less represented
in the anteroposterior direction.

At the level of the head the area displayed in the
section is much greater and is bent backwards in its
posterior and inferomedial part, where the uncinate
process arises. This is a small offshoot, medially di-

rected, between mesenteric vessels anteriorly and infe-
rior vena cava posteriorly.

In practice these scanning planes are useful mainly
in order to assess the relations of the gland with the
large adjacent vessels (celiac axis, superior mesenteric
vessels, portal vein, inferior vena cava and aorta).

6.4.1 Peripancreatic Gastrointestinal

Structures

This certainly is the most unfavorable element for US
imaging, because of the barrier effect caused by intes-
tinal gas over the acoustic beam. In order to remedy
this problem, the US examination of the pancreas is al-
ways performed after fasting (on an empty stomach
and duodenum), preferably in the morning, when there
is less stretching of the jejunal loops, thus avoiding the
stagnation of gas and feces in the colon. When neces-
sary, the operator should take advantage of the mobility
of the intestinal structures located in front of the pan-
creas and seek to move them by changing the position
and respiration of the patient. The left lobe of the liver,
lowered in deep inspiration, can be used as an acoustic
window, especially to study the body-tail region, in
obese patients (Figs. 6.4d, 6.10).

In certain cases it is possible to use the stomach filled
with water as an acoustic window, after an appropriate
waiting period for degasing, particularly to study the
body-tail region (Figs. 6.8b, 6.11b,d), combining this
with standing or semi-erect position, although in practice
this procedure is nowadays less applied, because of the
poor and inconsistent results. In practice, if there are
permanent technical limitations to the US investigation,
it is better to use different imaging methods.

CT and MRI themselves are limited by the proximity
of the duodenal C-loop and stomach, due to both density
values being almost superimposable and the motion ar-
tifacts that these structures may cause. In practice these
limitations can be overcome by relaxation of these in-
testinal structures, with water or better still with ionic or
paramagnetic contrast agents, depending on the method.

6.4.2 Peripancreatic Vascular Structures

The vascular structures are extensively prepared to wrap
the entire pancreatic gland, from which they can be
distinguished through their enhancement, however ob-
tained (with iodinated contrast medium in CT, with
paramagnetic contrast medium in MRI). In this setting
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US has the advantage of a possible immediate appeal
to the broad Doppler applications (color Doppler, pulsed
and power Doppler) (Fig. 6.12d), increasingly sophis-
ticated and able to meet each specific need, or related
to the recent use of US contrast agents, coupled with
electronic subtraction algorithms, able to selectively
enhance the circulation districts reached by the contrast
agent (Fig. 6.14c).

6.4.3 Ductal System

Because of the small diameter of the ducts the pancreas
ductal system cannot be visualized under normal con-
ditions, especially at CT without contrast agent. In this

sense US is less influenced, thanks to its high contrast
resolution, which is easily able to differentiate solid/liq-
uid between parenchyma and ductal content and to di-
rectly visualize the normal duct wall. US instead suffers
from the angle of incidence of the US beam related to
the ductal walls, whereas the perpendicular incidence
allows the best visualization of the main pancreatic
duct, as for the body, while a more oblique incidence
determines a lower reflection of the US beam and a
worse view of the ducts, as happens for the head and
the tail (Figs. 6.4a,b, 6.5c, 6.8c, 6.10c, 6.11c,d, 6.16c,d).
In order to improve the visualization of the ductal sys-
tem other means are required.

The temporary pharmacologic dilatation of the ductal
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Fig. 6.14 a-d Artifact of the pancreatic head resembling a pseudolesion: different echogenicity of the ventral and dorsal pancreas.
a,b US scans in the axial (a) and sagittal (b) planes passing through the pancreatic head. A hypoechoic area with sharp borders in
the ventral pancreas (VP) compared to the dorsal pancreas (DP); a slight dilation of the duct of Wirsung (W) can also be seen. c
Contrast enhanced US (CEUS) of the pancreatic head (c1 venous contrast enhanced phase compared with c2 matching image
without contrast medium). The pseudolesion of the pancreatic head shows similar enhancement to the contiguous normal gland,
thus excluding neoplastic origin. d MRI with contrast medium: axial scan. Normal pancreatic head (PH), without any focal mass.
(D, duodenum; IVC, inferior vena cava; L, liver; PV, portal vein; ST, stomach)
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system by the intravenous infusion of secretin, a hor-
mone that increases glandular secretion and Oddi sphinc-
ter tone at the same time, causes its temporary overdis-
tension and is a good way of obtaining an enhancement
of the pancreatic excretory system for some time [5-7].
This technique, especially used in the past in US, CT
and MRI, but almost abandoned partly due to the asso-
ciated high costs, had the purpose of obtaining functional
information about the secretory activity of the gland,
since the appearance of a good glandular dilatation was
a good sign of effective secretory response. In contrast,
a lack of change compared to the measured caliber at
rest was indicative of a reduced secretory response, gen-
erally indicative of the fibrous replacement of the glan-
dular component, as occurs in chronic pancreatitis.

The artificial increase in contrast between gland and
ducts is the second option pursued to improve the vi-
sualization of the ductal system. This technique is most
useful in CT (more than any other technique character-
ized by low contrast resolution), whereby the intra-
venous infusion of iodinated contrast agent tends to in-
crease the density values of glandular component
(highly vascular), while leaving the low density values
of the ducts filled with pancreatic juice unchanged. The
US technique uses the same trick, not only to better
highlight the ductal system, but also to emphasize in-
traglandular cysts, which being filled with fluid particles
are difficult to assess. In addition it is more able to dif-
ferentiate intraductal or intracystic vegetating lesions
from simple debris, since the microcirculation of the
former takes up the US contrast medium and thus en-
hances their echogenicity, while with debris and cor-
puscular content there is no contrast medium uptake,
and they become anechoic with subtraction algorithms
and remain so throughout the entire examination.

The use of specific cholangiographic sequences
(CWMR) is able to highlight with very strong signal
the structures containing non-moving liquid, present
in a given volume, almost totally erasing the surround-
ing anatomic structures (Fig. 6.16b). These applications
which as stated above have largely limited the diag-
nostic indications of the ERCP, both on the biliary and
pancreatic side, have at the pancreatic level the advan-
tage of matching the image of the duct, i.e. the content,
with the container, that is the gland surrounding it, al-
lowing the direct assessment of masses and their ob-
structive/infiltrative effect on the excretory system. It
also should be noted that the CWMR has brought to
the attention of pancreas experts a world previously al-

most unknown and the exclusive prerogative of the
ERCP world, the world of intraductal tumors [8, 9].

6.5 Ultrasound Pancreatic Anatomy

The pancreas is generally well detected by US, despite
the above mentioned constraints, related to both the
gland position and patient constitution. Under normal
conditions the pancreas shows regular and homoge-
neous echogenicity, usually equal to or slightly greater
than in the liver (Fig. 6.4a-c). Changes in echogenicity,
such as its increase in obese, diabetic and dyslipidemic
patient are common, in analogy and combination with
what happens in the liver (Fig. 6.4d).

Its volume is also subject to discrete changes related
to both age and trophism, with a generally more bulky
pancreas in the obese and endomorph patient compared
to the ectomorph patient.

Each glandular area is usually studied with a specific
US approach. The pancreatic head is bordered on three
sides by the duodenal C-loop, name derived from the
fact that the duodenum embraces the pancreatic head in
the shape of the letter C (Fig. 6.2a). At US the duodenal
C-loop may appear distended by gas or liquid or con-
tracted, depending on its content. In the first case it gives
the typical hyperechoic reverberation artifact (Figs. 6.5d,
6.6d), while in the latter it has an anechoic corpuscular
component, constantly stirred by peristalsis (Fig. 6.14a).
The normal appearance is usually given by the peristaltic
alternation of the two phases, a finding which is even
more definite when the stomach is filled with water.

The cranial surface of the head is bounded by the
duodenal bulb, with close but not tight contact, consid-
ering that the duodenal bulb, unlike the pancreas, is al-
most completely enveloped by the peritoneum. The
gastroduodenal artery, the first branch of the division
of the common hepatic artery, runs in the space between
the bulb and the pancreas, descending on the anterior
side of the head (Fig. 6.5a-c, 6.6a,c); duodenum and
pancreas adhere further the passage of this vessel.

The lateral surface of the head is closely related to the
second duodenal part, into which both the two main pan-
creatic ducts (of Wirsung and Santorini, through the papilla
major and minor respectively) and the bile duct flow, the
latter usually with the duct of Wirsung (Fig. 6.13).

Due to the special anatomic and functional com-
plexity this area has been given the name of pancreatic
groove. It corresponds to the duodenal-pancreatic close
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board, from the knee above to the third duodenal por-
tion, and also includes the common bile duct and the
papilla. It is a common site for the spread of disease
processes, starting from the duodenum-bile duct-pap-
illar area to the pancreas (cystic duodenal dystrophy,
common bile-duct tumors and inflammations, papillitis,
etc.) and the other way round (groove pancreatitis, an-
nular pancreas with duodenal stenosis, aberrant pan-
creas, etc.) [5, 10].

The lower side of the head is surrounded by the
third part of the duodenum. In this area the pancreas,
from the outside to the middle, gradually begins to lose
the close contact with the duodenum.

The medial surface of the pancreatic head is related
to the right edge of the superior mesenteric vein below
and the border of the portal vein above, which runs in
a retropancreatic course (Figs. 6.5, 6.7). This vascular
limit is very well recognized on US, constituting one
of the fundamental sonographic landmarks. On the pos-
teromedial surface of the pancreatic head there is the
uncinate process, a small glandular appendix that lies
between the inferior vena cava and the superior mesen-
teric vein ending in contact with the superior mesenteric
artery (Fig. 6.5c,d).

The back side is separated from the inferior vena
cava only by two thin sheets adhering to each other (the
fibrous lamina of Treitz), the embryonic remains of two
peritoneal layers of the primitive mesogastrium (Fig.
6.6d). These two peritoneal layers, covered with con-
nective tissue are easily separable and this feature is
very successfully used in radical surgery to obtain the
mobilization of the duodenal-pancreatic block and its
forward tipping, known as the Kocker maneuver. The
free portion of the bile duct runs on the posterior surface
of the head, becoming then intrapancreatic, before pierc-
ing the second part of the duodenum (Fig. 6.6b).

The anterior surface of the pancreatic head is covered
by the posterior parietal peritoneum (Fig 6.1a), whose
double reflection forms the transversal mesocolon (Fig.
6.3a). It should be recalled that this structure can easily
be a medium for the spread of inflammatory or neo-
plastic processes [11].

These bands generally are not visible on US because
of little or no difference in echogenicity between them
and the surrounding fat, although they are usually ob-
servable on CT and MRI [2].

The pancreatic isthmus is very short (1 cm) and cor-
responds to the width of the mesenteric-portal axis,
which runs downwards and backwards with its conflu-

ence also including the splenic vein coming from the
left (Fig. 6.7). Its limitations with the head and the
body are fictitious.

The pancreatic body originates at the medial side of
the splenoportal axis and it has not a clear limit with
the tail (Figs. 6.8, 6.9).

The cranial surface is crossed at the middle third by
the celiac axis, from which arises the splenic artery to
the left, the common hepatic artery to the right and the
left gastric artery above (Figs. 6.8a,b, 6.9).

The lower side is perpendicularly crossed at the mid-
dle by the superior mesenteric artery (Figs. 6.8a,d, 6.9).
Longitudinally to the axis of the body also runs the left
renal vein, which empties into the inferior vena cava
after its course between the aorta posteriorly and the
superior mesenteric artery anteriorly (aortomesenteric
compass) (Figs. 6.8a,d, 6.9). It is in contact with the
duodenojejunal angle of Treitz, constituting, with the
superior mesenteric artery, the root of the mesentery,
directed downward and to the left.

The posterior surface transversally crosses the aorta,
from which it is separated by the lamina of Treitz. It is
accompanied by the splenic vein, which runs longitu-
dinally to its major axis, towards the mesenteric-portal
confluence (Figs. 6.8, 6.9).

The front side is in contact with the rear wall of the
stomach, by the interposition of the omental bursa (Figs.
6.1, 6.2, 6.8-6.10). Below the stomach lies the transverse
colon, whose listing on the posterior abdominal wall is
just above the angle of Treitz, at the anteroinferior mar-
gin of the pancreatic body [12].

The pancreatic tail extends laterally and cranially
almost up to the splenic hilum, receiving a small part
of the peritoneal lining. It lies behind the gastric fundus
and splenic flexure of the colon which under normal
conditions hinder the anterior US approach. It also lies
very close to the adrenal gland and the upper pole of
the left kidney (Figs. 6.1, 6.2, 6.11, 6.12).

The ductal system of the pancreas normally consists
of the main duct of Wirsung, with a relatively large
gauge (2–3mm) which increases towards the head and
extends the entire length of the gland, and the accessory
duct of Santorini, usually limited to the cephalic portion
and more cranial than the Wirsung (Fig. 6.13).

The duct of Wirsung pierces the duodenum at the
level of the papilla major, together with the common
bile duct, gathering just before its end a small accessory
branch from the uncinate process.

The duct of Santorini instead leads to the papilla
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minor level, whose duodenal orifice is located approx-
imately 2–3 cm above the previous one. The two ducts
are generally in communication with each other, but
the possible anatomic variations are numerous and fre-
quent, such as lack of communication, agenesis and
role reversal with the dominance of the Santorini (pan-
creas divisum) (Figs. 6.13c-e, 6.16) [13, 14].

A small interlobular ductal network (of second order)
is a tributary of this ductal system. The Wirsung is gen-
erally viewable on US at the level of the head and body,
both due to the larger caliber and the most favorable
projective incidence, since its walls lie perpendicular
to the US beam (Figs. 6.4b, 6.5c).

The Santorini is normally recognizable only in spe-
cial conditions or when highly developed (Fig. 6.16).
The other ducts, although not in ordinary conditions,
may become visible when involved in intraductal cystic
disease (IPMN).

6.6 Pancreatic Embryology 
and Anatomic Variants

A basic understanding of the embryologic development
of the pancreas is essential for identifying the anatomic
variants and developmental anomalies described below.
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Fig. 6.15 a-d Embryologic development of the pancreas. a,b Anatomic pattern of the pancreatic-biliary-duodenal district in a five-
week-old embryo: (a) sagittal plane; (b) axial plane, corresponding to the section shown in a. The dorsal pancreas (DP) is located on
the midline, at the back of the duodenum (D), contained in the dorsal mesogastrium (DM) with the spleen (SP); the ventral pancreas
(VP) is located on the midline, in front of the duodenum (D), contained in the ventral mesogastrium (VM) with the gallbladder (G) and
the main bile duct. c,d In the following weeks the dorsal pancreas rotates 90° moving to the left with the spleen. At the same time the
ventral pancreas rotates 270° around the duodenum first on the right, than backwards and finally leftwards, in the end being placed
below and behind the dorsal bud and finally merging together. A part of the ventral bud forms the uncinate process (UP) which
embraces the superior mesenteric vein (SMV) from behind. The ducts of the two pancreatic buds join together and that of the ventral
pancreas (Wirsung) becomes dominant (MPD) in respect to the duct of Santorini (APD). The main bile duct (C) follows the ventral
pancreas during its rotation around the duodenum. (A, aorta; CT, celiac trunk; FL, falciform ligament; IPS, intraperitoneal space; IVC,
inferior vena cava; K, kidney; L, liver; RPS, retroperitoneal space; SMA, superior mesenteric artery; ST, stomach)
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6.6.1 Embryologic Development 

The pancreas originates from two distinct buds arising
from the primitive intestine, called respectively ventral
pancreas and dorsal pancreas, located on opposite sides
of the duodenum (Fig. 6.15).

The dorsal pancreas develops earlier (4th week of
embryonic life), is more cranially located and reaches a
discrete size. It is initially located on the posterior side
of the duodenum (hence its name). During development
the rotation process of the digestive tract takes it side-

ways and to the left, placing it behind the stomach [3,
15]. Its relations with the spleen are very close, since
they develop in the same structure (dorsal mesogastrium)
(Fig. 6.15). It has its own very long excretory duct, pre-
cursor of the Santorini duct, flowing into the duodenum,
through what will then become the papilla minor.

The ventral pancreas starts to develop later. It is lo-
cated further down and is smaller than the dorsal pan-
creas. Initially it is ventrally located compared to the
duodenum, in a mirror position in respect to the dorsal
pancreas. During its development the ventral pancreas
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Fig. 6.16 a-d Pancreas divisum. a Anatomic features. The persistence of a main duct (MPD) in continuity with Santorini’s duct
which flows into the duodenum through the minor papilla (MIDP) is due to the lack of fusion between the two pancreatic ducts. The
duct of Wirsung remains a short accessory duct (APD) which flows into the duodenum together with the main bile duct (C) through
the major papilla (MADP). b MRCP of pancreas divisum. Both ducts are recognizable, the more caudal one appearing thin and short
and the more cranial one longer and larger in diameter. A focal stricture at the body is documented with an upstream dilation of the
main duct owing to a small pancreatic cancer (PC). c US in the axial plane at the level of the pancreatic head (PH). Both ducts are
independently identifiable, with the duct of Santorini (MPD) more superficial (c1) and the duct of Wirsung (APD) deeper (c2). d US
in the axial plane at the level of the pancreatic head. Both ducts are visualized in the same scan. (GB, gallbladder; IVC, inferior vena
cava; PV, portal vein)
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is subject to a rotation of 270° around the vertical axis
of the digestive tract, which moves it first to the right,
then posteriorly and finally to the left, to be finally placed
immediately below the dorsal pancreas (Fig. 6.15) [3,
15]. It has a slightly squat shape, less stretched, with a
short excretory duct, the future Wirsung duct, which
flows into the duodenum through what will become the
major papilla. Since it originates from the same cell
group forming the main biliary tree (hepatopancreatic
ring), the excretory duct of the ventral pancreas is closely
linked to the common bile duct, sharing with it not only
the common duodenal mouth in the papilla major but
also the Oddi sphincter complex.

Regarding the fusion of the two pancreatic buds,
once the rotation is completed, the two pancreas sketches
are very close but still distinct from each other, each
with its own excretory duct. The development process
is completed with the merger of the two glandular buds
into a single structure, in which the dorsal outline forms
the top of the head, the isthmus, the body and the tail,
while the bottom of the head and the uncinate process
originate from the ventral outline (Fig. 6.15d) [3, 15].
Also the two excretory ducts join together, not far from
their mouth into the duodenum, taking a horizontal “Y”
aspect on the whole. The duct of the ventral portion,
which was shorter, with its development becomes the
dominant one, both in terms of length and caliber, while
the distal portion of the dorsal excretory duct becomes
progressively thinner, becoming the accessory duct,
sometimes losing the connection with the main duct,
other times losing the duodenal outlet in the papilla mi-
nor (Fig. 6.13) [16].

6.6.2 Anatomic Variants

Anomalies of the pancreas can be distinguished in
anomalies of fusion (pancreas divisum, complete or in-
complete), migration (annular pancreas and ectopic
pancreas) and duplication (number and shape) [13].

Pancreas divisum is the most common anomaly of
the pancreas, being reported in 4%-10% of the popula-
tion (Fig. 6.16) [5-7, 13-16]. This anomaly consists of
lack of fusion of the ventral and dorsal embryonic buds.
In this way the duct of Wirsung results very thin and
short, draining only the lower part of the pancreatic
head. In contrast, the duct of Santorini remains long,
dominant in size, with no communication with the
Wirsung. In the incomplete forms a communication
between the two ducts exists, although the Santorini

remains the dominant duct [17]. This anomaly is gen-
erally asymptomatic and sometimes associated with re-
current abdominal pain and chronic pancreatitis, per-
haps because the minor papilla, in which most of the
produced pancreatic juice flows, is not large enough to
support this role; in fact it is often associated with the
onset of ductal ectasia (Santorinicele) [7, 16]. Diagnosis
is based on ERCP or CWMR [18].

Annular pancreas is a pancreas anomaly in which the
gland forms a stenotic ring surrounding the second part
of the duodenum, resulting in its occlusion (Figs. 6.17,
6.18). In half of the cases it presents as a duodenal occlu-
sion at birth, often associated with other intestinal mal-
formations. In the other cases it may persist into adulthood,
presenting with nonspecific digestive disorders, acute or
chronic pancreatitis (15%-20%) (Figs. 6.17, 6.18). Also
in this case the diagnosis is based on the appearance of
the excretory ducts, displayed by ERCP or CWMR, which
appear surrounding the duodenal lumen [13, 16, 17, 19].

Ectopic pancreas is relatively common (0.6%-14%),
although often it is diagnosed not by imaging but sus-
pected by endoscopy or in surgery and histologically
confirmed (Fig. 6.19b). It consists of the presence of ex-
trapancreatic glandular islets (0.5cm-2cm), which can
be localized within the wall of the stomach (26%-38%),
duodenum (28%-36%), jejunum (16%), ileum or Meckel
diverticulum. More rarely it affects the colon, esophagus,
gallbladder, biliary tract, liver, gut, mesentery, etc. It is
usually small (0.5cm-2cm), localized in the submucosa,
generally asymptomatic and when clinically evident this
is because of its complications (stenosis, ulcers, bleeding,
intussusception, etc.) [16, 20].
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Fig. 6.17 Annular pancreas (AP) in adulthood. (D, duodenum)



Agenesis of the dorsal pancreas is a rare malformation
consisting of the absence of the glandular part derived
from the dorsal bud, intended to form the most cranial
part of the head and the body-tail. Therefore just a small
gland forming the bottom of the head and the uncinate
process is present (Fig. 6.19a) [15, 21]. It is usually asso-
ciated with other malformations such as asplenia (spleen
agenesis), polysplenia (many accessory spleens) and het-
erotaxy (situs ambiguus), i.e. the anomalous position of
some organs. The associated cardiovascular anomalies
are frequent [22, 23]. The suspicion of a pancreatic mal-
formation, supposed on the basis of morphologic imaging
techniques, should always be confirmed by ERCP or
CWMR in order to directly visualize the excretory system
anatomy and to exclude any sectorial atrophy, secondary
to malignant obstructive disease [15, 21].

Truncated pancreas is similar to the previous mal-
formation but with agenesis only of the body-tail (or
just tail), and spleen [24, 25].

Reversed pancreas is present in the complete forms
of situs viscerum inversus, in which all the abdominal
organs are mirrored from their normal position: the
pancreatic head located to the left (together with liver,
biliary tree and duodenum), while the pancreatic tail to
the right (together with the spleen) [25, 26].

Folded pancreas is another rare congenital anomaly,

described in association with heterotaxy. The entire pan-
creas is located to the left of the midline and bent onto
itself at the level of the isthmus: it has been described
in association with intestinal malrotation [25, 27].

The ductal system is often affected by minor anom-
alies, taking into account that the classic anatomic con-
figuration, with bifid appearance of the Wirsung and
the Santorini, is seen in 60% of cases [16]. In the other
cases the duct of Santorini can be rudimentary or miss-
ing (25%-30%), dominant (1%) or bend-shaped, with
a curving course embracing the duct of Wirsung [13].
More potential variants are the bifid duct, at the caudal
level, or the leap of caliber at the junction of Wirsung
with Santorini and uniform narrowing of the duct at
the body-tail level. All these anomalies are well visual-
ized with CWMR, as well as ERCP.

The biliary-pancreatic outlet is a frequent location
of minor anatomic variants (1.5%-3%), the most im-
portant of which is the high merger of the common
bile duct with the Wirsung, out of the duodenum, re-
sulting in the formation of a common duct, even more
than 1.5 cm long. In these cases idiopathic ectasia of
the bile duct is common (33%-83%), possibly due to
reflux disease and associated with increased incidence
of biliary tumors. Once again these anomalies are well
visualized by CWMR and ERCP [5, 16].
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Fig. 6.18 a-d Embryologic hypothesis
on the development of annular
pancreas. A portion of the ventral
pancreas (VP), instead of rotating 270°
as described in Fig. 14a-d from its
original anterior position (a) to the
final one below and behind the dorsal
bud (DP) (d), is thought to be anchored
on the front side. This is thought to
generate a pancreatic ring (AP)
completely or incompletely
surrounding the duodenal C-loop (D),
sometimes causing a stenosis of the
lumen as in early post-natal cases. 
b,c Intermediate stages of the rotation
process of the ventral bud from the
initial front position (a) to the left rear
final site (d). (C, main bile duct
(choledochus); SMA, superior
mesenteric artery; SMV, superior
mesenteric vein)
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6.7 Pancreatic Pseudolesions

Pseudolesions of the pancreas may result from changes
in the volume and/or in the echogenicity of the gland.
Reduction of the pancreatic volume is not necessarily
a pathologic finding; in fact after forty years of age the
gland starts a process of physiologic senile involution,
with a progressive decrease in its thickness. Between
fifty and sixty years of age the anteroposterior diameter
of the head decreases from 3.5cm of the prosperous
period of the young adult to 2.5cm; similarly the thick-
ness of the body and the tail changes from about 2 cm
to 1.5cm [16]. The widespread increase of pancreatic
volume is not necessarily an expression of a disease,

but it can often be observed in the overweight patient,
in association with hepatosplenomegaly, as already
mentioned (Fig. 6.4d).

Pancreatic echogenicity is considered normal if com-
parable or slightly higher than that of normal healthy
liver. However this reference frequently fails because the
liver could present increased echogenicity (steatosis),
while the pancreas remains normal and thus less
echogenic, or because the pancreas, together with the
liver, increases its echogenicity because of fatty infiltra-
tion, as is often observed in the obese, in diabetics, in
dysmetabolic patients, in cystic fibrosis, etc. (Fig. 6.4d).

Pancreatic pseudomasses may be frequently due to
focal echogenicity alterations of the gland. Typical and
quite common is the pseudomass of the head-uncinate
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Fig. 6.19 a-d Malformations and anatomic variants of the pancreas. a Agenesis of the dorsal pancreas (DP), with development of
the glandular component arising solely from the ventral bud (VP), consisting of the lower portion of the head and the uncinate
process. b Ectopic pancreas: in addition to the normally located gland (P), one or more islets of pancreatic tissue (EP, yellow) can
be present in ectopic location (stomach, duodenum, colon, gallbladder and bile ducts, liver, etc.). The islets of ectopic tissue are
generally localized in the submucosa and show an excretory duct which empties the pancreatic juice into the intestinal lumen. c,d

Left sided pancreas: anatomic features (c) and the US axial scan (d). The pancreas is supported by the aorta (A) shifted to the right
with the inferior vena cava (IVC) so that the pancreatic head (PH) is moved in an anomalous position, to the left of the aorta rather
than in front of the inferior vena cava. The uncinate process (U) is displaced between the aorta and the superior mesenteric vein
(SMV) instead of between the inferior vena cava and the superior mesenteric vein. (C, main bile duct (choledochus); D, duodenum;
G, gallbladder; IPS, intraperitoneal space; K, kidney; L, liver; MADP, main duodenal papilla; RPS, retroperitoneal space; SMA,
superior mesenteric artery; SP, spleen; ST, stomach; VB, vertebral body)
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process, actually supported by the lower echogenicity
of the ventral pancreas compared to the dorsal pancreas,
which is probably due to the different distribution of
the local vasculature, similarly to what is frequently
observed in typical areas of fatty liver, such as the peri-
gallbladder and perihilar regions (Fig. 6.14) [5]. A fur-
ther pitfall is the presence of pancreatic lobules with
1cm of diameter that can alter the profile of the gland
simulating neoplastic nodules.
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correct assessment of the etiology and the severity of
acute pancreatitis allows distinct therapeutic algorithms
and can result in better outcome [1]. Advances in im-
aging modalities have revolutionized the management
of patients with acute pancreatitis over the past decade. 

Contrast enhanced computed tomography (CT) is
the criterion standard for diagnosing pancreatic necrosis
and peripancreatic collections, as well as for grading
acute pancreatitis by the Balthazar system [2]. In recent
years the Balthazar grading system has been further de-
veloped into the so-called CT severity index (Table 7.1).
This index is an attempt to improve the early prognostic
value of CT by the intravenous administration of contrast
medium. In this way also parenchymal necrosis of the
pancreas can be diagnosed [3, 4]. The CT severity index
can also be used for other imaging procedures.

7.1 Introduction

Ultrasonography (US) is a noninvasive imaging modal-
ity which is often the first imaging technique in the
evaluation of patients with pancreatic diseases. It has
undergone significant advances in recent years. In this
chapter the value of US in the diagnosis of pancreatitis
and pseudocysts will be described and discussed. The
article is focused on B-mode US, Doppler sonography
and contrast-enhanced ultrasound (CEUS).

7.2 Acute Pancreatitis

Acute pancreatitis is a common disease that affects
about 300,000 patients per year in America with a mor-
tality of about 7% [1]. The diagnosis is based on clinical
and laboratory evaluation. The clinical course of acute
pancreatitis varies from a mild transitory form to a se-
vere necrotizing disease. Most episodes of acute pan-
creatitis are mild and self-limiting. Patients with mild
pancreatitis respond well to medical treatment, requiring
little more than intravenous fluid resuscitation and anal-
gesia. In contrast, severe pancreatitis is defined as pan-
creatitis associated with organ failure and/or local com-
plications such as necrosis, abscess formation, or
pseudocysts. Severe pancreatitis can be observed in
about 20% of all cases, and requires intensive care and
sometimes surgical or radiologic intervention. Early
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Table 7.1 Computed tomography grading of severity of acute
pancreatitis [2-4]. This system can also be used for other imaging
modalities

Computed tomography grade
(A)Normal pancreas 0
(B) Edematous pancreatitis 1
(C) B plus mild extrapancreatic changes 2
(D)Severe extrapancreatic changes including 

one fluid collection 3
(E) Multiple or extensive extrapancreatic changes 4

Necrosis
None 0
<One third 2
>One third, <one half 4
>Half 6

CT severity index = CT grade+necrosis score
Complications Deaths

0-3 8% 3%
4-6 35% 6%
7-10 92% 17%

S. Rickes (�)
Department of Internal Medicine
AMEOS Hospital St. Salvator, Halberstadt, Germany
e-mail: rickes@medkl.salvator-kh.de



Transabdominal US is the imaging method of choice
in patients with acute abdomen due to its wide avail-
ability and portability. However, several limitations can
be encountered in patients with acute pancreatitis mainly
related to abdominal pain, which makes compressions
with the probe impossible, and abundant overlying gas
owing to a paralytic ileus. Very often a partial or inade-
quate transabdominal US visualization of the pancreas
will result. Therefore, CT is still of paramount impor-
tance for the first evaluation of the disease. However,
during the course of the disease, US may serve as an
excellent imaging tool for short-term follow-up studies.
Another potential advantage of US is the good visuali-
zation of the biliary system. Biliary stones are the most
frequent causes of acute pancreatitis. US can easily de-
tect stones in the gallbladder and in the biliary tract
with high diagnostic accuracy (Fig. 7.1). This is very
useful to triage patients requiring endoscopic retrograde
cholangiopancreatography (ERCP) and sphincterotomy.
However, the diagnosis of a bile duct stone with US is
obviously influenced by operator skill. One German
study demonstrated that experienced examiners achieve
a significantly higher diagnostic accuracy for the detec-
tion of choledocholithiasis than less experienced inves-
tigators (83% versus 64%) [5]. Other studies showed
that with endoscopic ultrasonography (EUS) (Fig. 7.2)
and magnetic resonance cholangiopancreatography
(MRCP) better results can be achieved [6-8]. However,
these methods should be used only in patients with sus-
pected choledocholithiasis but without detection of
stones at transabdominal US. Finally, interventional pro-
cedures, such as aspiration and drainage of fluid collec-
tions, may be performed under US guidance.

In early pancreatitis, the organ may be of normal
size and echotexture. However, in most patients inter-
stitial edema results in an enlargement of the gland and
a subsequent hypoechoic appearance (Fig. 7.3). The
acute inflammation can be focal or diffuse, depending
on the distribution. Focal pancreatitis mostly occurs in
the pancreatic head and presents as a hypoechoic mass
that is sometimes difficult to differentiate from a tumor.

Complications of acute pancreatitis include acute
fluid collections representing exudates, peripancreatic
tissue necrosis or hemorrhage in various combinations,
parenchymal necrosis, and vascular complications.
Acute fluid collections are echopoor or echofree. They
occur most commonly around the pancreas (Fig. 7.4)
and usually spread into both the lesser sac and the an-
terior pararenal space up to the pericolic region. Fur-
thermore, the enzyme-rich fluid can penetrate into
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Fig. 7.1 Gallstone at the main bile duct at transabdominal US

Fig. 7.3 Acute edematous pancreatitis located at the pancreatic
head which appears enlarged and hypoechoic at transabdominal US

Fig. 7.2 Gallstone (calipers) in the main bile duct at EUS 
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parenchymal organs, like the spleen or the liver (Fig.
7.5). In acute necrotizing pancreatitis, parts of the pan-
creas can be destroyed and liquefied (Fig. 7.6).

A major problem of conventional US is the detection
of non-liquefied parenchymal necrosis because it cannot
assess organ perfusion. Through the use of contrast
media, however, even at US the vascular behavior of
the pancreas can nowadays be examined. At CEUS
necrotic areas of the pancreas show no vascular struc-
tures (Fig. 7.7). A paper published in 2006 showed that
this method produces excellent results in the staging of
acute pancreatitis severity [9]. This study demonstrated
that the procedure is comparable to CT for the assess-
ment of severe acute pancreatitis and can be recom-
mended as a first-choice imaging procedure, especially
when iodinated contrast medium injection is contraindi-

cated [9-12]. Ripollés et al. [13] reported that CEUS is
comparable to CT in detecting pancreatic necrosis as
well as predicting its clinical course and that therefore,

Fig. 7.4 Acute pancreatitis with enlargement of the pancreatic body
and fluid collections around the pancreas at transabdominal US

Fig. 7.5 Acute pancreatitis with peripancreatic fluid collection
and involvement of the left liver lobe at transabdominal US

Fig. 7.6 Necrotizing pancreatitis at transabdominal US. The
pancreatic head is destroyed and liquefied. The pancreatic body
is enlarged and inhomogeneous. A peripancreatic fluid collection
can also be appreciated

Fig. 7.7 a,b Necrotizing pancreatitis at transabdominal US. a

Conventional US. Echopoor region (not liquefied necrosis) at the
pancreatic body at B-mode US. A differentiation between necrosis
and edema is impossible. b Contrast-enhanced US. The region
shows no vascular structures and can therefore be characterized
as necrotic

b

a



when CT is contraindicated, CEUS may be a valid al-
ternative. However, it has to be considered that in this
study patients with incomplete US imaging of the pan-
creas were excluded. In light of the difficulties reported
above regarding the exploration of the pancreas in pa-
tients with acute pancreatitis, one role of CEUS may
be considered not in the first (staging) but in the further
evaluation (follow-up) always required in the manage-
ment of the disease. A positive outcome would be a
significant reduction in the number of CT examinations
performed. However, when CT is contraindicated, mag-
netic resonance imaging (MRI), with absolutely the
same panoramic view of CT although less available
and more expensive, can be used with good results [14,
15]. For instance, if the definition of a fluid collection
proves difficult both at US and CT, it can be easily ob-
tainable with MRI [14].

The most important complications of acute pancre-
atitis are infection of necrosis and vascular complications.
Necrotic infection more frequently appears 15–20 days
after the clinical onset of acute pancreatitis [16]. The
probability of infection increases proportionately to the
gravity of the acute pancreatitis at clinical and CT eval-
uation. Infection can be suspected in the presence of gas
bubbles produced by anaerobic bacteria within the fluid
collections. The detection of gas bubbles within the col-
lections while difficult at US is instead immediate at
CT. This is the reason why when infection of necrosis is
first suspected CT must be performed again. Pancreatic
abscess is a collection of suppurative fluid, surrounded
by a fibrous capsule, adjacent to the pancreatic gland.
An abscess secondary to acute pancreatitis probably
starts off as infection of pancreatic necrosis. An abscess
appears later than infection of the necrosis, usually after
the fourth week [14]. Surgical necrosectomy or percuta-
neous debridement can be considered in treating infected
pancreatic necrosis. Percutaneous drainage under imag-
ing-guidance is highly efficient in the treatment of pan-
creatic abscess/infected pancreatic pseudocysts [14]. The
mainly fluid content of the lesion explains the excellent
clinical success of the procedure. Percutaneous drainage
can be carried out under US or CT guidance, although
CT is again preferable [14].

The most common vascular complications are
thrombosis of the portal venous system, hemorrhage
into a pseudocyst, arterial erosions and disruption, for-
mation of collateral vessels or pseudoaneurysms, and
rupture of a pseudoaneurysm (see also the paragraph
about pseudocysts). In patients with a history of pan-

creatitis, the detection of a cystic lesion at US must be
further evaluated with Doppler to exclude the presence
of vascular complications [14, 17, 18]. The adminis-
tration of microbubbles could potentially improve the
diagnosis of vascular complications. However, CT eval-
uation remains mandatory for diagnostic confirmation
and treatment planning. Angiography, playing no rele-
vant role in the diagnostic phase, has to be immediately
used for treating vascular lesions [14].

7.3 Chronic Pancreatitis

Irrespective of its etiology, chronic pancreatitis is de-
scribed by fibrosis, destruction, and distortion of the
pancreatic ducts with loss of parenchyma. The most
common cause in Europe is alcohol abuse. Other causes
include hereditary, tropical, autoimmune, and idiopathic
pancreatitis. The diagnosis of chronic pancreatitis is
based on clinical findings, laboratory evaluation of en-
docrine and exocrine pancreatic function, and imaging
findings. Although early morphologic changes of chronic
pancreatitis are difficult to recognize at imaging with
different techniques, the findings of advanced disease
are easily detected [19, 20]. ERCP has long been con-
sidered the diagnostic criterion standard in the diagnosis
of chronic pancreatitis. However, today ERCP has been
replaced by MRCP. MRI is nowadays a powerful nonin-
vasive imaging modality for the study of chronic pan-
creatitis even in the early phase of the disease [15]. A
complete MRI study for chronic pancreatitis includes
imaging of the parenchyma before and after the admin-
istration of contrast material, and imaging of the duct
before and after secretin stimulation to evaluate pancre-
atic exocrine function through the analysis of the pan-
creatic fluid output. EUS seems also to be highly sensitive
in the detection of early morphologic changes [21]. Tech-
nologic advantages and new developments in US (com-
pound and tissue harmonic imaging, high frequency
probes, CEUS and elastography) have improved the
value of US in the diagnosis of pancreatic diseases [22].

In the US study of chronic pancreatitis, alterations
in the size of the pancreas may be seen in about 50%
of patients affected by chronic pancreatitis. However,
the finding of a gland with normal size does not exclude
the diagnosis of chronic pancreatitis. Pancreatic atrophy
and focal alterations in size can be easily identified
(Fig. 7.8). However, these changes in pancreatic volume
are signs of advanced stages of the disease [23]. The
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echogenicity of the pancreas may be increased in
chronic pancreatitis due to fatty infiltration and fibrosis,
although this sign is not absolutely specific. In fact, it
can also be found in obese patients and the elderly.
Parenchymal alteration is a more specific sign of
chronic inflammation and represented by inhomoge-
neous and coarse lobulated parenchyma pattern due to
the coexistence of hyperechoic and hypoechoic parts
of fibrosis and inflammation, respectively (Fig. 7.9).
These findings can be diagnosed presumably with the
highest sensitivity at EUS [21, 23, 24]. 

The most important diagnostic sign of chronic pan-
creatitis is the presence of calcifications (Fig. 7.10)
[25, 26]. These calcifications are calcium carbonate
deposits. At US they appear as hyperechoic spots with
posterior shading. Small calcifications may be hardly
detectable. The diagnosis can be improved by the use
of the so-called twinkling artifact (Fig. 7.11). Twinkling
artifact is characterized by a rapidly fluctuating mixture
of Doppler signals that occurs behind a strongly re-
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Fig. 7.8 Atrophy of the pancreatic parenchyma at transabdominal
US in a patient with late-stage chronic pancreatitis. The pancreatic
duct is dilated with very small intraductal plugs

Fig. 7.9 Early-stage chronic pancreatitis at transabdominal US.
The pancreatic parenchyma is inhomogeneous and coarse (lobu-
lated parenchyma)

Fig. 7.10 Chronic pancreatitis at transabdominal US with an in-
creased volume of the pancreatic gland and the presence of mul-
tiple calcifications

Fig. 7.11 a,b Chronic pancreatitis with small calcifications at
percutaneous B-mode US (a, arrows) which generate typically
twinkling artifacts at color-Doppler mode (b, arrows)

b

a



flecting granular interface such as pancreatic calcifica-
tions [27]. The demonstration of pancreatic calcifica-
tions may be improved by the use of harmonic imaging
and high resolution US, by using high US beam fre-
quency, increasing US diagnostic accuracy [15]. Intra-
ductal plugs with little or no calcium carbonate deposits
appear at US as echoic spots almost without posterior
shading (Fig. 7.8). The high spatial and contrast reso-
lution of current US systems allow an accurate identi-
fication of pancreatic microcalcifications and microde-
posits. Intraductal deposits such as plugs (Fig. 7.8) if
not yet calcified can be better identified by means of
the US than the CT study.

A further important sign of chronic pancreatitis is
the dilatation of the main pancreatic duct of more than
3 mm [28, 29] (Fig. 7.12). However, in chronic pan-
creatitis the main pancreatic duct can also be not yet
dilated but irregular in course (Fig. 7.13). Former stud-
ies have found that for the sonographic diagnosis of
chronic pancreatitis pancreatic duct dilation is the most
easily identified sign with a sensitivity of about 60%–
70% and a specificity of about 80%–90% [28, 29].

Focal pancreatitis typically involves the pancreatic
head [23]. The differentiation of mass-forming pancre-
atitis from ductal adenocarcinomas is notoriously prob-
lematic due to their similar patterns [12]. Mass-forming
pancreatitis usually occurs in patients with a history of
chronic pancreatitis and must be differentiated from
pancreatic ductal adenocarcinoma. The differential di-
agnosis with a neoplastic disease may be difficult due
to the very similar US features, presenting in most
cases as a hypoechoic mass, and also because mass-

forming pancreatitis and pancreatic cancer may present
with the same symptoms and signs [12]. The presence
of small calcifications at US in the lesion may suggest
its inflammatory nature, but this is low in specificity
[12]. For diagnosis, biopsy is often mandatory. In many
cases fine needle aspiration (FNA) or biopsy is in fact
still necessary and can be US-guided either percuta-
neously or endoscopically.

CEUS can improve the differential diagnosis between
mass-forming pancreatitis and pancreatic adenocarci-
noma [30]. In particular, while ductal adenocarcinoma
remains hypoechoic in all contrast-enhanced phases, due
to its intense desmoplastic reaction with poor mean vas-
cular density of the lesion, the inflammatory mass shows
parenchymal enhancement in the early contrast-enhanced
phase [12, 30]. The CEUS finding consistent with an in-
flammatory origin is therefore the presence of parenchy-
mal enhancement similar to that of the adjacent pancreas
during the dynamic study. The intensity of this parenchy-
mal enhancement is related to the length of the underlying
inflammatory process. It has been observed that, the
more the inflammatory process is chronic and long-
standing, the less intense is the intralesional parenchymal
enhancement, probably in relation to the entity of the
associated fibrosis. As opposed to this, in mass-forming
pancreatitis of more recent onset the enhancement is
usually more intense and prolonged [31-34].

Autoimmune pancreatitis is a rare cause of recurrent
acute or chronic pancreatitis. It is characterized by
periductal inflammation, caused by infiltration of lym-
phocytes and plasma cells, with evolution to fibrosis
[35, 36]. In most cases, the echogenicity is reduced
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Fig. 7.12 Late-stage chronic pancreatitis at transabdominal US.
The pancreatic duct is dilated (5 mm) and shows an irregular
course. For better delineation the linear probe is used

Fig. 7.13 Early-stage chronic pancreatitis at transabdominal US.
The pancreatic duct (arrow) is not dilated but shows an irregular
course. For better delineation the linear probe is used



(Fig. 7.14), the gland volume shows focal (Fig. 7.14)
or diffuse (sausage-like) enlargement, and the pancre-
atic duct may be compressed by glandular parenchyma
(Fig. 7.14). US findings are characteristic in the diffuse
form when the entire gland is involved. In the focal
form US features are less characteristic and very similar
to those of mass-forming chronic pancreatitis. Focal
autoimmune pancreatitis at the pancreatic head is often
characterized by the dilation of the common bile duct
alone [37]. The vascularization of autoimmune pan-
creatitis can be demonstrated at CEUS showing rela-
tively intense parenchymal enhancement. CEUS of au-
toimmune pancreatitis shows fair and often from
moderate to marked enhancement in the early contrast-
enhanced phase, though inhomogeneous [37]. The
CEUS findings may be especially useful in the study
of focal forms of autoimmune chronic pancreatitis, in
which differential diagnosis with ductal adenocarci-
noma is a priority [30].

7.4 Pseudocysts

Pseudocyst of the pancreas is a fluid collection that
contains pancreatic enzymes, surrounded by a fibrotic
wall with no epithelial layer. They are caused by pan-
creatic ductal disruption following increased luminal
pressure, either due to stenosis or calculi obstructing
the ductal system, or as a result of parenchymal necro-
sis. Pseudocysts complicate the course of pancreatitis
in 30% to 40% [38], appearing 3-6 weeks or longer
following fluid collection organization [15].

At US a pseudocyst is seen as a sharply delineated

and anechoic lesion with distal acoustic enhancement,
and it is typically oval or round (Fig. 7.15). Sometimes
it may have inclusions (debris), thus simulating a cystic
tumor (e.g. cystadenoma or cystadenocarcinoma). Only
if there is a history of acute or chronic pancreatitis or
there are imaging signs of chronic pancreatitis can the
diagnosis of pseudocysts be considered. Pseudocysts
must be differentiated from pancreatic cystic tumors,
especially mucinous cystadenoma, as they require com-
pletely different therapeutic approaches. CEUS can im-
prove the differential diagnosis between pseudocysts
and cystic tumors [39, 40]. Differential diagnosis be-
tween pseudocysts and cystic tumors of the pancreas is
more reliable thanks to the evaluation of the vascularity
of intralesional inclusions. Even if characterized by an
inhomogeneous content at US, all the inclusions in
pseudocysts are always completely avascular, becoming
homogeneously anechoic during CEUS examination
[40]. In fact, in contrast to CT and MRI the results of
the CEUS study of a pseudocyst may be different. Har-
monic microbubble-specific software filter all the back-
ground tissue signals during CEUS examination and
this makes the examination accurate for distinguishing
debris from tumoral vegetations. Therefore the accuracy
of CEUS in the diagnosis of pseudocyst is high [39].
The wall of the pseudocysts may be more or less vas-
cular at imaging and also at CEUS [39, 40].

Pseudocyst may be followed up if small in size and
if not complicated and without involvement of adjacent
structures. Otherwise drainage or surgical treatments
have to be considered. The surgical approach is rec-
ommended if an open communication between the
pseudocyst and the ductal system exists.
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Fig. 7.15 Pancreatic pseudocyst at transabdominal US
Fig. 7.14 Autoimmune pancreatitis at transabdominal ultrasound
with focal enlargements of the pancreatic gland (red arrows) and
compression of the pancreatic duct (white arrows)



Pancreatic pseudocysts can involve adjacent organs
[14] and the duodenum (Fig. 7.16), stomach and colon.
Furthermore, fistulas between pseudocysts and the bile
duct system have been reported [41].

The identification of small cystic formations in a
thickened duodenal wall on the pancreatic side is how-
ever a specific finding for cystic dystrophy of the duo-
denal wall [42]. Cystic dystrophy of the duodenal wall
and groove pancreatitis are in a border site (groove re-
gion) between the pancreas and duodenum, a site that
can be correctly evaluated with EUS.

Bleeding is a further severe complication due to ero-
sion and may occur into the pseudocyst or into the gas-
trointestinal tract or peritoneal cavity. When bleeding
occurs into the pseudocyst, the cyst changes in
echogenicity and may enlarge causing pain and pressure
effects or blood may pass through the main pancreatic
duct into the duodenum, which is known as hemosuccus

pancreaticus. An additional issue is whether bleeding
is caused by erosion of a vessel wall or because of rup-
ture of a pseudoaneurysm. The splenic artery appears
to be the most common artery involved with major
bleeding (Fig. 7.17). Helpful information can be ob-
tained by Doppler US [43, 44].
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8.2 Pathology and Epidemiology

Ductal adenocarcinoma is the most common primary
malignancy of the pancreas, accounting for 80% of ma-
lignant pancreatic tumors and almost three-fourths of
all pancreatic cancers [8-10]. Macroscopically, pancre-
atic ductal adenocarcinoma is a white-yellow and firm
mass owing to the presence of fibrosis and desmoplasia,
with infiltration of the ductal epithelium [7]. Micro-
scopically, it is composed of infiltrating glands sur-
rounded by dense and reactive fibrous tissue [11]. The
presence of intratumoral fibrosis and necrosis, typical
for highly aggressive types with a reduction in the mi-
crovascular density and in perfusion, the presence of
perineural invasion and distant metastases (commonly
in the liver, lungs, peritoneum and adrenal glands)predict
a worse survival [9, 10, 12-14].

In more than 95% of cases, regardless of the site of
localization, pancreatic ductal adenocarcinoma is di-
agnosed at an advanced stage, with locally advanced
or metastatic disease requiring palliative therapy [12-
14]. Only 10 to 20% of patients are candidates for sur-
gery [11]. The prognosis and the treatment approach
are based on whether the tumor is resectable or non-re-
sectable at presentation, which is mostly dependent on
the time of diagnosis [2].

8.3 Adenocarcinoma

8.3.1 Detection

The detection of a pancreatic ductal adenocarcinoma at
transabdominal US is basically related to both explo-

8.1 Introduction

Diagnostic imaging plays a crucial role in the study of
pancreatic tumors, with the primary aims being their
correct detection and characterization [1, 2]. A further
accurate staging is of fundamental importance for treat-
ment planning. Ultrasonography (US) is often the non-
invasive imaging modality chosen for the first evalua-
tion of the pancreas, as it is inexpensive, easy to perform
and widely available [3]. The more precise and accurate
the initial evaluation, the more appropriate the man-
agement of the patient will be. In recent decades, the
introduction of new technologies has improved the im-
age quality of conventional imaging with very high
spatial and contrast resolution [4-6]. Adenocarcinoma
is the most common primary malignancy of the pan-
creas, thus each single pancreatic solid mass detected
at US has a high probability of being an adenocarci-
noma. Otherwise not all the solid pancreatic masses
detected at US are adenocarcinoma [7]. Therefore im-
proving the US capability for the characterization and
differential diagnosis will lead to both a faster diagnosis
of ductal adenocarcinoma and a more accurate differ-
ential diagnosis in respect to other pancreatic tumor
histotypes or non-neoplastic mass-forming conditions.

This chapter is focused on the actual possibility of
detection and characterization, considering the most
clinically relevant differential diagnoses, and staging
of pancreatic ductal adenocarcinoma by means of US.
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ration of the pancreatic region and conspicuity of the
lesion in terms of size and echogenicity. Good visuali-
zation of the gland, which is difficult in the presence of
tympanites or in obese patients, can be achieved by ap-
plying compression with the probe. Filling the stomach
with water is not useful and makes compression more
difficult. Moreover air bubbles are ingested together
with the water generating artifacts. Patient position is
also important. Changing the patient decubitus, such as
on the left or right flank or in orthostasis, can provide a
good visualization of the pancreatic region. These op-
erations take time but very often a good result can be
obtained [3, 15, 16]. On the other hand, a good con-
spicuity of the lesion is almost always instantaneous at
US [1]. The high spatial resolution makes the US ex-
amination able to detect even very small pancreatic ade-
nocarcinoma (Fig. 8.1). In fact, it has been argued that
acoustic impedance of ductal adenocarcinoma is very
low, with a significant difference between the lesion

and the pancreatic adjacent parenchyma always present
[3]. This is the reason why the adenocarcinoma is usually
markedly hypoechoic with respect to the pancreas (Fig.
8.2). Moreover this difference in impedance between
the lesion and the adjacent parenchyma is sometimes
greater than that observed at CT between beam attenu-
ation in both pre- and post-contrast enhancement phases
[3, 17, 18]. This could be experimentally proved by
measuring and comparing the difference in echogenicity
in respect to Hounsfield Units (HU) of the same lesion
(Fig. 8.3) and explain some results already reported in
the literature [17]. Pancreatic lesions are detectable at
CT if a difference of 10-15 HU exists [18]. It has been
reported that up to 11% of pancreatic adenocarcinoma
at CT show no difference in attenuation compared to
the surrounding pancreatic tissue, the so-called isoat-
tenuating pancreatic adenocarcinoma [19-21]. Yoon et
al. [20] reported that 27% of small (≤20 mm) pancreatic
adenocarcinoma are isoattenuating at CT so not directly
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Fig. 8.1 a-c Small pancreatic adenocarcinoma. US (a) incidental detection of a small hypoechoic nodule (arrow) in the uncinate
process of the pancreas appearing hypovascular (arrow) at CEUS (b) with final diagnosis of small ductal adenocarcinoma (arrow)
at pathology (c)

a b c

Fig. 8.2 a,b Small pancreatic adenocarcinoma. US (a) direct identification of a ductal adenocarcinoma of the pancreatic body ap-
pearing hypoechoic (arrow), but isoattenuating (arrow) at CT (b)

a b



visible without the use of some secondary signs. But
direct visualization (Fig. 8.2) is essential for the assess-
ment of tumor dimensions and local staging. Moreover
small well-differentiated pancreatic adenocarcinomas,
which are associated with a better survival rate after re-
section, are isoattenuating in more than 50% of cases
[20, 22]. Magnetic resonance imaging (MRI) and
PET/CT, but also US (Figs. 8.2, 8.3) and contrast-en-
hanced ultrasound (CEUS) (Fig. 8.4), may be useful
for detecting the lesion invisible at CT or if CT findings
are inconclusive or when the patient is only suspected
of having the lesion at CT [21]. In these cases in fact a
simple US can cover the role of problem solving, in the
same examination session, as the lesion can usually be
immediately detected owing to its hypoechoic appear-
ance and better conspicuity (Figs. 8.2-8.4) [17]. Hence

the integration of different imaging modalities is some-
times better for tumor detection yet in the first exami-
nation session to gain faster diagnosis [1].

The sensitivity and specificity of US in the detection
of pancreatic adenocarcinoma varies in the medical lit-
erature, owing to the obvious impact of operator expe-
rience on the results. The mean sensitivity ranges from
72% to 98%, lower than that reported for CT, whereas
specificity exceeds 90% [8, 17, 23, 24].

Regarding size, tumors smaller than 1 cm and limited
to the ductal epithelium are considered early pancreatic
duct adenocarcinoma [25, 26]. The imaging method with
the highest possible resolution to visualize pancreatic tu-
mors is endoscopic ultrasound (EUS), which takes ad-
vantage of the direct exploration of the gland [27-31].
Consequently all the described aspects of US detection of
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Fig. 8.3 a-d Pancreatic adenocarcinoma. a,b High difference in echogenicity between the pancreatic head lesion appearing
hypoechoic (ROI in a) with respect to the pancreatic body (ROI in b). c,d Low difference in Hounsfield unit of the same lesion (ROI
in c) with respect to the body-tail (ROI in d)

c d
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pancreatic adenocarcinoma give better results. Tumors
even smaller than 5 mm can be detected [8]. However,
EUS cannot be used as a screening imaging method be-
cause of its mini-invasive approach. In addition, the pro-
cedure is complex to perform and different results have
been reported in the literature, also in this case strongly
correlated with the experience of the investigator [32, 33].

Even though the detection of pancreatic adenocarci-
noma is a crucial point, most of the up to date diagnostic
imaging methods show good sensitivity in an otherwise
unchanged gland. The real problem for the differential
diagnosis arises when the pancreatic tissue shows in-
flammatory changes. In comparative studies, the speci-
ficity of the major diagnostic tools are as low as 60-
80%, not enough to guide clinical decisions [27]. Thus,
the main efforts nowadays should focus on appropriate
selection of the patient population at risk of developing
pancreatic cancer requiring adequate diagnostic methods
rather than increasing resolution of the imaging method.

At US, pancreatic adenocarcinoma almost always
presents as a solid and markedly hypoechoic mass (Fig.

8.5) in comparison to the adjacent pancreatic parenchyma
due to the very low US acoustic impedance of the tumor
[3]. The main pancreatic duct is often infiltrated and di-
lated upstream. A tumor located in the pancreatic head
also determines the dilation of the common bile duct
(double-duct sign) [34, 35]. Thus, the identification of
duct dilation with abrupt cutoff has to be considered a
secondary sign suspicious of pancreatic cancer. Moreover
due to the fact that the most common pancreatic tumor
is the adenocarcinoma and most of them are localized in
the head of the gland, a dilated pancreatic duct with
abrupt cutoff is the most important sign for early detec-
tion even if the tumor itself cannot be visualized [36].
As a consequence, patients with unexplained dilatation
of the pancreatic duct with abrupt cutoff should be re-
ferred to more specific imaging methods.

The newer US applications able to evaluate tissue
stiffness could be used in the near future also to detect
pancreatic lesions not visible at conventional US based
on differences in acoustic impedance with respect to
the adjacent parenchyma (Fig. 8.6).
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Fig. 8.4 a-d Pancreatic adenocarcinoma. US (a) direct identification of a ductal adenocarcinoma of the pancreatic neck appearing
hypoechoic next to the superior mesenteric vein (blue) and hypoenhancing (arrow) at CEUS (b). Diagnosis of adenocarcinoma con-
firmed at pathology (c). The tumor is isoattenuating at CT (d)

d
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8.3.2 Characterization and Differential

Diagnosis

Pancreatic adenocarcinoma, as previously reported, typ-
ically presents at conventional US as a solid hypoechoic
lesion with upstream dilation of the main pancreatic

duct. The tumor is characterized by infiltrative margins
and early diffusion of the tumor in the adjacent
parenchyma and structures, justifying the often lack of
clear-cut margins at US [1, 3]. As a result, sometimes
the lesion can be difficult to identify or delineate. Har-
monic US and compound techniques may improve the
correct identification of the margins of the tumor [4].
The double duct sign can be observed in the presence
of lesions located in the pancreatic head [34]. In highly
aggressive form, necrosis and liquefaction are common,
resulting from the difference between tumor growth
rate and formation of new microvessels from neoan-
giogenesis [1]. The necrotic/liquid part of the tumor is
mainly located centrally.

Real-time elastography [Hitachi Medical Systems,
Tokyo, Japan] is a real-time technique able to improve
the differential diagnosis between pancreatic lesions,
displaying the mechanical hardness of examined tissues
thus providing important additional information [31,
37, 38]. Basically, as a result of marked desmoplasia
which is very often present in pancreatic adenocarci-
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a b

Fig. 8.5 a-e Pancreatic adenocarcinoma. US: hypoechoic pancreatic head mass (a). CEUS: hypovascular pancreatic head mass (b).
Pathology: adenocarcinoma of the pancreas with marked desmoplasia (c), high fibrous changes (d) and low mean vascular density
(e) at CD34 immunohistochemical staining

c ed

Fig. 8.6 Small focal pancreatic lesion. Isoechoic small pancreatic
focal lesion detected at ARFI US imaging



noma, the tumor appears stiff at transabdominal (Fig.
8.7) and endoscopic (Fig. 8.8) elastographic evaluation
[1, 39, 40]. The quantitative analysis i.e. by means of
Virtual touch tissue quantification (Siemens, Erlangen,
Germany), makes the results more objective and re-
producible. The wave velocity value measured inside a
pancreatic ductal adenocarcinoma is higher (usually

>3 m/s; Fig. 8.7) than that in the adjacent parenchyma
(mean value in the healthy pancreas of 1.4 m/s) [1, 6].

At Doppler study, the detection of tumor vessels
within the lesion often characterizes hypervascular
masses (i.e. endocrine tumors), while no tumor vessels
are usually observed within hypovascular ones, such
as pancreatic ductal adenocarcinoma (Fig. 8.9) [5, 41].
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Fig. 8.7 a-c Small pancreatic adenocarcinoma. US incidental detection of a pancreatic small stiff (black) hypoechoic nodule at
ARFI imaging (a) with high wave velocity value (Vs=3.54) at ARFI quantification (b) in respect to the normal adjacent pancreatic
parenchyma (c)

a b c

Fig. 8.8 a-c Dynamic study using high and low mechanical index (MI) CE-EUS and endoscopic elastography of pancreatic adenocar-
cinoma. a Elastography of a pancreatic carcinoma, the dense structure of the carcinoma is shown in blue codification of the elastography.
b Only few vessels are visible using high MI CE-EUS in color-Doppler mode. c Poor enhancement of the lesion using low MI CE-EUS

a b c

Fig. 8.9 a,b Pancreatic adenocarcinoma. Hypoechoic pancreatic head mass (arrow) without intralesional vascular signals at color-
Doppler examination (a) appearing typically markedly hypovascular, hypoenhancing (arrow) at CEUS (b)

a b



The introduction of contrast agents has significantly
strengthened US, increasing the accuracy of the first-
line examination in the characterization of pancreatic
tumors (especially pancreatic adenocarcinoma) [12, 42-
45]. To discriminate between the most common focal
pancreatic lesions, transabdominal and EUS studies
with contrast agents achieve similar results [1, 46-48].

Ductal adenocarcinoma shows poor enhancement
in all phases at transabdominal (Figs. 8.1, 8.5, 8.9) and
contrast-enhanced EUS (CE-EUS) (Fig. 8.8). In fact
the mean vascular density (MVD) is low and often in-
ferior to the normal pancreatic parenchyma [12, 49,
50]. The marked desmoplasia (Fig. 8.5) and the low
MVD of the lesion, together with the presence of necro-
sis or mucin justify the typical imaging features [12].
So at CEUS ductal adenocarcinoma typically presents
as a hypoenhancing mass (Figs. 8.5, 8.9) compared to
the adjacent parenchyma. This pattern is present in
about 90% of cases [43, 51, 52]. As reported in the PA-
MUS multicenter study (Pancreatic Multicenter Ultra-
sound Study) among the 987 adenocarcinomas in-
cluded, 891 (90%) were hypovascular [52]. In a
personal series of 112 solitary undetermined pancreatic
masses, the hypoenhancemement as a sign of ductal
adenocarcinoma showed a sensitivity of 90%, speci-
ficity of 100% and an accuracy of 93.8% (Table 8.1).

The MVD of pancreatic adenocarcinoma is influ-
enced by different degrees of tumor differentiation. It
has been shown that the enhancement pattern at CEUS
correlates with tumor differentiation, aggressiveness
and prognosis [12]. In particular, a markedly hypovas-
cular pattern with avascular intratumoral areas identifies
undifferentiated adenocarcinoma. And for this reason,
this pattern of enhancement appears as a useful param-
eter for preoperative prognostic stratification. Moreover,
CEUS can demonstrate changes in tumor vascularity
during chemotherapy, raising the hope for a future ap-
plication in clinical practice [49, 53].

Moreover, during CEUS examination tumor margins
and size are better visible (Fig. 8.10), as well as the re-
lations with peripancreatic arterial and venous vessels

for local staging and presence of metastatic lesions for
liver staging [1, 44, 45, 54, 55].

Compared to US, CEUS can also improve the dif-
ferential diagnosis between mass-forming pancreatitis
and pancreatic adenocarcinoma. In particular, while
ductal adenocarcinoma remains hypoenhanced during
all the dynamic phases, the inflammatory mass shows
a parenchymal enhancement, as reported by published
data from the Verona group [56]. The presence of a
parenchymal enhancement somewhat similar to that of
the adjacent pancreas during the dynamic study is there-
fore a CEUS finding consistent with an inflammatory
origin. The intensity of this parenchymal enhancement
is related to the length of the underlying inflammatory
process [57]: the more chronic and long-standing the
inflammatory process, the less intense the intralesional
parenchymal enhancement. It is likely that this is related
to the entity of the associated fibrosis. In contrast, in
acute mass-forming pancreatitis the enhancement is
usually more intense and prolonged [56].

It can be concluded that the use of CEUS can in-
crease the differential diagnosis between pancreatic le-
sions by far and should be recommended in patients
with a visualization of the gland at US. Contrast en-
hanced transabdominal and EUS are nowadays reported
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Table 8.1 Accuracy of hypoenhancement as a sign of ductal adenocarcinoma

Sensitivity [%] Specificity [%] PPV [%] NPV [%] Accuracy [%]
Hypoenhancemement as a sign of adenocarcinoma 90.0 100 100 85.7 93.8

(80.5-95.9) (91.6-100) (94.3-100) (72.8-94.1) (87.6-97.5)
Hyperenhancement as a sign of non-adenocarcinoma 100 90.0 85.7 100 93.8

(91.6-100) (80.5-95.9) (72.8-94.1) (94.3-100) (87.6-97.5)

Fig. 8.10 Pancreatic adenocarcinoma. Pancreatic head mass hy-
poechoic at US (right) and hypoenhancing at CEUS (left) with
different dimension (diameter 1 vs 2) at the two examinations



in the literature as valuable imaging methods for the
characterization of pancreatic lesions.

In summary, at CEUS examination pancreatic ductal
adenocarcinoma usually presents as an ill-defined mass,
showing poor enhancement in all dynamic phases. So
a solid hypovascular pancreatic mass at CEUS has to
be considered a ductal adenocarcinoma until proven
otherwise.

8.3.3 Local and Liver Staging

The pancreatic study must include the evaluation of
the adjacent vascular structures, mainly to distinguish
between resectable and non-resectable lesions. The pre-
served echogenic fatty interface between tumor and

vessels or a short contiguity between them suggest the
resectability of the lesion, whereas the infiltration or
compression or encasement imply unresectability, es-
pecially from an oncologic point of view [17, 58-61].

At conventional US, the vascular invasion is defined
by a focal disappearance of the echogenic interface
(Fig. 8.11) forming the vessel wall, or by a narrow lu-
men [1]. In cases of pancreatic head tumor, the simple
evaluation of the site of potential resection for a duo-
denopancreatectomy can immediately indicate unre-
sectability. In particular, if the dilated pancreatic duct
stops at the same level as the superior mesenteric vein
the pancreatic neck can be involved making pancreatic
resection unsafe at this level.

To improve the visualization of tumor margins and
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Fig. 8.11 a,b Local staging of pancreatic adenocarcinoma. a US local staging of a hypoechoic pancreatic head mass (T) infiltrating
the superior mesenteric vein (arrow) with focal disappearance of the echoic interface between the tumor and the lumen of the vessel.
b Intraoperative confirmation of a neoplastic tangential infiltration of the superior mesenteric vein

a b

Fig. 8.12 a,b Local staging of pancreatic adenocarcinoma. a Color-Doppler US local staging of a hypoechoic pancreatic head mass
(T) infiltrating the superior mesenteric vein (colored) with typical teardrop deformation. b Color-Doppler US local staging of a hy-
poechoic pancreatic head mass (T) infiltrating the superior mesenteric artery (colored)

a b



vessel walls, harmonic, compound and Doppler-based
imaging can be used; the aim is not only to gain the best
visualization of the tumor margins but also to gain a
better evaluation of the relationship between them and
major peripancreatic vessels (Fig. 8.12). At harmonic
and compound imaging the conspicuity of the lesion is
increased with a better delineation of the tumor, while
some Doppler based imaging such as Clarify Vascular
Enhancement (Acuson, Siemens) enhances the B-mode
display with information derived from power-Doppler,
clearly differentiating vascular anatomy from acoustic
artifacts and surrounding tissue (Fig. 8.13) [59, 62].

At Doppler, localized aliasing and mosaic pattern are
waveform changes due to increased flow velocities and
turbulent blood flow at the site of a vascular stenosis,
due to the presence of a pancreatic lesion involvement,
which can be confirmed with duplex Doppler interroga-
tion [60, 61]. Downstream from the infiltrated tract the
flow velocity decreases, with the typical parvus et tardus
waveform [17]. However, these hemodynamic changes
usually occur in advanced tumors only, when vascular
involvement is usually obvious at grey scale as well.
Color-Doppler has contributed to assessing the involve-
ment of the major peripancreatic arteries and of the portal
venous system. The arterial infiltration of the tumor can
involve the superior mesenteric, the splenic, celiac, hepatic
and left renal arteries, in descending order of frequency.
Venous involvement can affect the superior mesenteric,
splenic, portal and left renal veins. In the presence of tu-
mor encasement of the superior mesenteric vein, changes
in blood flow velocity at Doppler study can be detected.

However, a normal waveform does not exclude infiltration
of the superior mesenteric and portal veins [1].

Several studies have evaluated the role of color-
Doppler in assessing the arterial involvement by pan-
creatic cancer, suggesting its accuracy greater than gray-
scale US [5, 17, 58-60]. In fact, color-Doppler US allows
recognition of vessels that are barely visible with grey
scale US because of small caliber or deep location.

Combining grey scale and color-Doppler US, sensi-
tivity, specificity, and overall accuracy of 79%, 89%,
and 84% have been reported for the diagnosis of vas-
cular involvement from pancreatic tumor [5]. When in-
volvement of the portal vein is considered, sensitivity,
specificity and overall accuracy of 74%, 95%, and 89%
have been reported [60]. When in contrast only peri-
pancreatic arteries are considered, sensitivity of 60%,
specificity of 93% and overall accuracy of 87% were
found [63]. Most false negative results occur in patients
with limited venous involvement of the portal-mesen-
teric junction [5].

New technologies that use digitally encoding tech-
niques to suppress tissue clutter and improve sensitivity
for direct visualization of blood reflectors have been
developed such as Bflow imaging (GE Medical Systems
Co., Milwaukee, WI, USA) and eflow imaging (Aloka,
Tokyo, Japan) [5]. The weak signals from blood echoes
are enhanced and correlated with the corresponding sig-
nals of the adjacent frames to suppress non-moving tis-
sues. The rest of the data processing is essentially the
same as in conventional grey-scale imaging. In com-
parison with Doppler techniques these new US flow
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Fig. 8.13 a,b Local staging of pancreatic adenocarcinoma. a Doppler based US imaging of a hypoechoic head-uncinate process
pancreatic mass (T) infiltrating the superior mesenteric vein with millimetric focal disappearance (arrow) of the echoic interface be-
tween the tumor and the lumen of the vessel. b Confirmation on the specimen of the focal tumoral infiltration resulting in a
millimetric interruption (arrow) of the surface for the superior mesenteric vein

a b



imaging modalities are not affected by aliasing and have
the advantages of a significantly lower angle dependency
and better spatial resolution with reduced overwriting
[64]. As a consequence, evaluation of vessel profiles is
markedly improved.

Usually tumor involvement of adjacent vessels es-
tablished by means of US and Doppler study can be
confirmed at CEUS. CEUS is reported to be very useful
in establishing non-resectable patients already considered
resectable on primary radiologic image material [65].

Moreover at CEUS, the evaluation of the whole liver
is mandatory after pancreatic study [45, 55]. The late
phase of enhancement, 120 s after bolus injection, is
the best for the detection of metastatic liver lesions and
each solid hypoechoic focal liver lesion detected during
the late phase should be considered a metastasis until
otherwise proven [45, 54, 55].

8.4 Neuroendocrine Tumor

Pancreatic neuroendocrine tumors or islet cell tumors
arise from the neuroendocrine cells of the pancreas.

These tumors are classified as functioning or non(hy-
per)functioning based on the presence or absence of
symptoms related to hormone production. Insulinomas
and gastrinomas are the most common functioning islet
cell tumors and are usually small at the time of diagno-
sis [1, 66]. Insulinomas are usually benign and solitary
lesions, while gastrinomas tend to be larger, malignant
and multiple. Nonfunctioning tumors are frequently
large at presentation and often malignant [67].

The diagnosis is usually based on clinical and bio-
chemical work-up. Diagnostic imaging is needed to lo-
calize the tumor and to study the relations with vital
structures for potential surgical resection. Abdominal
US can detect only about 60% of isolated islet cell tu-
mors. Better results in tumor detection are reported for
EUS [67].

8.4.1 Functioning

Insulinomas are the most frequently found functioning
neuroendocrine tumor of the pancreas (about 60% of
all neuroendocrine tumors) and in the majority of cases
are benign (85-99%) and solitary (93-98%) [3]. Preop-
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Fig. 8.14 a-d Pancreatic insulinoma. US (a) detection of a small hypoechoic nodule (caliper) with small intralesional vessels at
color-Doppler evaluation (b). At CEUS (c) the nodule is hypervascular hypoenhancing (arrow) in the early dynamic phases.
Resected specimen (d) with final diagnosis of insulinoma

a b
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erative US detection of insulinomas is sometimes dif-
ficult but possible. The US detection rate of insulinomas
has steadily increased in recent years, thanks to the in-
crease in spatial, lateral and contrast resolution provided
by technologic developments [68]. The majority of in-
sulinomas appear at US as hypoechoic nodules, usually
capsulated, and hyperenhancing at CEUS (Fig. 8.14).
Sometimes very small calcifications can be present, es-
pecially in the larger lesions [66, 67]. At the time of
clinical presentation 50% of the tumors are smaller
than 1.5 cm [68, 69]. When rarely malignant, they are
generally greater than 3 cm and about a third of these
have metastases at the time of diagnosis [3].

Gastrinomas are the second most frequently found
functioning neuroendocrine tumors of the pancreas
(about 20% of all neuroendocrine tumors) and differ
from insulinomas by site, size and vascularity [1, 69,
70]. They occur within the gastrinoma triangle (junction
of the cystic duct and common bile duct – junction of
the second and third parts of duodenum – junction of
the head and neck of the pancreas) of which only the
pancreatic side can be correctly explored by US [3].
Identification of pancreatic gastrinomas can be easy
considering their moderate size. Liver metastases are
present in 60% of cases at the time of diagnosis [69].

The other functioning neuroendocrine tumors
(VIPoma, glucagonoma and somatostatinoma) are rare;
all together they account for about 20% of the func-
tioning neuroendocrine tumors of the pancreas [67-69].

8.4.2 Non(hyper)functioning

Nonfunctioning islet cell tumors (NFETs) account for up
to 33% of the neuroendocrine tumors of the pancreas
ranging from 1 to 20 cm in diameter and showing a high
malignancy rate, up to 90% [7]. They are, however, less
aggressive than ductal adenocarcinoma. The clinical pres-
entation of NFETs is nonspecific being due to the mass
effect. In fact, these tumors, predominantly characterized
by expansive growth, are clinically silent until adjacent
viscera and structures are involved [67]. At US they
appear well marginated and usually easy to detect thanks
to their large size which justify their tendency to necrosis
and hemorrhage giving them a typical nonhomogeneous
appearance, sometimes with very small internal calcifi-
cations [4, 66, 71]. Larger nonfunctioning islet cell tumors
show cystic degeneration or cystic change [69]. A well-
organized relationship between neoplastic cells and
neovessels travelling into the tumor stroma exists and

explains the hypervascular pattern [72]. For this reason
the characterization depends on the demonstration of
their hypervascularity [70-72]. Imaging differential di-
agnosis between NFETs and ductal adenocarcinoma is
fundamental for therapeutic strategy and prognosis. At
color- and power-Doppler US a spotted pattern can be
demonstrated inside the endocrine tumors [5]. However,
Doppler silence can be present in hypervascular endocrine
tumors because of the small size of the lesion or of the
tumor vascular network [1, 5]. At CEUS different en-
hancement patterns can be observed in relation to the
size of the tumor and its vessels [42]. NFETs show a
rapid intense enhancement in the early dynamic phases
at transabdominal (Fig. 8.15) and endoscopic (Fig. 8.16)
CEUS, with exclusion of the necrotic intralesional areas,
and microbubble entrapment in the late phase [42, 70].
In moderate-size tumors a capillary blush enhancement
can be present in the early phase, mirroring the most
characteristic angiographic feature of these tumors [72].
Considering that the characterization of NFETs at imaging
is mainly linked to their frequent hypervascularity, a high
sensitivity in the detection of tumor macrocirculation and
microcirculation is required [42, 71]. Last but not least,
nonfunctioning neuroendocrine tumors can be hypovas-
cular [70]. This is directly related to the amount of stroma
inside the lesion which is dense and hyalinized. However,
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Fig. 8.15 Non hyperfunctionning neuroendocrine tumor. US:
solid hypoechoic mass (N) of the pancreatic body. Color-Doppler
US: small intralesional vessels (arrow). CEUS: hypervascular
mass (*) of the pancreatic body



in some pancreatic neuroendocrine tumors appearing hy-
podense at dynamic CT, a clear enhancement is visible
at CEUS [70]. The high capability of CEUS in demon-
strating pancreatic tumor vascularity is a result of the
high resolution power of the state-of-the-art US imaging,
combined with the size and the distribution (blood pool)
of the microbubbles [1, 30]. CEUS may improve identi-
fication and characterization of endocrine tumors allowing
an accurate locoregional and hepatic staging as reported
by Malagò et al. [72]. In the same paper, the authors re-
ported good positive correlation between CEUS pattern
and Ki67 index, which is considered the most reliable
independent predictor of tumor malignancy. A prognostic
stratification based on CEUS evaluation of whole tumor
could therefore be considered.

8.5 Incidental Solid Pancreatic Lesion:
Risk Factor and Management

At conventional US the detection of a solid hypoechoic
mass in the pancreatic gland should be considered a
ductal adenocarcinoma until proven otherwise, so re-
quiring rapid and adequate management. However, US
can occasionally still be not accurate in defining the
solid or cystic nature of the lesion.

CEUS is a safe and feasible imaging method to
better characterize pancreatic lesions immediately after
US detection. At US the detection of a focal pancreatic
lesion requires a first mandatory differentiation between
its solid or cystic nature and CEUS is able to best solve
this task (Fig. 8.17), thus playing a key role in the man-
agement of patients.

A solid lesion requires multidetector computed to-
mography (MDCT) confirmation, while a cystic lesion

should be investigated with MRI. Therefore, the injec-
tion of contrast agents can improve the accuracy of the
first line investigation. Immediate diagnosis is very im-
portant especially when dealing with pancreatic ductal
adenocarcinoma [1].

Pancreatic ductal adenocarcinoma typically shows
poor enhancement during all the dynamic phases.
Therefore, at CEUS the detection of a solid hypoechoic,
hypovascular mass in the pancreatic gland has to be
considered a ductal adenocarcinoma until proven oth-
erwise. After immediate and mandatory CT staging,
surgical treatment can be more rapidly applied.
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Fig. 8.16 a-c Dynamic study using high and low mechanical index (MI) contrast-enhanced endosonography and endoscopic elas-
tography of neuroendocrine tumor. a Elastography of a neuroendocrine tumor: the tumor shows a dense structure in relation to the
surrounding pancreas. b High MI CE-EUS: many microvessels are visible using color-Doppler mode. c Low MI CE-EUS: hyper-
vascular appearance of the lesion (arrow) resulting hyperechoic

a b c

Fig. 8.17 CEUS in the work-up algorithm proposed for focal
pancreatic tumors detected at conventional ultrasonography



8.6 Special Topics

8.6.1 Mean Vascular Density (MVD) 

of Solid Tumor and Microvessel

CEUS is the only imaging method able to provide a
real-time evaluation of enhancement throughout all the
dynamic phases [1]. Real-time evaluation of enhance-
ment is possible by maintaining the same scanning frame
rate of the previous conventional B-mode examination
[42]. Dynamic observation of the contrast-enhanced
phases (early arterial, arterial, pancreatic, portal/venous
and late/sinusoidal phases) begins immediately after the
injection of a second generation contrast medium.

Pancreatic solid lesions, even if poorly vascular or
characterized by rapid-flow circulation, always show in-
tratumoral micro- and macrovasculature. Taking advan-

tage of a continuous observation of the contrast-enhanced
phases, CEUS allows a real-time study of the tumor vas-
cular network [1]. As a consequence, the study of tumor
vasculature shows better results at CEUS than at CT
[73]. Moreover, the correlation between CEUS pattern
and MVD of pancreatic tumors can be so strong that a
prognostic stratification, based on CEUS features, can
be proposed both for ductal adenocarcinoma [11] and
endocrine tumors [70]. In fact, association between MVD
and tumor aggressiveness has been already proved:
markedly hypovascular lesions, usually characterized by
necrotic degeneration, turn out to be undifferentiated at
pathology and having a worse prognosis [1].

To obtain a more objective evaluation of tumor per-
fusion at CEUS, a quantification analysis can nowadays
be obtained directly on the US scanner (Fig. 8.18). The
resulting color maps (Fig. 8.19) actually seem very
similar to those obtained at perfusion CT.
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Fig. 8.18 Pancreatic
adenocarcinoma: quantitative
perfusion analysis at CEUS.
The pancreatic tumor (blue
colored on the maps) shows
low enhancement (ROI
placed in the tumor) in
respect to the adjacent
parenchyma (ROI placed in
the pancreas), thus providing
an objective characterization
of the lesion based on the
evaluation of tumor
vascularity



Microvessels in pancreatic tumor are generally hard
to detect by unenhanced power or color-Doppler mode
with the exception of lesion with neuroendocrine origin.
However, US contrast enhancers can be used as signal
improving agents in high mechanical color-Doppler
mode especially during endoscopic study [47, 48]. Pre-
liminary results were published by Bhutani et al. [74].
The advantage of EUS in comparison to all other diag-
nostic methods is the high resolution, allowing the de-

scription of the vessel system and the discrimination be-
tween arterial and venous vessels. This could open up
new diagnostic possibilities. Chronic inflammatory pan-
creatic tissue can be differentiated from cancer tissue
just by analyzing those microvessels [28, 75-77]. The
typical finding of a chronic pancreatitis is a netlike rich
vessel system with regular appearance and arterial and
venous vessels side by side. On the other hand, the typical
finding of pancreatic cancer is a rarefication of irregular
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Fig. 8.19 Non-hyperfunctioning neuroendocrine tumor of the pancreas: quantitative perfusion analysis at CEUS. Pancreatic head
mass with large necrotic avascular central area (colored in blue on the map); surrounded by viable neoplastic tissue irregular in
thickness and vasculature (colored in green and red on the map). Enhancement quantification of the highest vascular portion of the
tumor can be obtained by drafting a ROI in a selected area on the colored map

Fig. 8.20 a-f Differential diagnosis of pancreatic carcinoma and chronic pancreatitis. Chronic pancreatitis (a-c). CE-EUS in high
MI Doppler mode with microvessel analysis (a), elastography (b) and CE-EUS in low MI mode (c): multiple vessels with venous
signal in high MI mode, honeycomb pattern in elastography and contrast enhancing effect in low MI mode. Pancreatic adenocarcinoma
(d-f). CE-EUS in high MI Doppler mode with microvessel analysis (d), elastography (e) and CE-EUS in low MI mode (f): only a
few arterial vessels are visible using pulse waved Doppler mode, blue color meaning dense structure in elastography and non
contrast enhancing effect in low MI mode

d e f

a b c



vessels and, using the contrast enhanced endoscopic
Doppler mode, no visible venous vessels in the lesion.
The visible difference between normal and cancerous
vessels can be described by pathology as well [78]. How-
ever, no investigation about arterial or venous microves-
sels is ongoing due to the major difficulty in discrimi-
nating vessels in microscopic dimensions without
immunostaining. The sensitivity and specificity of EUS
in the discrimination of chronic pancreatitis could be
improved to 91.7 and 95.9% using those criteria [48].
The results of our study are shown in Table 8.2.

The principle of the phenomenon consists of the in-
vasive and compressive behavior of the pancreatic tu-
mor. Therefore, the analysis of arterial and venous ves-
sels by contrast enhanced Doppler US is a reliable
method for discriminating chronic pancreatitis from
pancreatic carcinoma (Fig. 8.20).

8.6.2 Pancreatic Intraepithelial Neoplasia

(PanIN)

During the last few years due to the fatal prognosis of
pancreatic carcinoma, great efforts have been made to
investigate precursor lesions of invasive neoplasia. Pan-
creatic intraepithelial neoplasias (PanIN) have been
recognized as precursor lesions of ductal adenocarci-
noma, and are classified into different grades from
PanIN-1 to PanIN-3 [79]. Molecular analyses have
helped to define a progression model for pancreatic
neoplasia. The most important step seems to be the oc-
currence of a PanIN-3 lesion which defines a high risk
of malignant transformation [80].

PanIN-1A is a flat lesion with cylindrical epithelium
with small round nuclei and plenty of supranuclear
mucin. There is a broad overlap in histology to non-
neoplastic lesions and neoplastic lesions without atyp-
ical epithelium.

PanIN-1B is an epithelial lesion with papillar and mi-
cropapillar structures and straight architecture, otherwise
those lesions are comparable to the PanIN-1A lesions.

In PanIN-2 mucinous epithelial cells form flat le-
sions, but cell abnormalities are always present. The
nuclei are enlarged and show signs of pseudo-stratifi-
cations. Mitosis is seldom.

PanIN-3 is a polypoid lesion in a papillary or micropap-
illary structure with signs of necrosis. The nuclei are often
irregular and an increased mitosis rate is reported.

Whereas PanIN 1–2 lesions are invisible at EUS, there
is a chance of visualizing PanIN-3 lesions due to the pan-
creatic duct irregularities (Fig. 8.21), which can be cyto-
logically confirmed after fine needle aspiration [81].

As in PanINs, different types of intraductal papil-
lary-mucinous neoplasms (IPMN) can be discriminated
ranging from benign to invasive lesions. Becoming in-
vasive, some of these tumors appear as ductal adeno-
carcinoma, others as colloid carcinoma with a much
better prognosis [82, 83].

8.6.3 Autoimmune pancreatitis

The diagnosis of autoimmune pancreatitis (AIP) can
be difficult in cases of tumor like lesions mimicking
ductal adenocarcinoma of the pancreas. Real-time elas-
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Fig. 8.21 PanIN-3. PanIN-3 lesion (arrow) visible in EUS

Table 8.2 Results of contrast enhanced endosonography regarding criteria of hyper- and hypovascularity as well as vessel structure
and visibility of venous vessels

Chronic pancreatitis Pancreatic adenocarcinoma
Sum 73 121
Hypervascularity 55 28
Hypovascularity 18 93
Irregular vessels 21 97
Venous vessels 70 10



tography [84] is helpful in the differential diagnosis.
Patients with AIP typically present with a unique pattern
of mainly blue (stiff) colour signals not only in the tu-
mour but also evenly spread over the surrounding pan-
creatic parenchyma. Using contrast enhanced ultra-
sound AIP is typically hyperenhancing [85, 86]. 
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the characterization of pancreatic tumors, first allow-
ing definitive differentiation between solid and cystic
lesions. Contrast-enhanced ultrasound (CEUS) can
also immediately characterize solid and cystic pan-
creatic tumors through the real-time evaluation of the
contrast enhancement [8]. In particular at CEUS, even
if the lesion is characterized by a heterogeneous con-
tent at pre-contrast study, a pseudocyst shows avas-
cular materials. On the other hand, cystic tumors of
the pancreas are complex cystic lesions usually char-
acterized by internal enhanced vegetations, such as
septa and mural nodules [7-10]. CEUS has signifi-
cantly improved the accuracy of the first-line exami-
nations and may influence confidently the choice of
the second-line investigations. The detection of a solid
mass requires multidetector computed tomography
(MDCT) confirmation, while a cystic lesion should
be studied with an MRI examination. Therefore, while
the pancreatic solid lesion characterized as ductal ade-
nocarcinoma at CEUS requires an MDCT study as
soon as possible to obtain a faster diagnosis, confir-
mation and staging, the pancreatic cystic lesions
should be studied with MRI and magnetic resonance
cholangiopancreatography (MRCP). MRI with MRCP
in fact still remains the imaging modality of choice
as it provides excellent contrast resolution and allows
an accurate evaluation of the pancreatic ductal system
[3, 11-16]. However, in recent years MDCT with its
post-processing reconstructions has been reported to
have a similar accuracy to MRI in detecting and char-
acterizing cystic lesions of the pancreas [4, 17-19].
EUS is widely accepted as a significant test for the
diagnosis of cystic pancreatic lesions (CPLs). EUS
permits close, high resolution imaging of CPL mor-
phology that may not be readily visualized by CT or

9.1 Introduction

Cystic lesions of the pancreas are increasingly being
recognized due to the widespread use of cross-sectional
imaging, and include a large variety of lesions with
different etiology and biology, each requiring a different
management strategy [1-5]. The exclusion of a pseudo-
cyst, generally found in patients with a history of acute
or chronic pancreatitis, is the first aim of the primary
approach to a pancreatic cyst. The evaluation of a pan-
creatic cystic tumor should be directed toward differ-
entiation between benign and malignant behavior [6].

Epithelial tumors of the exocrine pancreas, prima-
rily represented by serous and mucinous lesions, make
up the majority followed by other tumors potentially
presenting with cystic changes, such as pseudopapil-
lary tumor, neuroendocrine tumor and ductal adeno-
carcinoma [3].

The imaging modalities routinely used to charac-
terize different cystic tumors of the pancreas are mag-
netic resonance imaging (MRI) and endoscopic ultra-
sound (EUS). Ultrasonography (US), together with
harmonic US, Doppler study and nowadays elas-
tosonography, are usually the first step in the diag-
nostic algorithm of pancreatic tumors, considering
that US is still used as the first imaging modality for
the initial evaluation of the pancreas especially in Eu-
ropean and Asian countries [7]. The introduction of
microbubble contrast agents has certainly improved
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MRI. Diagnostic accuracy of EUS imaging alone for
detecting malignant or premalignant lesions is reported
to be 82-96% [20-24].

Earlier literature described several EUS features
of pancreatic cysts associated with increased malig-
nancy risk, including thick wall, protruding tumor,
presence of nodule or mass and thick septations [20,
21]. More recent studies, however, have uncovered
the shortcomings of relying on EUS alone in differ-
entiating benign from malignant CPLs. In the study
by Ahmad et al. [23], blinded expert endosonographers
reviewed 31 EUS videos of pathologically confirmed
pancreatic cystic neoplasms and noted cystic features,
type, and malignancy potential. The interobserver
agreement was moderately good in detecting the solid
component, but only fair for defining the diagnosis of
neoplastic versus non-neoplastic lesions, and the over-
all accuracy rates ranged from 40% to 93%. A large
multicenter prospective US study found that the ac-
curacy of EUS imaging features alone for the diagno-
sis of mucinous lesions was only 51% [25].

Given the above limitation, EUS morphology alone
is generally considered inadequate for further charac-
terization of CPLs. However, EUS also allows for fine
needle aspiration (FNA), which has been shown to be
an effective and safe sampling method of CPLs [24].
Its safety has been confirmed by multiple studies and
complication rates in recent literature were found to
be around 1% or less [26-29]. The US transducer on
the distal tip of the echoendoscope permits needle ad-
vancement into the lesion under real-time guidance.
A variety of commercially available FNA needles is
available and range in size between 19 and 25 gauge.
It is recommended that Doppler is used to examine
the projected path of the needle to avoid puncturing
intervening blood vessels, while trying to minimize
the amount of normal pancreatic tissue that has to be
traversed. Once the gastric or duodenal wall is punc-
tured and the needle enters the cyst, the stylet is with-
drawn and suction is applied. If possible, complete
cyst aspiration using only one biopsy is recommended.

The presence of on-site cytopathology for rapid
interpretation is recommended and has been shown
to improve the diagnostic yield [30].

The use of FNA for cytology and fluid analysis
has been extensively evaluated. The specificity of
EUS-FNA cytology for the diagnosis of CPLs is ex-
cellent and exceeds 90% in most published studies.
On the other hand, the sensitivity of EUS-FNA re-

mains widely variable with most studies reporting a
sensitivity of about 50% [24, 25, 31-33].

Tumor markers in the fluid of pancreatic cysts
which have been evaluated in various studies include:
carcinoembryonic antigen (CEA), CA 19-9, CA 72-
4, and CA 125. The most commonly evaluated marker
is CEA, and this is generally found in high levels in
mucinous lesions, but is lower in pseudocysts and non
mucinous tumors. The largest prospective study to
date determined that a cut-off of cyst fluid CEA of
192 ng/mL provided a sensitivity of 73% and speci-
ficity of 84% for differentiating mucinous from non-
mucinous CPLs in 112 patients who underwent sur-
gery [25]. No other combination of factors, including
cytology, morphology, and CEA levels was found to
be more accurate than CEA levels alone.

In recent years, there has been increased interest
in identifying specific genetic markers associated with
higher risk of malignancy in CPLs. Certain DNA
analysis of genetic markers of cyst fluid have become
available and could help differentiate mucinous from
nonmucinous lesions.

Considering differences between countries and in-
stitutions and recognizing that first non-invasive and
then mini-invasive or invasive diagnostic procedures
should be used, cystic tumors uncertain at imaging
require sampling under EUS guidance or need to di-
rectly undergo surgical resection because of the high
risk-to-benefit ratio, especially in cases of mucinous
lesions [34-36]. In this chapter, the main features of
the most representative cystic tumors of the pancreas
studied with different imaging modalities, but begin-
ning with US, are reviewed.

9.2 Pathology and Epidemiology

In past literature, cystic tumors of the pancreas were
reported to account for about 20% of all pancreatic
tumors representing 10-15% of the cystic lesions of
the pancreas [3, 6] and pseudocystic lesions were con-
sidered the most frequent pancreatic cystic lesions
[37-39]. These are no longer valid statements due to
the increasing number of incidental cysts discovered
at imaging.

Due to the advances in imaging techniques, the de-
tection of pancreatic cystic lesions in asymptomatic
patients has significantly increased. The management
of these incidental findings, also reported in the litera-
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ture as disease of technology, is becoming an important
argument of discussion [40, 41]. The diagnoses of in-
traductal papillary mucinous neoplasm (IPMN) as well
as serous cystadenoma are increasing in number, having
an effect on the epidemiology and distribution of cystic
pancreatic lesions. From this experience, it is becoming
clear that the prevalence of pseudocysts among cystic
lesions of the pancreas is lower than previously thought
[15]. As a result, the occurrence of pseudocystic lesions
in series from referral centers for pancreatic diseases
reported in the literature is absolutely low from 5.5%
to 13.7% [42, 43].

The epidemiology of cystic pancreatic lesions
comes from the new estimated relative frequency of
the most common histotypes: pseudocyst (30%); mu-
cinous (30%); serous (20%); others (20%) [44].

9.3 Serous Cystadenoma

Serous cystadenoma (SCA) is a pancreatic cystic tu-
mor generally detected in 50-70 year-old females (sex-

ratio: 2:1), usually located in the pancreatic head as a
solitary lesion. SCA can be multifocal in patients with
Von-Hippel Lindau disease [3]. SCA has a typical
multilocular honeycomb architecture due to the pres-
ence of multiple microcysts (<20 mm), thin wall and
thin multiple septa orientated towards the center [6].
SCA has a lobulated cloud-like morphology (Fig. 9.1),
clearly demonstrable at US [45]. The cystic content
appears homogeneously anechoic at US (Fig. 9.1),
hypodense at CT and homogeneously hypointense on
T1-weighted images at MRI examination. The T2-
weighted images clearly demonstrate the microcystic
pattern (Fig. 9.1) with the microcystic boundaries ap-
pearing hypointense on a typically highly hyperintense
cystic fluid [7]. The US findings that make a cystic
lesion comparable with SCA are: multilocular mainly
microcystic architecture, thin septa and wall, lobulated
morphology (Fig. 9.1). For these reasons in the pres-
ence of a cystic lesion with US findings comparable
with SCA, the final report must address the need of
an MRI with MRCP. SCA does not communicate with
the ductal system of the pancreas (Fig. 9.2) and this
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Fig. 9.1 a-e Serous cystadenoma. US (a) appearance of serous cystadenoma in the head of the pancreas with typical lobulated
cloud-like morphology and vascularized centrally oriented septa at CEUS (b). Microcystic pattern on T2-weighted images at MRI
(c). Lobulated cloud-like morphology: pattern (d). Specimen (e) resected owing to lesion dimensions causing initial main pancreatic
duct compression
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is well demonstrated on MRCP [3, 11]. This finding,
absolutely not demonstrable with US, remains crucial
for the differential diagnosis in respect to IPMN of
the branch duct that may present with a very similar
appearance.

At US elastography, the serous content of SCA
acts as simple fluid similar to a simple cyst [46]. As a
result, stratification or a mosaic pattern may be pres-
ent. Non-numerical values are reported in the quanti-
tative US elastographic study of SCA made by means
of acoustic radiation force impulse (ARFI) imaging
(Fig. 9.3). Cystic lesions with different fluid contents
could give different wave propagation speeds. In par-
ticular, it has been reported that while in pancreatic
cystic lesions with simple fluid content such as serous
cystadenomas almost always XXXX/0 (non-numeri-
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Fig. 9.2 Serous cystadenoma. Magnetic resonance colangiopan-
creatography (MRCP) perfectly showing a microcystic serous
cystadenoma with complete absence of communication with the
main pancreatic duct

Fig. 9.3 ARFI US of cystic pancreatic tumors. Left panel: intraductal papillary mucinous neoplasm (IPMN) showing numeric value
at virtual touch tissue quantification with the ROI (small box) placed in the fluid portion. Right panel: serous cystadenoma showing
non-numerical value (XXXX or 0 in the new release) at virtual touch tissue quantification with the ROI (small box) placed in the
fluid portion. Note that the two lesions present similar features at conventional US



cal) values are expected, in more complex fluids the
evidence of numerical value is more frequent (Fig.
9.3). In vivo this could be due to a mucinous content,
such as in mucinous tumors [47, 48]. The ARFI im-
aging seems able to potentially characterize the pan-
creatic cystic lesions through a new revolutionary ap-
proach: a non-invasive analysis of the fluid content
(Fig. 9.3). The innovation is related to the fact that
the study of pancreatic cystic lesions at imaging is
nowadays still based only on the morphologic and ar-
chitectural analysis, classifying the lesions by evalu-
ating their shape, wall thickness, presence of septa,
parietal nodules, calcifications and communication
with the main pancreatic duct [3-13]. The ARFI US
quantification seems to be able to non-invasively study
the fluid content of pancreatic cystic lesions, thus po-
tentially improving lesion characterization. At CEUS
the enhancement of the internal septa is observed (Fig.
9.1), and sometimes a better identification of the mi-

crocystic feature (Fig. 9.4) is documented [5, 49]. In
15% of cases a central scar hypoechoic/hypodense/hy-
pointense on T1-weighted images is observed [3, 45].
The scar is fibrovascular and a vessel can be visualized
at Doppler study (Fig. 9.5). At US and CT examina-
tions, calcifications potentially present are well de-
tected. At imaging examinations, the extremely mi-
crocystic type (5%) may mimic a solid (Figs. 9.6, 9.7)
lesion [5, 45] resembling an endocrine tumor of the
pancreas after the administration of contrast agent
(Fig. 9.8), owing to the homogeneous hyperenhance-
ment of the extremely compacted internal septa [50].
Also in these cases, non-numerical values can be ob-
tained at ARFI quantification, suggesting the non-
solid nature of the lesion [51]. The true cystic nature
of the lesion can be easily demonstrated at MRI with
a typical hyperintense signal on T2-weighted images
(Figs. 9.6-9.8). This is the reason why a lesion with
US features typical or suggestive of SCA has to be
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Fig. 9.4 a-d Serous cystadenoma. Pseudo-solid hypoechoic aspect of the lesion (arrow) at US (a) showing tiny microcysts at CEUS
(b) confirmed at MRI (c) with diagnosis of microcystic serous cystadenoma (arrow in c and d) at T2-weighted image non commu-
nicating with the ductal system at MRCP (d)
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Fig. 9.5 a-c Serous cystadenoma. Pancreatic head microcystic lesion with tiny vessels at Doppler (a,b) along the septa appearing
vascularized at CEUS (c)

ca

b

Fig. 9.6 a,b Serous cystadenoma. Pseudo-solid hyperechoic aspect of the lesion (arrow) at US (a) showing typical microcystic
pattern (arrow) at MRI (b)

a b

Fig. 9.7 a,b Serous cystadenoma. Pseudo-solid hypoechoic aspect of the lesion (arrow) at US (a) showing typical microcystic
pattern (arrow) at T2-weighted image MRI (b)
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studied with MRI and MRCP which can easily confirm
the diagnosis of SCA by excluding the communication
with the ductal system of the pancreas. The macro-
cystic type (25%) comprises the mixed type (Fig. 9.9)
with large (>20 mm) cysts and the unilocular type
(Fig. 9.10), which is difficult to differentiate at imag-
ing from a mucinous cystadenoma [52], and therefore
FNA of these lesions is recommended [41, 53]. Finally
the largest tumors can compress the ductal system,
with consequent upstream dilatation.

The diagnostic yield of EUS-FNA for SCA is usu-
ally poor due to the small size of the cystic compart-
ments and the relatively vascular intercystic septa
(Fig. 9.11). Due to the distinctive EUS appearance of
microcystic SCA, cyst sampling is generally not
needed. If necessary, EUS-FNA of SCA should target
the largest cystic compartments for fluid analysis. The
fluid obtained is often thin, nonviscous and colorless.
Cellularity is very low, and if any, cuboidal epithelial
cells have been described on aspirate that stain positive
for glycogen but not mucin [54]. CEA levels are low,

usually less than 20 ng/mL.
SCA is a benign tumor of the pancreas, confirmed

at pathology by sampling a glycogen-rich serous fluid,
without atypia in the cell wall. However, this benign
lesion requires follow-up, usually by US or MRI,
while surgical treatment has to be considered only in
symptomatic patients with a lesion generally larger
than 4 cm in size [41]. In fact, progressive growth has
been reported in the majority of incidental lesions
without communication with the main pancreatic duct
and larger than 3 cm in size [55]. Moreover, lesions
characterized by micro-macrocystic or macrocystic
pattern show a more significant growth compared to
microcystic lesions [55].

9.4 Mucinous Cystadenoma

Mucinous cystadenoma (MCA) is a pancreatic cystic
tumor with female sex predilection (sex ratio 9:1),
generally occurring at a mean age of 50-60 years [3].
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Fig. 9.9 a,b Serous cystadenoma. Mixed type serous cystadenoma with pseudo-solid aspect of the main lesion at US (a) and
macrocyst peripherically located (asterisk) and appearing with typical microcystic pattern at T2-weighted MRI (b) with macrocyst
peripherically located (asterisk)
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Fig. 9.8 a-c Serous cystadenoma. Pseudo-solid hypoechoic aspect of the lesion (arrow) at US (a) resulting hypervascular, hyperen-
hancing (arrow) at CEUS (b) showing typical microcystic pattern (arrow) at T2-weighted MRI (c)
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gical resection. As a consequence, the differential di-
agnosis between mucinous and nonmucinous (serous)
cystic lesions of the pancreas is fundamental for man-
agement and treatment planning. The majority ap-
pears as a single lesion located in the body-tail of the
pancreas, without communication with the main pan-
creatic duct, generally regular in caliber [6, 11]. MCA
usually presents as a macrocystic lesion with rounded
ball-like morphology (Fig. 9.12), irregular septa, thick
wall and complex content that can be particle, viscous
and dense owing to mucin and hemorrhage. This con-
tent very often makes the lesion heterogeneously hy-
poechoic at US, hypodense at CT and slightly hyper-
intense on T2-weighted images at MRI examination
[7]. On T1-weighted images, the signal intensity can
vary from hypointensity to hyperintensity, depending
on the mucin concentration [2, 3, 6]. MRCP clearly
demonstrates the lack of communication with the
pancreatic ductal system. Unlike SCA, the intrale-

MCA is a benign mucin-producing lesion with a
proven high malignant potential [56, 57]. Therefore,
in respect to serous cystadenoma, MCA requires sur-
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Fig. 9.10 a-d Serous cystadenoma. Macrocystic serous cystadenoma of the pancreatic tail with rounded unilocular cystic mass
(caliper and asterisk) at US (a), CEUS (b), T2-weighted image MRI (c) and dynamic MRI (d) led to the wrong diagnosis of
mucinous neoplasm. Tiny intralesional septum enhancement can be seen at CEUS
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Fig. 9.11 Serous cystadenoma. EUS image of mixed macrocystic
type serous cystadenoma with vascular intracystic septa



septa only because of the capability of the methods
used. Therefore, some lesions can be perfectly uniloc-
ular without septa at CT but septa can be demon-

sional septa with disorganized distribution are pe-
ripherally located very often describing a bridge along
the cystic wall (Figs. 9.13, 9.14) with a pseudonodular
appearance. Unlike SCA, peripheral calcification
along the thick wall have been reported in about 10-
25% of patients [6, 37, 45, 58]. Rarely, MCA, espe-
cially when small in dimensions, can present as a
grossly round and unilocular lesion. At imaging, the
differential diagnosis between MCA and pseudocyst
may be difficult and is still mainly based on the
demonstration of the enhancement of internal vege-
tations [5, 6, 49, 59, 60]. This feature can be docu-
mented on different imaging modalities after the ad-
ministration of contrast material. Some lesions at
imaging appear grossly round and unilocular without
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Fig. 9.12 a-d Mucinous cystadenoma. US (a) appearance of mucinous cystadenoma of the pancreatic tail with typical rounded “ball-
like” morphology and vascular thick septa at CEUS (b). Rounded “ball-like” morphology: pattern (c). CEUS perfectly correlates with
the specimen (d)
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Fig. 9.13 Mucinous cystadenoma. CEUS perfectly demonstrates
the vasculature of intralesional septa with disorganized distribution
and peripherically located describing a bridge along the cystic wall
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strated at CEUS (Fig. 9.15) transabdominally or en-
doscopically performed [54, 60]. Owing to its special
technical features (the dynamic evaluation of perfu-
sion by using a blood pool contrast agent), sometimes
CEUS can better demonstrate the enhancement than
other imaging examinations, showing single mi-
crobubbles passing through the septa with a perfect
correlation with the resected specimen (Fig. 9.16).
During CEUS, microbubble-specific software on the
sonographic console deletes all the background signal
intensity so that the operator sees only the signal in-
tensity produced by the contrast agent passing in ves-
sels under the sonographic probe while the non-vas-

cularized (unenhanced) tissue remains invisible [5].
This property can be readily exploited in the evalua-
tion of the wall and architecture of cystic pancreatic
lesions. The viable vascularized portions of cystic
pancreatic tumors become progressively echogenic
during CEUS as the contrast material passes into the
capillary vessels of the septa (Figs. 9.12-9.15) or nod-
ules (Fig. 9.16) inside the cysts [7]. Conversely, in-
tralesional blood clots and debris, which are easily
detectable on baseline sonograms, are completely in-
visible (Fig. 9.17) during CEUS [8, 9, 49, 60]. For
this reason, CEUS is reported to improve the charac-
terization of pseudocysts [8, 9, 49, 61]. Moreover,
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Fig. 9.14 a-d Mucinous cystadenoma. CEUS perfectly demonstrates the vasculature of a very small intralesional septum (arrow)
describing a bridge along the cystic wall. The small septum is confirmed at pathology (arrow). Final diagnosis was mucinous
neoplasm (c). CD 34 immunohistochemical stain confirms the presence of small capillary vessels within the septum (d)
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risk of malignant degeneration seems to increase with
respect to the number of irregular thick septa and mural
nodules. Since the change from adenoma to adenocar-
cinoma is progressive, surgical resection is therefore
the accepted management for MCA even if asympto-
matic [56-58, 64]. 

Clearly, the presence of evident features of malig-
nancy, such as vascular involvement, regional lymph
node enlargement or liver metastases, defines the ma-
lignant degeneration of MCA into mucinous cystade-
nocarcinoma [60, 65].

As reported above, ARFI seems to be able to non-
invasively study the fluid content of pancreatic cystic
lesions, potentially improving lesion characterization
(Fig. 9.3). In particular, in contrast to serous lesions
(Fig. 9.18), numerical values (Fig. 9.19) can be more
often obtained during the study [48]. As reported, the
useful information is the recurring presence of a nu-
merical value which reflects the complex nature of
the fluid, viscous, corpuscular and dense (Fig. 9.19)
in respect to serous fluid. ARFI can be applied in the

owing to the deletion of the background tissue and
of all the echogenic intracystic content (i.e. mucinous
content or clots and debris), the detection rate of
septa and nodules on CEUS is absolutely superior
compared to transabdominal US, thus improving the
characterization of cystic tumors [8, 62, 63]. In fact
during unenhanced US, the viscosity of mucin within
a lesion results in increased content echogenicity,
which can obscure the internal wall [5, 45, 63]. Even
with respect to MRI the results can sometimes be
better considering that septa and nodules may be seen
only on T2-weighted MR images and not on con-
trast-enhanced MRI, thus explaining possible false-
positive results [10]. As a result, CEUS is reported to
be an accurate method for the characterization of cys-
tic lesions. Cystic tumor was correctly diagnosed at
CEUS with an accuracy of 97.1% in the multicenter
pancreatic US study [8].

The presence of enhanced mural nodules is strictly
related to malignancy and the diagnosis of cystadeno-
carcinoma has to be suggested [56, 57]. In fact, the
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Fig. 9.15 a-d Small mucinous cystadenoma. Evident difference between US (a) with CEUS (b) in respect to both CT (c) and MRI
(d) regarding the detection and the demonstration of vasculature of intralesional septa
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analysis of fluids and is potentially able to differen-
tiate more complex (mucinous) from simple (serous)
content in studying pancreatic cystic lesions [46, 47,
49]. In particular, the observed high sensitivity and
positive predictive values in respect to a low speci-
ficity of this method could confer to ARFI, if con-
firmed in further larger studies, a potential role in
the screening of mucinous content (Fig. 9.20) in cystic
pancreatic lesions [46].

The extremely high spatial resolution makes EUS
the best imaging modality for detecting very thin septa
and small nodules in cystic pancreatic tumors. How-

ever, to confirm that intralesional vegetations are true
neoplastic, vasculature has to be proven (Fig. 9.21).
In addition, real-time sono-elastography (RTSE) is
useful for a better characterization of lesions and in-
creased accuracy of differential diagnosis [27]. RTSE
is a technique which allows the calculation and visu-
alization of tissue strain and hardness based on the
average tissue strain in a selected region of interest.
The technique allows the real-time visualization of
the calculated strain values, displayed in a transparent
layout over the gray-scale images, in a manner similar
to color Doppler imaging [66]. In this way, this tech-
nique can selectively guide EUS fine needle aspiration
where elastography suggests a hard mass (Figs. 9.22,
9.23) the vasculature of which can be proven by in-
jecting contrast media (Fig. 9.23) and thus precisely
identifying the viable portions of the tumor before
sampling.

If there is any visible nodule to biopsy, EUS-FNA
cytology could reveal columnar epithelial cells in up
to half of the patients in association with extracellular
mucin. Mucin is frequently identified on EUS-FNA
of mucinous cystic neoplasm and cystic fluid is typ-
ically clear but often viscous with elevated CEA levels
and low amylase [54]. However, there is not a direct
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Fig. 9.16 a,b Mucinous cystic neoplasm. Perfect correlation be-
tween CEUS (a) with septa and nodule (arrow) enhancement
and the resected specimen (b) confirming the presence of septa
and nodule (arrow)
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Fig. 9.17 a,b Differential diagnosis. a Mucinous neoplasm: at
CEUS nodular (arrow) enhancement of the wall. b Pseudocyst:
at CEUS no enhancement of debris and clot (arrow)
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correlation between the risk of malignancy and the
concentration of CEA. MCA with concordant and
typical findings at noninvasive imaging (US, CEUS
and MRI) should undergo resection without fluid
analysis [7].

9.5 Mucinous Cystadenocarcinoma

Mucinous cystoadenocarcinoma represents the ma-
lignant neoplastic transformation of mucinous cys-

Fig. 9.18 Serous cystadenoma. Non-numerical values are obtained at ARFI US with virtual touch tissue quantification (left panel).
MRI (right panel) confirms the diagnosis of serous cystadenoma

Fig. 9.19 a-d Mucinous neoplasm. At ARFI US with virtual touch tissue quantification (a) numerical values are obtained in the
fluid. The possibility of obtaining numerical values is confirmed by applying virtual touch tissue quantification directly on the
specimen (b) obtaining numerical values again (c). Aspiration confirms the presence of viscous particled (d) intralesional fluid
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toadenoma and is characterized by thicker wall and
septa, disomogeneous content and a greater number
of nodules (Fig. 9.24). The significant cell proliferation
is responsible for invasion, lymph nodes involvement
and liver metastases [56-58]. CEUS is able to accu-

rately demonstrate the enhancement of neoplastic veg-
etations [60,65]. Moreover quantitative perfusion
analysis of the enhancement (Fig. 9.25) is nowadays
possible, revealing higher perfusion values in the site
of neoplastic degeneration (Fig. 9.25). 
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Fig. 9.20 Mucinous cystadenoma. Incidental simple small cystic
pancreatic lesion with numerical values at ARFI with virtual
touch tissue quantification and final diagnosis of mucinous cyst-
adenoma

Fig. 9.21 Mucinous neoplasm. EUS image of a mucinous cystic
lesion with evidence of wall thickening with solid component
that appeared vascularized at Doppler imaging

Fig. 9.22 Mucinous neoplasm. EUS elastographic image of a mu-
cinous cystic lesion showing the hardness of a 6 mm mural nodule

Fig. 9.23 a,b Mucinous neoplasm. a EUS elastographic image of a mucinous cystic lesion showing hard tissue (blue) with a soft
area (green). b EUS image of a mucinous cystadenocarcinoma after contrast medium injection enhancing tumor vasculature
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9.6 Intraductal Papillary Mucinous
Neoplasm (IPMN)

Intraductal papillary mucinous neoplasm (IPMN) is a
group of exocrine mucin-producing tumors. A common
occurrence in males with a mean age of 60 years old
has been reported in the literature [6, 13]. However,
improvements in image quality have led to the frequent
incidental detection of pancreatic cystic lesions clas-
sified as IPMNs [41]. Three types of IPMNs have been
described [6, 37, 67]: the main duct type, with a seg-
mental or diffuse dilatation of the main pancreatic
duct, without any abrupt cut-off [68]; the branch duct
type, presenting as unilocular or multilocular cystic
lesions, uni- or multi-focal, with grapelike clusters
(pleomorphic cystic shape) [13]; and the mixed type,
involving both the main duct and its side-branches

[69]. The demonstration of the involvement or the
communication with the main pancreatic duct is needed
for an appropriate diagnosis [3] (Fig. 9.6). MRI with
MRCP is nowadays the imaging modality of choice
for a correct diagnosis [3, 7, 13, 68], having replaced
the invasive endoscopic retrograde cholangiopancre-
atography (ERCP), generally used for therapeutic ap-
proaches. Moreover, unlike ERCP, the ductogram pro-
vided by MRCP is not dependent upon pressure to fill
all of the fluid (mucous)-filled side branches, allowing
an accurate characterization of IPMN type and extent
[11-14, 68, 70-73]. Dynamic evaluation before and af-
ter the intravenous secretin administration could be
useful to better demonstrate the communication of the
pancreatic cystic lesions with the ductal system. How-
ever, in recent years the application of secretin stimu-
lation in the study of IPMNs has been routinely
avoided. MRI with MRCP still remains a useful imag-
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Fig. 9.24 a-d Mucinous cystadenocarcinoma. Huge cystic pancreatic mass with thick wall, thick septa and nodules enhancement.
Perfect correlation between US (a) with CEUS (b), CT (c) and MRI (d)
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ing modality for the study of IPMN able to noninva-
sively provide the diagnosis (communication with the
ductal system) and correctly evaluate the disease (num-
ber of lesions). IPMN in fact derives from a degener-
ation of the ductal epithelium and can be considered
an epiphenomenon of a whole ductal system disease
also attested by the very often diffuse involvement
(multifocal IPMN of the side branches).

In more recent papers, thin-section helical CT ex-
amination with high-quality post-processing recon-
structions has been reported to have similar accuracy
to MRI in detecting involvement or communication
with the main pancreatic duct [4]. IPMNs consist of a
variety of lesions, highly variable in type and extent,
with different biological behavior, pathologically rang-
ing from adenoma to invasive carcinoma passing from
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Fig. 9.25 a-d Mucinous cystadenocarcinoma. Huge cystic pancreatic mass with thick wall, thick septum and nodule (arrow)
enhancing at CEUS (a). At enhancement quantification analysis (b,c) the highest values (red) are registered at the level of the
septum and the nodule (arrow) confirmed at pathology (d)
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Fig. 9.26 a,b IPMN. Dilation of the main pancreatic duct (W) and large complex pancreatic head mass with mixed pattern at US (a)
but with mainly cystic appearance at MRCP (b) and clear communication with the main pancreatic duct
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borderline lesions with different grades of atypia and
noninvasive carcinoma [74-76]. Different pathologic
degrees not necessarily reflect different imaging fea-
tures. Therefore, a clear imaging differentiation be-
tween lesions with different pathologic behavior seems
impracticable. However, several papers in the literature
describe the imaging features usually observed in ma-
lignant tumors [68, 76-83]. The segmental or diffuse
involvement of the main pancreatic duct, both in the

main type and mixed type, defines lesions with higher
risk of malignancy. In particular, a main duct with a
diameter larger than 10 mm is highly suggestive of
malignancy [4, 68, 76-83]. Other reported features of
malignancy consist of the presence of peripheral or
septal calcification, better detected on MDCT, the
presence of enhanced mural nodules, enhanced solid
mass in the dilated main duct or within the cystic le-
sions, thick septa, and enhanced ductal wall [4, 68,
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Fig. 9.27 a,b IPMN. MRI (a) shows segmental ductal dilation at the level of the neck of the pancreas containing very small
vegetation (arrow) with vasculature identified at CEUS (b) appearing enhancing (arrow) during dynamic phases
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Fig. 9.29 a,b IPMN. Incidental finding at US (a) detecting a small cystic lesion in the pancreatic body with positive results at ARFI
virtual touch tissue quantification. The suspected diagnosis of IPMN of the branch-duct is confirmed at MRCP (b), but more than
one lesion is clearly visible

a b

Fig. 9.28 a-c IPMN. Incidental finding at US (a) detecting a mixed small pancreatic body lesion (arrow). The lesion is clearly
cystic (arrow) at MRI T2-weighted image (b) and the communication with the ductal system at MRCP (c) is well documented
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76-83]. At US, IPMN usually appears as a complex
indefinite mass (Fig. 9.26) with dilation of the main
pancreatic duct if involved [45, 84, 85]. As reported
above for other cystic tumors of the pancreas, the en-
hancement of internal vegetations sometimes can be
better demonstrated at CEUS than on other imaging
modalities (Fig. 9.27). The real-time evaluation and
the high spatial resolution allow the detection of single
microbubbles passing through the septa and parietal
nodules [59, 83]. However, US evaluation fails in two
important aims: the demonstration of the communi-
cation with the pancreatic ductal system essential for
the final diagnosis (Fig. 9.28) and the evaluation of
the number of lesions (Fig. 9.29) essential for a correct
evaluation of the disease.

At imaging, signs of local invasion, such as vascular
encasement, peripancreatic lymph nodes enlargement
and distant spread such as distant metastases are ob-
vious features of malignancy [3-5, 37, 60, 69, 83]. In
contrast, monitoring might be possible for those le-
sions smaller than 2.5 cm that spare the main pancre-
atic duct, without solid components [14, 41]. The in-
ternational consensus guidelines recommend resection
for all main-duct IMPNs and careful observation for
asymptomatic branch-duct IPMNs measuring less than
3 cm in the absence of solid components or main-
duct dilation [86]. On the other hand, cystic lesions
only with a mean diameter equal to or larger than 30
mm are not uniformly considered with features of ma-
lignancy [4, 70, 87-92]. EUS again still provides the
highest spatial resolution imaging of the pancreas with

an extremely accurate evaluation of the morphologic
features of cystic tumors (Fig. 9.30). On EUS, any in-
traductal mass, mural nodule or projections noted
within the main duct or off a cyst wall should be sam-
pled by FNA [54]. If no visible lesions are noted, the
main or branch duct can be punctured for cytology
and tumor markers. Cytology usually reveals thick
mucin and fragments of papillary mucinous epithelium
can be seen on FNA. Since the results of EUS guided
FNA cytology have been variable, many groups fo-
cused the attention at the application of molecular
techniques to cyst fluid obtained by EUS-FNA. IPMNs
are believed to follow a transformation process similar
to the adenoma-carcinoma sequence in colon cancer,
where lesions progress from hyperplasia to dysplasia
and carcinoma [93]. K-ras gene mutation has been
well studied and appears to occur early in the trans-
formation sequence. In a multicenter prospective
study, Khalid et al. evaluated the role of DNA analysis
in 124 patients undergoing EUS-FNA with malignant
cytology or later confirmed by surgical pathology.
This study found that very high amounts of mutated
DNA and mutational sequence of K-ras followed by
allelic loss was very specific for malignant cyst [94].
The role of cyst fluid DNA analysis in clinical prac-
tice, however, remains to be determined.

Some authors have also studied the immunohisto-
chemical analysis of aspirated cyst fluid. Mucins
(MUCs), high-molecular-weight glycoproteins, are
generally known to protect surface epithelia but often
display deregulated expression in malignant cells. In
2004, a new classification of IPMN in four subtypes,
on the basis of histologic features and immunohisto-
chemical reactivity with antibodies to specific types
of MUCs was developed [95]. The gastric-type IPMN
(MUC 1−; MUC2−, MUC5AC+) usually shows low-
grade atypia corresponding to intraductal papillary-
mucinous adenoma. The intestinal-type IPMN
(MUC1−, MUC2+, MUC5AC+) usually shows mod-
erate- or high-grade atypia corresponding to borderline
or in situ carcinoma. The pancreatobiliary and the on-
cocytic types IPMN (MUC1+, MUC2−, MUC5AC+)
usually show severe/high grade atypia corresponding
to carcinoma in situ and can progress in 50% to an in-
vasive ductal adenocarcinoma of the pancreas [95].

In a preliminary experience reported in literature,
the pattern of phenotypic expression on MUCs in 90
patients with benign and malignant pancreatic lesions,
underwent FNA-EUS, was examined [96]. The mate-
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lary mucinous neoplasm (BD-IPMN) in communication with the
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rial was utilized both for cytologic diagnosis and for
mucin expression analysis at RNA level. PCR for
MUC1, MUC2, MUC3, MUC4, MUC5AC, MUC5B,
MUC6 and MUC7 was performed. The aspired mate-
rial from cysts was amorphous and scanty for cytologic
analysis in 52% of cases but RNA extraction was suc-
cessful n 81% of biopsies. MUC7 expression was
highly significant for adenocarcinoma (P=0.007) and
borderline for IPMN (P=0.05). Although these are
preliminary results, a sufficient quantity of RNA was
extracted from EUS-guided FNA [96].

9.7 Rare Cystic Pancreatic Tumors

A variety of other pancreatic tumors with cystic
changes is less frequently encountered during routine
clinical practice. These rare lesions can be incidentally
detected or may present associated with nonspecific
symptoms. Some of the most important rare pancreatic
tumors with cystic changes are here reported.

Solid-pseudopapillary tumor (SPT) with cystic
changes is a rare exocrine tumor of the pancreas with
predilection for young (second to fourth decades of
life) women (sex ratio 10:1) and indolent biologic be-
havior. If larger in size, abdominal discomfort and
pain can be referred. At imaging examinations, SPT
usually presents as a well-defined, round mass with
heterogeneous solid and cystic aspect [3, 37, 97, 98].
A thick and fibrous capsule is often observed and the
identification of internal hemorrhage is a typical sign
[97]. Lamellar calcifications can be clearly recognized
[3, 37]. At US the cystic content is impossible to
define correctly: CT or better MRI, to avoid radiation
dose to these young patients, are required [97, 98].
CT and MRI remain the imaging modalities of choice
to demonstrate the hemorrhagic content typical of
these lesions, which appear hyperdense on unenhanced
CT and varying in signal intensity both on T1- and
T2-weighted images at MRI depending on the age of
the bleeding [37, 97]. Moreover, areas of hyperinten-
sity are constantly detected on fat-suppressed T1-
weighted images [98]. After the administration of con-
trast medium, the thick capsule and solid portions
show progressive enhancement, while the hemor-
rhagic, necrotic and cystic areas appear avascular. De-
layed enhancement of the fibrous capsule on CT and
MRI has been described. Although SPT has low ma-
lignant potential, it can show local invasion [3].

Endocrine cystic tumors are endocrine tumors with
cystic changes. Endocrine tumors with cystic changes
are more frequently non-symptomatic tumors, both
benign and malignant or of uncertain behavior. At im-
aging examinations, cystic endocrine tumors usually
show 3 cm or larger in size, with calcification and
complex features, such as irregular thick wall, septa
and nodules [37, 99-103]. A well-encapsulated
rounded lesion characterized by a wide central
cystic/necrotic area can be demonstrated at US, CT
and MRI. After the administration of contrast agent a
typically rapid enhancement of the solid components
is easily documented around the central unenhanced
portion [5, 99-103]. Quantitative perfusion analysis
of the enhancement is nowadays possible after CEUS
study which shows the high perfusion values of the
solid portion (wall, nodules and septa) of the endocrine
cystic tumors. In small lesions, the main pancreatic
duct is usually regular in caliber or can be involved
by larger lesion as a consequence of malignant be-
havior.

Cystic changes rarely described in adenocarcinoma
can be due to the central necrosis and therefore usually
observed in poorly differentiated tumors [7, 37].
Macroscopic calcifications are generally absent. After
the administration of contrast material, unlike the cys-
tic endocrine tumors, the solid peripheral tissue ap-
pears hypovascular compared to the surrounding pan-
creatic parenchyma. This pattern with more or less
tumor enhancement can be present in cases of anaplas-
tic pancreatic tumor [37]. Vascular involvement or re-
gional lymph nodes enlargement, as signs of local in-
vasion, can be very often detected. Moreover, an
accurate evaluation of the liver parenchyma after the
administration of contrast agent is paramount to ex-
clude hepatic metastases [37].

9.8 Incidental Pancreatic Cyst: 
Risk Factors and Management

Due to advances in imaging techniques, the detection
of pancreatic cystic lesions is significantly increased
[3-5]. The lack of symptoms makes these lesions more
likely to be anything but pseudocysts. In a series of
212 consecutive patients with pancreatic cysts the rate
of pseudocysts was 19.4% in symptomatic and only
3.8% in asymptomatic patients [43]. Malignancy is
significantly lower in frequency in asymptomatic pan-
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creatic cystic lesions. While a symptomatic cystic le-
sion of the pancreas can be a pseudocyst but it is also
possible that if it is neoplastic it is already malignant,
the asymptomatic lesions are smaller, unlikely to be
pseudocysts but less likely to have undergone malig-
nant changes [43]. Hence the frequency of malignancy
in small pancreatic cysts is significantly higher in
symptomatic patients [41]. Regarding other risk fac-
tors, dimensions and inclusions have to be taken into
great consideration. Monitoring might be possible for
those lesions smaller than 2.5 cm and which spare the
main pancreatic duct and demonstrate no solid com-
ponents [14, 41]. Attention is mainly focused on
IPMN. The international consensus guidelines rec-
ommended resection for all main-duct IMPNs and
mucinous cystic neoplasms and careful observation
for asymptomatic branch-duct IPMNs measuring less
than 3 cm in the absence of solid components or main-
duct dilation [86]. Cystic aspiration is strongly advised
by the ACR Incidental Findings Committee before
any surgery is undertaken in patients with cystic le-
sions between 2 and 3 cm. However, most pancreatic
cystic tumors should be resected without the need for
cystic fluid analysis [104].

The majority of small cysts (<3 cm) are reported
to be benign but, regarding cystic intralesional com-
ponent, also the presence of septa was associated with
borderline or in situ malignancy in 20% of cases [105].

However on the basis of imaging alone the correct
diagnosis can be very difficult. As a matter of fact, an
incorrect preoperative diagnosis is reported in one-
third of the incidental pancreatic cystic lesions [106].
Preoperative differential diagnosis is influenced by
the frequent overlapping of the imaging features [11,
37]. The most important diagnosis remains the differ-
entiation between neoplastic vs non-neoplastic and
mucinous vs nonmucinous cystic pancreatic lesions.
MRI with MRCP is reported to be the imaging method
of choice [7, 41]. CEUS is however reported to be ex-
tremely accurate in the demonstration of the vascu-
larization of inclusions and EUS still provides the
highest image resolution of the pancreas. In cases of
undetermined lesions, EUS-FNA can supply further
diagnostic information on the basis of cytology, fluid
viscosity, concentration of tumor glycoproteins, amy-
lase level and molecular analysis [107]. The manage-
ment of these patients remains complex and correlat-
ing imaging findings with clinical data is mandatory
[15].

In summary, in the presence of an incidental pan-
creatic cyst what should be considered are: presence
of symptoms, gender and age of the patient, lesion
dimensions, intralesional solid vascularized compo-
nent, main duct dilation and laboratory data.

With regard to follow-up, it is reported in the liter-
ature that asymptomatic thin-walled unilocular cysts
less than 3 cm in size should be followed by imaging
at 6 months, 12 months and then annually for 3 years,
while cystic pancreatic lesions with more complex
features should be followed more closely [11]. How
long the follow-up period should be, needs to take
into account the possibility of degeneration of these
lesions. This could however also increase over long
periods of time (years). In the follow-up of borderline
cystic pancreatic lesions CT cannot be proposed owing
to the radiation exposure, so to reduce the number of
MRI examinations in the subgroup of patients in
whom the lesions can be visualized, CEUS can be
used because it is less expensive, radiation-free and,
as reported [10], an effective imaging method.
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Frantz [4] due to the variable pattern of presentation at
diagnosis. SPTs are epithelial neoplasms with low ma-
lignant potential occurring predominantly in young
women [5-7]. They usually start as solid tumors and
undergo massive degeneration giving rise to a cystic
appearance on radiologic imaging [8]. The cystic areas
consist of blood, necrotic debris and foamy
macrophages [9]. Although the malignant potential of
SPT is low, up to 15% of SPT patients develop metas-
tasis. SPTs with clear criteria of malignancy have been
described as solid pseudopapillary carcinomas accord-
ing to theWHO classification [10, 11]. The most com-
mon sites of metastasis are the liver, regional lymph
nodes, mesentery, omentum, and peritoneum [12].

The female predominance of this lesion is well doc-
umented. Buetow et al. [13] reviewed the AFIP experi-
ence finding 53 of 56 (94.6%) cases occurring in
women. Martin et al. [6] reviewed the experience at
Memorial Sloan-Kettering Cancer Center in New York
documenting 20 of 24 patients (83.3%) in females. The
reason for the female predominance is unclear. The
mean age at diagnosis is considerably less than typically
seen in patients with pancreatic adenocarcinoma, rang-
ing from 25 years (range 10-74) [13], to 39 years (range
12-79) [6].

Patients typically present with vague abdominal pain
occasionally associated with weight loss, anorexia and
a palpable abdominal mass [8, 14]. Acute manifestations
such as hemoperitoneum caused by the rupture of the
tumor capsule are rare.

10.2.1.2 Main Imaging Features
Because of their large size and heterogeneous morphol-
ogy these lesions are easily recognized on imaging stud-
ies (Fig. 10.1). The lesions may appear anywhere within

10.1 Introduction

Rare pancreatic tumors are a heterogeneous group of
tumors infrequently seen in any given individual clinical
practice. These lesions show some clinical and imaging
features different from the more common pancreatic
adenocarcinoma, islet cell neoplasms or cystic tumors.

In order to make a classification, the main rare tu-
mors were divided into epithelial and non epithelial
origin. Many tumors are described in the literature with
different names. Pathologic entities will be reported
with the accepted World Health Organization (WHO)
nomenclature.

10.2 Epithelial Origin Rare Pancreatic
Tumors

10.2.1 Solid Pseudopapillary Tumor of the
Pancreas

10.2.1.1 Epidemiology and Clinical Features
Different names of this tumor were reported until it
was defined by the World Health Organization (WHO)
in 1996 as a solid pseudopapillary tumor of the pancreas
[1-3]. Solid-pseudopapillary tumors (SPTs) have also
been known as solid papillary epithelial neoplasms,
solid and cystic papillary tumors, and Hamoudi or
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the pancreas although a slight predilection for the pan-
creatic tail has been reported. When detected, lesions
are often quite large at the time of diagnosis, with mean
sizes between 7.5 cm, 9 cm [13] to 11 cm [5].

On US examination SPT is usually a well-encapsu-
lated lesion and includes cystic and solid components,
but sometimes the mass is solid-looking especially in
small lesions. Internal septa or calcifications may be
observed [10]. Usually the appearance of SPT is vari-
able [15, 16].

Multidetector CT (MDCT) can show tumor with
typical cystic spaces in the center and enhanced solid
areas at its surroundings [17]. However, MDCT has
inherent limitations in showing certain tissue charac-
teristics, such as hemorrhage and cystic degeneration.
Magnetic resonance imaging (MRI) is better than CT
in characterizing the cystic or solid components of the
tumor (see also Chapter 11). If MRI reveals an encap-
sulated mass with solid and cystic components as well
as hemorrhage without obvious internal septa, SPT of
the pancreas should be highly suspected [18]. MR im-
ages demonstrate a well-defined lesion with heteroge-
neous signal intensity on T1- and T2-weighted images
(Fig. 10.1), which reflects the complex nature of the
mass [10]. The presence of hemorrhage degeneration

is usually easily detected as hyperintense on T1-
weighted images (Fig. 10.1).

Contrast-enhanced ultrasonography (CEUS) has
been used recently for the study of pancreatic tumors
[19, 20]; however, the reported experiences of CEUS
in cystic neoplasms of the pancreas are extremely lim-
ited [21].

In small lesions CEUS is able to identify a rim en-
hancement around the lesions related to the presence of
a pseudocapsule resulting from compression of the ad-
jacent parenchyma [21]. The presence of a peripheral
capsule or pseudocapsule is reported to be suggestive of
SPTs [22]. The advantages of CEUS are the possibility
of demonstrating the vasculature of the viable portion of
the tumor (Fig. 10.1) with high-quality diagnosticimages.
CEUS enables the dynamic observation of the enhance-
ment and tumor perfusion [20]. In fact, CEUS is the
only noninvasive imagingmodality that allows a contin-
uous evaluation of the lesion duringthe contrast-enhanced
phases in real-time mode [23, 24]. For this reason, at
CEUS, rapid enhancement patterns, especially in ahighly
vascular parenchyma such as the pancreatic gland, are
depicted more clearly [19]. The possibilities of CEUS
in the identification of the vasculature of pancreatic tu-
mors are reported in the literature [19, 20, 25-27].
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Fig. 10.1 a-f Solid-pseudopapillary pancreatic tumor. a Pancreatic tail mass extremely inhomogeneous with irregular vascular
thick wall, cystic avascular content and intralesional nodular vegetation (arrow) enhancing at CEUS. b The mass appears cystic and
complex in T2-weighted MRI. c The hemorrhagic content of the lesion is better depicted in T1-weighted MRI. d Resected specimen.
e Abundant hemorrhagic content is visible after cutting the lesion. f Extremely inhomogeneous content of the lesion that shows
thick capsule and intralesional nodular vegetation (arrow)
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The differential diagnosis of SPT includes micro-
cystic adenoma, mucinous cystic neoplasm, nonfunc-
tioning islet cell tumor with cystic changes, pancre-
atoblastoma, pancreatic adenocarcinoma, and
hemorrhagic pseudocyst [9, 13, 28, 29]. The former 3
tumors occur in older age. Microcystic adenoma is
composed of microscopic cystic spaces. A mucinous
cystic neoplasm has multilocular cystic spaces. A non-
functioning islet cell tumor may be indistinguishable
from SPT on sonography, but it appears as areas of
rapid and intense enhancement at CEUS and MDCT
and as low intensity or isointensity on T1-weighted
MR images. Pancreatoblastoma is typical for childhood
and more aggressive than SPT. Pancreatic adenocarci-
noma is seen in older patients and does not grow as
large as SPT, and cystic degeneration is extremely rare.
A pancreatic pseudocyst is thin-walled and associated
with a history of pancreatitis. SPT of the pancreas is
obviously not a new tumor, but in the past it has been
misclassified as adenocarcinoma, an islet cell tumor,
cystadenoma or cystadenocarcinoma [30]. In some in-
stances this may explain long survival after resection
for adenocarcinoma.

10.2.2 Acinar Cell Carcinoma

10.2.2.1 Epidemiology and Clinical Features

Acinar cell carcinoma (ACC) is a well described, albeit
rare pancreatic neoplasm, and accounts for 1% of pan-
creatic exocrine neoplasms. In a study of 645 pancre-
atic tumors, mixed cell type carcinomas are very rare,
representing only 0.2% of all cases [31]. The tumor
occurs in adults in the 5th-6th decades with white
males being predominantly affected and has been also
reported in children [32]. ACC shows three different
combinations: a tumor with separate acinar and en-
docrine regions identifiable by light microscopy (col-
lision tumor), a mixture of endocrine and acinar cells
(intermingled tumor), as well as a tumor with uniform
cell population by light microscopy but with amphi-
crine features, immunohistochemically [33, 34]. The
histogenesis of mixed exocrine-endocrine tumors of
the pancreas is still controversial. The co-existence of
exocrine and endocrine elements can be attributed to
their common embryologic origin [35]. ACC usually
presents with nonspecific signs or symptoms such as
abdominal pain, weight loss and abdominal mass. Jaun-
dice is rare even in tumors within the pancreatic head
and less frequent than in ductal carcinoma [36].

Schmid’s triad, a syndrome of subcutaneous fat necro-
sis, polyarthralgia, and eosinophilia due to increased
serum lipase, is typical for ACCs, even if very rare. A
widely reported clinical syndrome manifested by any
or all of the symptoms including subcutaneous or in-
terosseous fat necrosis, panniculitis, polyarthralgia and
eosinophilia has been reported [37-39]. The syndrome
occurs in association with elevated serum lipase levels.
Despite the widespread knowledge of this association,
it has been reported in approximately 16% of cases
[32]. CEA and or CA 19-9 levels may remain normal
[40]. Elevation of serum alpha-fetoprotein has been
reported in tumors characterized by acinar cell differ-
entiation [41]. The prognosis of ACCs is generally
poor, with median overall survivals ranging between
5 and 38 months in different institutions but mostly
inferior to 36 months [42-44].

10.2.2.2 Main Imaging Features

The typical radiologic findings of ACC of the pancreas
are solitary, exophytic, oval or round and well-demar-
cated masses with or without cystic areas [45, 46]. At
US, variably sized hypoechoic regions suggesting
necrosis may be seen [39]. Occasionally, intratumoral
punctate calcification or hemorrhage have been reported
[39, 47]. Usually, MDCT after contrast enhancement
will demonstrate the mass becoming hyperdense related
to the pancreas during the arterial phase and isodense
in the portal venous phase. The brisk enhancement of
the tumor results in an imaging appearance which mim-
ics a neuroendocrine neoplasm [48]. On MRI the lesion
appears markedly hyperintense on T2-weighted images
and hyperintense on enhanced T1-weighted images.
However, Tatli et al. reported that ACCs are well-de-
fined hypovascular lesions at both MDCT and MRI
with cystic areas in 55% of cases [45] and Chiou et al.
described ACCs as hypodense masses at MDCT with
well-defined enhancing capsule [49]. The differential
diagnosis of a diffuse pancreatic mass also includes
diffuse metastasis to the pancreas and pancreatic lym-
phoma. The presence of a peripheral capsule-like struc-
ture, heterogeneous enhancement, including well en-
hancing areas and hypervascular nodules, and high
signal intensity on T2-weighted images, are useful for
the differential diagnosis [50, 51]. Peripancreatic venous
invasion is common with tumor thrombus found grow-
ing into the portal and or splenic veins [52]. The degree
of thrombosis can be so prominent that the splenoportal
system can appear enlarged.
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10.2.3 Pancreatoblastoma

10.2.3.1 Epidemiology and Clinical Features

Pancreatoblastoma is a rare malignant primary tumor
of the pancreas, but together with solid and papillary
epithelial neoplasms they make up the commonest pan-
creatic tumors in the pediatric population [53-55]. Pan-
creatoblastoma usually affects patients between the ages
of 1 and 8 years [56, 57], but it has been also reported
in neonates [58] and in the elderly [59]. The congenital
form is associated with Beckwith-Wiedemann syndrome
and has been described as a cystic tumor [60]. It is
slightly more common in males, and half of all cases
reported in the literature occurred in Asians [58].

Pancreatoblastomas grow slowly, acquire large size
at presentation which makes it difficult to identify the
organ of origin and differentiate from other abdominal
pediatric malignancies [61]. They cause symptoms from
mass effect, or endocrine syndromes due to tumor
adrenocorticotrophoid secretion and anemia due to duo-
denal and vascular invasion [62, 63].

Patients most frequently present with an abdominal
mass, and consequent vomiting, constipation or early
satiety. Pain, weight loss and jaundice occur less fre-
quently [58, 63]. Elevated alpha-fetoprotein (particularly
in the presence of liver metastases), alpha-1-antitrypsin,
and LDH serum levels may be demonstrated. Elevated
levels of adrenal corticotrophic hormone (ACTH) are
thought to be responsible for the Cushing-like syndrome
or the syndrome of inappropriate ADH secretion.

10.2.3.2 Main Imaging Features

Since pancreatoblastomas are of soft and gelatinous
consistency, they rarely cause biliary or duodenal ob-
struction, but they may encase adjacent vessels, which
makes their distinction from neuroblastoma difficult
[55, 63, 64].

At US, pancreatoblastomas show mixed or low
echogenicity, sometimes containing small fluid areas.
At MDCT, they are usually well-defined, hypodense le-
sions which show mild enhancement and internal en-
hancing septations. Calcifications within the lesion are
either rim-like or clustered. On MRI, pancreatoblastomas
usually have non-specifically low to intermediate signal
on T1-weighted images and high signal on T2-weighted
images, and may show enhancement [54, 55, 63].

Overall pancreatoblastomas are considered malignant
due to their capacity to metastasize; however, 75% are
resectable and only 14% progress after resection [65].

The differential diagnosis in a child includes a con-
sideration of any large intra- or retroperitoneal mass,
such as a neuroblastoma, non-Hodgkin lymphoma, or
Wilms tumor.

10.2.4 Rare Endocrine Syndromic Tumors

10.2.4.1 Gastrinoma

Epidemiology and Clinical Features
Gastrinomas are the second most frequently found (ap-
proximately 20% of all neuroendocrine tumors) func-
tioning neuroendocrine tumors of the pancreas [66].
They differ from insulinomas by location, size and vas-
culature [67, 68]. The anatomic area comprising the
head of the pancreas, the superior and descending por-
tion of the duodenum and the relevant lymph nodes
has been called the “gastrinoma triangle”, since it har-
bors the vast majority of these tumors [69]. They are
multiple in 60%, malignant in 60-65% and associated
with MEN type I in 20-60%. Approximately 50% of
patients with gastrinoma have metastases at the time
of diagnosis. The reported incidence of gastrinomas is
between 0.5 and 4 per million of the population per
year. Zollinger-Ellison syndrome is more common in
males than in females, with a ratio of 3:2. The mean
age at the onset of symptoms is 38 years, range 7-83
years in some series [70]. Over 90% of patients with
gastrinomas have a peptic ulcer disease. Diarrhea is
another common symptom caused by the large volume
of gastric acid secretion. Abdominal pain from either
peptic ulcer disease or gastroesophageal reflux disease
remains the most common symptom, occurring in more
than 75% of patients [70]. If the patient presents gastric
pH below 2.5 and serum gastric concentration above
1000 pg/mL (normal <100 pg/mL), then the diagnosis
of Zollinger–Ellison is confirmed and no other diag-
nostic studies are actually needed; in patients presenting
lower values of serum gastric concentration a secretin
test should be performed in addition to a determination
of basal acid output (BAO) and pentagastrin–stimulated
acid output (MAO).

Main Imaging Features
Gastrinomas enhance in the early contrast phase (Fig.
10.2). Because the vascularity of gastrinomas is inferior
to that of insulinomas [67, 68], the enhancement of
this tumor is slower and more progressive. The same
contrast enhancement pattern appears in metastatic liver
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lesions (Fig. 10.2) present in 60% of cases at the time
of diagnosis [66, 71, 72].

Both CT and MRI have the advantage of staging
the entire abdomen and pelvis, which is not possible
with US. In equivocal or negative cases but high clin-
ical suspicion, somatostatin receptor scintigraphy is
very effective in assessing primary tumor in pancreas
or ectopic sites and metastatic lesions to the liver.
Some reports have shown MRI sensitivities of 20% to
62% [73-75]. In one study, somatostatin receptor
scintigraphy showed a sensitivity of 100% for gastri-
nomas [76] whereas EUS was 90% and CT, MRI and
transabdominal US combined only 30%.

Based on the improved results with cross-sectional
imaging and scintigraphy, invasive techniques are not
currently recommended for this purpose.

10.2.4.2 VIPoma

Epidemiology and Clinical Features
The tumors are usually larger than 3 cm in diameter
and, in 60% or more, are malignant [77-79]. Over two
thirds of the tumors are located in the body-tail of the
pancreas [79]. Occasionally, tumors producing the same
symptoms are located in the adrenal gland, the retroperi-
toneum, the sympathetic chain, the lung and intestinal
tract [77, 79]. Females are affected more often than
males, and the age of patients ranges from 19 to 79
years (mean 48 years) [70]. These tumors have been
associated with the watery diarrhea syndrome, which
has also been called Verner–Morrison syndrome. The
diarrhea results in severe loss of potassium and bicar-
bonate, which in turn leads to metabolic acidosis and
dehydration [70].

Main Imaging Features
Related to the fact that VIPomas are quite rare, statistical
data on the use of imaging are not available. Case re-
ports or series with all types of hyperfunctioning en-
docrine tumors mixed together have been published.
CT, MRI, angiography and somatostatin receptor
scintigraphy have been used to localize the primary le-
sion and to identify metastases [80-82]. On MRI,
metastatic lesions to the liver may show intense pe-
ripheral enhancement similar to the appearance of pri-
mary and metastatic lesions on CT. A combination of
CT or MRI with somatostatin receptor scintigraphy
currently appears to be the most effective presurgical
assessment.

10.2.4.3 Glucagonoma

Epidemiology and Clinical Features
This tumor occurs slightly more often in women and is
seen at a mean age of 55 years [83]. In rare instances,
the tumor can cause obstructive pancreatitis [84]. The
tumor is malignant in about 60% and the five-year sur-
vival is 50%. When the tumor becomes symptomatic,
its size usually exceeds 5 cm, it is invasive and has
metastasized to the regional lymph nodes. Tumors
measuring 3 cm or less are often seen as incidental
findings. The glucagonoma syndrome will reflect the
catabolic action of excessively elevated glucagon levels.
The most common presenting feature of the syndrome
is necrolytic migratory erythema found in about 70%
of all patients. The syndrome also includes mild glucose
intolerance, normochromic anemia, weight loss, de-
pression, diarrhea and a tendency to develop deep vein
thrombosis [70].
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Fig. 10.2 a-c Pancreatic gastrinoma. a Voluminous hypervascular liver metastasis (asterisk) from small gastrinoma at the pancreatic
uncinate process (arrow), hyperdense in the pancreatic phase at CT. b The pancreatic mass shows intense progressive enhancement
in the early contrast phases at CEUS resulting hyperechoic (arrow). c In the same contrast phases the voluminous liver metastasis
(asterisk) can also be seen as hypervascular
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Main Imaging Features
Glucagonomas are intrapancreatic and most occur in
the head and neck of the pancreas. CT, MRI, angiogra-
phy, EUS and F-18 fluorodeoxyglucose positron emis-
sion tomography (PET) have been used with success,
but all reports included only anecdotal references to
this type of tumor largely due to its rarity [85-89]. PET
has been used more recently as a reliable tool to localize
the primary pancreatic mass and its metastases to the
liver [88, 89]. Somatostatin analog (octreotide) imaging
serves as an adjuvant to conventional imaging [90].

10.2.4.4 Somatostatinoma

Epidemiology and Clinical Features
Somatostatinoma is usually a solitary lesion and tends
to be aggressive with over 70% presenting with metas-
tases, particularly if the primary tumor is larger than 2
cm [91, 92]. This tumor is usually located within the
pancreas but it may also arise from the small bowel, the
duodenal ampulla or periampullary mucosa. The tumor
tends to be large (2 to 10 cm in diameter) and 75%
occur in the head of the pancreas [93]. In men, the tumor
is more frequently seen in the duodenum and in women
more often in the pancreas [94]. When the small bowel
is involved, the neoplasm is usually a carcinoid that
consists almost completely of somatostatin-containing
cells but produces little somatostatin. If the neoplasm is
outside of the pancreas, it tends to be smaller (0.5 to 4
cm). This is probably due to the fact that it produces
symptoms such as jaundice, bleeding and ulceration
and therefore is detected early. The clinical features as-
sociated with the somatostatinoma syndrome are: hy-
perglycemia, cholelithiasis, diarrhea, steatorrhea and
hypochlorhydria. The patients may also present with
abdominal pain, weight loss and anemia as signs of ma-
lignant disease [70]. The tumor occurs in the fourth to
sixth decades of life and the prognosis is poor with an
average survival time of only 1 to 2 years.

Main Imaging Features
Radiologic features of somatostatinomas resemble those
of other neuroendocrine tumors. All studies reported
only a few cases or included somatostatinomas in their
series of neuroendocrine tumors. Lesions in the pan-
creas and liver are usually well shown. However, radi-
ologic techniques often fail to demonstrate tumors in
the duodenum but may show obstruction of pancreatic
or biliary ducts as indirect evidence. The diagnosis in

cases of duodenal localization can be established by
endoscopic techniques including biopsy [95].

10.3 Non Epithelial Origin Rare
Pancreatic Tumors

10.3.1 Primary Pancreatic Lymphoma

10.3.1.1 Epidemiology and Clinical Features

Pancreatic lymphoma is a rare pancreatic tumor that
accounts for only 1% of all pancreatic tumors. The
main pathologic type is B-cell non-Hodgkin’s lym-
phoma and the overwhelming majority of cases involve
pancreatic infiltration by systemic lymphoma [96]. It
can also originate from the pancreas showing primary
pancreatic manifestations, being called primary pan-
creatic lymphoma (PPL). The pancreatic involvement
as a part of disseminated disease is more frequent but
still relatively unusual [96].

Patients present most commonly with abdominal
pain of the severity engendering an imaging examina-
tion. Laboratory values are non-specific. Lactate dehy-
drogenase (LDH) levels may be elevated [97]. Among
the pancreatic tumors, there are many similarities in
clinical manifestations and imaging characteristics of
pancreatic cancer and pancreatic lymphoma and thus
they are easy to be misdiagnosed [98-101]. The data
show a strong male predominance (male to female ratio
13:3) and an increasing trend with age (median age of
57.5 years) [102].

10.3.1.2 Main Imaging Features

The lesion presents most commonly as a focal mass
and less frequently as diffuse pancreatic enlargement
[103]. When the lesion presents as a focal mass, it is
difficult to distinguish from a primary ductal adeno-
carcinoma [104, 105]. However, the literature reports
show a mean diameter of the pancreatic lymphoma
lump usually greater than 70 mm, compared with a
mean diameter of the pancreatic cancer usually smaller
than 50 mm [100, 106-108]. A possible reason is that
the early symptoms of pancreatic lymphoma are not
obvious and diagnosis is made relatively late; therefore
the lesions are relatively big when they are found.

There are no significant differences in age of onset,
gender ratio, weight loss, or nausea and vomiting be-
tween the two groups. However the course of disease,
back pain, jaundice, CEA and CA19-9 increase, palpa-
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ble abdominal lump, superficial lymph node enlarge-
ment, fever and night sweats significantly different be-
tween the two groups of patients. Moreover bile duct
dilatation significantly differs between the two diseases,
occurring more frequently in pancreatic cancer than in
pancreatic lymphoma. Lymph node involvement below
the level of the renal veins can be seen in lymphoma,
but is unusual in ductal adenocarcinoma. Finally, the
intrahepatic metastases occur more easily in patients
with pancreatic cancer compared with pancreatic lym-
phoma [109]. 

Less frequently, PPL can present as diffuse infiltra-
tion and enlargement of the pancreas without clinical
signs of acute pancreatitis. These findings may prompt
fine needle aspiration biopsy (FNAB) of the pancreatic
mass to obtain a diagnosis [50].

10.3.2 Mature Teratoma

10.3.2.1Epidemiology and Clinical Features

Mature cystic teratomas are lesions comprising a variety
of tissues foreign to the organ at the anatomic site in
which they arise. They are believed to develop from
pluripotential cells and originate in descending order of
frequency from ovaries, testes, anterior mediastinum,
retroperitoneum, coccygeal and presacral areas, pineal
and intracranial regions, neck, and abdominal viscera
[3]. Dermoid cysts are true cysts, and as such, the cyst
wall is characteristically composed of stratified squamous
epithelium and its underlying connective tissue. These
are extremely rare tumors arising from intrapancreatic
embryonic rests. Less than 20 cases have been described
in the literature [110]. The cases that appear to be true
dermoid cysts occur in a younger age group (mean age,
23, range, 2 to 53 years), with no gender predominance.

10.3.2.2 Main Imaging Features

The imaging appearance of pancreatic teratoma is sim-
ilar to those seen elsewhere in the body (such as in the
adnexa) and is related to the amount of preponderant
tissue within the lesion. Fat with fat/fluid levels are di-
agnostic, and septations and calcifications have been
reported [111, 112].

The radiologic appearance of these lesions depends
on the proportions of various tissues of which they are
composed. 

US initially defines a cystic mass, with distinct mar-
gins without septations [112]. The fatty component is
expected to appear hyperechoic [113]. MDCT confirms

areas of calcifications and fat and can characterize the
fluid as sebum, serous or complex [113]. MRI can also
be performed for further characterization: the presence
of fat can easily be demonstrated with fat saturated im-
ages [113, 114].

10.3.3 Lymphangioma

10.3.3.1 Epidemiology and Clinical Features

Vascular tumors of the pancreas are cystic tumors ac-
counting for 0.1% of all pancreatic tumors [115]. The
most frequent of these pancreatic tumors is lymphan-
gioma. Lymphangiomas are congenital abnormalities
of the lymphatics that occur predominantly in the pan-
creatic head and neck [116]. All ages are affected and
a female predominance is noted [117]. This tumor has
benign behavior, without invasion ability. Abdominal
sites account for 1% of all lymphangiomas, with mesen-
tery and retroperitoneum (perirenal) accounting for the
vast majority [118]. Lymphangiomas were also reported
to be more frequent in the pancreatic tail [119].

The tumors are considered to arise from the pancreas
if they are within the parenchyma, adjacent to the gland
or attached by a pedicle [119]. However, true peripan-
creatic lymphangiomas can be considered retroperi-
toneal. Abdominal pain and distension associated with
the enlarged tumor are the most frequent symptoms
described.

A complete surgical excision is curative [119-121],
with incomplete excision being the only reason for re-
current disease [122].

10.3.3.2 Main Imaging Features

At imaging, the tumor appears as a homogeneous cystic
mass. If pedunculated, the mass may appear as a juxta-
pancreatic cyst. Local mass effects on adjacent organs
are present if large in size. On US, they appear as het-
erogeneous well-defined masses with a mixture of high
and low echoic areas.

MRI will confirm the hyperintense cystic content on
T2-weighted sequences. Following IV contrast injection,
at MDCT and T1-weighted MRI there may be mural
enhancement and visualization of fine septa [123-127].

Lymphangiomas are benign, but can be locally in-
vasive. Complete surgical excision is curative. Incom-
plete excision results in local recurrence [119].

Differential diagnoses include pancreatic pseudo-
cysts, mucinous and serous cystadenomas, other con-
genital cysts and pancreatic ductal carcinoma with cystic
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degeneration [124, 128, 129]. The final diagnosis is his-
tological [124], with the endothelial cells showing im-
munohistochemical reactivity to factor VIII/R antigen,
CD 31 (+) positivity and CD 34 (-) negativity [119], as
seen in our patient. Aspiration of the cyst content may
provide the diagnosis when the fluid is chylous [119].

10.3.4 Pancreatic Lipoma

10.3.4.1 Epidemiology and Clinical Features

These are extraordinarily rare benign tumors. The first
case on MDCT was described in 1996 [130]. They are
identical to lipomas arising in other locations.

10.3.4.2 Main Imaging Features

The tumors are detected as incidental findings on im-
aging studies performed for other reasons. MDCT scans
show a well-circumscribed mass within the pancreas
composed almost entirely of fat, with a few scattered
vessels or septa or both [131]. The presence of a capsule
is important for the differentiation from pancreatic fatty
infiltration [132]; MRI, particularly with gradient re-
called echo T1 – weighted sequences, either obtained
as opposed or in – phase, may be helpful in the differ-
entiation of these two entities [133]. Regarding US,
the typical echofeature of lipoma is considered to be a
hyperechoic and homogeneous well-defined mass
[134]. Conservative management is indicated.

10.3.5 Schwannoma

10.3.5.1 Epidemiology and Clinical Features

Schwannomas are neurogenic neoplasms derived from
Schwann cells of the sheaths of the peripheral nerves
[135, 136]. They are basically soft tissue neoplasms,
usually found in the head and neck, extremities, medi-
astinum and retroperitoneum [137, 138], only rarely
found in the pancreas. In the literature, only 48 cases of
pancreatic schwannoma have been reported from 1948
through 2004. Patient age ranged from 35 to 87 years
with a nearly equal gender distribution, and the majority
of tumors were located in the head of pancreas [139].

The preoperative diagnosis of a pancreatic schwan-
noma is difficult, being often confused with cystic neo-
plasms, such as nonfunctioning endocrine tumors, solid
pseudopapillary neoplasms and mucinous cystic lesions
[139, 140]. Since malignant transformation of pancre-
atic schwannoma is uncommon, simple enucleation is
usually sufficient [139].

10.3.5.2 Main Imaging Features

MRI can better recognize the cystic component than
MDCT. MRI usually shows hypointensity on T1-
weighted images and hyperintensity on T2-weighted im-
ages [140, 141], and most tumors are gradually enhanced
on T1-weighted images after gadolinium administration.

The most characteristic feature on MDCT is the
presence of a low density and/or cystic image in various
degrees within the tumor. The low density and/or cystic
images would reflect the Antoni B component or the
degenerative cystic areas of the schwannoma. MDCT
shows the difference between the Antoni A and the An-
toni B areas based on their vascularity, i.e. well-en-
hanced areas corresponding to Antoni A, and unen-
hanced areas corresponding to Antoni B. Therefore,
the CT findings of these tumors correlate quite well
with the pathologic features [135, 142].

The solid and cystic pattern can also be seen at US,
in which hypoechoic and/or cystic findings are de-
scribed in a high percentage of cases. At CEUS, the
enhancement of the solid component is well docu-
mented [143].

10.4 Metastases

Primary tumors that most frequently metastasize to the
pancreas are from the lung, breast, kidney, or melanoma
[144]. Pancreatic metastases can appear as focal, mul-
tifocal lesions or diffuse enlargement of the pancreas
in a patient with a known primary neoplasm.

Pancreatic metastases are rare; the most common
are from renal cell carcinoma. CEUS may demonstrate
enhancement of pancreatic metastases from renal car-
cinoma, being hypervascular, allowing a differential
diagnosis with pancreatic ductal adenocarcinoma. How-
ever the CEUS features of pancreatic metastases from
renal cell carcinoma cannot be differentiated from those
of endocrine tumors. The differential diagnosis is there-
fore based on the clinical history and symptoms, with
biopsy often being required.
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pancreas. The distal pancreatic body and the tail of the
gland are often obscured by the stomach, and/or the left
colonic flexure. As reported in previous chapters, the left
portion of the gland can be evaluated through the splenic
window. Moreover, many technical tools have been pro-
posed to improve the transabdominal US visualization
of the pancreas, such as filling the stomach with degassed
water. However, MDCT or MRI remain the most accurate
techniques for studying the whole gland (Fig. 11.1).

11.2.2 Obesity

Obesity can be responsible for a difficult US examination
of the pancreas, as well as of other abdominal organs. As
previously described, the application of several attempts
could allow the visualization of the pancreas even in over-
weight patients or in patients with high body mass index
(BMI). However, patient BMI cannot predict the result of

11.1 Introduction

Ultrasonography (US), multidetector computed tomog-
raphy (MDCT) and magnetic resonance imaging (MRI)
often represent complementary imaging modalities, cov-
ering different roles in diagnosing focal or diffuse disease.
US is an increasingly powerful imaging technique espe-
cially after intravenous injection of contrast agent for
lesion characterization or with endoscopic approach for
lesion detection. MDCT is still the modality of choice
in studying solid tumors, and is mandatory for achieving
adequate preoperative staging. On the other hand, MRI
is the criterion standard for accurately evaluating both
the ductal system and cystic lesions. Therefore, US and
contrast-enhanced US (CEUS) could be seen to be at
the center in choosing between MDCT and MRI, if a le-
sion is detected especially given that US is very often
the first-line examination. This chapter provides a diag-
nostic algorithm based on US findings, and also discusses
both the advantages and disadvantages of the US study
compared to the other imaging modalities.

11.2 Pancreas Visualization 
and Lesion Detection

11.2.1 Location

US evaluation is usually accurate in studying the head,
the isthmus and the proximal portion of the body of the
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Fig. 11.1 MEN 1 patient with cystic endocrine pancreatic tumor.
MRI, axial T2-weighted image. Round hyperintense 2 cm tumor
of the tail. This lesion was missed by endoscopic US
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the US exploration of the pancreas. MDCT and MRI can
overcome this limitation, generating high quality images
substantially unconstrained by the BMI of patients.

11.2.3 Fatty Infiltration

Fatty infiltration of the pancreas limits contrast between
the gland and the surrounding fat. In fact, a reduction

in the US conspicuity of the pancreatic gland in respect
to the retroperitoneal fat is observed (see Chapter 6)
according to the degree of fatty infiltration (hypere-
choic). Also in this case, MDCT and MRI can overcome
the limitation and so these examinations should be sug-
gested in cases of doubt.

11.2.4 Calcifications and Plugs

Intraductal and parenchymal calcifications can impair
the US pancreatic study due to the strong acoustic
shadow generated behind them. MDCT is the most spe-
cific imaging method to assess calcifications (Fig. 11.2)
and to allow an accurate evaluation of the surrounding
parenchyma (Fig. 11.3). In contrast, even if at MRI they
show signal void on T2-weighted sequences, some can
be missed. However, non calcified protein plugs are bet-
ter depicted at MRCP and US (Fig. 11.4) than at MDCT,
especially if located in the main pancreatic duct (MPD).

11.2.5 Lesions Conspicuity

The administration of contrast agent usually follows
the identification of a focal lesion at conventional US.
In fact, most pancreatic lesions are detected without
the administration of contrast agent. This is due to the
high conspicuity of focal pancreatic masses compared
to the adjacent parenchyma. Ductal adenocarcinoma
almost always shows high difference in acoustic im-
pedance with respect to the adjacent pancreatic gland
(see Chapter 8). As reported in the literature, pancreatic
adenocarcinomas isodense at MDCT where they may
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Fig. 11.2 Pancreatic calcification and unresectable adenocarci-
noma. MDCT with intravenous contrast. Axial slice. Macroscopic
calcifications >1 cm occupying the MPD, which is enlarged

Fig. 11.4 Non calcified intraductal plug. Axial US scan showing
atrophy of the pancreatic parenchyma with dilated main pancre-
atic duct containing small echoic plug (arrow)

Fig. 11.3 Pancreatic adenocarcinoma in chronic pancreatitis.
MDCT with intravenous contrast. Axial slice. Small hypodense
lesion (arrow) can be seen displacing multiple pancreatic calci-
fications in chronic pancreatitis



show typical secondary signs [1] can be easily detected
[2, 3] at US (Fig. 11.5). Cystic lesions are usually
clearly anechoic compared to the surrounding soft tis-
sue. In these cases, MRI still remains the imaging
modality of choice, characterized by the highest capa-
bility in detecting fluid components and giving funda-
mental information regarding the relationship of the
cystic lesion with the ductal system (see Chapter 9).
However, the accuracy of US in distinguishing between
solid and cystic lesions can be improved by the admin-
istration of contrast agent.

11.3 CEUS vs CT and MRI

State-of-the-art US provides high spatial resolution im-
ages [4], thus enabling the visualization of the smallest
details. Furthermore, the introduction of new technolo-
gies like tissue harmonic imaging (THI) extensively
reduces artifacts, thus providing enhanced overall image
quality [5] and improved lesion conspicuity [6]. This
is the reason why a small pancreatic lesion which ap-
pears ill-defined at CT and MRI can be easily depicted

at US [7, 8]. As stated above, the lesion detection is the
result of the difference in acoustic impedance [2] which
is always present between pancreatic parenchyma and
ductal adenocarcinoma (Fig. 11.5). Unlike other imag-
ing modalities, Doppler study provides the evaluation
of flow velocity of the main peripancreatic vascular
structures. Other technologies only allow the evaluation
of their patency. However, flow velocity is an important
information since an infiltration of the vascular wall
could generate an alteration in blood speed [9].

CEUS of the pancreas has lead to great developments
in the diagnostic capabilities of conventional US, which
is usually applied in the initial evaluation of pancreatic
diseases [4]. After US detection of a focal pancreatic le-
sion, the immediate injection of microbubbles is a rela-
tively new, safe and feasible technique to immediately
better characterize and stage the disease during the same
examination [2, 8]. CEUS is able to provide a more ac-
curate differentiation between solid and cystic lesions
(Figs. 11.6, 11.7), during the first evaluation, thus influ-
encing the choice of further examinations [2]. Moreover,
a faster diagnosis, i.e. immediate diagnosis of ductal
adenocarcinoma (see Chapter 8), can be obtained [2, 8].
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Fig. 11.5 a-c  Pancreatic adenocarcinoma. Axial US scan (a) showing pancreatic hypoechoic mass in the uncinate process (caliper)
(b) appearing markedly hypovascular (arrow) at CEUS (c). The same conspicuity is not present at MDCT where the lesion appears
slightly hypodense (arrow)
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Fig. 11.6 a-c  IPMN. Axial US scan (a) showing very small pancreatic hypoechoic pseudosolid lesions of the pancreatic neck which
appear completely avascular (arrow) at CEUS (b) with final diagnosis of cystic lesion (c). Directly After CEUS an MRI examination
with T2 sequence was performed with confirmation of the cystic nature of the lesion (arrow) and final diagnosis of IPMN of the
branch duct
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Harmonic microbubble-specific software applica-
tions which filter all the background tissue signals allow
maximum contrast resolution, making the vascular en-
hancement only due to the presence of microbubbles
[8]. Differing from the other contrast agents (used with
other modalities such as MDCT or MRI), microbubbles
have a purely intravascular (blood pool) distribution,
without any interstitial phase [10]. The macrovascula-
ture and microvasculature can be accurately imaged
[11]. The small mean diameter of the microbubbles,
able to reach the microcirculation, allows the visuali-
zation of the pancreatic tumor microvasculature even
if silent at Doppler study [10]. Moreover, a strict cor-
relation between the degree of enhancement at CEUS
and the mean vascular density at pathology has been
reported in the literature [11, 12]. An undifferentiated
ductal adenocarcinoma usually appears as markedly
hypovascular at CEUS [12]. This is due to the abundant
fibrosis and desmoplasia typical for this kind of lesion,
which are typically hypovascular during all the dynamic
phases at CEUS. Therefore applications of CEUS for
prognostic stratification based on enhancement patterns
have been reported in the literature [12]. In contrast, at
MDCT and MRI the fibrous content provide delayed
enhancement after the administration of contrast agents.

The dynamic evaluation of the enhancement at CEUS
differs from the dynamic study at MDCT and MRI being
the only imaging technique able to allow a continuous
evaluation of the enhancement in real-time [8]. Further-
more, the high temporal resolution is one of the most
important features of CEUS. Therefore, immediately af-
ter the injection of contrast medium [8], the enhancement
of a pancreatic lesion can be monitored [13], and unlike

contrast-enhanced MDCT and MRI, the rapid enhance-
ment of hypervascular lesions such as endocrine tumors
can be better detected [10]. However, MRI and especially
MDCT are more panoramic imaging techniques, manda-
tory in the staging of abdominal diseases. Lastly, after
completion of the pancreatic study, the liver should be
assessed in the late phase [14], exploiting the same con-
trast injection, to identify potential liver metastases [8].

The high contrast resolution together with the real-
time study play an important role in the evaluation of
the enhancement even in hypovascular and cystic le-
sions. In fact, especially with regard to cystic lesions
(see Chapter 9), the visualization of the enhancement
of thin internal inclusions (like septa and nodules) is
often difficult at CE-MDCT and MRI, but mandatory
in making a differential diagnosis between pseudocysts
and cystic tumors [8, 15]. Single microbubble can be
easily detected passing through thin septa or mural
nodules. As just reported above, this is also due to the
utilization of specific software which filters all the
background tissue signals [8, 15].

Pancreatic CEUS may be considered a new imaging
modality with complementary results to contrast-en-
hanced CT and MRI [2].

11.4 Tissue Characterization: 
Is the Lesion Solid or Cystic?

11.4.1 Solid Tissue Contrast Resolution

The normal pancreatic parenchyma often shows similar
or slightly greater echogenicity than the liver. A solid
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Fig. 11.7 a,b Endocrine tumor. Axial US scan (a) showing markedly hypoechoic pancreatic mass with pseudocystic appearance
containing small septa (arrow). At CEUS (b) the lesion appears solid and hypervascular (arrow)
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lesion is very often hypoechoic. Especially pancreatic
adenocarcinoma is usually hypoechoic, thus immedi-
ately detectable at US usually with a good conspicuity.
However, its correct characterization is not so accurate
and immediate. Sometimes cystic pancreatic lesions can
appear as solid at basal US (see Chapter 1), especially
if small in size (Fig. 11.6), but also solid pancreatic le-
sions can appear as cystic masses (Fig. 11.7). The use
of THI can improve the differentiation between solid
and cystic masses, enhancing the overall image quality
as previously described. However, real advantages have
been added with the introduction of microbubbles, which
improve tissue characterization, thus contributing to
choose the next most appropriate imaging modality (i.e.
MRI and/or EUS for cystic lesions; MDCT for solid le-
sions) as recently reported in the literature [2].

As mentioned above, in chronic pancreatitis the pres-
ence of calcifications can impair the detection of focal
masses and MDCT and MRI remain the imaging
modalities of choice (Fig. 11.3).

11.4.2 Fluid Content

US remains an accurate imaging technique for assesing
a fluid lesion, which appears anechoic with posterior re-
inforcement. Sometimes, however, fluids can be modified

by hemorrhage, infection or dehydration and lose their
typical US appearance becoming complex heterogeneous
lesions characterized by internal echoes (Fig. 11.8). Mucin
too is a complex, corpuscular and viscous fluid, which
produces inhomogeneous echoes at US study (see Chapter
9). Hence mucinous tumors appear as lesions with cystic
content and fine internal echoes due to the presence of
mucin or hemorrhagic fluid-fluid levels. The heteroge-
neous echoes may impair the detection of intralesional
septa and/or parietal nodules, which is fundamental for
the differential diagnosis between cystic tumors and
pseudocysts. CEUS may significantly improve the US
identification of septa and parietal nodules (see Chapter
9) mainly by detecting their potential vasculature. Pseudo-
cysts on the other hand can show heterogeneous content,
with debris and internal echoes, which never appear vas-
cular at CEUS. With regard to the intraductal mucinous
papillary neoplasm (IPMN) study, the communication
with the main pancreatic duct is usually not visible at
US/CEUS. MDCT can easily define the hemorrhagic
content, which appears hyperdense compared to the sim-
ple fluid, but is not as accurate as its depiction of internal
inclusions. This is the reason why MRI still remains the
imaging modality of choice in studying pancreatic cystic
lesions. The hemorrhagic fluid typically presents varying
signal intensity on T1-weighted and T2-weighted se-
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Fig. 11.8 a-g Pseudocyst with hemorrhagic content. a Transabdominal US. The round cyst of the body of the pancreas as hetero-
geneous echoic content mimicking tissue content. b The patient had an MRI with T1-weighted sequences a few months before,
which showed a normal hypointense (black) content. c MRI control with T1-weighted in phase sequences the same day as US shows
a hyperintense signal within the cyst. d MRI T1-weighted out of phase sequences shows the persistent hyperintensity, indicating he-
morrhagic content (fat content would have had a drop in signal with this T1-weighted out of phase sequence). e MRI with axial T2-
weighted sequence showing fibrinous septa within the hemorrhagic cyst. f MRI with axial T2-weighted sequence showing a
fluid/fluid level also typical of hemorrhagic content. g Thick slice 2D MRCP  showing the cyst and a normal MPD
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quences according to the time of hemorrhage (Fig. 11.8).
Moreover, MRI with MRCP is the criterion standard for
evaluating the communication with the main pancreatic
duct, as happens in cases of IMPN.

11.4.3 Contrast Agents

Microbubbles and contrast agents used in MDCT and
MRI mainly differ from their distribution. US contrast
agents have a blood pool supply so remain in the vascular
lumen without any interstitial diffusion. On the other hand,
contrast materials used both in MDCT and MRI show
vascular and interstitial spread. This can explain the greater
accuracy of CEUS with respect to MDCT or MRI in dis-
tinguishing between recurrence and fibrotic changes, as
happens after radiotherapy. At CEUS, even if hypovascular,
recurrence shows some degree of enhancement differing
from the absence of microbubbles in fibrosis. At CE-
MDCT or MRI a delayed and progressive enhancement
is usually observed. Therefore the arterial phase is similar
in all imaging modalities, while the delayed phases differ
from one another. In particular, the fibrous tissue will not
show any contrast uptake at CEUS, and thus appears un-
enhanced [2], whereas it shows progressive enhancement
at CE-MDCT and MRI. The evaluation of potential liver
metastases is not so different since they present as hypoe-

choic, hypodense or hypointense in all delayed phases. At
CE-MDCT and MRI they can be evaluated during all the
dynamic phases, whereas at CEUS the arterial phase is
focused on the pancreatic lesion and only the late phase is
used to study the liver. However good accuracy of the late
phase of CEUS in the study of liver metastatic lesions is
reported [14, 16]

11.4.4 Septa and Nodules

As just mentioned, the cystic content of a lesion may
be heterogeneous [2] due to the presence of mucin or
intralesional hemorrhage, or debris. Unlike MDCT and
MRI, harmonic microbubble-specific software filters all
the background tissue signals and only vascularized tis-
sues (where microbubbles are present) are visible at
CEUS, making the examination extremely accurate in
distinguishing enhanced and non-enhanced inclusions
(Fig. 11.9). Therefore, CEUS covers an important role
in distinguishing between cystic tumors and pseudocysts,
in which all inclusions are always completely avascular
[15]. This differential diagnosis can be more difficult at
CE-MDCT and MRI owing to the absence of real-time
evaluation and, mainly, the absence of software able to
filter all the background signals. In fact, the dynamic
phases are superimposed on the unenhanced images.
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Fig. 11.9 a-d Pseudocystic vs non-pseudocystic lesions. a Pseudocyst at CT with intralesional dense debris mimic vegetations. The
debris is echoic at conventional US (b, left) but completely avascular and therefore no longer visualized at CEUS (b, right). c Mucinous
cystadenoma at CT with small intralesional dense vegetations. The vegetations are echoic at conventional US (d, left) and visible as hy-
perechoic with moving microbubbles during dynamic phase at CEUS and thus vascular, confirming the neoplastic diagnosis (d, right)
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In IPMN, CEUS shows greater accuracy in detecting
the presence and potential enhancement of nodules,
septa and focal parietal or septal thickening than other
imaging methods. However, a communication with the
ductal system, as mentioned above, usually cannot be
documented and MRI with MRCP still remains the cri-
terion standard. Lastly, the differential diagnosis be-
tween plugs, clots and true mural nodules in simple
fluid or complex lesions with cystic pattern can be
avoided after the injection of contrast agent.

11.4.5 Pseudosolid Lesion

Extremely microcystic serous cystadenoma (SCA) may
mimic a solid lesion (see Chapter 9), both at conven-
tional US and CEUS, appearing as an echogenic hy-
perenhanced lesion owing to the extremely compact
multiple thin septa [2]. In contrast, also in this rare
case MRI can solve the problem, as the lesion is cystic
in nature, albeit extremely microcystic, and typically
appears hyperintense on T2-weighted images (Fig.
11.10). Moreover, the confirmation of lack of commu-
nication with the main pancreatic duct allows a non in-
vasive differential diagnosis between SCA and IPMN.

11.5 Lesion Characterization

11.5.1 Solid Tumors

11.5.1.1 Adenocarcinoma

At conventional US, pancreatic ductal adenocarcinoma
usually presents as a solid mass, with infiltrative mar-
gins, markedly hypoechoic (see Chapter 8) to the adja-

cent pancreatic parenchyma due to the very low US
acoustic impedance of the tumor [2]. Furthermore, US
conspicuity, coming from the difference in impedance
between the lesion and the pancreatic adjacent
parenchyma, is sometimes greater than CT as previously
reported [2]. At CEUS, ductal adenocarcinoma is typi-
cally hypoenhanced in all phases (see Chapter 8) and
this is related to the typical presence of high desmo-
plastic reaction and low mean vascular density [17-
20]. This pattern is reported in up to 93% of cases [18-
22]. As reported in the multicenter study called PAMUS
(Pancreatic Multicenter Ultrasound Study) 90% of the
adenocarcinoma were hypovascular at CEUS [23].
Moreover, US can easily and precisely guide fine needle
aspiration or biopsy of pancreatic adenocarcinoma [24].

MDCT remains the criterion standard for solid tumor
staging [25]. Ductal adenocarcinoma is often isodense
to the adjacent parenchyma on unenhanced scan and
hypodense during dynamic study [26]. The maximum
difference in conspicuity is reached during the pancre-
atic phase [27]. In the portal/venous phase the con-
spicuity of the lesion is reduced (see chapter 8) The
main pancreatic duct is usually markedly dilated and
double duct sign can be observed in tumors located on
the head of the gland. 

MRI shows superior tumor conspicuity than MDCT
[28], even if it is usually not required for solid masses.
As some studies show, it seems that diffusion-weighted
imaging (DWI) is able to differentiate between normal
pancreatic parenchyma and solid tumors in 92 % of
cases [29], helping also in detecting distant metastases.

Furthermore, occult carcinoma could be depicted both
at CEUS and CE-MDCT with reference to indirect signs,
such as MPD dilation, the double duct sign, an abrupt
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Fig. 11.10 a-c  Pseudosolid serous cystadenoma. a Transabdominal US. Well circumscribed soft tissue lesion appearing hypoechoic
compared with pancreas parenchyma, without upstream MPD enlargement. b Enhanced MDCT in the arterial phase. The contrast
uptake of the lesion is homogeneous, marked, simulating a neuroendocrine tumor. Upstream the pancreas parenchyma is normal. c 2D
MRCP showing a lobulated marked hyperintense lesion, indicating cystic liquid content
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cutoff of the MPD, focal different echogenicity/density
in the gland [2, 30].

11.5.1.2 Endocrine Tumor

Endocrine tumors are typically hypervascular lesions (see
Chapter 8). CEUS is an accurate imaging method in
demonstrating pancreatic tumor vasculature. The high
capability of CEUS in demonstrating pancreatic tumor
vasculature [11] is a result of the high resolution power
of state-of-the-art US imaging, combined with the size

and the distribution (blood pool) of the microbubbles.
CEUS may improve the identification and characterization
of endocrine tumors [10, 31] allowing accurate locore-
gional and hepatic staging as reported by Malagò et al.
[31]. In some pancreatic neuroendocrine tumors hypo-
dense at dynamic CT, a clear enhancement is visible at
CEUS thanks to the real-time evaluation [10]. Endocrine
tumors typically present as homogeneous isodense well-
demarcated masses in the pre-contrast phase. Very small
intralesional calcifications may be detected especially in
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Fig. 11.11 a-r  Autoimmune pancreatitis. Pseudotumor of the head of the pancreas. Stenosis of the MPD and MBD that must be
diagnosed as dubious adenocarcinoma. CEUS and DW-MRI were the only pattern suggesting autoimmune pancreatitis. a Transabdominal
US. Solid hypoechoic mass of the head of the pancreas (calipers). b CEUS showing contrast uptake similar than the rest of the pancreas.
c Unenhanced MDCT: the lesion is isodense. d Enhanced MDCT in the arterial phase. Upstream pancreas is delobulated, with a thin
edematous ring surrounding the entire pancreas. e Enhanced MDCT in the arterial phase. The lesion of the head is not visible, with a
small portion of the normal parenchyma at the right side of the lesion appearing hyperdense. Thin edematous rim surrounding the
parenchyma. f Enhanced MDCT in the venous phase. The lesion of the head is not visible with a small portion of the normal parenchyma
at the right side of the lesion appearing hyperdense. g Enhanced MDCT in the late phase. Enhancement of the lesion of the head, with a
small portion of the normal parenchyma at the right side of the lesion appearing hypodense. h Diffusion-weighted MRI at b=600:
restriction of diffusion associated with the lesion of the head. i Diffusion-weighted MRI at b=600: restriction of diffusion associated
with the lesion of the body and tail, indicating a diffuse inflammatory disease related with AIP and not adenocarcinoma (cont.→)
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the largest nonfunctioning masses [26]. These rarely cause
infiltration of the main pancreatic duct. During the earlier
dynamic phases, they typically appear homogeneously
hyperdense [32], being hyperdense or isodense in the de-
layed phases. A recent paper shows the application of
perfusion CT in studying endocrine tumors and demon-
strates the positive correlation between the results and
prognostic factors [33]. Rarely are they characterized by
cystic degeneration, showing a central avascular portion,
surrounded by a thick enhanced wall. Endocrine tumors
may also present as hypovascular masses lacking the typ-
ical arterial enhancement, making their correct charac-
terization more difficult [10].

11.5.2 Solid Inflammatory Pseudotumors

11.5.2.1 Autoimmune Pancreatitis

Autoimmune pancreatitis (AIP) (Fig. 11.11) can be
focal or diffuse throughout the entire gland. The typical
pancreatic imaging findings include the usually diffuse
enlargement of the pancreatic parenchyma with the
typical sausage appearance, and the MPD is narrowed,
due to a lymphoplasmacytic infiltrate and pancreatic
fibrosis. At US, mass-forming pancreatitis is often sim-
ilar to ductal adenocarcinoma [2, 4, 8], usually pre-
senting as a hypoechoic mass with lumpiness of the
gland contour. The presence of small calcifications

(continued) j Diffusion-weighted MRI with ADC measure inside the lesion: 1.666, similar to normal parenchyma. k,l 3D and 2D
MRCP showing the biliary and pancreatic stenosis. m Unenhanced MRI: the lesion is hypointense with a small portion of the normal
parenchyma at the right side of the lesion, having a normal hyperintense signal. n Enhanced MRI in the arterial phase. The lesion of
the head is not visible. o Enhanced MRI in the venous phase. The lesion of the head is hypointense with a small portion of the normal
parenchyma at the right side of the lesion appearing hyperintense. p Enhanced MDCT in the late phase. Enhancement of the lesion of
the head, with a small portion of the normal parenchyma at the right side of the lesion appearing hypointense. q,r Axial and coronal
T2-weighted MRI showing the lesion with moderate hyperintensity
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within the lesion may suggest its inflammatory nature
[4], even though poorly specific. On the other hand,
the glandular parenchymal enhancement at CEUS is
strongly suggestive of an inflammatory mass. A nodu-
lar shape is also significantly more frequent in pan-
creatic cancer, and a longitudinal shape suggests AIP.
Moreover, it has been observed that the more the in-
flammatory process is chronic and long-standing, the
less intense is the intralesional parenchymal enhance-
ment, probably in relation to the entity of the associated
fibrosis. One of the CT signs that may be helpful in
differentiating focal AIP from ductal adenocarcinoma
is its contrast enhancement pattern during the late ve-
nous phase (Fig. 11.11). However, during the pancre-
atic phase, the focal forms of AIP may appear hypoat-
tenuating like pancreatic adenocarcinoma. A peripheral
rim of hypodensity due to the oedematous fat is also

highly suggestive of AIP (Fig. 11.11). The MPD is
usually not visible within the lesion, most likely re-
flecting the periductal inflammatory cell infiltration
centered around the pancreatic ducts. In focal forms,
there is a normal-size upstream MPD, differing from
ductal adenocarcinoma. A marked narrowing of MPD
without any upstream enlargement is typical (Fig.
11.11) (if enlarged, MPD must not be >5 mm). For a
correct differential diagnosis with adenocarcinoma,
MRI with MR cholangiopancreatography (MRCP) can
be considered the most accurate non invasive imaging
method allowing a dynamic evaluation of the MPD
before and after secretin stimulation, which demon-
strates the presence of the duct penetrating sign. The
dynamic aspect after the administration of contrast
agent is similar to that described for CE-MDCT. DWI
seems helpful in differentiating between AIP and ductal
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Fig. 11.12 a-d Mucinous cystadenoma. Three phase MDCT. a Unenhanced phase showing a unilocular round cyst at the junction
of body and tail of the pancreas, with a thick wall. b Portal phase showing no enhancement of the cyst. c Late phase of injection
showing marked enhancement of the cystic wall, indicating its fibrous nature. d T2-weighted MRI. Axial slice. Water content of the
cyst appearing hyperintense in T2. A thin septa is seen in the middle of the cyst
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adenocarcinoma: they are both detected as high-signal
intensity areas, but diffuse and/or multiple in AIP pa-
tients (Fig. 11.11). ADC values are significantly lower
in AIP (1.012+/-0.112 x 10-3 mm2/s) than in pancreatic
cancer (1.249+/-0.113 x 10-3 mm2/s) and normal pan-
creas (1.491+/-0.162 x 103 mm2/s) (p<0.001). An op-
timal ADC cutoff value of 1.075 x 10-3 mm2/s must be
evaluated to distinguish AIP from pancreatic cancer
(Fig. 11.11). After steroid therapy, high-intensity areas
on DWI disappear or are markedly decreased, and the
ADC values of the reduced pancreatic lesions increase
almost to the values of normal pancreas [34], as well
the US and CEUS and MDCT features disappear with
a restitutio ad integrum.

11.5.2.2 Focal Pancreatitis

Focal pancreatitis typically involves the pancreatic head.
Differential diagnosis with ductal adenocarcinoma can
be a challenge. At US calcification may be present sug-
gesting the diagnosis. However, the displacement of
previously monitored calcification should raise suspi-
cion of ductal adenocarcinoma in chronic pancreatitis.
For the diagnosis, contrast-enhanced examinations and
biopsy are often mandatory. At CEUS, an isovascular
pattern of parenchymal enhancement has been described
and reported with a good accuracy in the literature, but
more reliable for the focal form of AIP. Focal mass-
forming pancreatitis associated with chronic pancreatitis
is much often studied with MDCT or MRI. As reported
above, at MRCP the presence of pancreatic ducts inside

the focal mass (duct penetrating sign) is a sign of benign
lesion [35].

11.5.3 Cystic Tumors

11.5.3.1 Mucinous Cystadenoma/

Cystadenocarcinoma

CEUS improves the US differential diagnosis [23] be-
tween pseudocysts and cystic tumors of the pancreas
(e.g. mucinous cystadenoma, cystadenocarcinoma) by
accurately revealing the vasculature of intralesional
vegetations (see Chapter 9) and favorably compares
with MRI in displaying the anatomic features of the
pancreatic cystic masses [15]. Mucinous cystadenoma
is usually unilocular (Fig. 11.12), mainly (up to 90%)
located at the junction of pancreatic body and tail of
the pancreas, developing outside the posterior margin
of the parenchyma. 

Mucinous cystadenoma (MCA) is a potentially ma-
lignant lesion that may degenerate into cystadenocar-
cinoma. It appears as a round (unique) macrocystic le-
sion with (thick wall > 2 mm and enhancement of the
wall with contrast) internal septa and when malignant
with thick septa and parietal nodules enhanced at CEUS
[8]. On unenhanced MDCT it may present hypodense
or slightly hyperdense content, depending on the mucin
concentration. Peripheral calcifications can be observed
in 10-25% of cases. MRI with MRCP should be per-
formed to confirm the lack of communication with the
MPD. The signal intensity on T1-weighted images can
be different according to the mucin content, usually
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Fig. 11.13 a,b Typical microcystic serous cystadenoma. a Resected specimen showing the tiny cysts and central scar. b Corresponding
US appearance characterized by multiple intralesional thin septa in another case
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showing different degrees of hyperintensity on T2-
weighted sequences.

11.5.3.2 Serous Cystadenoma

Serous cystadenoma typically presents as a solitary
multilocular microcystic lesion (Fig. 11.13), without
communication with the MPD, with thin septa orien-
tated towards the center (see also Chapter 9). In 15%
of cases, a central scar, sometimes calcified (Fig.
11.14), is present [2]. As reported above, the extremely

microcystic type may mimic a solid hypervascular le-
sion [2]. The less common macrocystic type (see
Chapter 12) presents features often indistinguishable
from those of the other macrocystic tumors of the
pancreas.

On CE-MDCT the hypervascularity of internal septa
is clear, but MRI is the criterion standard as it is able to
depict the honeycomb multilocular architecture on T2-
weighted sequences (see Chapter 9) and the lack of
communication with the MPD [2].
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Fig. 11.14 a-c Typical microcystic serous cystadenoma. a Unenhanced MDCT showing calcification in the central scar. b Enhanced
MDCT in the arterial phase showing the microcystic component with cysts measuring 1 cm at the periphery. c Enhanced MDCT in
the venous phase: the cysts are very well seen, due to the enhancement of the cysts wall

Fig. 11.15 a-e  Pseudopapillary and solid tumor. a Transabdominal US showing a cystic part at the right, and a solid part at the right
portion of the lesion. b Unenhanced MDCT showing the two parts of the lesion. c Enhanced MDCT showing the two parts of the
lesion with moderate enhancement of the tissue portion. d Resected specimen showing the well circumscribed lesion with its
capsule. e Opened specimen (right placed at left side) showing the tissue portion with hemorrhagic component, the cystic part and
the thick capsule
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11.5.3.3 Pseudopapillary and Solid Tumor

Solid pseudopapillary tumor typically presents as a
solitary well-defined round solid-cystic mass, without
communication with the MPD. The heterogeneous as-
pect due to hemorrhagic or necrotic components and
cystic degeneration appears as inhomogeneous echo-
texture at US (Fig. 11.15), slightly hyperdense at MDCT
[2] and with different signal intensity at MRI both on
T1-weighted and T2-weighted images depending on
the age of the bleeding. Peripheral or central calcifica-
tions may be present and well depicted both on US and
MDCT. Solid components can also be enhanced at
CEUS, CE-MDCT and MRI (Fig. 11.16). Heteroge-
neous enhancement of the thickened peripheral fibrous
capsule is a quite specific feature of this lesion (Fig.
11.16).

11.5.3.4 Multiple Cysts

Intraductal papillary mucinous neoplasms (IPMN) are
the most frequent multicystic diseases (see also Chap-
ter 9). They are divided into main-duct and branch-
duct types. CEUS is helpful in differentiating perfused
(nodules) and non-perfused (clots) inclusions [8]. As
reported in the PAMUS multicenter study (Pancreatic
Multicenter Ultrasound Study), cystic tumor can be
correctly diagnosed at CEUS with an accuracy of
97.1% [23]. MRI and endoscopic US (EUS) are the
imaging methods of choice for the study of these tu-
mors to better demonstrate their communication with
the pancreatic ducts [2]. In fact, MRI with MRCP is
much more sensitive in depiction of branch duct
IPMN, remaining the best imaging method for evalu-
ating and staging the disease, which is based on the
number of branch duct cysts and involvement of the

MPD [36]. 3D MRCP showed higher image quality
than 2D MRCP but did not increase the diagnostic
accuracy for predicting ductal communication of the
lesion [37]. At any rate, the addition of MRCP to axial
CT images may improve diagnostic performance and
decrease interobserver variability of MDCT for the
determination of MPD communication with macro-
cystic pancreatic neoplasms and differentiation be-
tween IPMN and non-IPMN [38]. In a nutshell, MRI
enables more confident assessment of the morphology
of small cysts than MDCT [39], but the accuracy of
the two imaging techniques for cyst characterization
is comparable, with a specificity of 71-84% for the
differentiation between mucinous and nonmucinous
lesions. However, a higher sensitivity is associated
with MRI with MRCP to rule out the multiple char-
acter of the pancreatic cystic disease [40]. Imaging
features suggestive of malignant degeneration and
well detected throughout all imaging modalities are:
mural nodule, irregular thick septa and mural calcifi-
cation, together with a MPD larger than 1 cm.

11.5.4 Pseudocyst

US is the first imaging technique used to study the con-
tent of a cyst. The debris is always not visible during
CEUS study because the background tissue is filtered
by the software. Thus pseudocyst appears avascular at
CEUS. CEUS is reported to be highly accurate in the
characterization of pseudocysts with 100% specificity
[41]. MRI still remains the imaging modality of choice
for cystic lesions. T2-weighted sequences show great
accuracy for this diagnosis (Fig. 11.17), while MDCT
has poor sensitivity and specificity.
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Fig. 11.16 a-c Pseudopapillary and solid tumor. MRI. T1-weighted axial slices. a Without intravenous contrast. The lesion of the
head of the pancreas is round, with a heterogeneous signal. Hyperintensity is due to partial hemorrhagic content. b Arterial phase of
injection. The contrast uptake is moderate, showing a hypointense thick rim. c Late phase of injection. The contrast uptake of the
capsule is marked related to its fibrous nature
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11.6 Specific Applications

11.6.1 Ultrasound

• A focal pancreatic lesion is well detectable at US
and can therefore be immediately characterized by
means of CEUS. As the exploration always optimal
at EUS, the detection of focal lesions with this
modality is superior, although it does require the
mini-invasive approach.

• Elastography is a relatively new US-based technique
able to improve the differential diagnosis of pancre-
atic masses by displaying the proper stiffness of the
examined pancreatic lesions. In essence, according
to the marked fibrosis very often present in pancre-
atic adenocarcinoma, this tumor appears stiffer at
elastographic evaluation than the surrounding
parenchyma.

• US-guidance is the procedure of choice if available,
because it is sensitive, safe and accurate for tissue
sampling in solid un-resectable tumors [2, 24].
MDCT-guidance is always more complex and time
consuming. Some important US technical features,
such as the continuous monitoring of the ongoing
procedure, the oblique approach, the high spatial
resolution and the low-cost make this imaging
method particularly suitable for targeting percuta-
neous pancreatic interventional procedures.

• CEUS can accurately demonstrate the vasculature

of pancreatic tumors. Correlations between CEUS
enhancement patterns and mean vascular density
have been reported. Prognostic stratifications based
on the CEUS appearance of pancreatic tumors can
therefore be expected in the future. Correlation be-
tween vascular patterns of pancreatic tumors at
CEUS and prognosis is reported for adenocarcinoma
[12, 42] and for endocrine tumors [31] of the pan-
creas. CEUS can demonstrate changes in pancreatic
tumor vascularization during therapy [43, 44].

11.6.2 MDCT

• Unenhanced MDCT is the best tool for depicting
pancreatic calcification.

• Acute pancreatitis is explored with MDCT at 48
hours after the beginning of the disease. It is the
best tool for depicting: pancreas necrosis (enhance-
ment defect of pancreatic parenchyma) and extra-
pancreatic collection. The modified prognosis score
(CTSI-CT severity index) used is derived from the
Balthazar score. US is not accurate for this study.
Furthermore, pleural effusion or venous thrombosis
could be present and not depicted with US.

• In contrast, the study of pseudocystic content, mak-
ing possible transcutaneous drainage if purely fluid,
is accurate with US, or MRI, but not at MDCT.
Hemorrhage into a pseudocyst appears hyperdense
on unenhanced MDCT slices. Arterial acquisition
with reconstruction could show blood effusion and/or
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Fig. 11.17 a,b Pseudocyst. Percutaneous drainage planning. a MDCT showing a homogeneous cyst. b Axial T2-weighted MRI se-
quences. Some plugs are present inside the cyst (not visible at MDCT), but most of the content is of liquid nature, indicating a
possible efficacy of drainage
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aneurysm and MDCT (arterial phase with bolus
track) is the technique of choice.

• Malignant lesions require a precise assessment of
their locoregional extension [25, 28] and MDCT is
the most frequently recommended tool (Fig. 11.18).
Coronal plane seems better than axial plane in show-
ing stenosis or irregular vascular walls.

• Enhancement of neuroendocrine pancreatic tumors,
part of the prognostic factor of WHO grade, is well
studied with all techniques.

11.6.3 MRI

• Studies of the pancreatic duct as well as the biliary
duct are part of pancreatic imaging. The imaging
study of pancreatic disease is probably not complete
without MRI and particularly MRCP. With particular
reference to branch-duct IPMN (see Chapter 9),
MRCP is mandatory for performing an accurate
staging of the disease, showing the number of en-
larged branched ducts with high sensitivity [45].
The communication of a cyst with the MPD is well
shown, especially using 3D MRCP [37, 38]. This
communication with the ductal system cannot be
established by US.

• MRCP is able to assess the presence of chronic pan-
creatitis, with a good specificity and sensitivity. This
technique can probably differentiate an enlargement
of the MPD related with IPMN (marked >1 cm, reg-
ular, parallel MPD wall) from chronic pancreatitis
(less dilated, irregular MPD with string-of-beads

appearance). If chronic pancreatitis is present,
MRCP is also useful for the diagnosis of a single
round cyst showing that it is a pseudocyst related to
an acute pancreatitis associated with chronic pan-
creatitis. A focal chronic pancreatitis could be up-
stream to a stenosis related with a focal lesion such
as adenocarcinoma. Patterns associated with autoim-
mune pancreatitis are of great impact for the diag-
nosis of such disease (see below). Furthermore, en-
hancement of the MPD wall related with malignant
IPMN has been reported [46]. 

• DWI may help in the differential diagnosis of cancer
and autoimmune pancreatitis pseudotumor (Fig.
11.11) and of pancreatic cysts. On visual evaluation,
all cystic lesions are hyperintense on DWI with b
factors of 0 and 500 s/mm2. On DWI with a b factor
of 1,000 s/mm2, all abscesses and hydatid and neo-
plastic cysts are hyperintense, whereas most of the
simple and pseudocysts are isointense. With a b factor
of 1,000 s/mm2, the cyst-to-pancreas signal intensity
ratios of the abscesses and hydatid and neoplastic
cysts are significantly higher than those of the simple
cysts and pseudocysts. Setting the cutoff value of
signal intensity ratio at 1.9, the cyst-to-pancreas signal
intensity ratio had a sensitivity of 70% and a speci-
ficity of 90% for differentiating neoplastic cysts from
simple cysts and pseudocysts. The ADC and the ADC
ratios of neoplastic cysts were significantly lower
than those of simple cysts and pseudocysts [47].

• MRCP is the imaging modality of choice for the
study of the pancreatic ductal system, thus being
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Fig. 11.18 a,b MDCT. a Staging of pancreatic ductal adeno-
carcinoma with irregular wall of the hepatic artery related to
vascular involvement. b Coronal reformatting maximal inten-
sity projection (MIP) of the vascular enhancement in the portal
phase showing hepatic arteries in front of the main portal vein
and superior mesenteric artery in front of the superior mesen-
teric vein with a normal pattern

a

b



mandatory in the evaluation of the narrowed MPD
in AIP patients. It also plays an important role in
patients with acute or chronic pancreatitis to rule
out the presence of stones in the MPD.
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12.2 Solid Lesions - Solid Tumors

12.2.1 Ductal Adenocarcinoma

Ductal adenocarcinoma and its variant are the most fre-
quent neoplasms of the pancreas (approximately 85-90%
of all pancreatic neoplasms). The incidence varies from
1 to 10 in 100,000 people in developed countries. As
many as 80% of cases are between 60 to 80 years of age.

Given the very poor survival, mortality rates closely
parallel incidence rates [1], with a 5-year survival of
10-20 months for patients who underwent surgical re-
section and 3-5 months for inoperable patients.

The vast majority of cases are inoperable at diagno-
sis, mostly due to their usually advanced stage when
they give symptoms such as pain, loss of weight, dia-
betes and ascites.

It is still very unusual to have an early diagnosis.
About 10-20% of cases undergo surgery to reach a rad-
ical resection of the tumor, but they will still have a
high rate of local relapse or distant metastasis too [2].
For these tumors, surgical resection currently remains
the only potentially curative approach, and the prognosis
is primarily dependent on the anatomic extent of disease
and performance status of the patient.

Gross Findings
The majority (60-70%) of ductal adenocarcinomas are
located in the head of the pancreas; the prevalence of
head location is due to earlier detection and easier re-
section as they produce symptoms earlier (jaundice or
pancreatitis). Thus the average tumor size of the head
(2-3 cm) is considerably smaller than tumors of the
body and tail (5-7 cm). 

12.1 Introduction

In recent years the evolution of imaging technology has
made possible a more detailed identification of the struc-
tural features of pancreatic cancers, facilitating the dif-
ferential diagnosis between different tumor histologies
and pancreatic diseases in relation to other tumor-form-
ing lesions. At the same time pathologists have provided
a most accurate definition of the different tumor his-
tologies with the development of the most recent WHO
classification (2010) [1].

The aim of this chapter is to report the pathologic,
macroscopic and microscopic characteristics of pan-
creatic tumors and lesions that mimic tumors, focusing
particularly on those aspects that affect imaging find-
ings.

A simple diagnostic algorithm that integrates gross
and radiographic features with histologic and immuno-
histochemical findings to reach a proper diagnosis has
been proposed and adopted by the recent WHO classi-
fication [1, 2].

We have subdivided pancreatic lesions into solid
and cystic according to clinical presentation as it is im-
aged by radiologists, which firstly gives a morphologic
description of the clinical problem which draws atten-
tion to the pancreas (Table 12.1).

12Pancreatic Lesions: Pathologic Correlations

Paola Capelli and Alice Parisi

M. D’Onofrio (ed.), Ultrasonography of the Pancreas, © Springer-Verlag Italia 2012 165

P. Capelli (�)
Department of Pathology
G.B. Rossi University Hospital
Verona, Italy
e-mail: paola.capelli@ospedaleuniverona.it



On the cut surface, the tumor usually appears as a
solid mass with infiltrative ill-defined margins, whitish
color and hard consistency (Fig. 12.1). The tumor rarely

appears with degenerative cystic changes (necrosis and
hemorrhage). Carcinoma of the head of the pancreas,
with the exception of those arising in the uncinate
process, almost always infiltrate the common bile duct
and the duct of Wirsung, leading to a variable degree
of stenosis, and ultimately resulting in complete stenosis
and upstream dilatation (radiologic finding of the dou-
ble-duct) (Fig. 12.2), causing jaundice and upstream
obstructive chronic pancreatitis (Fig. 12.3) with fibrosis
and atrophy of the pancreatic parenchyma.

The involvement of the duodenum and/or of the am-
pulla of Vater causes retraction of the wall and eventu-
ally mucosal ulceration. Retroperitoneal tissue infiltra-
tion with neural, lymphatic and vascular invasion is
considered a relatively early event.

The pathologic evaluation of the retroperitoneal re-
section margin (so-called posterior lamina) provides
the most important information about local recurrence
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Fig. 12.1 Ductal adenocarcinoma of the body-tail of the pancreas.
A large ill-defined tumor (T)

Table 12.1 Solid and cystic classification of pancreatic lesions

Solid lesions Cystic lesions
Solid tumors
• Ductal adenocarcinoma and variants
• Neuroendocrine neoplasm
• Acinar cell carcinoma
• Pancreatoblastoma
• Solid-pseudopapillary tumor
• Metastasis

Non neoplastic solid lesions
• Autoimmune pancreatitis
• Paraduodenal pancreatitis
• Infectious pseudotumors
• Ampullary adenomyoma
• Heterotopia (splenic)
• Lipomatous hypertrophy
• True hamartomas
• Pseudolymphoma
• Deposits of foreign substance
• Granulomatous inflammations
• Congenital lesions

Cystic tumors
• Serous neoplasms

- Serous cystadenoma
- Macrocytic serous cystadenoma
- Solid serous adenoma
- Von Hippel-Lindau (VHL)-associated 

• Cystic tumor with mucinous epithelium
- Mucinous cystic neoplasms (MCNs)
- Intraductal papillary mucinous neoplasms (IPMNs)

• Squamous-lined cysts 
- Lymphoepithelial cysts (LECs)
- Epidermoid cysts within intrapancreatic accessory spleen
- Dermoid cysts 
- Squamoid cyst of pancreatic ducts

• Acinar tumor
- Acinar cell cystadenocarcinomas
- Acinar cell cystadenomas 

• Endothelial cystic tumor
- Lymphangiomas

Cystic variant of solid tumors
• Solid-pseudopapillary tumor (SPT)
• Cystic change in ordinary ductal adenocarcinoma
• Cystic pancreatic neuroendocrine tumors
• Cystic mesenchymal neoplasms
• Secondary tumor with cyst

Non-neoplastic cystic lesions
• Enterogenous (congenital; duplication)
• Endometriotic cyst
• Congenital or developmental cysts
• Pseudocyst - no lining
• Paraduodenal wall cyst (cystic dystrophy)
• Inflammatory related pseudocysts
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resection of a fragment of vessel wall. Only the histo-
logic examination can prove if that kind of adhesion is
caused by a real neoplastic infiltration or by a fibro-in-
flammatory tumor-associated response.

and patient survival. This margin is defined as the peri-
pancreatic adipose tissue behind the head of the pan-
creas that is located dorsal and lateral to the superior
mesenteric artery (Figs. 12.4, 12.5). Because local re-
currences of pancreatic adenocarcinoma arise in the
pancreatic bed corresponding to the retroperitoneal
margin and to the retroperitoneal posterior surface of
the pancreas, inking the mesenteric vessel’s bed and
submitting sections through the tumor at its closest ap-
proach to this surface as well as the retroperitoneal
margin is recommended.

The so-called posterior lamina is a very important
surgical resection margin and an important lymph node
station too. 

When the tumor involves the celiac axis or the su-
perior mesenteric artery, it is considered unresectable,
so that involvement is rarely encountered in surgical
pathology specimens. A focal and partial adhesion of
the mesenteric vein to the posterior pancreatic surface,
if partial and not circumferential, can lead to a surgical
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Fig. 12.2 Ductal adenocarcinoma (T) of the head of the pancreas
causing stenosis of the main duct (W) and of the intrapancreatic
portion of the common bile duct (C) with upstream dilatation
(double-duct radiologic sign)

Fig. 12.3 Ductal adenocarcinoma (T) of the body of the pancreas
with chronic obstructive pancreatitis with duct of Wirsung dilata-
tion (W)

Fig. 12.4 Infiltration of the peripancreatic adipose tissue (PAT)
and of the retroperitoneal pancreatic margin (RPM) of a small
adenocarcinoma of the uncinate process (UP); probes inside the
main duct (W) and in the intrapancreatic common bile duct (C)

Fig. 12.5 Infiltration of the peripancreatic adipose tissue by a
relatively small ductal adenocarcinoma, located in the inferior
part of mesenteric vessel’s bed (colored blue)
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In advanced cases the tumor infiltrates the stomach,
gallbladder and peritoneum, leading to carcinomatosis
and ascites. Carcinoma of the head of the pancreas fre-
quently metastasizes in peripancreatic lymph nodes, as
almost all ductal adenocarcinoma of the pancreas re-
sected with a good number of lymph nodes are N1.

Carcinoma of the body and tail of the pancreas have
the same macroscopic appearance as those arising in the
head, with the exception of their usually larger size (due
to more space for tumors to grow before they become
symptomatic). The extrapancreatic invasion of the tumor
involves the mesocolon, transverse colon with encase-
ment of the celiac trunk and splenic vessels, the peri-
toneum, the stomach, the spleen and left adrenal gland. 

Hematologic spread via the portal vein explains the
frequent metastasis in the liver.

Most importantly ductal adenocarcinoma of the head
of the pancreas has to be differentiated from ampullary
carcinoma, characterized by better prognosis. Unfor-
tunately the two lesions have similar microscopic fea-
tures and the unequivocal establishment of ampullary
origin is possible only in small lesions applying strict
topographic criteria.

Microscopy
Microscopically ductal adenocarcinoma is composed of
neoplastic tubules or glands lined with cuboidal or cylin-
drical cells, characteristically embedded in abundant
desmoplastic stroma, with low vascularity (Fig. 12.6a,b).

The glandular component can have different grades
of differentiation from duct-like structure and medium

size neoplastic gland in well differentiated cases to a
mixture of densely packed, small irregular glands, solid
sheets and nests as well as individual cells in poorly
differentiated ones.

The stromal component gives the lesion its scirrous
and firm appearance and it is responsible for the low
vascular density that leads to radiologic detection. Nev-
ertheless such phenomena may become less evident
due to the development of a marked peritumoral fibrotic
reaction (obstructive chronic pancreatitis). Perineural
and vascular invasion is seen in most cases. Even in re-
sectable cases the lesion is rarely confined to the pan-
creas and the prognosis is related to pathologic param-
eters (pTN). The tumor is usually T3 for extrapancreatic
extension and N1 for lymph nodes metastases.

Variants of Ductal Adenocarcinoma
Rare variants of ductal adenocarcinoma and mixed form
exist, like adenosquamous (Fig. 12.7a), signet ring and
medullary carcinoma, some of them with well defined
distinct clinical and prognostic significance. Most vari-
ants have the same macroscopic and radiologic aspect
of ductal adenocarcinoma and cannot be distinguished
at imaging.

Nevertheless there are some rare exceptions with spe-
cial gross characteristics, different from those of ductal
adenocarcinoma that may pose a differential diagnosis
with a less aggressive form than ductal adenocarcinoma.

Hepatoid Carcinoma
This rare variant has the same imaging characteristics as
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Fig. 12.6 a,b Neoplastic ductal glands with intense desmoplastic reaction (a). CD34 (endothelial marker) immunohistochemical re-
action showing low intratumoral vascularity (b)
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hepatocellular carcinoma, so much closer to an endocrine
tumor than to ductal adenocarcinoma (Fig. 12.7b).

Mucinous Noncystic Carcinoma
The incidence of this carcinoma is 1-3% of all ductal
adenocarcinomas. The lesion is composed of well differ-
entiated glands floating in abundant (>50%) extracellular
mucin and is macroscopically characterized by a gelati-
nous mass, better demarcated than the ductal carcinoma.
Owing to the rich mucinous content, its imaging appear-
ance is different to that of ductal adenocarcinoma.

Undifferentiated (Anaplastic) Carcinoma
Its incidence is 5-7% of all pancreatic tumors. The pref-
erential location is in the tail of the pancreas. Macro-
scopically it is characterized by a voluminous mass with
a variegated aspect on cut section because of the pres-
ence of degenerative changes (necrosis and hemorrhage).

At imaging the most significant differential findings
are the marked enhancement of the tumor, with the ex-
ception of the area of necrosis. This carcinoma is com-
posed of pleomorphic large cells, giant cells or spindle
cells (Fig. 12.7c). Its prognosis is poorer than that of
conventional ductal adenocarcinoma, with distant
metastases frequently present at the time of diagnosis.

12.2.2 Neuroendocrine Neoplasms

Endocrine tumors are rare, accounting for approxi-
mately 2% of all pancreatic neoplasms. They commonly
affect adults between the ages of 40 and 60 years with
no sex predilection. They are epithelial tumors with
endocrine differentiation.

Pancreatic endocrine tumors (PETs) are usually spo-
radic but may be part of hereditary syndromes mostly
including multiple endocrine neoplasm type 1 (MEN-1)

and more rarely, von Hippel-Lindau (VHL) syndrome,
neurofibromatosis type 1 (NF1), and tuberous sclerosis
complex (TSC). Sporadic PETs are solitary, whereas the
hereditary forms may be multifocal.

PETs can be located anywhere within the pancreas.
Clinical classification is made upon symptoms related
to hormones which may be secreted by the tumor. We
can have functional (syndromic) tumors (F-PETs) and
nonfunctional (nonsyndromic) tumors (NF-PETs). In-
sulinomas account for the vast majority of F-PETs, and
are small non-aggressive tumors.

Patients presenting with metastatic or mass-related
symptoms are those with NF-PETs and report abdom-
inal pain, nausea, weight loss or, exceptionally, jaundice.
Half of clinically observed PETs and more than 50%
of surgically resected cases are NF-PETs.

PETs are classified according to the WHO (2010)
criteria and assigned to a TNM-based stage according
to ENETS recommendations/AJCC/UICC TNM clas-
sification. 

The new WHO classification is based on the prolif-
erative index defined by the number of mitoses and the
ki-67 percentage of the tumor cells:
• neuroendocrine tumor G1 (less than 2 mitoses x 10

HPF and/or ki67 ≤2%)
• neuroendocrine tumor G2 (2-20 mitoses x 10 HPF

and/or ki-67 between 3-20%)
• neuroendocrine carcinoma G3 (>20 mitoses x 10

HPF and/or ki-67 >20%).
The AJCC/UICC and ENETS TNM, with some dif-

ferences, are based on tumor size and extrapancreatic
extension of the tumor.

Imaging procedures address the diagnosis by rec-
ognizing the characteristic hypervascular pattern of
these lesions, which is present in about 70% of cases.
Large size and smooth regular margins with lack of di-
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Fig. 12.7 a-c  Adenosquamous carcinoma variant (a). Hepatoid carcinoma of the head of the pancreas (b). Anaplastic variant with
bizarre and pleomorphic cells (c)
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lation of the biliary and main pancreatic ducts contribute
to the differentiation of PET from adenocarcinoma.
Most PETs express receptors for somatostatin and can
be easily identified by somatostatin receptor scintigra-
phy. Most F-PETs, with the exception of insulinomas,
are diagnosed when they are already advanced staged
diseases, and liver metastases are common. NF-PETs
have a wide range of aggressiveness. At diagnosis they
are also frequently advanced, as more than 50% of pa-
tients have liver metastases at diagnosis and almost
40% are not candidates for radical surgery because of
either locally advanced disease or unresectable metas-
tases. Patients with well-differentiated NF-PETs have
a 5-year survival rate of approximately 65% and a 10-
year survival rate of 45%. Moreover, the current and
more sensitive imaging techniques increasingly detect
small and asymptomatic tumors, the so-called pancre-
atic endocrine incidentalomas.

Unlike the fast proliferating and deadly pancreatic duc-
tal adenocarcinoma, the typical PET grows slowly and
impairs patient quality of life only very late in the course
of the disease, even when metastatic. It is thus important
to distinguish PET from ductal adenocarcinoma, because
its prognosis is largely more favorable [3, 4].

Gross Findings
PETs usually present as solitary, solid, homogeneous
masses, with medium size from 1 to 5 cm in diameter,
rounded and sharp borders (Fig. 12.8 a,b) and rarely
surrounded by a fibrotic pseudocapsule. Their expansive
pattern of growth differs from the infiltrative pattern of
the ductal adenocarcinoma.

When located in the pancreatic head, they usually

compress and deviate, but do not infiltrate, the main
pancreatic and biliary ducts. As long as PETs grow
outside the pancreas, they usually displace rather than
invade the adjacent structures including large vessels.
Their color and consistency depend on the amount of
stroma and vascularity; the usual PET is very rich in
small vessels and poor in fibrotic stroma. The color
varies from brown to reddish and the consistency is
slightly firmer than that of the surrounding parenchyma.
Brownish hemorrhagic or necrotic yellowish foci can
be observed in large masses.

PET may have an unusual macroscopic appearance
that can be difficult to diagnose preoperatively. When
the appearance is cystic, they are often interpreted as
being a cystic tumor, but they usually retain a normal
highly vascular appearance at the periphery.

PET with fibrotic appearance can have firm consis-
tency, whitish color, and ill-defined borders, thus they
can mimic a ductal adenocarcinoma. These cases are
usually identified as small infiltrative lesions that lead
to duct of Wirsung obstruction with consequent pan-
creatitis episodes.

Microscopy
PET typically has an organoid pattern of growth, char-
acterized by solid nests and macrotrabecular or micro-
trabecular/gyriform patterns with cords, festoons, and
ribbons. Glandular, acinar, and cribriform features can
also be observed. Although one pattern is generally
prevalent, more than one can be seen in different regions
of the same tumor.

A rich vasculature characterizes most PETs and is
responsible for their hyperdense radiologic appearance.
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Fig. 12.8 a,b Gross image of a pancreatic endocrine tumor appearing as a large, soft and fleshy mass with well-defined borders in
the head of the pancreas (a). Macrosection of an endocrine tumor (b)
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Typically, numerous small vessels encircle the neoplas-
tic nests (Fig. 12.9). These vessels are embedded in a
variable amount of stroma, which rarely forms sclero-
hyaline bands and only occasionally shows calcified
foci. Necrosis can be present either as large and con-
fluent areas (“infarct-like”), especially in large tumors,
or as punctate foci recognized at microscopic observa-
tion in the centre of neoplastic nests.

Regardless of the growth pattern, the neoplastic cells
have similar cytologic features: small to medium sized
cells with eosinophilic to amphophilic and finely gran-
ular cytoplasm, with centrally located, round or oval,
nuclei, uniform in size that show finely stippled chro-
matin referred to as salt-and-pepper. In some tumors,
the neoplastic cells show a plasmacytoid appearance
due to peripherally located nuclei.

12.2.3 Acinar Cell Carcinoma

Acinar cell carcinoma accounts for 1-2% of the tumors
of the exocrine pancreas, with lymph nodes and liver
metastases in 50% of the cases at the time of diagnosis
[5, 6].

Macroscopically the head seems to be more com-
monly involved, but unlike ductal adenocarcinoma jaun-
dice is very rare. Usually the lesion presents as a well
circumscribed, soft mass with an average size of 10
cm. The cut surface demonstrates the presence of bands
of dense connective tissue that circumscribe nodules
of tumor cells, which can have necrotic foci.

Histologically, the carcinoma is a highly cellular

neoplasm composed of cells, with the characteristic of
acinar cells (round nuclei and abundant eosinophilic,
granular PAS-positive cytoplasm), arranged at least fo-
cally in small acinar units. Desmoplastic stroma char-
acteristic of ductal adenocarcinoma is generally absent.
Immunohistochemical analysis confirms acinar differ-
entiation with variable positivity for pancreatic en-
zymes.

The prognosis is midway between that of the ductal
adenocarcinoma and that of endocrine tumors.

12.2.4 Pancreatoblastoma

Pancreatoblastoma is a rare tumor, which is prevalent
in males and the most common pancreatic tumor in
children.

Macroscopically they are solitary large and well cir-
cumscribed tumors, without preferential location in the
pancreas. In late stage the tumor extensively infiltrates
the peripancreatic soft tissue and the adjacent organs
and the margins are no longer clearly demarcated.

Histologically the neoplasm consists of lobules of
relatively uniform cells, separated by dense fibrous tissue
and blended with the characteristic squamoid corpuscles.
The pattern of growth can be solid, trabecular or acinar.
The tumor may show foci of necrosis as well as, in rare
cases, the presence of a conspicuous mesenchymal com-
ponent with chondroid and osseus differentiation.

The prognosis of the tumor is variable. In one third
of patients metastases have been described, usually in
the liver [7].
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Fig. 12.9 a,b Well-differentiated endocrine tumor. Small-medium size cells arranged in trabeculae or nests with low stroma (a).
CD34 immunohistochemical reaction showing rich intratumoral vasculature (b)
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12.2.5 Solid-Pseudopapillary Tumor 

(see below in cystic tumor)

12.2.6 Metastases

Pancreatic metastases are rare and the most common
are those from renal carcinoma. Pancreatic metastases
from renal carcinoma are hypervascular, allowing a
particular imaging characterization and differential di-
agnosis with pancreatic ductal adenocarcinoma, but
sometimes leading to a wrong diagnosis of neuroen-
docrine neoplasm (Fig. 12.10) [8]. The patient’s clinical
history may be necessary to help establish the correct
diagnosis.

Other metastases can be found in the pancreas, but
they are even rarer. Pancreatic metastases from lung
cancer, colon cancer and breast cancer have been re-
ported. Although extremely rare, lymphoma can lo-
calize in the pancreas either as primary or as systemic
involvement. Mesenchymal tumors such as leiomyosar-
coma can also metastasize to the pancreas (Fig. 12.11).

12.3 Solid Lesions - Non Neoplastic 

Up to 5% of pancreatectomies performed with the pre-
operative diagnosis of carcinoma will prove to be non-
neoplastic at pathologic examination, although this figure
is decreasing with improved diagnostic modalities [9].

Among chronic inflammatory lesions of the pancreas,
the two main subtypes that are particularly prone to form
pseudotumors are autoimmune (lymphoplasmacytic scle-
rosing) pancreatitis and paraduodenal pancreatitis.

12.3.1 Autoimmune Pancreatitis [10]

Pseudotumor formation is a characteristic features of
autoimmune pancreatitis (AIP). A substantial percentage
of cases with full-blown AIP are diagnosed clinically
and by imaging as pancreatic cancer. The characteristic
pathologic features of AIP include dense lymphoplas-
macytic infiltrate around the pancreatic duct, a distinctive
cellular fibroinflammatory stroma with storiform ap-
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Fig. 12.11 a-c  Pancreatic metastasis of a leiomyosarcoma a Gross image. Microscopic image at low (b) and high (c) magnification
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Fig. 12.10 a,b Gross image of clear cell renal cell carcinoma metastasis in the pancreas (a). Microscopic image of a metastasis of  RCC (b)
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pearance and obliterative venulitis (Fig. 12.12 a,b). In-
traepithelial neutrophils (granulocytic epithelial lesions
– GEL) may be found in some cases.

The typical AIP is characterized by the presence of a
localized mass lesion in the head of the pancreas with
stenosis of the bile duct; usually there is no upstream di-
latation of the main pancreatic duct. In some cases there
may be diffuse, firm enlargement of the pancreas
(sausage appearance) without discrete mass. If AIP is
suspected, serum IgG4 levels may be very helpful in the
diagnosis, and avoid an unnecessary pancreatectomy.
Autoimmune diseases (or idiopathic inflammatory dis-
eases) of practically any type are noted at the time of di-
agnosis in about 25% of cases, and some others prove to
have autoimmune disorders in the subsequent follow-
up. In addition, these patients may have similar pseudo-
tumors in other organs, in particular, the biliary tract.

12.3.2 Paraduodenal Pancreatitis 

(see also Paraduodenal Wall

Cyst/Cystic Dystrophy/Groove

Pancreatitis below)

This is a distinct form of chronic pancreatitis that in-
volves the duodenal wall particularly the area corre-
sponding to minor papilla (area in which the duct of
Santorini connects to the duodenal lumen). There are
two distinct gross variants of paraduodenal pancreatitis,
the cystic variant is largely more common than the
solid one, which is even more rare.

Predominantly solid examples of paraduodenal pan-
creatitis (Fig. 12.13) are more prone to be misdiagnosed
as carcinoma than the predominantly cystic ones. In
these cases the macroscopic features include thickening
and scarring of the duodenal wall and fibrosis of the
groove region (area located between the common bile
duct, pancreas and duodenum). Enlarged lymph nodes
may be present in the region of the head of the pancreas.
Careful radiologic and endoscopic US (EUS) studies
may help to distinguish paraduodenal pancreatitis from
ductal adenocarcinoma and avoid unnecessary surgery.
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Fig. 12.12 a,b Macrosection of autoimmune pancreatitis (a). Microscopic detail of periductal inflammatory infiltration (b)
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Fig. 12.13 Gross appearance of the solid variant of paraduodenal
pancreatitis. A probe is inside the intrapancreatic portion of the
common bile duct; groove area with whitish fibrotic tissue



In addition, paraduodenal pancreatitis is seen almost
exclusively in males with a mean age of 50, and history
of alcohol abuse is characteristic. On the other hand,
the presenting symptoms often include abdominal pain
and weight loss, which renders the differential diagnosis
with adenocarcinoma difficult.

12.3.3 Infectious Pseudotumors

Mycobacterial infections with granulomatous inflam-
mation are particularly prone to form mass lesions and
to be misdiagnosed as carcinoma. Other infections such
as fungal, parasitic and syphilitic may also occasionally
mimic adenocarcinoma in this organ. Malakoplakia may
also form a pseudotumor in this organ, like sarcoidosis.

12.3.4 Ampullary Adenomyoma

In some patients with signs and symptoms attributed
to pancreatic cancer, the only identifiable pathologic
finding is a thickened ampulla of Vater, a condition
that is referred to as Vaterian adenomyoma (adenomy-
omatosis, myoepithelial hamartoma, or adenomyoma-
tous hyperplasia). Histologic examination in such cases
reveals an accentuated and sometimes slightly disor-
ganized version of normal histologic components of
the ampulla of Vater, showing lobules of ducts (of peri-
biliary type) lying within thickened muscle bundles.
Thus, the microscopic findings of this condition are
fairly subtle, and by no means specific. The correct di-
agnosis can only be achieved by careful gross evaluation
of the ampulla, and correlation with the clinical and
radiologic findings.

EUS shows an intra-ampullary heterogeneous lesion.
Since adenomyoma is a benign and slow-growing le-
sion, it is possible to manage it conservatively; however,
it is often difficult to distinguish it from cancer preop-
eratively with the current diagnostic methods. In addi-
tion, since the diagnosis of the entity requires evaluation
of the amount of smooth muscle and glands in the deep
regions of the ampulla, the diagnosis is extremely dif-
ficult to confirm on the basis of an endoscopic biopsy.

12.3.5 Heterotopia (Splenic)

Accessory spleens are noted in about 10% to 15% of
necropsies and reported in 16% of abdominal CTs. 1-
2% of these are located within the tail of the pancreas,
and almost invariably, they are misdiagnosed as pan-

creatic tumor. Although a few of these harbor epidermoid
cysts and fall in the differential diagnosis of cystic le-
sions, most are composed entirely of splenic tissue and
mimic solid tumors. Because they are relatively homog-
enous, round, and well-demarcated, they tend to be mis-
taken for endocrine tumors rather than ductal adeno-
carcinomas. The age group in which intrapancreatic
accessory spleen comes to clinical attention is 50 to 70
years, largely because this is the age group that more
commonly undergoes radiologic studies, and these le-
sions, which are typically asymptomatic, are detected
incidentally during workup for other conditions. They
are usually smaller than 2 cm. The histologic diagnosis
is straightforward, revealing ordinary splenic tissue.

12.3.6 Lipomatous Pseudohypertrophy

Lipomatous pseudohypertrophy (pseudolipomatous hy-
pertrophy or lipomatosis) is characterized by the re-
placement of pancreatic tissue by mature, benign fat.
This condition is very uncommon. Although those oc-
curring in children or in association with syndromes
are easily diagnosed, others sometimes present as a
pseudotumor, particularly if they are associated with
enlargement of the pancreas, which can be massive, or
have a heterogeneous appearance. Rare examples show
mass-effect and cause obstructive jaundice. Microscop-
ically, this entity is characterized by atrophic pancreatic
tissue replaced by fat. No fibrotic changes or morpho-
logic alteration in acinar or islet cells are noted (i.e.
usually there is no evidence of pancreatitis). Some of
the so-called lipomas of the pancreas probably represent
lipomatous pseudohypertrophy.

12.3.7 True Hamartomas

A hamartomatous appearance is common in pancreatic
injury because chronic pancreatitis is typically associated
with acinar atrophy, ductal irregularities and aggregation
of islets: the haphazard distribution of the normal pan-
creatic elements leads to a picture reminiscent of hamar-
toma. There are, however, rare lesions that would qualify
as true hamartomas in the pancreas. Some of these occur
in neonates and young children, but they have been re-
cently reported in adults. There appears to be two distinct
types of these hamartomas in adults. One is a sharply
delimited solid and cystic lesion similar to the multi-
cystic hamartoma of children and is composed of hap-
hazardly distributed cystic ductal elements lined by
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cuboidal to flattened epithelium, surrounded by well-
differentiated acini embedded in fibroinflammatory
stroma. Scattered ill-formed clusters of endocrine cells
composed predominantly of PP-cell type and unaccom-
panied by any insulin positive cells are also present and
support the hamartomatous nature of the process. The
second type of hamartoma is a solid lesion in which
well differentiated ducts and acini are embedded in a
fibrous or spindle cell stroma (Fig. 12.14).

12.3.8 Pseudolymphoma

Unlike in the salivary glands, there are no lymph nodes
in the pancreas itself, although many lymph nodes are
embedded in the surfaces of the pancreas. Localized
nodules of reactive lymphoid tissue (with germinal cen-
ters) have been reported to form 2- to 3-cm soft, yellow
nodules in this organ. Autoimmune pancreatitis, lym-
phoepithelial cysts, and true lymphomas (including
MALT type) ought to be considered high in the differ-
ential diagnosis of such cases.

12.3.9 Deposits of Foreign Substance

Rarely, foreign material may accumulate in the pancreas
and form a pseudotumor.

12.3.10 Congenital Anomalies

Congenital anomalies of the pancreas are very uncom-
mon and some may present as pseudotumors. For ex-
ample, annular pancreas sometimes mimics adenocar-
cinoma.

12.3.11 Granulomatous Inflammations

Granulomatous inflammations (such as sarcoidosis or
tuberculosis, Wegener’s vasculitis), and congenital le-
sions may form tumoral lesions. 

12.4 Cystic Lesions - Cystic Tumors
[11, 12]

Cystic tumors of the pancreas are rare and account for
20% of pancreatic tumors. Their epithelial lining dis-
tinguishes them from pseudocysts which are much more
frequent as the consequence of inflammatory and
necrotic process.

Cystic tumors are usually resectable (80-90% of
cases) and usually have a much better prognosis than
ductal adenocarcinoma, with a high level of curable
disease after resection.

In pancreatic disease cystic tumors are the most fre-
quent indication for surgery. As pathologists we are inter-
ested in cystic tumors due to their heterogeneity: in cystic
tumors we can find different morphology, different patho-
genesis and different clinical behavior. We should also al-
ways keep in mind that solid tumors can have necrotic or
hemorrhagic events that lead to cystic formation.

According to the kind of epithelium of the cyst the
WHO classifies different lesions with different clinical
and pathologic characteristics. It is very important to
reach a correct preoperative radiologic diagnosis to
avoid unnecessary surgery and then to make a proper
pathologic diagnosis to find the right prognosis.

12.4.1 Serous Neoplasms

Serous cystic neoplasms are epithelial neoplasms with cys-
tic features, characterized by uniform, cuboidal glycogen-
rich, clear cells without atypia. They are relatively uncom-
mon (1-2% of all pancreatic neoplasms) benign neoplasms
in most cases. Malignant cases are extremely rare. In these
cases the diagnosis of malignancy was established only
after metastases to the liver were detected. There is a slight
prevalence in females aged 50-60 years old.

The lesions are usually sporadic, although there is an
association with von Hippel-Lindau syndrome, and they
usually appear with multifocal lesions within the pancreas.

In 20-50% cases they are diagnosed incidentally at
routine physical examination, as they are mostly clini-
cally silent.
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Fig. 12.14 Pancreatic solid hamartoma, seen as a small, firm
well-defined whitish mass



Different variants have been described:
• Microcystic serous cystic neoplasm (serous cystade-

noma)
• Macrocystic serous cystic neoplasm (macrocystic

serous cystadenoma)
• Solid serous adenoma
• Von Hippel-Lindau (VHL)- associated serous cystic

neoplasms

12.4.1.1 Serous Cystadenoma

Microcystic serous cystic neoplasms are the most com-
mon type (70% of serous neoplasms) [13]. They usually
(50-70%) occur in the body-tail of the pancreas.

The gross appearance is characteristic: well-defined
lesion, slightly bosselated, with honeycomb appearance
on cut surface due to the presence of numerous, tightly
packed small cysts. They are often arranged around a
central scar, which is often calcified, from which fibrous
septa radiate to the periphery creating a sponge-like
appearance (Fig. 12.15). This finding is almost diag-
nostic and allows easy radiologic identification. The
radiologic detection is crucial as they are completely
benign lesions. Owing to the huge dimensions micro-
cystic cystadenoma usually grow producing a mass ef-
fect on adjacent organs without infiltration. Thus even
if they occupy the head of the pancreas they do not
cause jaundice.

12.4.1.2 Macrocystic Serous Cystadenoma

This form is rarer than the microcystic type. The lesions
occur more frequently in males and are mainly found

in the head of the pancreas. Macroscopically they are
composed of few but numerable cysts (Fig. 12.16a)
usually more than 2 cm in diameter, which can reach
15-20 cm. They may be unilocular (Fig. 12.16b) as
well.

The macroscopically visible cysts sometimes are
separated by broad septa without a central stellate scar.
Generally these lesions are poorly demarcated, with
small cysts extending into the adjoining pancreatic tis-
sue. Due to the absence of a central scar, the frequent
large size and the not well-defined tumor border, radi-
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Fig. 12.15 Gross image of a microcystic serous cystadenoma.
Note the central scar and sponge-like appearance

Fig. 12.16 a,b Oligocystic variant of serous cystadenoma (a)
Unilocular variant of serous cystadenoma (b)
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ologic detection is difficult, and it is difficult to distin-
guish them from other neoplasms such as mucinous
neoplasms or pseudocysts.

When the cysts are large and unilocular, they usually
have a thick capsule, the fluid is not as usual typically
watery but it may be hemorrhagic. In 40% of cases the
epithelial lining may become denuded, making the his-
tologic diagnosis difficult. The lesion must be exten-
sively sampled and examined carefully to identify the
characteristic glycogen-rich, clear cells.

12.4.1.3 Solid Serous Adenoma

These are very rare lesions. The solid gross appearance
is due to the presence of clear cells arranged in small
acini within stromal framework. These tumors are usu-
ally well circumscribed and small (2-4 cm). The dif-
ferential diagnosis includes neuroendocrine tumors.

12.4.1.4 Von Hippel-Lindau (VHL)-Associated

Serous Cystic Neoplasms

As many as 90% of patients with Von Hippel-Lindau
syndrome develop serous neoplasms. They are frequently
multiple and may involve the entire pancreatic gland.

12.4.2 Cystic Tumors with Mucinous

Epithelium

These tumors are currently subdivided into two groups
with distinct clinical-pathologic characteristics namely
mucinous cystic neoplasm (MCN) and intraductal mu-
cinous papillary neoplasm (IPMN).

It is well known that IPMNs and MCNs encompass
a spectrum of lesions from mild atypia to invasive car-
cinoma. The WHO classification classifies the nonin-
vasive tumors on the basis of the highest degree of cy-
toarchitectural atypia (low-grade/intermediate-grade or
high-grade dysplasia). The presence of invasive carci-
noma leads to the designation IPMN/MCN with an as-
sociated invasive carcinoma.

12.4.2.1 Mucinous Cystic Neoplasms (MCNs)

• MCN with low or intermediate grade dysplasia
• MCN with high-grade dysplasia
• MCN with an associated invasive carcinoma

MCNs are epithelial neoplasms with cystic features
that characteristically do not communicate with the duc-
tal system of the pancreas. They make up about 8% of
surgically resected cystic lesions of the pancreas [12].

MCNs have distinctive clinical-pathologic features:

this neoplasm occurs almost exclusively in women (me-
dian age: 40-50 years); it is located in the body-tail of
the pancreas; it is characterized by columnar mucin-
producing cells with various degrees of atypia, associ-
ated with ovarian-like subepithelial stroma. A MCN
should be suspected whenever a cystic lesion is seen
by imaging in the pancreatic body-tail of a young or
middle aged woman, especially in the absence of a his-
tory of pancreatitis.

The pathogenetic theory is that of heterotopic ovarian
tissue dislocated in the pancreas during embryogenesis,
on which a mucinous cystic tumor subsequently arises.
Clinical presentation depends on the size of the tumors:
small tumors are usually found incidentally; in larger
ones symptoms depend on the abdominal mass.

Gross Findings
Usually these neoplasms are composed of sharply de-
marcated cystic masses ranging in size from one to
several centimeters with thick fibrotic walls, with oc-
casional calcifications. Unless there is fistula formation,
the lesions do not communicate with the pancreatic
ductal system.

On the cut surface, the tumors are unilocular or mul-
tilocular; sometimes there are rare thin septa (Fig.
12.17). The cyst often contains mucin, but hemorrhagic
content and a more watery fluid may also be noted.

The internal surface may be smooth and glistening,
sometimes with trabeculae, especially in low grade le-
sions, or it may have papillary projections (Fig. 12.18).
Unilocular cases can be extensively denudated, thus
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Fig. 12.17 Mucinous cystic tumor with rare thin septa



sometimes reaching a proper differential diagnosis with
pseudocyst can be difficult (Fig. 12.19). An extensive
sampling of the lesion usually leads to the identification
of at least some ovarian-like stroma.

There are some features suggestive of an associated
invasive carcinoma: large size with multilocular ap-
pearance; irregular thickening of the cystic wall; mural
nodules. These neoplasms should be sampled exten-
sively for microscopic examination, to look for an in-
vasive component.

Microscopy
MCNs are characterized by tall, columnar mucin-pro-
ducing cells with various degrees of atypia, associated
with the presence of a distinctive subepithelial cellular

stroma (referred to as ovarian-like) [14]. This stroma
is an entity-defining feature of these neoplasms, to the
extent that it has almost become a requirement for the
diagnosis. The mucin-producing epithelium may exhibit
pseudopyloric, gastric foveolar, small or large intestinal
differentiation; squamous differentiation may be pres-
ent. Inflammation may impart a more complex archi-
tecture to an otherwise simple mucinous cystic neo-
plasm and raise the suspicion of malignancy at imaging.

The WHO classification recognizes a noninvasive
MCN with low-intermediate and high grade dysplasia
and mucinous cystic neoplasm with an associated in-
vasive carcinoma (present in up to one third of MCNs).
Patients with invasive carcinoma are 5-10 years older,
on average, than those with a noninvasive tumor, sug-
gesting a progression from curable noninvasive tumor
to invasive carcinoma. The invasive component arising
in association with mucinous cystic neoplasms is usu-
ally the tubular/ductal type; colloid infiltration is ex-
tremely rare. Interestingly, these cases have been found
to have a more indolent course than ordinary infiltrating
ductal adenocarcinoma, with a degree of aggressiveness
from intratumoral invasion, capsular invasion to exten-
sive pancreatic tissue invasion.

If completely resected, the prognosis of noninvasive
cases is excellent despite the level of dysplasia [15].
Staging follows the protocol for ductal adenocarcinoma
[16].

The differential diagnosis includes other cystic neo-
plasms of the pancreas and pseudocysts. The best way
to reach a diagnosis is based on combined evaluation
of clinical, radiologic and pathologic data.
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Fig. 12.18 a,b Mucinous cystic tumor with unilocular cyst and focal papillary vegetations (a). Multilocular mucinous lesion (b)

ba

Fig. 12.19 Unilocular denudated case of mucinous cystic tumor



12.4.2.2 Intraductal Papillary Mucinous
Neoplasms (IPMNs)

• IPMN with low or intermediate-grade dysplasia
• IPMN with high-grade dysplasia
• IPMN with an associated invasive carcinoma

IPMNs are epithelial neoplasms with ductal differ-
entiation that characteristically grow primarily within
the ductal system of the pancreas. They form intraductal
masses that are radiographically and grossly detectable:
an arbitrary minimal size criterion of 1cm has been
suggested to define this family.

IPMNs can involve the main pancreatic duct (MD-
IPMNs/main duct type) or its secondary branches (BD-
IPMNs/branch duct type) in a segmental or multifocal/dif-
fuse fashion.

The incidence of IPMNs in the general population
is poorly defined because most subjects are asymp-
tomatic. The lesions are fairly common, especially
in the elderly; the incidence rate seems to increase
with age.

IPMNs are estimated to account for 1-3% of all ex-
ocrine pancreatic neoplasms and almost 20% of cystic
tumors. Unlike other cystic tumors they usually give
symptoms (70% of the cases) that mimic those of
chronic pancreatitis. However, an increasing number
of IPMNs is incidentally discovered during radiologic
investigations performed for other purposes.

Gross Findings
IPMNs are characterized by cystic dilatation of the
pancreatic ducts with an intraductal proliferation of
neoplastic mucin-producing cells usually arranged in
papillary patterns, leading to diffuse or segmental main
duct/secondary ducts dilatation.

Mucin production by the neoplastic cells is usually
associated with intraluminal mucin which leads to cystic
dilatation of the ducts, and at times, to mucin extrusion
from the ampulla of Vater, a finding that is virtually di-
agnostic of IPMN.

Macroscopic examination of IPMNs is imperative
for documenting involvement of the pancreatic ductal
system and the distribution of the disease within the
ductal system. Most IPMNs (70-80%) are located in
the head of the pancreas (Fig. 12.20).

Branch duct type IPMN usually form a cystic mass
in the uncinate process (Fig. 12.21); main duct type
IPMN can involve the entire main pancreatic duct.

The intraductal growth may be either flat or papillary.
The papillae may range from microscopic to large macro-

scopically detectable proliferations. Papillary projection
can be detectable at imaging as a non filled tract.

Main duct type IPMN is characterized by dilation
that can involve a segment or the entire main pancreatic
duct with the tortuous and irregular duct often being
filled with mucin (Fig. 12.20). This type usually arises
in the head of the pancreas and progresses along the
main duct. The neoplastic growth leads to grossly rec-
ognizable lesions that distend the duct and compress
the nearby pancreatic parenchyma finally to a peripheral
rime, reflecting changes of extensive chronic obstructive
pancreatitis.

The documentation of involvement of the pancreatic
main duct has clinical importance because this type is
associated with higher risk of high-grade dysplasia and
invasive carcinoma.

Sometimes the preoperative localization of a main-
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Fig. 12.20 Main duct type IPMN of the head of the pancreas: duct
of Wirsung dilation (W) with macroscopic visible papillae (*)

Fig. 12.21 Small “branch duct” type IPMN of uncinate process,
gross section of a DCP specimen

*



tectural atypia (low-grade/intermediate-grade or high-
grade dysplasia). The presence of invasive carcinoma
leads to the designation IPMN with an associated in-
vasive carcinoma.

Neoplastic epithelium may present different differ-
entiation: gastric, intestinal, pancreatobiliary and on-
cocytic. IPMNs can be subclassified on the basis of the
predominant cellular type [21].

duct IPMN may be difficult. High-resolution imaging
(CT, MRI with MRCP) may show a dilated main pan-
creatic duct, but the dilation might also occur both prox-
imal and distal to the IPMN because of overproduction
of mucus and/or associated chronic pancreatitis.

Branch duct type IPMN primarily involves the branch
ducts. This type arises most often in the uncinate process
(Fig. 12.21) in the form of multicystic, grape-like struc-
tures. The adjacent pancreas is generally normal.

BD-IPMNs are associated with malignancy in about
25% of cases, and parameters associated with the pres-
ence of a malignancy are the presence of symptoms,
larger lesions (>3 cm) and mural nodules.

IPMNs may be focal (localized), multifocal (multi-
centric) (Fig. 12.22) (in up to 40% of cases) or diffuse.

Infiltration usually has the appearance of colloid
carcinoma with gelatinous stromal masses (Fig.
12.23a,b). This explains, in large advanced tumors, the
frequent presence of fistula with the common bile duct
and extrapapillary duodenum, or the peritoneal diffusion
as pseudomyxoma peritonei.

Multifocal disease and haphazard distribution of car-
cinoma, which may develop both adjacent to and away
from the IPMN and which may also be macroscopically
undetectable, necessitates the extensive sampling of
these lesions and careful histologic examination is
needed to rule out invasion [17-20].

Microscopy
The cystically dilated ducts are characterized by colum-
nar mucin-producing cells with various degrees of
atypia. Architecturally the epithelium can be flat or form
papillae. The papillae range from microscopic fold of
epithelium to grossly evident finger-like projections.

The WHO classification classifies the noninvasive
tumors on the basis of the highest degree of cytoarchi-
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Fig. 12.22 Multifocal IPMN involving ducts all over the pancreas

Fig. 12.23 a,b IPMN with infiltration as a colloid carcinoma:
gross (a) and microscopic (b) appearance

a

b



Invasive adenocarcinoma, which is seen in almost
30% of cases, is usually either of the colloid or tubular
(ordinary ductal) histotypes. The former has been found
to have indolent behavior. Staging follows the protocol
for ductal adenocarcinoma [16].

Overall 5-year survival for patients with an IPMN
is 70%. This is not surprising, considering that most
IPMNs are noninvasive.

The differential diagnosis for larger IPMNs includes
other macrocystic/oligocystic lesions such as mucinous
cystic neoplasms and macrocystic serous cystadenomas.
Small IPMNs can be distinguished from microscopic
lesions of the pancreatic ducts known as pancreatic in-
traepithelial neoplasia (PanIN) (less than 1 cm) and re-
tention cyst. At last IPMNs must be microscopically
differentiated from intraductal growth of neoplasms
such as acinar cell carcinomas or neuroendocrine tu-
mors [22].

12.4.3 Squamous-Lined Cysts

12.4.3.1 Lymphoepithelial Cysts (LECs)

Lymphoepithelial cysts are benign cystic lesions seen
predominantly in males, in the fifth to sixth decade of
life. Grossly they may be unilocular or multilocular. The
cyst contents may vary from serous to cheesy/caseous-
appearing depending on the degree of keratin formation.
The cyst wall and trabeculae are usually thin. Micro-
scopically, the cysts are lined by well-differentiated strat-
ified squamous epithelium, without atypia which may
or may not have prominent keratinization. The squamous
epithelium is surrounded by a band of dense lymphoid
tissue composed of mature T-lymphocytes with inter-
vening germinal centers formed by B cells, which may
be abundant in some cases. In many cases, the lymphoid
tissue is immediately adjacent to the epithelium, while
in others there is a band of fibrous tissue separating
them. Solid lymphoepithelial islands (microscopic clus-
ters of epithelial cells admixed with lymphocytes, similar
to the so-called epimyoepithelial islands in salivary gland
LECs) may also be present. Some of these epithelial
nests form microcysts.

12.4.3.2 Epidermoid Cysts within

Intrapancreatic Accessory Spleen

These are rare. They occur almost exclusively in the
tail of the pancreas where accessory spleens are not
too uncommon. They are seen in younger patients (2nd–
3rd decades). The cysts are lined by attenuated squa-

mous cells, usually nonstratified, surrounded by nor-
mal-appearing splenic tissue.

12.4.3.3 Dermoid Cysts

Dermoid cysts are also exceedingly rare tumors in the
pancreas region. They are reported in younger patients
(2nd–3rd decades) and are morphologically similar to
the teratomas seen in other sites, although some exam-
ples are composed predominantly of epidermal ele-
ments, such that they are difficult to distinguish from
LECs. The presence of sebaceous glands or hair fol-
licules is more typical for dermoid cysts.

12.4.3.4 Squamoid Cyst of Pancreatic Ducts

Squamoid cyst of pancreatic ducts is a recently recog-
nized type of cystic lesion in the pancreas in which
cystically dilated ducts are lined by a squamous/transi-
tional epithelium without keratinization. The larger and
clinically manifested examples reported are unilocular.
The cysts typically contain distinctive acidophilic acinar
secretions that form concretions, more evident in
medium-sized examples, confirming their communi-
cation with the acinar system, and suggesting a localized
obstruction in their pathogenesis.

12.4.4 Cysts Lined by Acinar Cells

12.4.4.1 Acinar Cell Cystadenocarcinomas

A cystic form of acinar cell carcinoma is well docu-
mented but is extremely uncommon; only a handful of
cases have been documented in the literature. True aci-
nar cell cystadenocarcinomas are composed of neo-
plastic cells that form normal pancreatic acinar structure
with prominent lumen formation (in contrast to ordinary
acinar cell carcinomas which have a more solid growth
pattern). Some show significant cystic dilatation that
may measure up to several centimeters. The cysts in
this neoplasm are true cysts with an epithelial lining
composed of cells with acinar differentiation rather
than a degenerative phenomenon. The cells often con-
tain abundant apical, acidophilic (zymogenic) granules,
and immunolabeling will reveal the presence of pan-
creatic exocrine enzymes. In the examples we have
seen, the cysts contained enzymatic concretions ad-
mixed with crystalline material, presumably composed
of enzymatic secretions. Acinar cell cystadenocarcino-
mas are often large. Their biology seems not to be sig-
nificantly different from their solid counterparts, with
liver metastases developing early in the course of the
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disease, although some with intraductal growth had
protracted clinical courses [23].

12.4.4.2 Acinar Cell Cystadenomas
Until recently, the conventional thought was that all aci-
nar neoplasms in the pancreas are malignant, albeit solid
or cystic. In 2000, however, an entity referred to as
acinar cell cystadenoma (also called cystic acinar trans-
formation) was described. This phenomenon is uncom-
mon, often incidental, but may on occasion produce a
clinically detectable cystic mass (measuring up to several
centimeters), in which the cysts are lined by cytologi-
cally bland acinar cells. Acinar cell cystadenoma is seen
in young adults and children, and the consensus is that
it is a benign process [24].

12.4.5 Endothelial-Lined Cysts

12.4.5.1 Lymphangiomas
Lymphangiomas may also present as pancreatic and
peripancreatic cystic masses and may closely mimic
LECs (especially those with denuded epithelium) be-
cause they also contain prominent lymphoid tissue.
Lymphangiomas are lined by endothelial cells as
demonstrated by immunohistochemical labeling for en-
dothelial markers (CD31, CD34 or D2–40) and lack
staining for epithelial markers (cytokeratins). Lym-
phangiomas may become very large, measuring up to
25 cm. They are benign.

12.5 Cystic Lesions - Cystic Variant 
of Solid Tumors

This group constitutes an estimated 10% of the pan-
creatic cysts [25].

12.5.1 Solid-Pseudopapillary Neoplasm [26]

These make up about 0.9-2.7% of exocrine pancreatic
neoplasm and 5% of cystic pancreatic tumors and occur
predominantly in young women.

Solid-pseudopapillary neoplasm is the most recent
name advocated by the WHO for a distinctive tumor
type in the pancreas that often presents as a cystic mass,
described for the first time by Franz in 1959. The
plethora of names used previously reflects the enigmatic
nature of this neoplasm. It is now known that cavities
present in these tumors are not true cysts (there is no

epithelial lining), but they rather represent a necrotic/de-
generative process. When the neoplastic cells drop away
they leave aggregates of cells around a fibrovascular
core, thus forming pseudo-papillae rather than real
ones. The lesion does not show clear-cut pathogenetic
relationship to any of the cells normally found in the
pancreas; there is no evidence of ductal, acinar, or frank
endocrine differentiation. Even the epithelial differen-
tiation of this tumor type is incomplete and doubtful.

Grossly (Fig. 12.24a) it usually presents as a round
well-defined mass, mainly located in the head of the
pancreas, with a fibrous capsule and frequently calci-
fied. It shows a typical alternation of solid and cystic
areas without inner septations which frequently become
a huge lesion with a higher proportion of degenerative
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Fig. 12.24 a,b Solid-pseudopapillary tumor, with solid areas (*)
and areas with fleshy pseudopapillary vegetations (a). Microscopic
image of a solid-pseudopapillary tumor (b). Note the delicate
vessels surrounded by neoplastic cells

a

b
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necrotic-hemorrhagic events. Occasionally, the hem-
orrhagic-cystic changes may be extensive, mimicking
a pseudocyst.

The cystic areas often contain blood, necrotic debris,
and clusters of foamy macrophages. The solid compo-
nent is characterized by poorly cohesive monomorphic
cells with typical grooved nuclei, admixed with thin-
walled blood vessels (Fig. 12.24b).

Another peculiar aspect of the tumor is its clinical
behavior. The majority of cases (85-95%) are cured by
surgical resection. Metastases (either to liver or peri-
toneum, but only seldom to lymph nodes) may be seen
in a small percentage of patients, but even some patients
with metastases are cured. Seldom has any death been
attributed to solid-pseudopapillary neoplasm. There do
not appear to be any reliable histopathologic criteria to
distinguish cases that can metastasize from those that
do not.

12.5.2 Cystic Change in Ordinary Ductal

Adenocarcinoma

Rarely ductal adenocarcinoma of the pancreas may un-
dergo cystic change due to necrosis and hemorrhagic
events. This occurs in less than 1% of cases. In some pan-
creatic cancers, a large cyst, detectable at imaging, may
form because of central necrosis (Fig. 12.25). In these
cases, what appears at imaging to be a cyst (a macrocyst),
however, often proves microscopically to be solid, nonvi-
able tissue surrounded by a cuff of viable carcinoma. Such
cases can be misdiagnosed preoperatively as pseudocysts.

In other cases, ductal adenocarcinoma can obstruct
the pancreatic duct and lead to cystic dilatation of the
upstream duct. The dilated duct can show reactive ep-
ithelial changes, which may be indistinguishable from
IPMNs or MCNs [27].

12.5.3 Cystic Pancreatic Neuroendocrine

Neoplasia

Cystic pancreatic endocrine neoplasms are rare and
predominantly nonfunctioning. They constitute 5-10%
of pancreatic endocrine neoplasms reported in literature.
In contrast to the cystic change in other solid tumors,
the cyst formation in these neoplasms does not appear
to be due to necrosis. Rather, the cysts are lined by a
ragged cuff of well-preserved neoplastic endocrine
cells, and filled with a clear fluid instead of necrotic
debris. The cyst formation is usually unilocular (Fig.
12.26 a,b) and at the centre of the tumor. In some cases,
however, the process is more microcystic with multiple
small cysts. Some cystic pancreatic endocrine neo-
plasms achieve significant size, up to 25 cm. Micro-
scopic examinations of the solid areas of the tumors
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Fig. 12.25 Cystic degeneration (*) in a ductal adenocarcinoma (T) 

Fig. 12.26 a,b Cystic neuroendocrine tumor of the body of the pancreas (a). Macrosection image (b)
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*
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reveal characteristic features of a well-differentiated
pancreatic neuroendocrine neoplasm [28].

12.5.4 Cystic Mesenchymal Neoplasms

Some mesenchymal neoplasms that occur in the pan-
creatic region may present as cystic lesions. Schwan-
nomas in the pancreas especially tend to be cystic. Some
sarcomas, especially GISTs, may also be cystic. Other
nonepithelial tumors of this region such as paragan-
gliomas have also been reported to present as a cyst.

12.5.5 Secondary Tumors

Rarely, metastatic neoplasms (or neoplasms that sec-
ondarily involve the pancreas) can exhibit cystic change,
such as metastatic ovarian and renal cell carcinoma.

12.6 Cystic Lesions - Non Neoplastic

Other rare cystic lesions [29, 30] are cystic hamartoma,
enterogenous cyst and duodenal diverticula. Cystic le-
sions of the common bile duct (choledochal cyst) and
duodenum may also mimic pancreatic cysts.

12.6.1 Congenital Cysts

Congenital cysts of foregut derivation may also occur
in the pancreas although very rarely. Essentially, these
are regarded as gastrointestinal (enteric) duplications.
They may have respiratory (bronchogenic) or simple
ciliated epithelium.

12.6.2 Endometriotic Cyst

Endometriotic cyst with massive hemorrhage may be
seen in the pancreas.

12.6.3 Cyst in Congenital or

Developmental Disorders

A variety of congenital or developmental disorders may
be associated with cyst formation in the pancreas, in ad-
dition to VHL-associated cystic changes discussed above
(Section 12.4.1). Others include polycystic kidney disease
and medullary cystic kidney. Patients with polycystic
kidney disease, both adult and infantile types, may have
cystic lesions in the pancreas. Rarely, patients with

medullary cystic kidneys may also have pancreatic cysts.
In patients with cystic fibrosis, the genetic defect in

the cystic fibrosis transmembrane conductance regulator
protein increases the viscosity of pancreatic secretions,
which in turn leads to the cystic dilatation of the pancreatic
ducts causing intraluminal impaction, in addition to lob-
ular atrophy and parenchymal fibrosis. This dilatation in
the ducts, however, is generally not clinically detectable.
If clinically detectable it may lead to a wrong diagnosis
of intraductal papillary mucinous neoplasm, but the young
age should be suggestive of cystic fibrosis.

12.6.4 Cystic Lesions with no Lining –

Pseudocysts

Most cavity-forming lesions of the pancreatic region
are pseudocysts. The entity referred to as pseudocyst is
a non-neoplastic complication of pancreatitis caused by
alcoholic, biliary, or traumatic acute pancreatitis. It de-
velops when a focus of peripancreatic fat necrosis is re-
absorbed, producing a debris-filled space rich in pan-
creatic exocrine enzymes. Pseudocysts may measure up
to several centimeters. The pathologic findings may
vary depending on the stage of the process. The cyst
contents, originally necrotic fat, transform into a mixture
of necrotic cells, enzymes, scavenger cells, hematoidin
pigment, cholesterol clefts, and sometimes neutrophils.
There is no epithelial lining. The adjacent stroma may
be hypercellular. The tissue that surrounds the necrotic
material first produces granulation tissue, and eventually
becomes a fibrotic pseudocapsule. Depending on the
severity and duration of the pancreatitis, the pseudocyst
may resolve spontaneously, or may achieve a size that

184 P. Capelli, A. Parisi

Fig. 12.27 Paraduodenal pancreatitis, cystic variant. Fibrotic
area (F) with cyst and gallstone (C) in the lumen. Note the hy-
perplasia of the duodenal wall (DW)



is no longer self-absorbable, and require surgical inter-
vention. Pseudocysts do not present a risk of malignant
degeneration, and the treatment of pseudocysts differs
dramatically from that of cystic neoplasms of the pan-
creas. Fortunately, the clinical diagnosis of a pseudocyst
is usually straightforward; however, proper sampling is
essential for the correct diagnosis.

12.6.5 Cyst in Paraduodenal Pancreatitis

(Paraduodenal Wall Cyst/Cystic

Dystrophy/Groove Pancreatitis)

(Fig. 12.27)

Cysts formation is one of the complications of a subset
of chronic pancreatitis that involves the second portion
of the duodenum, centered on the minor papilla.

These cysts appear to occur as a consequence of
chronic inflammation in the periampullary region in
which one or more of the accessory ducts form a cyst
on the duodenal wall. This usually occurs in the back-
ground of fibrosis and prominent proliferation of
smooth muscle cells often arranged in a whorling pat-
tern, changes that form a pseudotumor which frequently
also involve the adjacent pancreas and the groove area
(so-called groove pancreatitis). The cyst wall may be
partially lined by ductal epithelium and partly by in-
flammation as well as granulation tissue. Total erosion
of the duct epithelium may result in pseudocyst forma-
tion. Brunner’s gland hyperplasia contributes to the
thickening of the duodenal wall. This process may be
associated with scarring of the common bile duct, mim-
icking pancreatic cancer [31, 32].

Other rare inflammatory cysts that can occur in the
pancreas include parasitic cysts such as hydatid cyst
and necrotic tuberculous infections.
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noma, which is the most common primary malig-
nancy of the pancreas. The hypoechoic appearance
and infiltrative margins, ill-defined at US, are typical
US features. Most often, an upstream dilation of the
main pancreatic duct is documented; if located in
the pancreatic head, the double duct sign is often
observed.
Ductal adenocarcinoma of the pancreas usually

shows absence of vascular signals at Doppler study.
The Doppler-study is mandatory to accurately evaluate
potential vascular involvement.

The immediate administration of contrast agent (mi-
crobubbles) should be performed in the same US sec-
tion. The detection of a solid hypoechoic lesion at US
and hypovascular hypoenhancing lesion at CEUS
should be considered a ductal adenocarcinoma until
proven otherwise. A markedly hypovascular lesion is
usually poorly differentiated and characterized by a
worse prognosis. 

The resectability or un-resectability of a lesion can
be confirmed after the administration of contrast agent.
The accurate evaluation of the liver during the late
phase of CEUS is important to rule-out potential hepatic
metastases.
2) The detection of vascular signals at Doppler study

within a solid pancreatic lesion occurs in neuroen-
docrine tumors. However, the Doppler silence does
not exclude this potential diagnosis. Functional en-
docrine pancreatic tumors are most often small in
size, well marginated and related to specific clinical
symptoms owing to an overproduction of pancre-
atic hormones. Nonfunctional endocrine pancreatic
tumors usually present with mass effects, owing
to their larger size; they usually present with ir-
regular margins, sometimes with calcification and
intralesional necrotic areas. The detection of a solid

13.1 Introduction

Conventional ultrasonography (US) is the imaging modal-
ity of choice for the first-line evaluation of patients with
suspected abdominal disease, to screen abdominal dis-
eases and for the preliminary evaluation of patients with
nonspecific symptoms. Conventional US is usually the
first imaging method performed in symptomatic patients.

Contrast-enhanced US (CEUS) has significantly im-
proved the accuracy of the first-line examinations, in-
fluencing the choice of second-line investigations. Con-
trast-enhanced multidetector computed tomography
(CE-MDCT) is the criterion standard for the assessment
of solid pancreatic lesions and tumor staging. Magnetic
resonance imaging (MRI) with MR cholangiopancre-
atography (MRCP) remains the imaging modality of
choice for the study of pancreatic cystic lesions and
the ductal system. Other imaging modalities can be
useful as third-line examinations in some cases, as sub-
sequently described. In this chapter, the typical features
of solid and cystic lesions of the pancreas according to
their clinical presentation are reported. Throughout the
text, a work-up algorithm is briefly proposed.

13.2 Symptomatic Solid Pancreatic
Masses

1) The detection of a solid hypoechoic focal pancreatic
lesion suggests the diagnosis of ductal adenocarci-
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hypervascular pancreatic lesion after the adminis-
tration of microbubble suggests the diagnosis of a
neuroendocrine tumor.

3) According to the clinical and laboratory data, a dif-
ferential diagnosis between neoplastic masses and
focal pancreatitis has to be considered. At US, a
focal pancreatitis presents as a focal hypo-isoechoic
mass; the main pancreatic duct is not infiltrated. At
CEUS, it typically presents as an isoechoic mass
with a parenchymal enhancement pattern.
A solid pancreatic lesion should be confirmed at

CE-MDCT examination, which is useful for the staging
of the disease.

In resectable lesions, surgical treatment is recom-
mended. The endoscopic US (EUS) examination plays
an important role in the T and N staging of lesions al-
ready studied by other noninvasive imaging techniques,
improving the evaluation of size and shape and its re-
lation with adjacent structures, such as pancreatic duct,
bile duct and large vessels. Moreover, contrast enhanc-
ing techniques can be applied. PET/CT can be a well-
established imaging method to visualize neuroendocrine
pancreatic tumors, allowing a better detection of occult
intrapancreatic lesions and small, unsuspected distant
metastases. Especially in cases of functional neuroen-
docrine tumors, the intraoperative US (IOUS) can be
useful for ruling out the potential coexistence of syn-
chronous lesions hidden at preoperative imaging and
to evaluate the relationship between the lesion, the main
pancreatic duct and the adjacent vessels assessing the
possible presence of very small liver metastases.

In cases of unresectable lesions, a fine-needle-aspi-
ration or biopsy has to be performed before any pallia-
tive therapy (chemotherapy or radiation therapy or ther-
mal ablation). They are almost always performed under
US guidance, percutaneously or endoscopically, with
better results in the presence of pathologists who can
immediately evaluate the sample.

13.3 Incidental Solid Pancreatic
Lesion

1) Rarely, ductal adenocarcinoma of the pancreas is
incidentally discovered. As reported above, the pres-
ence of a focal solid hypoechoic hypovascular lesion
of the pancreas could suggest a ductal adenocarci-
noma even in asymptomatic patients. If small in
size or peripherally located, in the absence of any

infiltration of nervous and vascular peripancreatic
structures, they can be diagnosed in asymptomatic
patients. At any rate, the upstream dilation of the
main pancreatic duct can be present. The same rules
described above should be applied in these cases.
The Doppler study and the immediate administration
of contrast agent should always be performed in the
same session.

2) The incidental detection of a focal solid hypoechoic,
hypervascular lesion of the pancreas should suggest
the diagnosis of neuroendocrine tumor. These lesions
usually consist of nonfunctioning tumor, by defini-
tion. In both cases liver metastases can be observed
at the time of diagnosis even in asymptomatic pa-
tients.
A solid pancreatic lesion should be confirmed at

CE-MDCT examination, which is particularly useful
for the staging of the disease.

In cases of resectable lesions the surgical resection
is recommended, being the treatment of choice if pos-
sible. In some cases, it could be helpful to complete
the imaging staging performing a PET/CT or an EUS
examination. In cases of unresectable lesions, a fine-
needle-aspiration or biopsy has to be performed before
any treatment is undertaken.

13.4 Symptomatic Cystic Pancreatic
Lesion

1) In symptomatic patients with a history of acute or
chronic pancreatitis, the pancreatic cystic lesion
most frequently detected consists of pseudocysts
(PSC). These appear as well marginated, rarely cal-
cified, irregular in shape and most often unilocular
anechoic lesions at conventional US. A heteroge-
neous content can be observed owing to the presence
of debris or hemorrhagic content. After the admin-
istration of microbubbles, the complete lack of en-
hancement of these inclusions is mandatory to con-
firm the diagnosis. Moreover, this leads to making
a differential diagnosis with pancreatic cystic tumors.
The main pancreatic duct can be irregularly dilated
in chronic pancreatitis. A pseudocyst may be suspect
after at least 4-5 weeks from the acute clinical symp-
toms. It can become complicated by developing into
a pseudoaneurysm. This is the reason why the de-
tection of an anechoic lesion at US needs Doppler-
evaluation to avoid vascular damage.
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2) In young females, the detection of a large solitary
lesion, grossly rounded and most often located in
the pancreatic tail, characterized by a solid and cystic
appearance should suggest the diagnosis of solid
pseudopapillary tumor (SPT). Peripheral or central
calcifications may be present. It usually shows het-
erogeneous content owing to the hemorrhagic de-
generation and hypervascularity of the solid portion
is documented. Owing to their typical location, the
main pancreatic duct is usually normal in caliber.
They can present with abdominal pain, most often
due to recent hemorrhage.

3) In elderly males, the detection of multifocal or uni-
focal cystic lesions of the pancreas communicating
with the main pancreatic duct should suggest the di-
agnosis of an intraductal papillary mucinous neoplasm
(IPMN). This can be hard to detect at conventional
US, as the evaluation of the communication is often
too thin. Therefore, MRI with MRCP still remains
the imaging modality of choice to detect an IPMN.
However, CEUS plays an important role in defining
the vascularity of potential inclusions, with the high
spatial and contrast resolution together with the real-
time evaluation of the enhancement. The symptomatic
secondary-branch IPMN is usually located in the un-
cinate process and is usually larger than 30 mm in
size, presenting with recurrent acute pancreatitis. The
presence of mural nodules, thick septa and a duct of
Wirsung diameter greater than 10 mm are highly sug-
gestive for malignancy.
On the other hand, IPMN of the main duct can some-
times present with atypical symptoms, mainly re-
lated to pancreatic exocrine insufficiency. As is well
known, they require a different treatment strategy
compared to other forms of IPMNs, but they do
need an MRI with MRCP as the criterion standard.
A cystic pancreatic lesion should be confirmed at

MRI with MRCP, which is better able to define the pan-
creatic ductal system. The functional evaluation after
secretin administration can sometimes be performed to
better evaluate the exocrine pancreatic reserve.

Symptomatic pseudocysts undergo percutaneous or
surgical drainage, depending on their content, which is
best evaluated at MRI. PST requires surgical resection
owing to its high risk of hemorrhage and potential local
invasion and hepatic or peritoneum spread, even though
rare. In patients with symptomatic side-branch IPMNs,
a surgical resection could be recommended to avoid
recurrent pancreatitis. Main type IPMNs require a mul-

tidisciplinary judgment to choose the best treatment in
each patient.

As reported in the literature, PET/CT is not rec-
ommended in cystic pancreatic lesions owing to the
poor FDG uptake of cystic lesions. In some cases,
EUS can be helpful to better evaluate the smallest
cystic lesions and their potential connection with the
main pancreatic duct. Moreover, rarely, a fine-nee-
dle-aspiration of the cystic fluid can be obtained under
EUS-guidance to add complementary information to
the diagnosis.

13.5 Incidental Cystic Pancreatic
Lesion

1) The detection of a single grossly rounded cystic le-
sion, usually located in the tail of the pancreas, with
heterogeneous content, irregular thick wall and some-
times peripheral calcifications should be considered
a mucinous cystadenoma (MCA) until proven other-
wise. It is a potentially malignant tumor usually pre-
senting as a poorly-locular round lesion, without com-
munication with the main pancreatic duct. MCA is
most frequently diagnosed in asymptomatic patients.
The immediate administration of contrast agent al-
lows its differentiation with a pseudocyst, often
similar at conventional US. As reported above, the
detection of vascular inclusions (irregular thick
septa or mural nodules), enhancing at CEUS, rules
out the diagnosis of a pseudocyst and should suggest
the diagnosis of an MCA.

2) Serous cystadenoma (SCA) is a benign tumor, al-
most always incidentally observed in asymptomatic
patients, appearing as a multiloculated lesion at con-
ventional US, with internal thin septa oriented to-
wards the center. The main pancreatic duct is usually
normal in caliber and the lesion does not communi-
cate with the ductal system. In some extremely mi-
crocystic types, SCA can resemble a pancreatic solid
lesion.

3) In some asymptomatic patients, IPMNs and PSTs
can also be detected. They show the same features
reported above. Some small PSTs appear solid at
diagnosis.
An incidental pancreatic cystic lesion also should

be confirmed at MRI completed by MRCP, to better
define the pancreatic ductal system. The functional
evaluation after the administration of secretin can some-

18913   Clinical and Imaging Scenarios



times be performed to better evaluate the exocrine pan-
creatic reserve.

MCA is a premalignant lesion and thus requires sur-
gical resection. As reported above, PST should be re-
sected owing to its high risk of hemorrhage and its
albeit low risk of local or hepatic spread. In patients
with asymptomatic side-branch IPMNs imaging fol-
low-up is recommended.

13.6 Jaundice and Double Duct Sign

In patients with jaundice, conventional US still remains
the first imaging modality of choice to screen abdominal
disease. The double duct sign consists of both the dila-
tion of the main pancreatic duct and the common bile
duct. Since ductal adenocarcinoma of the pancreas is
the most frequently encountered malignant tumor and
80% of adenocarcinomas are located in the pancreatic
head leading to ductal obstruction, the double duct sign
should suggest the presence of pancreatic cancer until
proven otherwise.

13.7 Main Pancreatic Duct Dilation

The dilation of the main pancreatic duct can be both an
incidental finding at conventional US or can present as

an imaging feature suggestive of specific diseases, even
in symptomatic patients.
1) Considering that 80% of ductal adenocarcinoma are

located in the pancreatic head and lead to duct ob-
struction, the detection of an irregular and marked
dilation of the pancreatic duct should suggest the
presence of pancreatic cancer. The ductal system
usually shows an abrupt cut-off at the level of the
pancreatic lesion: it is markedly dilated upstream,
with pancreatic atrophy, describing the so-called
obstructive pancreatitis.

2) IPMN of the main pancreatic duct consists of a fo-
cal or diffuse dilation of the ductal system, with a
grossly tubular shape, usually reaching the papilla
of Vater. Mural nodules may sometimes be de-
tected.

3) Unlike the pattern described above, in severe chronic
pancreatitis a pearl-like duct is often observed, char-
acterized by an alternation between stenosis and di-
lations, sometimes associated with parenchymal or
ductal calcifications. The main duct can be followed
from the tail of the gland to the papilla without any
abrupt cut-off.
As reported, the imaging modality of choice to most

effectively study the pancreatic ductal system remains
MRI with MRCP. However, the high spatial resolution
of MDCT provides multiplanar images with higher res-
olution, similar to those obtained at MRI.
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The main indications for imaging investigations of the
pancreas are:
1. Jaundice
2. Midline upper abdominal pain, acute or chronic/

Upper abdominal mass/Idiopathic acute pancreati-
tis

3. Evaluation of acute pancreatitis: etiology?
4. Evaluation of acute pancreatitis: complications?
5. Solid pancreatic masses
6. Cystic pancreatic masses
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14.1 Jaundice

192 E. Buscarini

PT, patient.
Note: the use of FNA in resectable pancreatic lesions is still debated. The decision to biopsy a resectable pancreatic
lesion is made on a case-by-case basis, according to the clinical, imaging and biochemical data.
*either EUS-guided or percutaneous US (CT)-guided.
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14.2 Midline Upper Abdominal Pain, Acute or Chronic/Upper Abdominal 
Mass/Idiopathic Acute Pancreatitis
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14.3 Evaluation of Acute Pancreatitis: Etiology?
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14.4 Evaluation of Acute Pancreatitis: Complications?

19514   Flowcharts in Pancreatic Diseases

ACUTE PANCREATITIS

CLINICAL+ 
LAB+US

CT:
SEVERITY GRADING

DETECTION OF 
COMPLICATIONS

SEVERITY SCORE

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

CPANE TUAC

 
  

 

SITIEATRC

 
  

 

 
  

 

 
  

 

 
  

 

CINILC
AB+UL

YTISEVER

 
  

 

+ ALC
SAB+U

Y EROSC

 
  

 

 
  

 

 
  

 

 
  

 

CT
YTISEVER G

ITECETD
CIMPLOC

 
  

 

CT:
GNIADRG

FONO
ATTIONSA

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 

 
  

 



14.5 Solid Pancreatic Masses
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14.6 Cystic Pancreatic Masses
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